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The present disclosure relates to an upper limb multi-joint
impedance measurement method and an apparatus using the
same. An upper limb multi-joint impedance measurement
apparatus includes an upper limb end connector connected
to an end of an upper limb of a subject, a driver configured
to drive the upper limb end connector so that the upper limb
end connector applies perturbations to the end of the upper
limb of the subject, a measurement controller configured to
provide the driver with a control signal for the perturbations,
a force sensor configured to detect a magnitude of a pertur-
bation force applied to the end of the upper limb of the
subject by the upper limb end connector, a position sensor
configured to detect a variation of a position of the upper
limb end connector according to the applied perturbations,
an impedance calculator configured to calculate a mechani-
cal impedance of the upper limb of the subject by using force
data and position data indicating the detected magnitude of
the force and the detected variation of the position, and an
impedance output unit configured to output an output signal
indicating a value of the calculated mechanical impedance.
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UPPER LIMB MULTI-JOINT IMPEDANCE
MEASUREMENT METHOD AND
APPARATUS USING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of priority of
Korean Patent Application No. 10-2016-0125453, filed on
Sep. 29, 2016, the contents of which are incorporated herein
by reference in their entirety.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present disclosure relates to an upper limb
multi-joint impedance measurement method and an appara-
tus using the same, and more particularly, to a method of
measuring mechanical impedance of an upper limb multi-
joint of a subject on the basis of force, positions, and
biosignals, according to perturbations applied to an end of an
upper limb of the subject, and an apparatus using the same.
[0003] Mechanical impedance of an upper limb multi-
joint is required in order for the rehabilitation of the upper
limb multi-joint. The mechanical impedance of the upper
limb multi-joint/degrees-of-freedom can be used to assist in
diagnosing stiffness or the mechanical resistance against
passive stretching of an upper limb of a patient. In addition,
if the mechanical impedance of the upper limb multi-joint
can be obtained accurately, rehabilitation programs can be
prescribed and carried out according to the mechanical
impedance. Also, an efficacy of rehabilitative training can be
checked by frequently measuring the impedance at any time
and comparing the impedance with premeasured impedance
during the rehabilitative training, and the effect can be
considered for preparation/adjustment/prescription of a sub-
sequent rehabilitation program.

[0004] Conventional methods of measuring upper limb
impedance are subjective methods that rely on experience of
clinicians and hand feeling of the clinicians. However, the
conventional methods have problems in that an impedance
value may vary depending on a clinician who examined a
patient, and thus reliability thereof is low. Also, the mea-
sured impedance has a qualitative value defined by an
ordinal scale having about five steps, and thus it is difficult
to measure a change in impedance unless the change is large.
[0005] Also, since a clinician moves the patient’s upper
limb with his or her hands to measure upper limb imped-
ance, only impedance for one degree of freedom and a joint
can be measured, and thus impedance for two or more
degrees of freedom and joints or a coupled impedance
between degrees of freedom and joints cannot be measured,
which is a disadvantage of the subjective measurement
method.

[0006] Impedance was measured using an upper limb
rehabilitation robot or an industrial robot. Since such the
robots are not designed solely for upper limb impedance
measurement, the robots are very large in volume and
difficult to install, in addition, serious problems in safety can
occur in the case of industrial robots. Also, in terms of
operation, the robots are complicated, and therefore, a
robotics expert is required for clinical use. Further, the
robots cannot be suitable for measuring upper limb imped-
ance because the robots are unnecessarily large in size
considering force perturbations or position perturbations,
which are required for measuring the upper limb impedance.
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[0007] Therefore, it is required to provide a technique
relating to an apparatus capable of measuring impedance of
multiple degrees of freedom and multiple joints of an upper
limb, which is easy to manipulate and use with a size
suitable for clinical use, and a method using the same.

PRIOR ART
[0008] Disclosure 1: Korean Patent Registration No.
10-1600850.
SUMMARY OF THE INVENTION
[0009] The present disclosure is directed to providing a

method and an apparatus for easily measuring multi-joint
impedance of an upper limb.

[0010] The technical objectives of the present disclosure
are not limited to the above-described technical objectives,
and other technical objectives, which are not described
herein, may be clearly understood by those skilled in the art
from the following description.

[0011] According to one aspect of the present disclosure,
there is provided an upper limb multijoint impedance
measurement apparatus including: an upper limb end con-
nector connected to an end of an upper limb of a subject; a
driver configured to drive the upper limb end connector so
that the upper limb end connector applies perturbations to
the end of the upper limb of the subject, a measurement
controller configured to provide the driver with a control
signal for the perturbations; a force sensor configured to
detect a magnitude of a perturbation force applied to the end
of the upper limb of the subject by the upper limb end
connector; a position sensor configured to detect a variation
of a position of the upper limb end connector according to
the applied perturbations; an impedance calculator config-
ured to calculate a mechanical impedance of the upper limb
of the subject by using force data and position data indicat-
ing the detected magnitude of the force and the detected
variation of the position; and an impedance output unit
configured to output an output signal indicating a value of
the calculated mechanical impedance.

[0012] The upper limb end connector may include a part
connected to the end of the upper limb of the subject and
gripped by the subject.

[0013] The perturbations may include at least one of a
force variation and a positional variation applied to the end
of the upper limb by the upper limb end connector in at least
one direction of x-axis direction, y-axis direction and z-axis
direction.

[0014] The upper limb multi-joint impedance measure-
ment apparatus may further include a biosignal sensor
attached to the upper limb of the subject to detect a biosignal
of the subject, wherein the impedance calculator may filter
the force data or the position data on the basis of the detected
biosignal.

[0015] The biosignal may include at least one of an
electromyography (EMG) signal, a pulse, and a body tem-
perature of the subject.

[0016] The biosignal sensor may include an inertial mea-
surement unit (IMU) sensor configured to detect a relative
position of the upper limb.

[0017] The impedance calculator may transform the force
data and the position data into a frequency domain, calculate
a transfer function under a condition in which the position
data transformed into the frequency domain is set as input
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and the force data transformed into the frequency domain is
set as output, and derive the mechanical impedance using the
calculated transfer function

[0018] Theimpedance output unit may include at least one
selected from the group consisting of a display, an audio
output device, and a printer.

[0019] According to another aspect of the present disclo-
sure, there is provided an upper limb multi-joint impedance
measurement method includes: applying, by an upper limb
end connector driven by a driver, perturbations to an end of
an upper limb of a subject; detecting a force of the upper
limb end connector, which is applied to the end of the upper
limb of the subject, while the perturbations are applied to the
end of the upper limb; detecting a position of the upper limb
end connector while the perturbations are applied to the end
of the upper limb; calculating mechanical impedance of the
upper limb of the subject on the basis of force data and
position data respectively indicating the detected force and
detected position; and outputting the calculated mechanical
impedance.

[0020] The applying of the perturbation may include
applying, by the upper limb connector, the force or the
position to the end of the upper limb in any one direction of
an x-axis direction, a y-axis direction, and a z-axis direction.
[0021] After the applying of the perturbations, the upper
limb multi-joint impedance measurement method may fur-
ther include detecting a bio signal of the subject while the
perturbations are applied to the end of the upper limb
[0022] After the detecting of the biosignal, the upper limb
multijoint impedance measurement method may further
include restarting the measurement from the beginning when
the EMG signal indicates a voluntary reaction signal,
wherein the biosignal may include an electromyography
signal (EMG) of the subject.

[0023] The calculating of the mechanical impedance may
include: transforming the force data and the position data
respectively indicating the detected force and the position,
into a frequency domain; and calculating a transfer function
under a condition in which the position data transformed
into the frequency domain is set as input and the force data
transformed into the frequency domain is set as output, and
deriving the mechanical impedance using the calculated
transfer function.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0024] The above and other objects, features and advan-
tages of the present disclosure will become more apparent to
those of ordinary skill in the art by describing exemplary
embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0025] FIG. 1 is a block diagram of an upper limb multi-
joint impedance measurement apparatus according to one
embodiment of the present disclosure;

[0026] FIG. 2 is a block diagram of an upper limb multi-
joint impedance measurement apparatus according to
another embodiment of the present disclosure;

[0027] FIG. 3 is a schematic view illustrating a method of
measuring impedance of an upper limb multi-joint using an
upper limb multi-joint impedance measurement apparatus
according to another embodiment of the present disclosure;
[0028] FIG. 4 is a flowchart illustrating a method of
measuring impedance of an upper limb multi-joint according
to one embodiment of the present disclosure;
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[0029] FIG. 5 is a flowchart illustrating a method of
measuring impedance of an upper limb multi-joint according
to another embodiment of the present disclosure;

[0030] FIG. 6 is a conceptual view illustrating the use of
an upper limb multi-joint impedance measurement appara-
tus according to another embodiment of the present disclo-
sure; and

[0031] FIG. 7 is a view illustrating an example of using an
upper limb multi-joint impedance measurement apparatus
according to another embodiment of the present disclosure.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0032] While the present disclosure is susceptible to vari-
ous modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the drawings
and will herein be described in detail. However, it should be
understood that this is not intended to limit the embodiments
of the present disclosure with respect to any specific
embodiment but includes all modifications, equivalents and
alternatives falling within the spirit and scope of the embodi-
ments is there.

[0033] Although terms including ordinal numbers such as
first, second, or the like can be used to describe various
components, the above components are not limited by the
terms. The terms are only used to distinguish one component
from another. For example, a second component may refer
to a first component without departing from the scope of the
embodiments, and similarly a first component may also refer
to a second component. The term “and/or” includes any of
a plurality of related entries or a combination of a plurality
of related entries.

[0034] The terminology used in this application has been
used merely to describe a specific embodiment and is not
intended to limit the embodiments of the disclosure. The
singular expression includes plural expressions unless the
context clearly indicates otherwise. In the present applica-
tion, the terms “including,” “having,” and the like is
intended to specify that there are features, numbers, steps,
actions, components, parts, or a combination thereof
described on the specification, and do not preclude the
presence or addition possibility of one or more other features
or numbers, steps, operations, components, parts or combi-
nations thereof.

[0035] 1In the description of the embodiment, in a case
where it is stated that any element is formed as “above (on)
or below (under)” of the other element, the term “above
(on)” or “below (under)” includes all that two elements are
in direct contact with each other or a plurality of other
elements are formed indirectly between the two elements. In
addition, when it is expressed as “above (on) or below
(under),” not only the upward direction but also the down-
ward direction with respect to one element can be included
therein.

[0036] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings,
wherein like or corresponding elements are denoted by the
same reference numerals, and redundant descriptions thereof
will be omitted.

[0037] FIGS. 1 to 7 clearly illustrate only main parts in
order to conceptually and clearly understand the present
disclosure and, as a result, the drawings may be variously
modified and the scope of the present disclosure is not
limited to specific shapes shown in the drawings.
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[0038] FIG. 1 is a block diagram of an upper limb multi-
joint impedance measurement apparatus according to one
embodiment of the present disclosure. A configuration of an
upper limb multi-joint impedance measurement apparatus
100 according to one embodiment of the present disclosure
will be described in detail with reference to FIG. 1.

[0039] The upper limb multi-joint impedance measure-
ment apparatus 100 may include an upper limb end connec-
tor 110, a driver 120, a measurement controller 130, a force
sensor 140, a position sensor 150, an impedance calculator
160, and an impedance output unit 170.

[0040] The upper limb end connector 110 is a section
which will be connected to an end of an upper limb of a
subject. The upper limb end connector 110 may have a part
that the subject may grip. For example, the part which the
subject may grip may have a handle shape. By connecting
the upper limb end connector 110 to the end of the upper
limb of the subject to be measured, a preparation for
measurement of impedance of an upper limb multi-joint may
be completed. For example, the subject may attach the upper
limb end connector 110 to his or her upper limb.

[0041] The driver 120 may drive the upper limb end
connector 110. The driver 120 may have a motor. The driver
120 may precisely drive the upper limb end connector 110
using the motor. The driver 120 may drive the upper limb
end connector 110 so that perturbations are applied to an end
of an upper limb in at least one direction of an x-axis
direction, a y-axis direction, and a z-axis direction.

[0042] The measurement controller 130 may provide the
driver 120 with a control command so that the upper limb
end connector 110 applies perturbations to the end of the
upper limb of the subject. For example, the measurement
controller 130 may provide the driver 120 with a control
command so that the upper limb end connector 110 applies
perturbations associated with a position having random
translational motion of up to 2 cm in at least one direction
of the three-dimensional x, y and z axes to the end of the
upper limb.

[0043] In a conventional upper limb multi-joint imped-
ance measurement apparatus, impedance was measured by
simply modeling the upper limb impedance into a second
order linear system (mass-damper-spring). Also, in the con-
ventional upper limb multi-joint impedance measurement
apparatus, only an impedance value of an upper limb multi-
joint on the two-dimensional horizontal plane may be esti-
mated, and therefore, the impedance value is not accurately
extracted due to assumption that an upper limb is the same
as that made by the above described second order system .
[0044] However, since the present disclosure estimates
three-dimensional impedance using perturbations in three
dimensions, limitations caused by estimating only two-
dimensional mechanical impedance of an upper limb on a
horizontal plane has been eliminated. Also, since the three-
dimensional impedance instead of the two-dimensional
impedance is estimated, the resultants may be comprehen-
sively derived.

[0045] Also, in the conventional upper limb multi-joint
impedance measurement apparatus, perturbations are
applied by pushing or pulling a subject in various directions
in random order while the measuring apparatus moves a
predetermined path. Experiment using the above method
takes long time because it is necessary to experiment repeat-
edly on the same path for a large number of times to obtain
all necessary data. Also, an amount of information in the
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data to be obtained is limited because the upper limb
impedance may not be obtained in all frequency ranges of
interest. On the other hand, since the apparatus according to
the embodiment estimates impedance by applying perturba-
tions in the form of unpredictable low-frequency filtered
white noise in all three dimensions, impedance characteris-
tics in all the frequency regions of interest are determined.
In addition, since a time for applying the perturbations is
shorter than that of the conventional apparatus, the apparatus
according to the embodiment is efficient.

[0046] In addition, the perturbations in the form of unpre-
dictable low frequency filtered white noise may minimize an
amount of meaningless data, so the amount of meaningless
data may be minimized.

[0047] The force sensor 140 may detect a magnitude of a
force that is applied to the end of the upper limb through the
upper limb end connector 110 while the upper limb end
connector 110 is applying perturbations to the end of the
upper limb by the operation of the driver 120. The force
sensor 140 may have a pressure sensor. The force sensor 140
may output force data that indicates a magnitude and direc-
tion of the force detected by the upper limb end connector
110.

[0048] The position sensor 150 may detect a variation of
a position of the upper limb end connector 110 while the
upper limb end connector 110 is applying the perturbations
to the end of the upper limb by the operation of the driver
120. The position sensor 150 may have one component
selected from the group consisting of an encoder, a poten-
tiometer, a resolver, an ultrasonic sensor, a laser sensor, an
inertial measurement unit (IMU) sensor, and a motion
capture camera to detect the variation of the position of the
upper limb end connector 110. The position sensor 150 may
output position data including information on the detected
variation of the position of the upper limb end connector
110.

[0049] A method of deriving impedance using the imped-
ance calculator 160 according to the embodiment of the

present disclosure will be described with reference to FIG.
3

[0050] The impedance calculator 160 may provide the
measurement controller 130 with a measurement start signal
and calculate mechanical impedance of an upper limb multi-
joint (hereinafter ,referred to as “upper limb impedance™) of
a subject using force data and position data respectively
output from the force sensor 140 and the position sensor
150.

[0051] 1In order to calculate upper limb impedance, the
impedance calculator 160 may use a method of estimating a
system through force and displacement data measured when
perturbations are applied to the system. For example, as
shown in the following formula, a transfer function matrix
(Z, to Z,,) may be calculated by using displacement data
(AX, AY, and AZ) as input and force data (F,, F,, and F,) as
output, and the calculated transfer function matrix is
mechanical impedance.

F, Zs Ly Zg|[AX
Fy|=|Zn Zy Zy||AY
Fl |z, z, 7, |l8z
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[0052] The force data and the position data may be data
including minutely change values over time. The impedance
calculator 160 may perform signal processing on the force
data and the position data to calculate the upper limb
impedance. According to one embodiment of the present
disclosure, the impedance calculator 160 transforms the
force data and the position data into a frequency domain.
The impedance calculator 160 may transform the force data
and the position data into the frequency domain using a
Fourier transform, but this is for exemplary purposes only,
and the transformation is not limited thereto.

[0053] The impedance calculator 160 calculates a transfer
function under a condition in which the position data trans-
formed into the frequency domain is set as input and the
force data transformed into the frequency domain is set as
output. The impedance calculator 160 may derive upper
limb impedance using the calculated transfer function.
[0054] For example, when position data of the frequency
domain is represented by Xh and force data of the frequency
domain is represented by Fh, a transfer function Zh may be
defined as follows. When the transfer function Zh is calcu-
lated using the following formula, the calculated transfer
function Zh becomes upper limb impedance.

Fy = Zyxy

2z Az (X
20 22 3 || Y

231 232 433

z

[0055] The calculation of the transfer function Zh in the
above formula should be obvious to those of ordinary skill
in the art, and a detailed description thereof will be omitted.
[0056] Referring back to FIG. 1, the impedance output
unit 170 may output upper limb impedance calculated by the
impedance calculator 160. The impedance output unit 170
may have at least one device selected from the group
consisting of a display, an audio output device, and a printer.
For example, when the impedance output unit 170 has a
display, the calculated upper limb impedance may be dis-
played on the display.

[0057] FIG. 2 is a block diagram of an upper limb multi-
joint impedance measurement apparatus according to
another embodiment of the present disclosure. Referring to
FIG. 2, a configuration of an upper limb impedance mea-
surement apparatus 200 according to another embodiment of
the present disclosure will be described in detail.

[0058] The upper limb impedance measurement apparatus
200 according to another embodiment of the present disclo-
sure may further include a biosignal sensor 210 compared
with the upper limb impedance measurement apparatus 100
according to one embodiment. Since components, which
have the same reference numerals as the components of the
upper limb impedance measurement apparatus 100 in a
configuration of the upper limb impedance measurement
apparatus 200, are the same as those of the upper limb
impedance measurement apparatus 100, descriptions thereof
will be omitted to prevent overlapping descriptions.

[0059] The biosignal sensor 210 may be attached to an
upper limb of a subject to detect a biosignal of the subject.
The biosignal may include at least one of an electromyog-
raphy (EMG) signal, a pulse, and a body temperature of the
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subject. The biosignal sensor 210 may output biosignal data
that indicates the detected biosignal.

[0060] The biosignal sensor 210 may have an inertial
measurement unit (IMU) sensor configured to detect a
relative position of the upper limb. The biosignal sensor 210
may output biometric signal data including data detected by
the IMU sensor.

[0061] An impedance calculator 260 may filter informa-
tion of the measured data through the force sensor and the
position sensor on the basis of the biosignal data output from
the biosignal sensor 210.

[0062] For example, when the impedance calculator 260
checks a body condition of the subject on the basis of an
electromyography signal (EMG) included in the biosignal
and determines that a voluntary reaction signal is included in
the checked result, the impedance calculator 260 excludes
data measured in the presence of a voluntary movement.
[0063] Because accurate measurement data is not made
when a voluntary reaction exists, impedance may not be
accurately calculated. Therefore, by filtering data according
to the voluntary movement, the impedance can be more
accurate.

[0064] In addition, by using the biosignal data, the imped-
ance calculator 260 may determine a relationship between
the calculated upper limb impedance and the biosignal data
output. For example, a correlation between an EMG signal
level included in the biosignal data and the impedance value
may be checked using a statistical method.

[0065] FIG. 4 is a flowchart illustrating a method of
measuring impedance of an upper limb multi-joint according
to one embodiment of the present disclosure. The method of
measuring impedance of an upper limb multi-joint according
to one embodiment of the present disclosure will be
described in detail with reference to FIG. 4.

[0066] An end of an upper limb of a subject is connected
to the upper limb end connector 110, and the measurement
controller 130 provides a control signal to the driver 120 so
that the upper limb end connector 110 applies perturbations
to the end of the upper limb (S110).

[0067] Forexample, when the end of the upper limb of the
subject is connected to the upper limb end connector 110 and
a start signal is provided to the upper limb multi-joint
impedance measurement apparatus 100, the measurement
controller 130 provides a control signal to the driver 120.
The driver 120 may precisely drive the upper limb end
connector 110 in at least one direction of x-axis, y-axis, and
z-axis directions.

[0068] While the upper limb end connector 110 is moving,
the force sensor 140 detects a force applied by the upper
limb end connector to the end of the upper limb, and the
position sensor 150 detects a position of the upper limb end
connector 110 (S120).

[0069] The impedance calculator 160 may perform signal
processing on the force data and the position data (S130).
The force data and the position data may be data including
minutely change values over time. The impedance calculator
160 may transform the force data and the position data into
a frequency domain.

[0070] The impedance calculator 160 calculates upper
limb impedance based on the force data transformed into the
frequency domain and the position data transformed into the
frequency domain (S140). The impedance calculator 160
calculates the transfer function in a condition where the
position data transformed into the frequency domain is set as
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input and the force data transformed into the frequency
domain is set as output. The impedance calculator 160 may
derive upper limb impedance using the calculated transfer
function.

[0071] An impedance output unit 170 outputs the upper
limb impedance (S150). When the impedance output umt
170 has a display, the upper limb impedance may be
displayed on the display.

[0072] FIG. 5 is a flowchart illustrating a method of
measuring impedance of an upper limb multi-joint according
to another embodiment of the present disclosure. The
method of measuring impedance of an upper limb multi-
joint according to another embodiment of the present dis-
closure will be described in detail with reference to FIG. 5.
[0073] Referring to FIGS. 3 and 5, the method of mea-
suring upper limb multijoint impedance according to
another embodiment is the same as that according to one
embodiment except that an EMG signal is additionally
measured (S8125) after perturbations are applied (8110) in
the method of measuring impedance of upper limb multi-
joint according to one embodiment. Accordingly, since
operations of another embodiment having the same refer-
ence symbols as those of one embodiment are the same as
those of one embodiment, a description thereof will be
omitted to prevent overlapping descriptions.

[0074] In the method of measuring impedance of upper
limb multi-joint according to another embodiment of the
present disclosure, an EMG signal is measured on an upper
limb of a subject while the upper limb end connector 110 is
applying perturbations to the upper limb (5125). When a
voluntary reaction signal is included in the measured EMG
signal, the measurement controller 130 may provide a con-
trol signal to the driver 120 so that measurement may be
restarted from the beginning.

[0075] Also, the impedance calculator 260 may derive
upper limb impedance on the basis of the force data, the
position data, and the measured EMG signal. Also, the
impedance calculator 260 may derive a relationship between
the calculated impedance value and the measured EMG
signal.

[0076] FIG. 6 is a conceptual view illustrating the use of
an upper limb multi-joint impedance measurement appara-
tus according to another embodiment of the present disclo-
sure. Referring to FIG. 6, a subject may sit in front of the
upper limb multisjoint impedance measurement apparatus
200, connect an end of his or her upper limb to the upper
limb end connector 110, and operate a control panel to start
measuring his or her upper limb impedance. The control
panel is provided so that both a measurer (clinician) and the
subject can operate. The upper limb impedance is calculated
using a magnitude of a force applied to the end of the upper
limb by an upper limb end connector, a variation of a
position of the end of the upper limb, and data of the subject
collected by a biosignal sensor, and the calculated upper
limb impedance may be displayed on a display of the
impedance output unit.

[0077] FIG. 7 is a view illustrating an example of using an
upper limb multi-joint impedance measurement apparatus
according to another embodiment of the present disclosure.
[0078] Referring to FIG. 7, a subject may sit in front of the
upper limb multi-joint impedance measurement apparatus
200, connect an end of his or her upper limb to the upper
limb end connector 110, and measure his or her upper limb
impedance.
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[0079] According to the above-described present disclo-
sure, a subject attaches an upper limb end connector of an
upper limb multi-joint impedance measurement apparatus to
an end of his or her upper limb and operates the apparatus
so that perturbations are applied to the end of his or her
upper limb through the upper limb end connector, thereby
effectively measuring impedance of upper limb multi-joint.
The various advantageous benefits and effects of the present
disclosure are not limited to the contents described above
and may be understood more easily in the course of explain-
ing specific embodiments of the present disclosure.

The above-described embodiments are merely illustrative of
the technical idea of the present disclosure, and those having
ordinary skill in the technical field to which the present
disclosure belongs may make various modifications,
changes, and substitutions without departing from the essen-
tial characteristics of the present disclosure. Therefore, the
embodiments disclosed in the present disclosure and the
accompanying drawings are intended to illustrate rather than
limit the technical spirit of the present disclosure, and the
scope of the technical idea of the present disclosure is not
limited by these embodiments and the accompanying draw-
ings. The scope of protection of the present disclosure
should be interpreted by the following claims, and all
technical ideas within the equivalent scope are to be inter-
preted as being included in the scope of the present disclo-
sure.

What is claimed is:

1. An upper limb multi-joint impedance measurement
apparatus comprising:

an upper limb end connector connected to an end of an
upper limb of a subject;

a driver configured to drive the upper limb end connector
so that the upper limb end connector applies perturba-
tions to the end of the upper limb of the subject;

a measurement controller configured to provide the driver
with a control signal for the perturbations;

a force sensor configured to detect a magnitude of a force
applied to the end of the upper limb by the upper limb
end connector according to the perturbations;

a position sensor configured to detect a position of the
upper limb end connector according to the perturba-
tions;

an impedance calculator configured to calculate a
mechanical impedance of the upper limb of the subject
by using force data and position data indicating the
detected force and position; and

an impedance output unit configured to output an output
signal indicating a value of the calculated mechanical
impedance.

2. The upper limb multi-joint impedance measurement
apparatus of claim 1, wherein the upper limb end connector
comprises a part connected to the end of the upper limb of
the subject and gripped by the subject.

3. The upper limb multi-joint impedance measurement
apparatus of claim 1, wherein the perturbations comprise at
least one of a force variation and a positional variation
applied to the end of the upper limb by the upper limb end
connector in at least one direction of x-axis direction, y-axis
direction, and z-axis direction.

4. The upper limb multi-joint impedance measurement
apparatus of claim 1, further comprising a biosignal sensor
attached to the upper limb of the subject to detect a biosignal
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of the subject, wherein the impedance calculator filters the
force data or the position data on the basis of the detected
biosignal.

5. The upper limb multi-joint impedance measurement
apparatus of claim 4, wherein the biosignal includes at least
one of an electromyography (EMG) signal, a pulse, and a
body temperature of the subject.

6. The upper limb multi-joint impedance measurement
apparatus of claim 4, wherein the biosignal sensor comprises
an inertial measurement unit (IMU) sensor configured to
detect a relative position of the upper limb.

7. The upper limb multi-joint impedance measurement
apparatus of claim 1, wherein the impedance calculator
transforms the force data and the position data into a
frequency domain, calculates a transfer function under a
condition in which the position data transformed into the
frequency domain is set as input and the force data trans-
formed into the frequency domain is set as output, and
derives the mechanical impedance using the calculated
transfer function.

8. The upper limb multi-joint impedance measurement
apparatus of claim 1, wherein the impedance output unit
comprises at least one selected from the group consisting of
a display, an audio output device, and a printer.

9. An upper limb multi-joint impedance measurement
method comprising:

applying, by an upper limb end connector driven by a

driver, perturbations to an end of an upper limb of a
subject;

detecting a force of the upper limb end connector, which

is applied to the end of the upper limb of the subject,
while the perturbations are applied to the end of the
upper limb;

detecting a position of the upper limb end connector while

the perturbations are applied to the end of the upper
limb;
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calculating mechanical impedance of the upper limb of
the subject on the basis of force data and position data
respectively indicating the detected force and detected
position; and

outputting the calculated mechanical impedance.

10. The upper limb multi-joint impedance measurement
method of claim 9, wherein the applying of the perturbation
comprises applying, by the upper limb connector, the force
or the position to the end of the upper limb in any one
direction of an x-axis direction, a y-axis direction, and a
z-axis direction.

11. The upper limb multi-joint impedance measurement
method of claim 9, further comprising, after the applying of
the perturbations, detecting a biosignal of the subject while
the perturbations are applied to the end of the upper limb.

12. The upper limb multi-joint impedance measurement
method of claim 11, further comprising, after the detecting
of the biosignal, restarting the measurement from the begin-
ning when the EMG signal indicates a voluntary reaction
signal,

wherein the biosignal comprises an electromyography

signal (EMG) of the subject.
13. The upper limb multi-joint impedance measurement
method of claim 9, wherein the calculating of the mechani-
cal impedance includes:
transforming the force data and the position data respec-
tively indicating the detected force and the position into
a frequency domain; and

calculating a transfer function under a condition in which
the position data transformed into the frequency
domain is set as input and the force data transformed
into the frequency domain is set as output, and deriving
the mechanical impedance using the calculated transfer
function.
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