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57 ABSTRACT

A suit type exoskeleton adjustable to a user’s body size
includes a wire, a wearing portion worn on a part of the
user’s body to assist with physical strength, a controller
removably coupled to an outer surface of the wearing
portion and coupled to an end of the wire, and a driver
coupled to an opposite end of the wire and configured to
provide power to the wire. A suit type exoskeleton for knee
power assistance is characterized by use of the suit type
exoskeleton which is adjustable to a user’s body size for
their knee.
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SUIT TYPE EXOSKELETON ADJUSTABLE
TO USER’S BODY SIZE AND SUIT TYPE
EXOSKELETON FOR KNEE POWER
ASSISTANCE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Korean Patent Appli-
cation No. 10-2018-0085528, filed on Jul. 23, 2018, in the
Korean Intellectual Property Office, the entirety of which is
incorporated by reference herein.

BACKGROUND

1. Field

One or more embodiments relate to a suit type exoskel-
eton adjustable to a user’s body size and a suit type exo-
skeleton for knee power assistance, and more particularly, to
a suit type exoskeleton adjustable to a user’s body size,
whereby the wearing comfort of a user is increased as the
position of a wire and the position of an end of a wire sheath
is adjusted using a sheath fixing unit and a controller
removable from a wearing portion, and a suit type exoskel-
eton for knee power assistance.

2. Description of the Related Art

Recently, suit type exoskeletons for assisting a user with
physical strength have been developed. Suit type exoskel-
etons may assist a user’s joints with power through a wire or
webbing and include a driver for transmitting power to the
wire or the webbing. The driver transmits power to the wire
or the webbing and assists a user with physical strength
through the wire or the webbing.

Such a suit type exoskeleton is fixed to a user’s waist,
thighs, calves, feet, etc. by straps and includes a controller
enabling adjustment of the suit type exoskeleton according
to the user’s body size at each body part. However, suit type
exoskeletons according to the related art have problems
described below.

To assist a user with physical strength via a suit type
exoskeleton, a wire or webbing transmitting the power of a
driver needs to be attached to an accurate position on the
body. However, since the body size of humans vary, it is
difficult to attach the wire or webbing to an accurate position
on the body of different users.

To overcome this problem, many straps are used and also
many controllers are used to control the length of the straps.
Thus, a suit type exoskeleton may be adjusted to various
body sizes, but a user may feel uncomfortable due to the
straps and controllers when wearing the suit type exoskel-
eton robot.

Moreover, when the straps are adjusted to the body size
using the controllers, the length of wires or webbing trans-
mitting the power of a driver also needs to be controlled.
However, the suit type exoskeletons according to the related
art do not include a separate device for controlling the length
of the wires or webbing.

SUMMARY

One or more embodiments include a suit type exoskeleton
adjustable to a user’s body size, whereby the wearing
comfort of a user is increased as the position of a wire and
the position of an end of a wire sheath is adjusted using a
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2

sheath fixing unit and a controller removable from a wearing
portion, and a suit type exoskeleton for knee power assis-
tance.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more embodiments, a suit type
exoskeleton for knee power assistance includes a first wire;
a second wire; a wearing portion configured to be worn on
a knee from a front of the knee to assist with muscular
strength of the knee; a first controller coupled to an end of
the first wire and removably coupled to an outer surface of
the wearing portion to be located in the front of the knee
when the wearing portion is worn on the knee; a second
controller coupled to an end of the second wire and remov-
ably coupled to the outer surface of the wearing portion to
be located on a calf in a back of the knee when the wearing
portion is worn on the knee; and a driver coupled to an
opposite end of the first wire and an opposite end of the
second wire and configured to provide power to the first wire
and the second wire.

Two second controllers may be coupled to the outer
surface of the wearing portion, the second wire may be
coupled to each of the two second controllers, and the
second wire may extend from the front of the knee to the calf
in the back of the knee via a lateral side of the knee when
the wearing portion is worn on the knee.

The suit type exoskeleton may further include a first
sheath fixing unit removably coupled to the outer surface of
the wearing portion to be located in the front of the knee
when the wearing portion is worn on the knee and including
a first through hole through which the first wire passes; and
a second sheath fixing unit removably coupled to the outer
surface of the wearing portion to be located in the front of
the knee when the wearing portion is worn on the knee and
including a second through hole through which the second
wire passes.

The suit type exoskeleton may further include a first
sheath having an end coupled to the driver, an opposite end
coupled to the first sheath fixing unit, and a tubular shape;
and a second sheath having an end coupled to the driver, an
opposite end coupled to the second sheath fixing unit, and a
tubular shape. The first wire may pass through an inside of
the first sheath and extend from the first sheath fixing unit to
the driver, and the second wire may pass through an inside
of the second sheath and extend from the second sheath
fixing unit to the driver.

The first sheath may extend to a front of a kneecap of the
knee when the wearing portion is worn on the knee.

The suit type exoskeleton may further include a plurality
of fixing portions attached to the wearing portion. The fixing
portions may cover the first controller, the second controller,
the first sheath fixing unit, and the second sheath fixing unit
when attached to the wearing portion.

The first wire may be connected to the second wire inside
the driver.

The suit type exoskeleton may further include a buttress.
The buttress may include a first supporting portion fixed to
the wearing portion to be located in the front of the knee
when the wearing portion is worn on the knee; and a second
supporting portion extending in two branches from the first
supporting portion and fixed to the wearing portion to be
located on lateral sides of the knee when the wearing portion
is worn on the knee.

The suit type exoskeleton may further include an ankle
portion configured to be worn on an ankle. An upper portion
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of the ankle portion may be connected to a lower portion of
the wearing portion through a strap. The strap may include
a strap adjuster configured to adjust a length of the strap.

The first controller may control a length of the first wire
by winding or unwinding the first wire, and the second
controller may control a length of the second wire by
winding or unwinding the second wire.

According to one or more embodiments, a suit type
exoskeleton adjustable to a user’s body size includes a wire;
a wearing portion configured to be worn on a part of the
user’s body to assist with physical strength; a controller
removably coupled to an outer surface of the wearing
portion and coupled to an end of the wire; and a driver
coupled to an opposite end of the wire and configured to
provide power to the wire.

The suit type exoskeleton may further include a sheath
fixing unit removably coupled to the outer surface of the
wearing portion and including a through hole through which
the wire passes.

The suit type exoskeleton may further include a sheath
having an end coupled to the driver, an opposite end coupled
to the sheath fixing unit, and a tubular shape. The wire may
pass through an inside of the sheath and extend from the
sheath fixing unit to the driver.

The suit type exoskeleton may further include a plurality
of fixing portions attached to the wearing portion. The fixing
portions may cover the controller and the sheath fixing unit
when attached to the wearing portion.

The controller may control a length of the wire by
winding or unwinding the wire.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the embodiments, taken in conjunction with the accompa-
nying drawings in which:

FIG. 1 is a diagram of a suit type exoskeleton adjustable
to a user’s body size, according to an embodiment;

FIG. 2A is a diagram of a controller according to an
embodiment;

FIG. 2B is a diagram of a sheath fixing unit according to
an embodiment;

FIG. 3 is a diagram of a state in which a controller and a
sheath fixing unit are double fixed using a fixing portion,
according to an embodiment;

FIG. 4 is a side view of a state in which a suit type
exoskeleton for knee power assistance is worn on the body,
according to an embodiment;

FIG. 5 is a front view of a state in which a suit type
exoskeleton for knee power assistance is worn on the body,
according to an embodiment;

FIG. 6 is a rear view of a state in which a suit type
exoskeleton for knee power assistance is worn on the body,
according to an embodiment;

FIG. 7 is a diagram of a wearing portion worn on the front
of the knee, according to an embodiment;

FIG. 8 is a diagram of a wearing portion worn on the front
of the knee, according to an embodiment;

FIG. 9 is a diagram of the opposite sides of a wearing
portion, according to an embodiment;

FIG. 10A is a diagram of a wire extending in the back of
the knee;

FIG. 10B is a diagram of a second wire according to an
embodiment;

FIG. 11 is a diagram of a buttress according to an
embodiment;
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FIG. 12 is a diagram of a first sheath extending below a
first sheath fixing unit, according to an embodiment; and

FIG. 13A is a diagram of an ankle portion connected to a
wearing portion through a strap, according to an embodi-
ment.

FIG. 13B is a diagram of an ankle portion connected to a
wearing portion through a strap, according to an embodi-
ment.

FIG. 13C is a diagram of an ankle portion connected to a
wearing portion through a strap, according to an embodi-
ment.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description.

The term “comprises” and/or “may comprise” is used to
specify the presence of a function, an operation, or an
element and do not put a limit on at least one additional
function, operation, or element. It will be understood that the
term “comprises” or “has” specifies the presence of a
feature, a figure, a step, an operation, an element, a com-
ponent, or a combination thereof but do not preclude the
presence or addition of one or more other features, figures,
steps, operations, element, components, or combinations
thereof.

It will be understood that when an element is referred to
as being “connected” or “coupled” to another element, it can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
element is referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the present disclosure. As used herein, the
singular forms are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

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 this invention belongs.

It will be further understood that terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

In the descriptions below, a wire may be a wire that is
used to transmit power or may be webbing. Besides, a wire
may be implemented as a string that can transmit power. The
term “wire” will be used as a standardized term in the
descriptions below.

One or more embodiments relate to a suit type exoskel-
eton adjustable to a user’s body size and a suit type exo-
skeleton for knee power assistance, and more particularly, to
a suit type exoskeleton adjustable to a user’s body size,
whereby the comfort of a user is increased as the position of
a wire and the position of an end of a wire sheath may be
adjusted using a sheath fixing unit and a controller remov-
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able from a wearing portion, and a suit type exoskeleton for
knee power assistance. Hereinafter, embodiments of the
present disclosure will be described in detail with reference
to the attached drawings.

Referring to FIG. 1, a suit type exoskeleton 100 adjustable
to a user’s body size may include a wire 110, a wearing
portion 120, a controller 130, and a driver 140.

The wire 110 may transmit power of the driver 140 to the
body. The wire 110 may include webbing. The wire 110 may
include various materials as far as the wire 110 may have a
string shape and transmit the power of the driver 140 to the
body.

The wearing portion 120 is worn on a part of the body to
assist the user with physical strength. The wearing portion
120 may be wrapped around the body part when worn on the
body. The wearing portion 120 may be worn on the body
part requiring power assistance. For example, the wearing
portion 120 may be worn on a knee, an ankle, or the like. The
wearing portion 120 may be worn on various body parts
requiring power assistance. The wearing portion 120 may be
worn on a knee for knee power assistance, which will be
described below.

The wearing portion 120 may include an elastic material,
so that the user may not feel uncomfortable since the
wearing portion 120 stretches along the curves of the body.

Referring to FIG. 2A, the controller 130 may be remov-
ably coupled to an outer surface of the wearing portion 120
and may be coupled to an end of the wire 110. The controller
130 may be attached to a spot on the outer surface of the
wearing portion 120 and may be detached thereafter.

Since the controller 130 is removably coupled to the
wearing portion 120, the controller 130 may be located at a
desired area. Since body size varies in humans, a position
where the wire 110 is located to assist with physical strength
also varies. Since the controller 130 is attachable to and
detachable from the wearing portion 120, the location of the
wire 110 may be freely changed according to the body size.

Various methods may be used to allow the controller 130
to be attachable to and detachable from the wearing portion
120. For example, velcro may be attached on a surface of the
controller 130, and the controller 130 may be removably
coupled to the wearing portion 120 via the velcro.

An end of the wire 110 may be coupled to the controller
130. Since the end of the wire 110 is coupled to the
controller 130, the location of the wire 110 may be changed
when the location of the controller 130 is changed.

The controller 130 may control the length of the wire 110
by winding or unwinding the wire 110. The end of the wire
110 is fixedly coupled to the controller 130, but the wire 110
may be wound onto or unwound from the controller 130.

The length of the wire 110 may be controlled by winding
the wire 110 onto or unwinding the wire 110 from the
controller 130. Since body size varies in humans, it is
necessary to increase or decrease the length of the wire 110
according to the body size. The controller 130 may increase
of decrease the length of the wire 110 by winding or
unwinding the wire 110.

Referring to FIG. 2A, the controller 130 may include a
dial 131. The wire 110 may be wound or unwound using the
dial 131. In detail, the dial 131 may be connected to a spindle
around which the wire 110 is wound, and the wire 110 may
be wound or unwound by turning the dial 131.

It is desirable that the wire 110 is fixed not to be wound
onto or unwound from the controller 130 when the driver
140 provides power to the wire 110. Accordingly, after the
length of the wire 110 is adjusted by winding or unwinding
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the wire 110 using the controller 130, the wire 110 needs to
be fixed not to be wound or unwound.

Accordingly, it is desirable that the wire 110 is allowed to
be wound or unwound only when the dial 131 is turned and
that the wire 110 is fixed not to be wound or unwound when
the dial 131 is not turned.

The driver 140 may be coupled to an opposite end of the
wire 110 and may provide power to the wire 110. The driver
140 may provide power that may pull or push the wire 110.
The suit type exoskeleton 100 may assist with physical
strength by providing power to the wire 110 using the driver
140. The driver 140 may be provided outside the body. The
driver 140 may be worn on the body and desirably worn on
the back of the body.

Referring to FIG. 2B, the suit type exoskeleton 100
adjustable to the user’s body size may further include a
sheath fixing unit 150. The sheath fixing unit 150 may be
removably coupled to the outer surface of the wearing
portion 120 and may include a through hole 151 through
which the wire 110 may pass.

The sheath fixing unit 150 may form a path along which
the wire 110 passes. In detail, the sheath fixing unit 150 may
be located on the path along which the wire 110 is supposed
to pass, and the wire 110 may pass through the through hole
151, so that the path of the wire 110 may be formed. Only
one sheath fixing unit 150 may be used. Alternatively, a
plurality of sheath fixing units 150 may be used to form the
path of the wire 110.

Since the sheath fixing unit 150 is removably coupled to
the wearing portion 120, the path of the wire 110 may be
easily changed according to the body size.

Various methods may be used to allow the sheath fixing
unit 150 to be attachable to and detachable from the wearing
portion 120. For example, velcro may be attached on a
surface of the sheath fixing unit 150, and the sheath fixing
unit 150 may be removably coupled to the wearing portion
120 via the velcro.

A sheath 160 may be provided between the driver 140 and
the sheath fixing unit 150. The sheath 160 may have an end
coupled to the driver 140 and an opposite end coupled to the
sheath fixing unit 150. The sheath 160 may have a tubular
shape. The sheath 160 may enclose the wire 110. The wire
110 may pass through the inside of the sheath 160 to extend
from the sheath fixing unit 150 to the driver 140.

The sheath 160 is provided to prevent the body from being
pressed by the wire 110. When the driver 140 transmits
power to the wire 110, the wire 110 may press down the
body and thus cause the user to feel uncomfortable or pain.
For this reason, the wire 110 may be enclosed in the sheath
160, and the sheath 160 may include an elastic material and
prevent the wire 110 from pressing the body. The sheath 160
extends from the driver 140 to the sheath fixing unit 150 but
may extend further below the sheath fixing unit 150 when
necessary.

Referring to FIG. 3, the suit type exoskeleton 100 may
include a plurality of fixing portions 170 attached to the
wearing portion 120. The fixing portions 170 may cover the
controller 130 and the sheath fixing unit 150 when attached
to the wearing portion 120. Due to the fixing portions 170,
the controller 130 and the sheath fixing unit 150 may be
prevented from being separated from the wearing portion
120.

As described above, the controller 130 and the sheath
fixing unit 150 are removably coupled to the wearing portion
120 and may thus be separated from the wearing portion 120
during use of the suit type exoskeleton 100. When the fixing
portions 170 are attached to the wearing portion 120 while
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covering the controller 130 and the sheath fixing unit 150,
the controller 130 and the sheath fixing unit 150 may be
double-fixed to the wearing portion 120 due to the fixing
portions 170.

The fixing portions 170 may include velcro. The control-
ler 130 and the sheath fixing unit 150 may be securely fixed
by attaching the fixing portions 170 including velcro to the
wearing portion 120.

When the suit type exoskeleton 100 is used, the wearing
portion 120 may be put on a body part requiring power
assistance. At this time, since body size varies in humans,
the location and length of the wire 110 need to be controlled.

Since the controller 130 and the sheath fixing unit 150 are
removably coupled to the location of the wire 110 may be
controlled by changing positions at which the controller 130
and the sheath fixing unit 150 are respectively coupled to the
wearing portion 120. The length of the wire 110 may be
controlled by winding or unwinding the wire 110 in the
controller 130.

As described above, when the location and length of the
wire 110 is controlled according to the body size, the power
of the driver 140 may be transmitted to an accurate position
of the body requiring power assistance.

The suit type exoskeleton 100 may be used for various
body parts including a knee. According to an embodiment,
a suit type exoskeleton 200 for knee power assistance is an
example of the suit type exoskeleton 100 adjustable to the
user’s body size. Hereinafter, the suit type exoskeleton 200
for knee power assistance will be described.

The suit type exoskeleton 200 may include a first wire 210
and a second wire 310 that may be the same as the wire 110.
The first wire 210 may be used for the front of the knee and
the second wire 310 may be used for the back of the knee.

The suit type exoskeleton 200 may further include a first
controller 230 and a second controller 330 that may be the
same as the controller 130, a first sheath fixing unit 250 and
a second sheath fixing unit 350 that may be the same as the
sheath fixing unit 150, and a first sheath 260 and a second
sheath 360 that may be the same as the sheath 160.

Accordingly, the detailed descriptions of the first and
second controllers 230 and 330, the first and second sheath
fixing units 250 and 350, and the first and second sheaths
260 and 360 will be omitted below.

Referring to FIGS. 4 through 6, the suit type exoskeleton
200 may further include the first wire 210, the second wire
310, a wearing portion 220, the first controller 230, the
second controller 330, and a driver 240.

FIGS. 4 through 6 are respectively side, front, and rear
views of a state in which the suit type exoskeleton 200 for
knee power assistance is worn on the body, according to an
embodiment.

The first wire 210 and the second wire 310 may transmit
power of the driver 240 to the knee. The first wire 210 and
the second wire 310 may include webbing. The first wire 210
and the second wire 310 may include materials as far as the
first wire 210 and the second wire 310 may have a string
shape and transmit the power of the driver 240 to the body.

An end of the first wire 210 may be located in the front
of the knee to assist the front of the knee with muscular
strength. An end of the second wire 310 may be located on
the calf in the back of the knee to assist the back of the knee
with muscular strength. In other words, the first wire 210
may be a front wire and the second wire 310 may be a back
wire.

The first wire 210 and the second wire 310 may operate
in antagonism with each other. When a pulling force is
applied to the first wire 210, a stretching force may be
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applied to the second wire 310. When a pulling force is
applied to the second wire 310, a stretching force may be
applied to the first wire 210.

An opposite end of the first wire 210 and an opposite end
of'the second wire 310 may be coupled to the driver 240 and
may receive power from the driver 240. The first wire 210
may be connected to the second wire 310 inside the driver
240.

When the first wire 210 and the second wire 310 are
connected to each other inside the driver 240, the first wire
210 and the second wire 310 may operate in antagonism
with each other. In detail, the second wire 310 connected to
the first wire 210 may be stretched when the first wire 210
is pulled, and the first wire 210 connected to the second wire
310 may be stretched when the second wire 310 is pulled.

The first wire 210 and the second wire 310 work on the
same principle as muscular forces of the front and the back
of the knee. Due to the antagonism between the first wire
210 and the second wire 310, the first wire 210 and the
second wire 310 may assist the knee with muscular force.

Referring to FIGS. 7 and 8, the wearing portion 220 may
be put on the knee for knee power assistance. The wearing
portion 220 may be put first on the front of the knee and
wrapped around the knee, so that a user may easily wear the
wearing portion 220. The wearing portion 220 may include
an elastic material, so that a user may not be uncomfortable
since the wearing portion 220 stretches along the curves of
the body.

Referring to FIG. 9, the wearing portion 220 may be worn
on the knee using velcro strips 221a and 2215. The velcro
strip 221a may be provided on a bottom surface 220a of one
side of the wearing portion 220, and the velcro strip 2215
may be provided on a top surface 22056 of an opposite side
of the wearing portion 220. After the wearing portion 220 is
put on the front of the knee and wrapped around the knee,
the velcro strip 221a on the bottom surface 220a of one side
of the wearing portion 220 may be fastened to the velcro
strip 2215 on the top surface 2205 of the opposite side of the
wearing portion 220, so that the wearing portion 220 may be
worn on the knee.

The first controller 230 may be removably coupled to an
outer surface of the wearing portion 220 such that the first
controller 230 may be located in the front of the knee when
the wearing portion 220 is worn on the knee. The end of the
first wire 210 may be coupled to the first controller 230. The
first controller 230 may have the same structure as the
controller 130 and may be attached to and then detached
from the wearing portion 220.

The second controller 330 may be removably coupled to
the outer surface of the wearing portion 220 such that the
second controller 330 may be located on the calf in the back
of the knee when the wearing portion 220 is worn on the
knee. The end of the second wire 310 may be coupled to the
second controller 330. The second controller 330 may have
the same structure as the controller 130 and may be attached
to and then detached from the wearing portion 220.

The first wire 210 may be coupled to the first controller
230 and extend upward to the front of the knee. The second
wire 310 may be coupled to the second controller 330 and
extend upward from the calf in the back of the knee.

Two second controllers 330 may be coupled to the outer
surface of the wearing portion 220, and two second wires
310 may be respectively coupled to the second controllers
330. In other words, two second wires 310 and two second
controllers 330 may be provided to be symmetrical with
respect to the center of the calf.
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Referring to FIG. 10B, when the wearing portion 220 is
worn on the knee, each of the second wires 310 may extend
from the front of the knee to the calf in the back of the knee
via a lateral side of the knee.

Referring to FIG. 10A, in a suit type exoskeleton for knee
power assistance according to the related art, a back wire 10
may extend only in the back of the knee. When the back wire
10 extends only in the back of the knee, a user may be
uncomfortable since a body part may be caught in the back
wire 10 when the suit type exoskeleton is worn.

However, according to an embodiment of the present
disclosure, the second wire 310 of the suit type exoskeleton
200 extends from the front of the knee to the calf in the back
of the knee via a lateral side of the knee, and two second
wires 310 are arranged symmetrically with respect to the
center of the calf. Accordingly, extension of a wire upward
only in the back of the knee may be avoided.

In other words, according to an embodiment, the suit type
exoskeleton 200 may not include the back wire 10 to
increase the comfort of the user, and the back of the suit type
exoskeleton 200 may be open due to the two second wires
310 which extend from the front of the knee to the back of
the knee. These features allow the user to quickly and
correctly wear the suit type exoskeleton 200.

In addition, since the first and second controllers 230 and
330 are removably coupled to the wearing portion 220, the
first and second controllers 230 and 330 may be located at
desired areas. Since body size varies in humans, the location
of a wire for physical strength assistance also varies. Since
the first and second controllers 230 and 330 are detachable
after being attached to the wearing portion 220, the locations
of the first and second wires 210 and 310 may be freely
changed according to the body size.

The first and second controllers 230 and 330 may control
the lengths of the first and second wires 210 and 310,
respectively, by winding or unwinding the first and second
wires 210 and 310, respectively.

As described above, the lengths of the first and second
wires 210 and 310 may be controlled by winding or unwind-
ing the first and second wires 210 and 310 in the first and
second controllers 230 and 330, respectively. Since body
size varies in humans, it is necessary to increase or decrease
the length of a wire according to the body size. The first and
second controllers 230 and 330 may increase or decrease the
lengths of the first and second wires 210 and 310, respec-
tively, by winding or unwinding the first and second wires
210 and 310, respectively.

The first and second controllers 230 and 330 may have the
same structure as the controller 130 of FIG. 2A. The first and
second controllers 230 and 330 may each include a dial.

The opposite end of the first wire 210 and the opposite end
of the second wire 310 may be coupled to the driver 240.
The driver 240 may provide power to the first and second
wires 210 and 310. As described above, the first wire 210
may be connected to the second wire 310 in the driver 240.

The muscular strength of the knee may be assisted when
power is provided to the first and second wires 210 and 310
using the driver 240. The driver 240 may be provided
outside the body and worn on the body. Desirably, the driver
240 may be worn on a user’s back.

The suit type exoskeleton 200 may further include the first
sheath fixing unit 250 and the second sheath fixing unit 350.
The first and second sheath fixing units 250 and 350 may be
the same as the sheath fixing unit 150. The first and second
sheath fixing units 250 and 350 may be removably coupled
to the outer surface of the wearing portion 220. The first
sheath fixing unit 250 may include a first through hole
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through which the first wire 210 passes, and the second
sheath fixing unit 350 may include a second through hole
through which the second wire 310 passes.

The first and second sheath fixing units 250 and 350 may
form paths along which the first and second wires 210 and
310 respectively pass. In detail, the first and second sheath
fixing units 250 and 350 may be located on paths along
which the first and second controllers 230 and 330 are
respectively supposed to pass, and the first and second
controllers 230 and 330 may respectively pass through the
first and second through holes, so that the paths of the first
and second controllers 230 and 330 may be formed.

As described above, since the first wire 210 extends in the
front of the knee, it is desirable that the first sheath fixing
unit 250 is located in the front of the knee when the wearing
portion 220 is worn on the knee. The first wire 210 extends
from the first controller 230 to the driver 240 via the first
through hole of the first sheath fixing unit 250.

As described above, since the second wire 310 extends
from the front of the knee to the calf in the back of the knee
via a lateral side of the knee, it is desirable that the second
sheath fixing unit 350 is located in the front of the knee. In
detail, the second wire 310 extends from the second con-
troller 330 located on the calf in the back of the knee and
passes through the second through hole of the second sheath
fixing unit 350 located in the front of the knee, so that the
second wire 310 may extend from the front of the knee to the
calf in the back of the knee via a lateral side of the knee.

When the wearing portion 220 is worn on the knee, the
second sheath fixing unit 350 may be located on a lateral
side of the knee. In other words, the second sheath fixing
unit 350 may be located on a path along which the second
wire 310 passes, so that the second sheath fixing unit 350
may be located on each of the front and lateral side of the
knee when the wearing portion 220 is worn on the knee.
Only one of each of the first and second sheath fixing units
250 and 350 may be used, but a plurality of first sheath fixing
units 250 and a plurality of second sheath fixing units 350
may be used according to the paths of the first and second
wires 210 and 310.

Since the first and second sheath fixing units 250 and 350
are removably coupled to the wearing portion 220, the paths
of the first and second wires 210 and 310 may be easily
changed according to the body size.

The first sheath 260 may be provided between the driver
240 and the first sheath fixing unit 250. The second sheath
360 may be provided between the driver 240 and the second
sheath fixing unit 350.

The first sheath 260 may have an end coupled to the driver
240 and an opposite end coupled to the first sheath fixing
unit 250 and have a tubular shape. The first sheath 260 may
enclose the first wire 210. The first wire 210 may pass
through the inside of the first sheath 260 and extend from the
first sheath fixing unit 250 to the driver 240.

The second sheath 360 may have an end coupled to the
driver 240 and an opposite end coupled to the second sheath
fixing unit 350 and have a tubular shape. The second sheath
360 may enclose the second wire 310. The second wire 310
may pass through the inside of the second sheath 360 and
extend from the second sheath fixing unit 350 to the driver
240.

The first and second sheaths 260 and 360 are provided to
prevent the body from being pressed by the first and second
wires 210 and 310. When the driver 240 transmits power to
the first and second wires 210 and 310, the first and second
wires 210 and 310 may press down the body and thus cause
the user to feel uncomfortable or pain. For this reason, the
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first and second wires 210 and 310 may be respectively
enclosed in the first and second sheaths 260 and 360, and the
first and second sheaths 260 and 360 may include an elastic
material and prevent the first and second wires 210 and 310
from pressing the body. The first and second sheaths 260 and
360 extend from the driver 240 to the first and second sheath
fixing units 250 and 350, respectively, but may extend
further below the first and second sheath fixing units 250 and
350, respectively, when necessary.

In an embodiment, the suit type exoskeleton 200 for knee
power assistance may further include a plurality of fixing
portions attached to the wearing portion 220. The fixing
portions may be the same as the fixing portions 170 in FIG.
3 and may cover the first and second controllers 230 and 330
and the first and second sheath fixing units 250 and 350
when attached to the wearing portion 220.

Due to the fixing portions, the first and second controllers
230 and 330 and the first and second sheath fixing units 250
and 350 may be prevented from being separated from the
wearing portion 220. The fixing portions may enable the first
and second controllers 230 and 330 and the first and second
sheath fixing units 250 and 350 to be double fixed to the
wearing portion 220.

Referring to FIG. 11, the suit type exoskeleton 200 for
knee power assistance may further include a buttress 280
fixedly attached to the wearing portion 220. The buttress 280
may include a first supporting portion 281, which is fixed to
the wearing portion 220 to be located in the front of the knee
when the wearing portion 220 is worn on the knee, and a
second supporting portion 282, which extends in two
branches from the first supporting portion 281 and is fixed
to the wearing portion 220 to be located in the lateral sides
of the knee when the wearing portion 220 is worn on the
knee.

The buttress 280 may prevent the skin from being pressed
by the first and second wires 210 and 310 and may include
interlining or a stiff synthetic material with rigidity. The
buttress 280 may also be used to guide the second wire 310
and the second sheath 360, which extend from the front of
the knee to the calf in the back of the knee via a lateral side
of the knee.

The first supporting portion 281 may be fixed to the
wearing portion 220 to be located in the front of the knee.
The first supporting portion 281 may be fixedly attached to
the wearing portion 220 using velcro. The first wire 210 and
the first sheath 260 may be located on the first supporting
portion 281. The second wire 310 and the second sheath 360,
which extend from the front of the knee, may also be located
on the first supporting portion 281.

The second supporting portion 282 may be fixed to the
wearing portion 220 to extend in two branches from a lower
end of the first supporting portion 281 and to be located in
the lateral sides of the knee. The second supporting portion
282 may be fixed to the wearing portion 220 using velcro or
a buckle. Two second wires 310 and two second sheaths 360
may be located on the second supporting portion 282
extending in two branches. In other words, the second
supporting portion 282 may prevent the skin from being
pressed by the second wires 310, which extend to the calf in
the back of the knee via the lateral sides of the knee.

As shown in FIG. 11, an elastic portion 283 may be
provided between the first supporting portion 281 and the
second supporting portion 282 or between two branches of
the second supporting portion 282. The elastic portion 283
may include an elastic material. When the elastic portion
283 is provided between the first supporting portion 281 and
the second supporting portion 282 or between two branches
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of the second supporting portion 282, the buttress 280 may
be in tight contact with the skin when the knee is either bent
or stretched.

The second sheath 360 may extend below the second
sheath fixing unit 350 and across the second supporting
portion 282 of the buttress 280. The second sheath 360 may
extend from the driver 240 to the second supporting portion
282 of the buttress 280 via the second sheath fixing unit 350
to prevent the skin from being pressed by the second wire
310.

When the second sheath 360 extends across the buttress
280, the second sheath 360 may be fixed to the buttress 280.
In an embodiment, a second covering member 361 may be
put on the second sheath 360 and then sewn onto the buttress
280, so that the second sheath 360 may be fixed to the
buttress 280.

Referring to FIG. 12, the first sheath 260 may extend to
the front of the kneecap when the wearing portion 220 is
worn on the knee. The first sheath 260 is provided to prevent
the skin from being pressed by the first wire 210, and
therefore, it is desirable that the first sheath 260 extends to
the front of the kneecap to minimize the pressure applied by
the first wire 210 onto the knee.

In other words, the first sheath 260 may extend below the
first sheath fixing unit 250. To prevent the skin from being
pressed by the first wire 210, the first sheath 260 may extend
from the driver 240 to the wearing portion 220 via the first
sheath fixing unit 250.

When the first sheath 260 extends to the wearing portion
220, the first sheath 260 may be fixed to the wearing portion
220. In an embodiment, a first covering member 261 may be
put on the first sheath 260 and then sewn onto the wearing
portion 220, so that the first sheath 260 may be fixed to the
wearing portion 220.

The suit type exoskeleton 200 for knee power assistance
may further include an ankle portion 290 worn on an ankle.
The ankle portion 290 may be worn on a user’s ankle,
covering the ankle.

The ankle portion 290 may be provided to support the
wearing portion 220. Referring to FIGS. 13A through 13C,
an upper portion of ankle portion 290 may be connected to
a lower portion of the wearing portion 220 through a strap
291. In detail, the strap 291 extends from the upper portion
of the ankle portion 290 to the lower portion of the wearing
portion 220. The strap 291 may extend in a plurality of
strands.

The strap 291 may be connected directly to the lower
portion of the wearing portion 220 or to the first and second
controllers 230 and 330 attached to the wearing portion 220.
When the lower portion of the wearing portion 220 is
connected to the upper portion of the ankle portion 290 using
the strap 291, the wearing portion 220 may be supported by
the ankle portion 290.

When the power of the driver 240 is transmitted to the
wearing portion 220 through the first and second wires 210
and 310, the wearing portion 220 may be twisted or dis-
placed from an original location due to the power of the
driver 240. When the location of the wearing portion 220 is
changed, it may be hard to accurately transmit the power for
assisting the muscular strength of the knee.

The ankle portion 290 may prevent the wearing portion
220 from being twisted or displaced due to the power of the
driver 240 by supporting the wearing portion 220 through
the strap 291. Since the ankle portion 290 and the wearing
portion 220 are worn on the body to cover it, the ankle
portion 290 and the wearing portion 220 may include an
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elastic material. However, the strap 291 may include a
nonelastic material that does not stretch.

When the strap 291 includes an eclastic material that
stretches, the wearing portion 220 may not be effectively
supported using the ankle portion 290, and the strap 291 may
also be twisted when the wearing portion 220 is twisted.
Therefore, it is desirable that the strap 291 includes a
nonelastic material that does not stretch. The strap 291 may
include nylon webbing.

The strap 291 may include a strap adjuster 292 which may
adjust the length of the strap 291. The strap adjuster 292 that
may adjust the length of the strap 291 may adjust the length
of the strap 291 according to a distance between the ankle
portion 290 and the wearing portion 220.

Since body size varies in humans, the distance between
the ankle portion 290 and the wearing portion 220 may also
vary in humans. For this reason, the strap adjuster 292 may
be provided to adjust the length of the strap 291. The strap
adjuster 292 may be any device that may adjust the length
of the strap 291 and involves publically known techniques,
and thus a description thereof will be omitted.

Effects of a suit type exoskeleton adjustable to a user’s
body size and a suit type exoskeleton for knee power
assistance, according to embodiments of the present disclo-
sure, will be described below.

Since body size varies in humans, it is necessary to adjust
a suit type exoskeleton to a user’s body size when the user
wears the suit type exoskeleton. According to the related art,
a suit type exoskeleton uses an adjustment device capable of
adjusting each part of the suit type exoskeleton to a corre-
sponding part of the body to adjust the suit type exoskeleton
to the body size. However, such adjustment device causes
inconvenience to the user of the suit type exoskeleton, and
a wire for transmitting power may not be correctly located.

According to embodiments of the present disclosure, the
locations of wires and ends of wire sheaths may be con-
trolled according to body size, using the controller 130 and
the sheath fixing unit 150 which are attachable to and
detachable from the wearing portion 120 or the first and
second controllers 230 and 330 and the first and second
sheath fixing units 250 and 350, which are attachable to and
detachable from the wearing portion 220, and therefore, the
wires may be located in correct positions which are sup-
posed to receive power.

According to the related art, a suit type exoskeleton does
not have a separate device for controlling the length of a
wire. However, according to an embodiment of the present
disclosure, the lengths of wires may be controlled using the
controller 130, the first controller 230, and the second
controller 330.

According to the related art, a suit type exoskeleton for
knee power assistance has a wire that extends in the back of
the knee and thus causes inconvenience to a user. However,
according to an embodiment of the present disclosure, a suit
type exoskeleton for knee power assistance has two second
wires 310 that extend from the front of the knee to the calf
in the back of the knee via the lateral sides, respectively, of
the knee, and therefore, a user may easily wear the suit type
exoskeleton.

According to an embodiment of the present disclosure,
two second wires 310 are symmetrical with respect to the
center of the calf in the back of the knee, and therefore, the
wearing portion 220 may be prevented from being twisted
by the power of the driver 240. In addition, since each of the
second wires 310 extends to an upper end of the calf in the
back of the knee via a lateral side of the knee, as shown in
FIG. 13A, a moment arm between the front and the back of
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the knee may be increased, and therefore, the power of the
driver 240 may be effectively transmitted to the back of the
knee.

As described above, according to an embodiment, a suit
type exoskeleton adjustable to a user’s body size enables the
locations of a wire and an end of a wire sheath to be
controlled using a controller and a sheath fixing unit, which
are attachable to and detachable from a wearing portion, so
that the wire may be located in a correction position so as to
effectively transmit the power of a driver and the length of
the wire may be adjusted to the body size.

In addition, a suit type exoskeleton for knee power
assistance has a second wire extending from the front of a
knee to a calf in the back of the knee via a lateral side of the
knee, thereby increasing wearing convenience.

It should be understood that the embodiments described
herein should be considered in a descriptive sense only and
not for purposes of limitation. Descriptions of features or
aspects within each embodiment should typically be con-
sidered as available for other similar features or aspects in
other embodiments.

While one or more embodiments have been described
with reference to the figures, it will be understood by those
of ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the disclosure as defined by the following
claims.

What is claimed is:

1. An exoskeleton for knee power assistance, exoskeleton
comprising:

a first wire including a first end and a second end opposite

to the first end;

a second wire including a first end and a second end
opposite to the first end;

a wearing portion configured to be worn on a knee from
a front of the knee to assist with muscular strength of
the knee;

a first controller directly connected to the first end of the
first wire and removably coupled to an outer surface of
the wearing portion to be located in the front of the
knee when the wearing portion is worn on the knee, the
first controller configured to control a length of the first
wire;

a second controller directly connected to the first end of
the second wire and removably coupled to the outer
surface of the wearing portion to be located on a calf in
a back of the knee when the wearing portion is worn on
the knee, the second controller configured to control a
length of the second wire; and

a driver coupled to the second end of the first wire and the
second end of the second wire and configured to
provide power to the first wire and the second wire.

2. The exoskeleton of claim 1, wherein two second
controllers, which includes the second controller, are
coupled to the outer surface of the wearing portion, the
second wire is coupled to each of the two second controllers,
and the second wire extends from the front of the knee to the
calf in the back of the knee via a lateral side of the knee
when the wearing portion is worn on the knee.

3. The exoskeleton of claim 2, further comprising:

a first sheath fixing unit removably coupled to the outer
surface of the wearing portion to be located in the front
of the knee when the wearing portion is worn on the
knee and comprising a first through hole through which
the first wire passes; and

a second sheath fixing unit removably coupled to the outer
surface of the wearing portion to be located in the front
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of the knee when the wearing portion is worn on the
knee and comprising a second through hole through
which the second wire passes.

4. The exoskeleton of claim 3, further comprising:

a first sheath having a first end coupled to the driver,
opposite second end opposite to the first end of the first
sheath and coupled to the first sheath fixing unit, the
first sheath having a tubular shape; and

a second sheath having a first end coupled to the driver,
opposite second end opposite to the first end of the
second sheath and coupled to the second sheath fixing
unit, and the second sheath having a tubular shape,

wherein the first wire passes through an inside of the first
sheath and extends from the first sheath fixing unit to
the driver, and the second wire passes through an inside
of the second sheath and extends from the second
sheath fixing unit to the driver.

5. The exoskeleton of claim 4, wherein the first sheath
extends to a front of a kneecap of the knee when the wearing
portion is worn on the knee.

6. The exoskeleton of claim 3, further comprising:

a plurality of fixing portions attached to the wearing

portion,

wherein the fixing portions are configured to cover the
first controller, the second controllers, the first sheath
fixing unit, and the second sheath fixing unit when
attached to the wearing portion.

7. The exoskeleton of claim 1, wherein the first wire is

connected to the second wire inside the driver.

8. The exoskeleton of claim 1, further comprising:

a buttress,

wherein the buttress includes,

a first supporting portion fixed to the wearing portion to
be located in the front of the knee when the wearing
portion is worn on the knee, and

20

25

30

16

a second supporting portion extending in two branches
from the first supporting portion and fixed to the
wearing portion to be located in lateral sides of the
knee when the wearing portion is worn on the knee.

9. The exoskeleton of claim 1, further comprising:

an ankle portion configured to be worn on an ankle,

wherein an upper portion of the ankle portion is connected

to a lower portion of the wearing portion through a

strap.

10. The exoskeleton of claim 9, wherein the strap com-
prises a strap length adjustment ring configured to adjust a
length of the strap.

11. The exoskeleton of claim 1, wherein

the first controller is configured to control the length of the

first wire by winding or unwinding the first wire, and

the second controller is configured to control the length of
the second wire by winding or unwinding the second
wire.

12. The exoskeleton of claim 1, wherein

the first wire extends in the front of the knee, and

the second wire extends from the front of the knee to the

calf in the back of the knee via a lateral side of the knee.

13. The exoskeleton of claim 12, wherein the first wire
and the second wire are connected to each other to operate
in antagonism with each other.

14. The exoskeleton of claim 1, wherein the driver is
directly connected to both the second end of the first wire
and the second end of the second wire.

15. The exoskeleton of claim 1, wherein the first control-
ler and the second controller are configured to manually
adjust lengths of the first wire and the second wire, respec-
tively, by winding and unwinding.
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