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Description
BACKGROUND

[0001] Embodiments of the inventive concept relate to
an apparatus for assisting physical movement of a patient
with disability.

[0002] In general, regarding each joint part of a human
body, parts adjacent to the joint part has a structure ro-
tatable about the joint part.

[0003] Meanwhile, the elderly or rehabilitation patients
with weak muscles have difficulties in the joint movement
as compared to healthy people, and need to perform re-
habilitation exercises, but it is difficult for them to perform
the rehabilitation exercises using general fitness equip-
ment.

[0004] Inparticular, inthe case of stroke or Parkinson’s
disease, various physical changes appear depending on
conditions. In particular, such a disease is followed by
the phenomenon that a hand is paralyzed and fingers
are shrunken.

[0005] If the phenomenon that the hand is paralyzed
and the fingers are shrunken is continuously neglected,
muscles or joints are gradually hardened and patients
feel pain when moving. Even if nerves of the patients are
recovered, the patients have a difficulty in normal activity.
[0006] In addition, a patient undergoing the surgery on
a joint such as a wrist and a shoulder cannot exercise
for herself/himself, so the muscle of the patient is weak-
ened and nutrition is not smoothly supplied. Accordingly,
there is a risk that joints of the wrist and shoulder become
stiff and hardened.

[0007] Accordingly, as the rehabilitation treatment is
performed such that the patient steadily exercises a hand
having paralysis or disability, it is significantly important
to maintain the maximum exercise capacity by promoting
the blood circulation and neural communication.

[0008] In other words, the rehabilitation exercise hav-
ing a patient is required for a long time to prevent a joint
from being deformed and to allow the patient to return to
perform a normal life.

[0009] (Prior Document 1) Korean Patent Publication
No. 10-1163903 (the title of the invention: "EXOSKELE-
TON ROBOT FOR UPPER LIMB REHABILITATION OF
PATIENT HAVING STROKE", issued on July 02,
2012.0). US 2016/213548 A1 discloses an assist gar-
mentworn on a part of a human body including a plurality
of garment-fitting actuators that are placed linearly along
at least one end portion of a garment body and driven to
extend and contract, a plurality of assisting actuators that
are placed linearly on the garmentbody to cross the fitting
actuators and driven to extend and contract, and a con-
troller that individually controls the drive of the assisting
actuators and the drive of the fitting actuators. KR
2013/0045775 A discloses a muscle activation level
measurement device including a strap unit, an encoder
unit, a wire unit and a housing unit.
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SUMMARY

[0010] Embodiments of the inventive concept provide
an apparatus for assisting physical movement, capable
of effectively providing rehabilitation training by detecting
the intention of body movement of a patientbased on the
tension on a strap, which is obtained through a strain
sensor and appropriately providing power for assisting
the body movement.

[0011] The objects of the inventive concept are not lim-
ited to the above, but other effects, which are not men-
tioned, will be apparently understood to those skilled in
the art.

[0012] The above technical problem can be solved by
the apparatus for assisting physical movement of the an-
nexed claim 1. According to an exemplary embodiment
of the inventive concept, an apparatus for assisting phys-
ical movement, includes a body wearing unit put on a
specific body of a user, a strap linked to one side of the
body wearing unit, a strain sensor provided on the strap
to measure a tension applied to the strap, and a strap
driving unit linked to the strap to wind or unwind the strap
depending on rotation. The strap driving unit rotates in a
stationary state such that a reference tension having a
specific intensity is applied to the strain sensor, and ro-
tates in a specific direction as the applied tension to the
strap becomes higher or lower the reference tension de-
pending on movement of a user.

[0013] According to an exemplary embodiment, the
apparatus further includes a control unit to control the
strap driving unit based on a measurement value of the
strain sensor, and the control unit sets the reference ten-
sion and a maximum tension.

[0014] According to an exemplary embodiment, the
control unit rotate the strap driving unit in a direction of
winding the strap when the applied tension becomes low-
er than the reference tension by a threshold value or
more, and rotates the strap driving unit in a direction of
unwinding the strap when the applied tension becomes
greater than the reference tension by a threshold value
or more.

[0015] According to an exemplary embodiment, the
body wearing unit includes a plurality of finger wearing
units put on finger joints.

[0016] According to an exemplary embodiment, the
apparatus includes a plurality of strap driving units which
wind or unwind straps linked to finger wearing units, re-
spectively.

[0017] According to an exemplary embodiment, the
apparatus further includes an encoder to measure rota-
tion data of the strap driving unit, and the rotation data
is a revolution per minute (RPM) or a rotational angle.
[0018] According to an exemplary embodiment, the
apparatus further includes a communication unit to trans-
mit the rotation data to a terminal, and the terminal gen-
erates and outputs a body image corresponding to the
rotation data.

[0019] According to an exemplary embodiment, the
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apparatus further includes a wrist support unit provided
on a wrist portion of a patient to support a wrist of the
patient, and an upperlimb support unit spaced apart from
the wrist support unit to support an upper limb of the
patient, when the body wearing unit is a finger wearing
unit provided on a hand back of a patient to perform re-
habilitation training for a finger of the patient.

[0020] According to an exemplary embodiment, the
upper limb support unitincludes an elbow rest to rest an
elbow of the patient, and a lifting unit to operate as the
upper limb rested in the elbow rest moves up and down.
[0021] Accordingtoanexemplary embodiment, the lift-
ing unit may include a first joint link pivotably hinged to
the elbow rest, a second joint link pivotably hinged to the
first joint link, a pivot joint pivotably hinged to the first joint
link and the second joint link, and a pivot moving unit to
pivotably move the first joint link, the second joint link,
and the pivot joint, as the upper limb rested in the elbow
rest moves up and down.

[0022] According to an exemplary embodiment, the
apparatus includes an encoder to measure rotation data
of the strap driving unit, an arrangement state measuring
unit to generate arrangement state data by measuring a
real-time arrangement state of the wrist support unit and
the limb support unit, and a communication unit to trans-
mit the rotation data and the arrangement state data. The
terminal generates and outputs a real-time body image
based on the rotation data and the arrangement state
data.

BRIEF DESCRIPTION OF THE FIGURES

[0023] The above and other objects and features will
become apparent from the following description with ref-
erence to the following figures, wherein like reference
numerals refer to like parts throughout the various figures
unless otherwise specified, and wherein:

FIG. 1 is a block diagram illustrating an apparatus
for assisting physical movement, according to an
embodiment of the inventive concept;

FIG. 2 is a block diagram illustrating an apparatus
for assisting physical movement, which further in-
cludes an encoder, according to an embodiment of
the inventive concept;

FIG. 3 is a block diagram illustrating an apparatus
for assisting physical movement, which further in-
cludes a communication unit, according to an em-
bodiment of the inventive concept;

FIG. 4 is aperspective view illustrating a front surface
of an apparatus for assisting physical movement,
which includes a finger wearing unit, a wrist support
unit, and an upper limb support unit, according to an
embodiment of the inventive concept;

FIG. 5 is a perspective view illustrating a bottom sur-
face of FIG. 4;

FIG. 6 is an enlarged view of a subject matter of a
finger exercise unit;
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FIG. 7 is a sectional view illustrating a subject matter
of FIG. 4;

FIG.8isaview llustrating the apparatus for assisting
physical movement, which is illustrated in FIG. 4 and
has an upper limb;

FIG. 9 is a block diagram illustrating a apparatus for
assisting physical movementincluding an upper limb
support unit and a wrist support unit, according to an
embodiment of the inventive concept; and

FIG. 10 is a view illustrating the procedure of oper-
ating a strain sensor.

DETAILED DESCRIPTION

[0024] Hereinafter, exemplary embodiments of the in-
ventive concept will be described with reference to ac-
companying drawings. Advantage points and features of
the prevent invention and a method of accomplishing
thereof will become apparent from the following descrip-
tion with reference to the following figures, wherein em-
bodiments will be described in detail with reference to
the accompanying drawings. The present invention,
however, may be embodied in various different forms,
and should not be construed as being limited only to the
illustrated embodiments. Rather, these embodiments are
provided as examples so that this disclosure will be thor-
ough and complete, and will fully convey the concept of
the present invention to those skilled in the art. The
present invention may be defined by scope of the claims.
Meanwhile, the terminology used herein to describe em-
bodiments of the invention is not intended to limit the
scope of the present invention. Like reference numerals
refer to like elements throughout the whole specification.
[0025] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by those skilled in the
art. 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.

[0026] The terminology used in the inventive concept
is provided for the illustrative purpose, but the inventive
conceptis notlimited thereto. As used herein, the singular
terms"a," "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise. Furthermore, it will be further understood that the
terms "comprises", "comprising," "includes" and/or "in-
cluding", when used herein, specify the presence of stat-
ed elements, steps, operations, and/or devices, but do
not preclude the presence or addition of one or more
other components, steps, operations and/or devices.

[0027] Herein, an 'applied tension’ refers to a tension
obtained by a strain sensor at every measurement time
point.

[0028] Herein, a’reference tension’ refers to a tension

setasareference for comparison with the applied tension
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to determine the movement direction of a user body.
[0029] Herein, a ’'minimum tension’ refers to a tension
set to be applied at least to the strap or strain sensor.
[0030] Herein, the 'maximum tension’ refers to the
maximum tension allowed to be applied to the strap or
the strain sensor.

[0031] Hereinafter, an apparatus for assisting physical
movement will be described in detail according to an em-
bodiment of the inventive concept.

[0032] FIG. 1 is a block diagram illustrating an appa-
ratus for assisting physical movement, according to an
embodiment of the inventive concept.

[0033] Referring to FIG. 1, according to an embodi-
ment of the inventive concept, an apparatus for assisting
physical movement includes all or some of a body wear-
ing unit 100, a strap 200, a strain sensor 300, a control
unit 500, and a strap driving unit 400.

[0034] The body wearing unit 100 is put on a specific
body part of a user. The body wearing unit 100 is put on
a body part to be assisted by the apparatus 10 for assist-
ing physical movement and to be moved. For example,
when the user performs rehabilitation training for a finger
of the user, the body wearing unit 100 may be a finger
wearing unit. In other words, the body wearing unit 100
is put on a body part having a joint placed between the
body part and a body part for placing the strap driving
unit 400.

[0035] The strap 200 is connected to one side of the
body wearing unit 100. One end portion of the strap 200
is coupled to the body wearing unit 100, and an opposite
end portion of the strap 200 is coupled to the strap driving
unit 400 to be described later.

[0036] According to an embodiment, the strap 200 in-
cludes a material elastically deformed in a length direc-
tion depending on bending (that is, the bending of a joint
interposed between the body wearing unit 100 and the
strap driving unit 400) of the body part having the body
wearing unit 100. In this case, preferably, the strap 200
is designed to minimize resistance when a patient having
a difficulty in applying force to the finger of the patient
bends the finger,

[0037] The strap 200 may have a band shape of a spe-
cific width such that the strain sensor 300 to be described
later is disposed thereon.

[0038] The strain sensor 300 is disposed on the strap
200 to measure the tension applied to the strap 200. The
strain sensor 300 may be printed or attached onto one
flat surface of the strap 200. In other words, the strain
sensor 300 may be provided onto the one flat surface of
the strap 200 to measure force applied to the strap 200
as the strap 200 is elastically deformed.

[0039] Hereinafter, a strain sensor 51 (or strain sensor
300) will be described in more detail with reference to
FIG. 10. The strain sensor 51 (or strain sensor 300) in-
clude a metal pattern 53 constituting a circuit, and a ter-
minal 55 electrically connected with the metal pattern 53.
The strain sensor 51 (or strain sensor 300) may be printed
or attached onto one flat surface of the straps 200 and 41.
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[0040] Accordingly, the strain sensor 51 (or strain sen-
sor 300) measures force applied to a strap 41 (or strap
200) by measuring resistance applied to the metal pattern
53 depending on the extent of the elastic deformation of
the strain sensor 51 (or strain sensor 300), for example,
the extent that the strap 41 (or strap 200) is stretched or
shrunken in a lengthwise direction.

[0041] For example, as the strap 41 (or strap 200) re-
ceives tension to be stretched as illustrated in FIG. 6(b),
in the state that the strain sensor 51 (or the strain sensor
300) is in a normal state as illustrated in FIG. 10(a), the
length of the metal pattern 53 of the strain sensor 51 (or
strain sensor 300) increases, so the resistance value of
the metal pattern 53 increases. To the contrary, when
the strap 41 (or strap 200) is compressed to be shrunken
as illustrated in FIG. 6(c), the length of the metal pattern
53 of the strain sensor 51 (or strain sensor 300) decreas-
es, so the resistance value of the metal pattern 53 de-
creases. In addition, the driving of the strap driving unit
400 is controlled based on the resistance value meas-
ured by the strain sensor 51 (or strain sensor 300).
[0042] The strap driving unit 400 is linked to the strap
200. As the strap driving unit400 rotates, the strap driving
unit 400 winds or unwinds the strap 200. The strap driving
unit400 rotates in a stationary state such that areference
tension having a specific intensity is applied to the strain
sensor 300. The strap driving unit400 rotates in a specific
direction as the tension applied to the strap 200 becomes
higher or lower than the reference tension depending on
the movement of a user.

[0043] According to an embodiment, as illustrated in
FIG. 6, the strap driving unit 400 includes a strap winding
roller 25, which is placed horizontally to a movement di-
rection of the strap 200 to wind or unwind the strap 200
(or strap 41), and a strap driving motor 27 to reversibly
rotate the strap winding roller 25. Accordingly, as the
strap driving motor 27 reversibly rotates, the strap 200
(or strap 41) is wound around or unwound from the strap
winding roller 25.

[0044] The control unit 500 controls the strap driving
unit 400 based on a measurement value (that is, resist-
ance value) of the strain sensor 300. The control unit 500
controls the rotational direction of the strap driving unit
400 (for example, the rotation motor) by comparing the
reference tension with the real-time applied tension as
the control unit 500 sets the reference tension. In other
words, the control unit 500 rotates the strap driving unit
400 in a direction of winding the strap 200, when the
applied tension becomes less than the reference tension
by a threshold value or more, and rotates the strap driving
unit 400 in a direction unwinding the strap 200, when the
applied tension becomes greater than the reference ten-
sion by a threshold value or more. When the difference
between the applied tension, which is calculated based
on the resistance value of the strain sensor 300, and the
reference tension is less than the threshold value, the
control unit 500 determines that the body part is in the
stationary state without movement, so the control unit
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500 does not drive the strap driving unit 400.

[0045] Tothisend, when the body part having the body
wearing unit 100 is in a stationary state, the control unit
500 controls the strap driving unit 400 to apply the refer-
ence tension to the strap 200. According to an embodi-
ment, the reference tension may be fixed to the minimum
tension. In other words, the control unit 500 may repeat-
edly drive the strap driving unit 400 to apply the minimum
tension to the strap when the user moves the body part.
In addition, according to another embodiment, the refer-
ence tension may be set to a value equal to or greater
than the minimum tension or periodically changed. For
example, when the movement of the body part of the
user is in the stationary state, the reference tension is
set to the minimum tension. When the user body moves,
the reference tension may be changed and set based on
the applied tension. When the reference tension is peri-
odically updated such that the reference tension is
matched to the applied tension, the control unit 500 may
determine the movement direction of the user body with-
out continuously driving the strap driving unit 400. When
the changed reference tension approaches the maxi-
mum tension, the control unit 500 drives the strap driving
unit 400 to reduce the applied tension of the strap and
updates the reference tension such that the reference
tension is matched to the applied tension.

[0046] The control unit 500 determines the movement
direction or the movement type (for example, bending or
spreading) of the body part by comparing the reference
tension with the applied tension. Accordingly, when the
strap driving unit 400 stops after assisting the movement
of the body part to be matched to the movement of the
body part, the control unit 500 rotates and stops the strap
driving unit 400 such that the resistance value corre-
sponding to the reference tension is measured by the
strain sensor 300. In other words, the control unit 500
controls the strap driving unit 400 to form a reference
state in that the reference tension is applied to the strain
sensor 300, such that the next movement direction of the
body part is determined when the body part is stopped.
[0047] According to another embodiment, the control
unit 500 sets the maximum tension. In other words, the
control unit 500 may stop the strap driving unit 400 or
adjust the rotation speed of the strap driving unit 400,
when the applied tension measured by the strain sensor
300 is within a specific range from the maximum tension.
When the body part of the patient is pulled with excessive
tension, the body may be overwhelmed, so that the con-
trol unit 500 performs a control operation to prevent the
maximum tension of from being applied in the exercise
of the body part.

[0048] Forexample, whenthe patientspreads the body
part (for example, a bent finger), and when the control
unit 500 determines the bent joint as being spread due
to the applied pressure equal to or lower than the refer-
ence tension and controls the strap driving unit 400 to
rotate the strap 200 in a winding direction, the moving
speed of the body part becomes lower than the rotation
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speed of a motor, so the tension applied to the strap 200
may be increased to be almost the maximum tension. In
this case, if the strap driving unit 400 rotates at a speed
higher than the movement speed of the body part to pull
the body part, force may be excessively applied to the
body part. Accordingly, the control unit 500 may stop the
motor rotation or reduce the rotation speed of the motor
when the applied tension approaches the maximum ten-
sion.

[0049] In addition, for example, as the muscles of the
body part of the patient are hardened, the bent posture
may be a normal posture. Accordingly, the body part may
be rapidly bent again as the patient loses the strength of
the muscles of the body part after spreading the bent
body part. When the bending speed of the body part is
higher than the speed in which the strap driving unit 400
unwinds the strap 200, the applied tension applied to the
strap 200 may be gradually increased. When the applied
tension approaches the maximum tension, the control
unit 500 may increase the rotation speed of the strap
driving unit 400 to rapidly unwind the strap 200, such that
the applied tension is lowered.

[0050] Accordingly, as suitable power is applied to a
body part having a difficulty in performing normal joint
movement, rehabilitation training suitable for the state of
the patient may be provided.

[0051] In addition, according another embodiment, as
illustrated in FIG. 2, an encoder 600 is further provided.
The encoder 600 measures rotation data of the strap
driving unit 400. The rotation data is a rotation speed or
rotation angle. The rotation data may be used to calculate
the extent to which the strap 200 is wound.

[0052] For example, when storing the entire length of
the strap 200 and the circumferential length of the strap
winding roller, and when the length of the strap 200
wound around the strap windingroller is calculated based
on the revolution per minute (RPM) or the rotational angle
obtained by the encoder 600, the present length of the
strap 200 between the body part and the strap driving
unit 400 may be detected. The current length of the strap
200 between the body wearing unit 100 and the strap
driving unit 400 may be used to calculate the present
state of the body part.

[0053] In addition, according to another embodiment,
the control unit 500 may store the maximum value and
the minimum value of the encoder 600. In other words,
the control unit 500 sets the value of the encoder 600 to
the minimum value when the body part is bent to the
maximum extent, and sets the value of the encoder 600
to the maximum value when the body part is fully spread.
Accordingly, the control unit 500 stops the rotation of the
strap driving unit 400 when the measurement value of
the encoder 600 reaches the maximum value or the min-
imum value, to prevent the strap driving unit 400 from
assisting the body part beyond the movable rage of the
body part. The control unit 500 may initially set the max-
imum value and minimum value of the measurement val-
ue of the encoder 600 by spreading and bending the body
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parts when the patient starts the rehabilitation training.
Since the patient may not be able to exercise the joint as
much as the maximum movable range, the maximum
value and the minimum value of the measurement value
of the encoder 600 may be initially set by allowing the
patient to exercise a joint from the maximum bending
state to the maximum spread state in initial setting.
[0054] In addition, according to another embodiment,
as illustrated in FIG. 3, a communication unit 700 may
be furtherincluded. For example, the communication unit
700 transmits rotation data, which is obtained from the
encoder 600, to the terminal 20. In other words, after
receiving the rotation data from the apparatus 10 for as-
sisting physical movement, the terminal 20 calculates the
presentlength of the strap 200 between the body wearing
unit 100 and the strap driving unit 400 by applying the
rotation data to the entire length of the strap 200 and the
circumferential length of the strap 200, and measures
the arrangement state (for example, the bending angle
of the body part) of the body part based on the present
length of the strap 200 between the body wearing unit
100 and the strap driving unit 400. Thereafter, the termi-
nal 20 generates and outputs a body image correspond-
ing to the present arrangement state of the body part.
[0055] Inaddition, forexample, the communication unit
700 transmits, to the terminal 20, the present arrange-
ment state data of the body part calculated by the control
unit 500 based on the rotation data obtained from the
encoder 600. In other words, the encoder 600 transmits
the rotation data to the control unit 500, and the control
unit 500 calculates the present length of the strap 200
between the body wearing unit 100 and the strap driving
unit 400 by applying the rotation data to the entire length
ofthe strap 200 and the circumferential length of the strap
200, and measures the present arrangement state of the
body part based on the present length of the strap 200
between the body wearing unit 100 and the strap driving
unit 400. Thereafter, the control unit 500 transmits the
arrangement state data to the communication unit 700,
and the communication unit 700 transmits the arrange-
ment state data to the terminal 20 through wired or wire-
less communication. Thereafter, the terminal 20 gener-
ates and output a body image corresponding to the
present arrangement state of the body part.

[0056] According to another embodiment, the body
wearing unit 100 is a plurality of finger wearing units put
on finger joints. Hereinafter, a case in which the body
wearing unit pulled by the strap driving unit 400 is a finger
wearing unit will be described in detail with reference to
FIGS. 4 to 8.

[0057] Thefingerwearingunit31includes a silicon ma-
terial, has the shape of a ring, and is coupled to each
finger of the patient. Meanwhile, although the present
embodiment has been described in that the finger wear-
ing unit 31 is provided to correspond to, but is not limited
thereto, each of an index finger, a middle finger, a ring
finger, and a pinky finger.

[0058] In addition, the apparatus 10 for assisting phys-
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ical movement may further include a hand back wearing
unit 21 having a strap driving unit 23. The hand back
wearing unit 21 includes the strap driving unit 23 to wind
or unwind a strap 41.

[0059] In addition, the hand back wearing unit 21 in-
cludes a plurality of strap guide rollers 25 provided on
the movement path of the strap 41 moving along a top
surface of the hand back wearing unit 21, to guide the
movement of the strap 41. The strap guide rollers 25 are
provided corresponding to the number of straps 41, and
spaced apart from each other by a specific distance. The
strap 41 has the shape of a band having a specific width,
and the hand back wearing unit 21 has a movement path
including the strap 41.

[0060] Asdescribedabove, the hand back wearing unit
21 is provided on the back of the patient’s hand, and the
finger wearing unit 31 is coupled to each finger which is
bent. In this state, as the strap driving unit 23 is driven
to wind or unwind the strap 41, the patient may perform
the rehabilitation training by exercising the finger of the
patient.

[0061] In addition, according to another embodiment,
a plurality of strap driving units wind or unwind straps
linked to finger wearing units, respectively. In other
words, according to an embodiment, the apparatus for
assisting physical movement may further include a plu-
rality of strap driving units to individually assist an exer-
cise suitable for each finger connected with the strap.
The control unitindividually controls the strap driving unit
connected with each strap, based on the applied tension
measured by the strain sensor on each strap

[0062] According to an embodiment, when the body
wearing unitis a finger wearing unit provided on the hand
back of the patient to perform the rehabilitation training
for the finger of the patient, a wrist support unit 61 and
an upper limb support unit 101 are further provided.
[0063] The wristsupportunit61 is provided on the wrist
portion of the patient to support the wrist of the patient.
The wrist support unit 61 includes a wrist rest 71 on which
awristisrested, and atrack 81 provided along the rotation
trajectory of the wrist to guide the rotational movement
of the wrist rest 71.

[0064] The wristrest 71 has a circular sectional shape,
for example, a sectional shape of 'U’ having an open
upper portion to partially surround the wrist. Accordingly,
the patient may stably rest the wrist to the wrist rest 71.
In this case, a band is provided on the wrist rest 71 to fix
the wrist such that the wrist is prevented from deviating
from the wrist rest 71.

[0065] A track 81 has a sectional shape of 'U’ corre-
sponding to the shape of the wrist rest 71. The track 81
is supported by a support 85. The support 85 includes a
gap adjusting knob 87 to adjust a gap between the wrist
rest 71 and an elbow rest 111 of the upper limb support
unit 101 to be described later

[0066] Meanwhile, the track 81 includes aroller 91 cor-
responding to the rotational movement of the wrist rest
71 about the track 81. The roller 91 is provided to be
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movable while rolling the track 81, and linked to the wrist
rest 71 by a roller support bracket 93.

[0067] Accordingly, the wrist rest 71 moves along the
track 81 by rotational force applied to the wrist of the
patient.

[0068] As described above, when rotational force is
applied to the wrist after the wrist is rested in the wrist
rest 71, the wrist rest 71 moves along the track 81 such
that the wrist smoothly rotates.

[0069] The upper limb support unit 101 is disposed to
be spaced apart from the wrist support unit, to support
the upper limb of the patient. According to one embodi-
ment, the upper limb support unit 101 includes an elbow
rest 111 to rest an elbow of the patient and a lifting unit
121 to operate as the upper limb rested in the elbow rest
111 moves up and down.

[0070] The elbow rest 111 has a sectional shape of 'U’
having an open upper portion to partially surround the
elbow. Accordingly, the patient may stably rest the elbow
to the elbow rest 111. In this case, a band is provided on
the elbow rest 111 to fix the elbow such that the elbow
is prevented from deviating from the elbow rest 111.
[0071] Meanwhile, the elbow rest 111 is connected to
a support 85 of the wrist support unit 61 by a connection
bracket 115.

[0072] The lifting unit 121 includes a pivot moving unit
to pivot a pair of joint links 123 and 125 and a pivot joint
127 as a pair of joint links 123 and 125, a pivot joint 127,
and the upper limb 7 rested on the elbow rest 111.
[0073] The pivot moving unit includes a spring 133, a
first wire pulley 141, a second wire pulley 143, a third
wire pulley 145, a fourth wire pulley 147, and a wire 151.
[0074] Meanwhile, a pair of joint links include a first
jointlink 123 having one end portion coupled to the elbow
rest 111 and a second joint link 125 coupled to an oppo-
site end of the first joint link 123.

[0075] Thefirstjointlink 123 has a hollowed bar shape.
One end portion of the firstjoint link 123 is pivotally hinged
to the elbow rest 111, and the opposite end portion of
the first joint link 123 is pivotally hinged to one end portion
of the second joint link 125 and the pivot joint 127.
[0076] Meanwhile, a spring 133 is received in the first
joint link 123 to be compressed or extended. One end
portion of the spring 133 is supported by the first joint link
123, and an opposite end portion of the spring 133 is
linked to the wire 151. In this case, the first joint link 123
is not directly connected with the wire 151, and a con-
nection block (not illustrated) is interposed between the
first joint link 123 and the wire 151 such that the first joint
link 123 is connected with the wire 151 through the con-
nection block.

[0077] One end portion of the second joint link 125 is
hinged to tan opposite end portion of the first joint link
123 and the pivot joint 127.

[0078] Meanwhile, a plurality of wire pulleys are pro-
vided on the movement path of the wire 151.

[0079] The plurality of wire pulleys include a first wire
pulley 141 provided inside the first joint link 123 while
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being spaced apart a spring 133 by a specific distance,
a second wire pulley 143 provided at a part where the
first joint link 123 is hinged with one end portion of the
second join link 125, a third wire pulley 145 provided at
the pivot joint 127, and a fourth wire pulley 147 provided
at an opposite end portion of the second joint link 125.
[0080] Accordingly, the wire 151 has a specific length.
The wire 151 is supported by the fourth wire pulley 147
through the first wire pulley 141, the second wire pulley
143, and the third wire pulley 145, while extending from
an opposite end of the spring 133.

[0081] The pivot joint 127 pivotally supports an oppo-
site end portion of the first joint link 123 and one end
portion of the second joint link 125.

[0082] The third wire pulley 145 is provided at a lower
portion of the pivot joint 127 to be exposed.

[0083] Accordingly, when the elbow of the patient is
restedinthe elbowrest 111, as the spring 133 is extended
as illustrated in FIG 4, the length of the wire between the
third wire pulley 145 and the fourth wire pulley 147 is
increased. In this case, the weight load generated as the
elbow of the patient is rested in the elbow rest 11 is com-
pensated by the elastic force of the spring 133.

[0084] Meanwhile, when the upper limb 7 is lifted up,
the second joint link 125 is rotated counterclockwise
while the spring 133 is compressed as illustrated in FIG.
7, and the length of the wire 151 between the third wire
pulley 145 and the fourth wire is reduced.

[0085] Accordingly, when the upper limb 7 is lifted up,
the rehabilitation training for the upper limb 7 may be
performed without force applied to the upper limb 7.
[0086] In addition, according to an embodiment of the
inventive concept, the upper limb support unit 101 may
further include a left-right operating unit 161 operating
as the upper limb 7 moves left and right.

[0087] The left-right operating unit 161 includes a pair
of upper limbs 171 and 173 provided to be accessible
each other and spaced apart from each other.

[0088] Each end portion of the pair of arms 171 and
173, that is, each of end portions, which are opposite to
each other, of the pair of arms 171 and 173 is pivotably
hinged to the bracket 175 to correspond to the left and
right movement of the upper limb 7.

[0089] The opposite end portion of the arm 171, which
is disposed adjacent to the pivot joint 127, of the pair of
arms is hinged to the pivot joint 127, and the opposite
end portion of the remaining arm 173 is hinged to a fixed
member 181 to elastically support the robot 10 for upper
limbs rehabilitation to a structure according to an embod-
iment of the inventive concept.

[0090] In addition, according to another embodiment,
as illustrated in FIG. 9, when the apparatus 10 for assist-
ing physical movement includes a wrist support unit and
an upper support unit, the encoder 600 further includes
an arrangement state measuring unit 801 and a commu-
nication unit 700.

[0091] The encoder 600 performs a role of measuring
rotation data of the strap driving unit. Hereinafter, the
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details of the encoder 600 will be omitted.

[0092] Thearrangementstate measuring unit801 gen-
erates the arrangement state data by measuring the real-
time arrangement state of the wrist support unit and the
upper limb support unit. The real-time arrangement state
may be measured through a sensor provided in the wrist
support unit and the upper limb support unit.

[0093] Forexample, the arrangement state measuring
unit 801 disposed on the wrist support unit may measure
the rotation of the roller 91 on the U-shaped track 81 to
measure the movement distance from one end portion
of the track and to measure the present arrangement
state. In addition, for example, the arrangement state
measuring unit 801 disposed at the upper limb support
unit may calculate the present height of the upper limb
unit based on the intensity of the tension applied to a
spring 133. However, the manner that the arrangement
state measuring unit 801 disposed on the wrist support
unit and the upper limb support unit measures the real-
time arrangement state is not limited thereto, butincludes
various manners.

[0094] The communication unit 700 transmits, to the
terminal 20, the rotation data or a finger arrangement
state data obtained in the encoder 600, and the arrange-
ment state data measured by the arrangement state
measuring unit 801 disposed on the wrist support unit
and the upper limb support unit. The terminal 20 gener-
ates and outputs a real-time body part image based on
the received data. Accordingly, the user may perform the
rehabilitation training while viewing an image represent-
ing the present operation of the patient, on a screen of
the terminal 20.

[0095] As described above, according to the inventive
concept, assist power appropriate to the exercise direc-
tion of a patient may be provided by detecting the physical
movement of the patient through the comparison be-
tween the reference tension and the applied tension,
thereby effectively providing the physical rehabilitation
training.

[0096] Whiletheinventive concepthas been described
with reference to exemplary embodiments, it will be ap-
parent to those skilled in the art that various changes and
modifications may be made without departing from the
scope of the present claims. Therefore, it should be un-
derstood that the above embodiments are not limiting,
but illustrative.

Claims

1. An apparatus for assisting physical movement, the
apparatus comprising:

a body wearing unit (100) for, in use, being put
on a specific body of a user;

a strap (200,41) linked to one side of the body
wearing unit (100);

a strain sensor (300,51) provided on the strap
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(200,41) to measure a tension applied to the
strap (200,41);

a strap driving unit (400,23) linked to the strap
(200,41) to wind or unwind the strap depending
on rotation;

a control unit (500) configured to control the
strap driving unit (400,23) based on a measure-
ment value of the strain sensor (300,51); and
an encoder (600) to measure rotation data of
the strap driving unit (400,23), and

wherein the strap driving unit (400,23) is config-
ured to rotate in a stationary state such that a
reference tension having a specific intensity is
applied to the strain sensor (300,51); and to ro-
tate in a specific direction as the applied tension
to the strap (200,41) becomes higher or lower
the reference tension depending on movement
of a user, and

wherein the control unit (500) is configured to
set the reference tension and a maximum ten-
sion, and the control unit (500) is configured to
rotate the strap driving unit (400,23) in a direc-
tion of winding the strap (200,41) when the ap-
plied tension becomes lower than the reference
tension by a threshold value or more; and to ro-
tate the strap driving unit (400,23) in a direction
ofunwinding the strap (200,41) when the applied
tension becomes greater than the reference ten-
sion by a threshold value or more, and

characterized in that

the apparatus for assisting physical movement
further comprises: a communication unit (700)
to transmit the rotation data to a terminal, and

wherein the terminal generates and outputs a
body image corresponding to the rotation data.

The apparatus of claim 1, wherein, when the refer-
ence tension approaches the maximum tension, the
control unit (500) drives the strap driving unit (400)
to reduce the applied tension of the strap (200, 41)
and updates the reference tension such that the ref-
erence tension is matched to the applied tension.

The apparatus of claim 1, wherein the body wearing
unit (100) includes:

a plurality of finger wearing unit (31) put on finger
joints.

The apparatus of claim 3, further comprising:

a plurality of strap driving unit (400,23) which wind
or unwind strap (200,41) linked to finger wearing unit
(31), respectively.

The apparatus of claim 1, wherein the rotation data
is arevolution per minute (RPM) or arotational angle.
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6. The apparatus of claim 1, further comprising:

a wrist support unit (61) provided on a wrist por-
tion of a patient to support (85) a wrist of the

16

eine Korpertrageeinheit (100), um, in Verwen-
dung, an einem spezifischen Korper eines Be-
nutzers angelegt zu sein;

einen Gurt (200, 41), der mit einer Seite der Kor-

patient; and 5 pertrageeinheit (100) verbunden ist;
an upper limb support unit (101) spaced apart einen Dehnungssensor (300, 51), der an dem
from the wrist support unit (61) to support an Gurt (200, 41) vorgesehen ist, um einen Zug zu
upper limb (7) of the patient, messen, der auf den Gurt (200, 41) aufgebracht
when the body wearing unit (100) is a finger wird;
wearing unit (31) provided on a hand back ofa 70 eine Gurtantriebseinheit (400, 23), die mit dem
patient to perform rehabilitation training for a fin- Gurt (200, 41) verbunden ist, um den Gurt ab-
ger of the patient. hangig von einer Drehung auf- oder abzuwi-
ckeln;
7. The apparatus of claim 6, wherein the upper limb eine Steuereinheit (500), die dazu konfiguriert
support unit (101) includes: 15 ist, die Gurtantriebseinheit (400, 23) basierend
auf einem Messwert des Dehnungssensors
an elbow rest (111,11) to rest an elbow of the (300, 51) zu steuern; und
patient; and einen Encoder (600), um Drehdaten der Gurt-
a lifting unit (121) to operate as the upper limb antriebseinheit (400, 23) zu messen, und
(7) rested in the elbow rest (111,11) moves up 20 wobei die Gurtantriebseinheit (400, 23) dazu
and down. konfiguriert ist, sich in einem stationaren Zu-
stand derart zu drehen, dass ein Referenzzug,
8. The apparatus of claim 7, wherein the lifting unit der eine spezifische Intensitat aufweist, auf den
(121) includes: Dehnungssensor (300, 51) aufgebracht wird;
25 und sich in einer spezifischen Richtung zu dre-
a first joint link (123) pivotably hinged to the el- hen, wenn der auf den Gurt (200, 41) aufge-
bow rest (111,11); brachte Zug abhangig von einer Bewegung ei-
a second joint link (125) pivotably hinged to the nes Benutzers hoher oder niedriger als der Re-
first joint link (123); ferenzzug wird, und
a pivot joint (127) pivotably hinged to the first 30 wobei die Steuereinheit (500) dazu konfiguriert
joint link (123) and the second joint link (125); ist, den Referenzzug und einen maximalen Zug
and einzustellen, und
a pivot moving unit to pivotably move the first die Steuereinheit (500) dazu konfiguriert ist, die
joint link (123), the second joint link (125), and Gurtantriebseinheit (400, 23) in einer Richtung
the pivot joint (127), as the upper limb (7) rested 35 eines Aufwickelns des Gurts (200, 41) zu dre-
in the elbow rest (111,11) moves up and down. hen, wenn der aufgebrachte Zug um einen
Schwellenwert oder mehr niedriger als der Re-
9. The apparatus of claim 6, further comprising: ferenzzug wird; und die Gurtantriebseinheit
(400, 23)in einer Richtung eines Abwickelns des
said encoder (600) to measure rotation data of 40 Gurts (200, 41) zu drehen, wenn der aufge-
the strap driving unit (400,23); an arrangement brachte Zug um einen Schwellenwert oder mehr
state measuring unit (801) to generate arrange- groRer als der Referenzzug wird, und
ment state data by measuring a real-time ar- dadurch gekennzeichnet, dass
rangement state of the wrist support unit (61) die Vorrichtung zum Unterstiitzen einer physi-
and the limb support (85) unit; and 45 schen Bewegung ferner umfasst:
said communication unit (700) to transmit the eine  Kommunikationseinheit (700), um die
rotation data and the arrangement state data, Drehdaten zu einem Terminal zu Ubertragen,
und
wherein the terminal generates and outputs a real- wobei das Terminal ein den Drehdaten entspre-
time body image based on the rotation data and the 50 chendes Korperbild erzeugt und ausgibt.
arrangement state data.
Vorrichtung nach Anspruch 1, wobei, wenn der Re-
ferenzzug sich an den maximalen Zug annahert, die
Patentanspriiche Steuereinheit (500) die Gurtantriebseinheit (400, 23)
55 antreibt, um den aufgebrachten Zug des Gurts (200,
1. Vorrichtung zum Unterstltzen einer physischen Be- 41) zu reduzieren, und den Referenzzug derart ak-
wegung, wobei die Vorrichtung umfasst: tualisiert, dass der Referenzzug mit dem aufge-

brachten Zug in Ubereinstimmung gebracht wird.

10
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Vorrichtung nach Anspruch 1, wobei die Korpertra-
geeinheit (100) umfasst:

eine Vielzahl von Fingertrageeinheiten (31), die an
Fingergelenken angelegt sind.

Vorrichtung nach Anspruch 3, ferner umfassend:

eine Vielzahl von Gurtantriebseinheiten (400, 23),
die einen Gurt (200, 41) auf- oder abwickeln, der
jeweils mitder Fingertrageeinheit (31) verbundeniist.

Vorrichtung nach Anspruch 1, wobei die Drehdaten
eine Umdrehung pro Minute (RPM) oder ein Dreh-
winkel sind.

Vorrichtung nach Anspruch 1, ferner umfassend:

eine Handgelenkstitzeinheit (61), die an einem
Handgelenksabschnitt eines Patienten vorge-
sehen ist, um ein Handgelenk des Patienten zu
stutzen (85); und

eine Oberarmstitzeinheit (101), die von der
Handgelenkstiitzeinheit (61) beabstandet ist,
um einen Oberarm (7) des Patienten zu stiitzen,
wenn die Koérpertrageeinheit (100) eine Finger-
trageeinheit (31) ist, die an einem Handriicken
eines Patienten vorgesehen ist, um ein Rehabi-
litationstraining fir einen Finger des Patienten
durchzufihren.

Vorrichtung nach Anspruch 6, wobei die Oberarm-
stlitzeinheit (101) umfasst:

eine Ellenbogenstitze (111, 11), um einen EI-
lenbogen des Patienten abzustiitzen; und

eine Anhebeeinheit (121), um zu arbeiten, wenn
sich der Oberarm (7), der in der Ellenbogenstit-
ze (111, 11) abgestitzt ist, auf- und abbewegt.

Vorrichtung nach Anspruch 7, wobei die Anhebeein-
heit (121) umfasst:

eine erste Gelenkverbindung (123), die an der
Ellenbogenstiitze (111, 11) schwenkbar ange-
lenkt ist;

eine zweite Gelenkverbindung (125), die an der
ersten Gelenkverbindung (123) schwenkbar an-
gelenkt ist;

ein Drehgelenk (127), das an der ersten Gelenk-
verbindung (123) und der zweiten Gelenkver-
bindung (125) schwenkbar angelenkt ist; und
eine Drehbewegungseinheit, um die erste Ge-
lenkverbindung (123), die zweite Gelenkverbin-
dung (125) und das Drehgelenk (127) schwenk-
bar zu bewegen, wenn sich der Oberarm (7),
derinder Ellenbogenstiitze (111, 11) abgestitzt
ist, auf- und abbewegt.

9. Vorrichtung nach Anspruch 6, ferner umfassend:
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1"

den Encoder (600), um Drehdaten der Gurtan-
triebseinheit (400, 23) zu messen;

eine Anordnungszustandsmesseinheit (801),
um durch Messen eines Echtzeitanordnungszu-
stands der Handgelenkstitzeinheit (61) und der
Extremitatenstitz (85)-Einheit Anordnungszu-
standsdaten zu erzeugen; und

die Kommunikationseinheit (700), um die Dreh-
daten und die Anordnungszustandsdaten zu
Ubertragen,

wobei das Terminal ein Echtzeitkdrperbild ba-
sierend auf den Drehdaten und den Anord-
nungszustandsdaten erzeugt und ausgibt.

Revendications

Appareil d’aide au mouvement physique, dispositif
comprenant :

une unité a porter sur le corps (100) pour, pen-
dant/'utilisation, étre mis sur un corps spécifique
d’un utilisateur,

une sangle (200, 41) liée a un c6té de I'unité
portée sur le corps (100),

un détecteur de tension (300, 51) prévu sur la
sangle (200, 41) pour mesurer une tension ap-
pliquée a la sangle (200, 41),

une unité d’entrainement de la sangle (400, 23)
liée a la sangle (200, 41) pour enrouler ou dé-
rouler la sangle en fonction de la rotation,

une unité de commande (500) configurée pour
contréler I'unité d’entrainement de la sangle
(400, 23) sur la base d’'une valeur de mesure du
détecteur de la tension (300, 51) et

un encodeur (600) pour mesurer les données
derotationde l'unité d’entrainementde la sangle
(400, 23) et

ou l'unité d’entrainement de la sangle (400, 23)
est configurée pour pivoter dans un état station-
naire de telle maniére qu’une tension de réfé-
rence ayant une intensité spécifique est appli-
quée au deétecteur de tension (300, 51) et pour
pivoter dans une direction spécifique a mesure
que la tension appliquée a la sangle (200, 41)
devientplus élevée ou plus basse que la tension
de référence en fonction du mouvement d'un
utilisateur et

ou l'unité de commande (500) est configurée
pour régler la tension de référence et une ten-
sion maximale et

I'unité de commande (500) est configurée pour
faire pivoter I'unité d’entrainement de la sangle
(400, 23) dans une direction d’enroulement de
la sangle (200, 41) quand la tension appliquée
devient inférieure a la tension de référence par
une valeur de seuil ou plus, et pour faire pivoter
'unité d’entrainement de la sangle (400, 23)
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dans une direction de déroulement de la sangle
(200, 41) quand la tension appliquée devient su-
périeure a la tension de référence parune valeur
de seuil ou plus et

caractérisé en ce que 'appareil d’assistance
au mouvement physique comprend en outre :
une unité de communication (700) pour trans-
mettre les données de rotation a un terminal et
en ce que le terminal géneére et émet une image
corporelle correspondant aux données de rota-
tion.

Appareil selon la revendication 1, caractérisé en ce
que, quand la tension de référence approche de la
tension maximale, I'unité de commande (500) en-
traine I'unité d’entrainement de la sangle (400) a ré-
duire la tension appliquée a la sangle (200, 41) et
met a jour la tension de référence de telle maniére
que la tension de référence corresponde a la tension
appliquée.

Appareil selon la revendication 1, caractérisé en ce
que l'unité a porter sur le corps (100) inclut : une
pluralité d’unités a porter sur les doigts (31) placées
sur les articulations des doigts.

Appareil selon la revendication 3, comprenant en
outre :

une pluralité d’'unités d’entrainement des sangles
(400, 23) qui enroulent ou déroulent les sangles
(200, 41) liées aux unités a porter sur les doigts (31),
respectivement.

Appareil selon la revendication 1, caractérisé en ce
que les données de rotation sont des révolutions par
minute (RPM) ou un angle de rotation.

Appareil selon la revendication 1, comprenant en
outre :

une unité de support du poignet (61) prévue sur
une partie du poignetd’un patient pour supporter
(85) un poignet du patient et

une unité de supportdu membre supérieur (101)
séparée de l'unité de support du poignet (61)
pour supporter un membre supérieur (7) du pa-
tient,

quand l'unité a porter sur le corps (100) est une
unité a porter sur les doigts (31) prévue sur le
dos de la main d’un patient pour réaliser un en-
trainement de rééducation pour les doigts du
patient.

7. Appareil selon larevendication 6, caractérisé en ce

que l'unité de support du membre supérieur (101)
inclut :

un appui pour coude (111, 11) pour reposer un
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coude du patient et

une unité d’élévation (121) destinée a fonction-
ner quand le membre supérieur (7) reposé dans
I'appui pour coude (111, 11) bouge vers le haut
et vers le bas.

8. Appareil selon larevendication 7, caractérisé en ce

que l'unité d’élévation (121) inclut :

une premiére articulation de joint (123) articulée
de maniéere pivotante a I'appui pour coude (111,
1),

une deuxiéme articulation de joint (125) articu-
Iée de maniére pivotante a la premiére articula-
tion de joint (123),

un joint de pivot (127) articulé de maniéere pivo-
tante a la premiere articulation de joint (123) et
a la deuxieme articulation de joint (125) et

une unité de déplacement du pivot pour dépla-
cerde maniére pivotante la premiére articulation
de joint (123), la deuxiéme articulation de joint
(125) et le joint de pivot (127) pendant que le
membre supérieur (7) qui repose dans I'appui
pour coude (111, 11) bouge vers le haut et vers
le bas.

9. Appareil selon la revendication 6, comprenant en

outre :

ledit encodeur (600) pour mesurer les données
derotationde l'unité d’entrainementde la sangle
(400, 23),

une unité de mesure de I'état d’arrangement
(801) pour générer des données de I'état d’ar-
rangement en mesurant un état d’arrangement
en temps réel de I'unité de support du poignet
(61) et 'unité de support du membre (85) et
ladite unité de communication (700) pour trans-
mettre les données de rotation et les données
de I'état d’arrangement,

ou le terminal génére et émet une image corpo-
relle en temps réel basée sur les données de
rotation et les données de I'état d’arrangement.
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[FIG. 3]
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[FIG. 4]

16



EP 3 646 843 B1

[FIG. 5]
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[FIG. 6]
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[FIG. 7]
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[FIG. 8]

20



EP 3 646 843 B1

[FIG. 9]
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