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Description
BACKGROUND

[0001] The present disclosure relates to a rehabilitation evaluation apparatus, a rehabilitation evaluation method, and
a rehabilitation evaluation program.

[0002] There are patients who suffer from hemiplegia in which a part of one of left and right limbs is paralyzed.
Apparatuses that assist such patients in doing rehabilitation training are becoming widespread. A training apparatus for
evaluating a level of recovery on a non-paralyzed side by making a patient try to do certain rehabilitation training on the
non-paralyzed side as well as on a paralyzed side, and then performing a calculation as to how much myoelectric signals
obtained on the paralyzed side resemble those obtained on the non-paralyzed side has been known (e.g., Japanese
Unexamined Patent Application Publication No. 2015-73805).

[0003] Patent document CN 103 886 215 A discloses a walking ability calculating method based on muscle collabo-
ration, in which a non-negative matrix factorization algorithm is adopted to extract gait muscle collaboration from a gait
cycle surface myoelectricity signal, an adult gait muscle collaboration mode serves as a standard template, and the
muscle collaboration mode of a subject is graded by means of a Synergy Comprehensive Calculation (SCC) template
based on gait muscle collaboration mode similarity, so that characteristic parameters reflecting the gait of the subject
are obtained. The difference of the walking abilities of different people is disclosed from the aspect of brain central
nervous system control, and an objective walking ability parameter can be obtained. The objective walking ability pa-
rameter reflects the effect of control of the central nervous system over the gait.

SUMMARY

[0004] The present inventors have found the following problem. It has become evident that when a patient tries to do
rehabilitation training, muscles that work for the trial of the rehabilitation training and ratios at which these muscles work
in a coordinated manner differ from one individual to another and also differ according to the environment and the
condition under which the patient does the trial. Therefore, it is very difficult to determine in advance which muscles
should be chosen to observe their myoelectric potentials according to the trial. When the number of places at which
myoelectric potentials are measured is small, there is a high possibility that a muscle(s) that considerably works for the
motions in the trial could be overlooked. On the other hand, when the number of places at which myoelectric potentials
are measured is increased too much, data on muscles that do not work much for the motions in the trial could become
dominant. In either case, it has been difficult to accurately evaluate the level of recovery (hereinafter also referred to as
the "recovery level") of a diseased part by comparing myoelectric signals obtained from the paralyzed side with those
obtained from the non-paralyzed side.

[0005] The presentdisclosure has been made to solve the above-described problem and an object thereof is to provide
a rehabilitation evaluation apparatus and the like capable of accurately evaluating a recovery level of a diseased part
in a short time without requiring a troublesome ftrial-and-error process for adjusting positions of myoelectric-potential
sensors every time a patient does rehabilitation training.

[0006] This object is achieved by a rehabilitation evaluation apparatus, a rehabilitation evaluation method, and a
rehabilitation evaluation program as specified by the appended claims.

[0007] A first exemplary aspect is a rehabilitation evaluation apparatus configured to evaluate a level of recovery of
a trainee by rehabilitation training, including: a myoelectric-signal acquisition unit configured to acquire a plurality of first
myoelectric signals output from respective first myoelectric sensors attached in a plurality of places on a first-side part
and a plurality of second myoelectric signals output from respective second myoelectric sensors attached in a plurality
of places on a second-side part, the first-side part being located, when limbs of the trainee are divided into left and right
sides, on one of the sides in which a rehabilitation-target part is included, the second-side part being located on the
other of the sides in which the rehabilitation-target part is not included, the places of the second myoelectric sensors
being left-right symmetric to the places of respective first myoelectric sensors with respect to the limbs; a sensor signal
acquisition unit configured to acquire a sensor signal output from a detection sensor, the detection sensor being configured
to detect an amount of a change in the second-side part resulting from a comparative motion corresponding to a training
motion performed in the first-side part in the rehabilitation training, in which the trainee is a detection target and performs
the comparative motion in the second-side part; a selection unit configured to select, as a second correlated myoelectric
signal, at least one second myoelectric signal having a correlation with the sensor signal acquired by the sensor signal
acquisition unit from among the plurality of second myoelectric signals acquired by the myoelectric-signal acquisition
unit; and a similarity output unit configured to select, as a first correlated myoelectric signal, a first myoelectric signal
that has been output from a first myoelectric sensor attached in a place that is left-right symmetric to a place of the
second myoelectric sensor that has output the second correlated myoelectric signal selected by the selection unit with
respect to the limbs from among the plurality of first myoelectric signals acquired by the myoelectric-signal acquisition
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unit, calculate a similarity between the first and second correlated myoelectric signals, and output the calculated similarity.
[0008] According to the rehabilitation evaluation apparatus configured as described above, since myoelectric signals
from muscles that considerably works for training motions in rehabilitation training are selected and compared, arecovery
level of a diseased part can be accurately evaluated. That is, even when myoelectric sensors are attached in a number
of places, myoelectric signals that are not significantly related to the training motions are excluded, thus making it possible
to obtain an accurate evaluation result. Further, there is no or small possibility that any myoelectric signal from a muscle
that considerably works for the training motions cannot be obtained. Furthermore, since a large number of myoelectric
sensors can be attached, there is no need to finely adjust the position of each myoelectric sensor while observing its
output through a trial-and-error process. As a result, it is possible to reduce the overall time required for the rehabilitation
training.

[0009] Inthe above-described rehabilitation evaluation apparatus, when the trainee tries to perform the training motion
repeatedly, the similarity output unit may continuously use an output of the first myoelectric sensor that has output the
first correlated myoelectric signal selected once as the first correlated myoelectric signal. By determining the first cor-
related myoelectric signal in this manner, there is no need to make the trainee perform the comparative motion on the
non-paralyzed side evert time the trainee does rehabilitation training, thus making it possible to efficiently carry out the
rehabilitation training.

[0010] Further, the selection unit calculates a motion frequency of the comparative motion from the sensor signal
acquired by the sensor signal acquisition unit and select a myoelectric signal having a predetermined strength or stronger
at the motion frequency from among the plurality of second myoelectric signals acquired by the myoelectric-signal
acquisition unit as the second correlated myoelectric signal having the correlation with the sensor signal. By evaluating
the myoelectric signal in the frequency domain as described above, it is possible to eliminate uncertain factors such as
variations in the offset value and the amplitude of the myoelectric signal. Further, a root-mean-square value calculated
from sampled values obtained after a filtering process is performed for a target second myoelectric signal may be added
to the strength at the motion frequency and a resultant value may be compared with a predetermined value. By taking
the amplitude value with respect to the elapsed time for the myoelectric signal, it is possible to select a myoelectric signal
from a muscle that considerably affects the training motion.

[0011] Further, the similarity output unit preferably calculates,

when m selected first correlated myoelectric signals are represented by row vectors M4, M), ..., and M,(M), respec-
tively, in each of which t detected myoelectric potentials are arranged in a chronological order as its elements and all
the selected first correlated myoelectric signals are represented by a first myoelectric-potential matrix M4 in which these
row vectors are vertically arranged,

a first muscular-synergic matrix W4 in which n unit column vectors W,(1), W,@), ..., and W,( each of which has m
elements are horizontally arranged, a first control matrix C4 in which n unit row vectors C4(), C4@), ..., and C4(" each
of which has t elements are vertically arranged, and a first error matrix E; so that these matrixes satisfy the below-shown
relation through non-negative matrix factorization:

M = WiCi+E;,

calculates,

when m selected second correlated myoelectric signals are represented by row vectors M,(1), My, ..., and My(M),
respectively, in each of which t detected myoelectric potentials are arranged in a chronological order as its elements
and all the selected second correlated myoelectric signals are represented by a second myoelectric-potential matrix M,
in which these row vectors are vertically arranged,

a second muscular-synergic matrix W, in which n unit column vectors W,(1), W,(2), ..., and W,(" each of which has m
elements are horizontally arranged, a second control matrix C, in which n unit row vectors C,(1), C,(2), ..., and C,(M
each of which has t elements are vertically arranged, and a second error matrix E, so that these matrixes satisfy the
below-shown relation through non-negative matrix factorization:

M; = W7CrtEs,

and

calculates the similarity by performing a predetermined similarity index calculation for the first and second muscular-
synergic matrixes W, and W,.

[0012] Since the first and second muscular-synergic matrixes W, and W,, which represent a relation between mutually
coordinated muscles, are used as a basis for similarity index calculation as described above, an evaluation value correctly



10

15

20

25

30

35

40

45

50

55

EP 3 427 642 B1

reflecting the recovery level of the diseased part can be obtained.

[0013] A second exemplary aspect is a rehabilitation evaluation method for evaluating a level of recovery of a trainee
by rehabilitation training, including: a myoelectric-signal acquisition step of acquiring a plurality of first myoelectric signals
output from respective first myoelectric sensors attached in a plurality of places on a first-side part and a plurality of
second myoelectric signals output from respective second myoelectric sensors attached in a plurality of places on a
second-side part, the first-side part being located, when limbs of the trainee are divided into left and right sides, on one
of the sides in which a rehabilitation-target part is included, the second-side part being located on the other of the sides
in which the rehabilitation-target part is not included, the places of the second myoelectric sensors being left-right
symmetric to the places of respective first myoelectric sensors with respect to the limbs; a sensor signal acquisition step
of acquiring a sensor signal output from a detection sensor, the detection sensor being configured to detect an amount
of a change in the second-side part resulting from a comparative motion corresponding to a training motion performed
in the first-side part in the rehabilitation training, in which the trainee is a detection target and performs the comparative
motion in the second-side part; a selecting step of selecting, as a second correlated myoelectric signal, at least one
second myoelectric signal having a correlation with the sensor signal acquired in the sensor signal acquisition step from
among the plurality of second myoelectric signals acquired in the myoelectric-signal acquisition step; and a similarity
outputting step of selecting, as a first correlated myoelectric signal, a first myoelectric signal that has been output from
a first myoelectric sensor attached in a place that is left-right symmetric to a place of the second myoelectric sensor that
has output the second correlated myoelectric signal selected in the selection step with respect to the limbs from among
the plurality of first myoelectric signals acquired in the myoelectric-signal acquisition step, calculating a similarity between
the first and second correlated myoelectric signals, and outputting the calculated similarity. Even in this embodiment,
similarly to the first aspect, it is possible to accurately evaluate the recovery level of the diseased part and to reduce the
overall time required for rehabilitation training.

[0014] A third exemplary aspect is a rehabilitation evaluation program for evaluating a level of recovery of a trainee
by rehabilitation training, the rehabilitation evaluation program being adapted to cause a computer to perform: a myoe-
lectric-signal acquisition step of acquiring a plurality of first myoelectric signals output from respective first myoelectric
sensors attached in a plurality of places on a first-side part and a plurality of second myoelectric signals output from
respective second myoelectric sensors attached in a plurality of places on a second-side part, the first-side part being
located, when limbs of the trainee are divided into left and right sides, on one of the sides in which a rehabilitation-target
part is included, the second-side part being located on the other of the sides in which the rehabilitation-target part is not
included, the places of the second myoelectric sensors being left-right symmetric to the places of respective first myo-
electric sensors with respect to the limbs; a sensor signal acquisition step of acquiring a sensor signal output from a
detection sensor, the detection sensor being configured to detect an amount of a change in the second-side part resulting
from a comparative motion corresponding to a training motion performed in the first-side part in the rehabilitation training,
in which the trainee is a detection target and performs the comparative motion in the second-side part; a selecting step
of selecting, as a second correlated myoelectric signal, at least one second myoelectric signal having a correlation with
the sensor signal acquired in the sensor signal acquisition step from among the plurality of second myoelectric signals
acquired in the myoelectric-signal acquisition step; and a similarity outputting step of selecting, as a first correlated
myoelectric signal, a first myoelectric signal that has been output from a first myoelectric sensor attached in a place that
is left-right symmetric to a place of the second myoelectric sensor that has output the second correlated myoelectric
signal selected in the selection step with respect to the limbs from among the plurality of first myoelectric signals acquired
in the myoelectric-signal acquisition step, calculating a similarity between the first and second correlated myoelectric
signals, and outputting the calculated similarity. Even in this embodiment, similarly to the first aspect, it is possible to
accurately evaluate the recovery level of the diseased part and to reduce the overall time required for rehabilitation training.
[0015] According to the present disclosure, it is possible to provide a rehabilitation evaluation apparatus and the like
capable of accurately evaluating the recovery level of a diseased part in a short time without requiring a troublesome
trial-and-error process for adjusting positions of myoelectric-potential sensors every time a trainee does rehabilitation
training.

[0016] The above and other objects, features and advantages of the present disclosure will become more fully under-
stood from the detailed description given hereinbelow and the accompanying drawings which are given by way of
illustration only, and thus are not to be considered as limiting the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS
[0017]
Fig. 1 is a schematic diagram showing an overall configuration of a rehabilitation training system according to the

present disclosure;
Fig. 2 is a block diagram of the whole rehabilitation training system;
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Fig. 3 is a flowchart showing a processing procedure of a control calculation unit;

Fig. 4 is a flowchart showing a processing procedure of a selection unit;

Fig. 5 is a flowchart showing a processing procedure of a similarity calculation unit; and
Fig. 6 is an example of a display screen showing the recovery level.

DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, the present disclosure will be explained through embodiments of the present disclosure. However,
they are not intended to limit the scope of the present disclosure according to the claims. Further, all of the compo-
nents/structures described in the embodiments are not necessarily indispensable as means for solving the problem.
[0019] Fig. 1is a schematic diagram showing an overall configuration of a rehabilitation training system 100 according
to an embodiment. The rehabilitation training system 100 is an apparatus that enables a trainee to do rehabilitation
training. The trainee may be a patient who suffers from hemiplegia in which, when his/her limbs are divided into left and
right sides on a center line connecting the center of the forehead and the crotch, a part on one of the sides is paralyzed.
In this embodiment, as an example, a trainee is a patient whose left arm is paralyzed. As shown in the figure, the left
half of trainee’s body in which the left arm, which is the rehabilitation target, is located is referred to as a paralyzed side
or a first side, and the right half of the body, i.e., the other side of the body is referred to as a non-paralyzed side or a
second side.

[0020] Thetrainee performs, forexample, a motion for raising his/her left forearm as atraining motion in the rehabilitation
training. A first myoelectric sensor 310 for measuring a myoelectric potential that changes as a result of this training
motion is attached to each of a plurality of muscle parts on the paralyzed side. The first myoelectric sensor 310 is, for
example, a sensor that performs surface electromyogram measurement (EMG measurement) and is able to output a
first myoelectric signal, which is a measurement result, through wireless communication.

[0021] In this embodiment, the trainee also performs a comparative motion equivalent to the training motion on the
non-paralyzed side. In the case where the trainee performs a motion for raising his/her left forearm as the training motion,
he/she performs a motion for raising his/her right forearm as the comparative motion. A second myoelectric sensor 320
for measuring a myoelectric potential that changes as a result of this comparative motion is attached to each of a plurality
of muscle parts on the non-paralyzed side. More specifically, each of the second myoelectric sensors 320 is attached
in a place symmetric to a place of a respective one of the first myoelectric sensors 310 with respect to the center line of
the limbs. The second myoelectric sensor 320 is identical to the first myoelectric sensor 310 and is able to output a
second myoelectric signal, which is a measurement result, through wireless communication.

[0022] Further, an acceleration sensor 330 is also attached to the trainee as a detection sensor for detecting an amount
of a change in the second-side part resulting from the comparative motion. In this example, since the trainee performs
a motion for raising his/her right forearm as the comparative motion, the acceleration sensor 330 is attached in his/her
right wrist in which a change in the motion is considerably large. The acceleration sensor 330 can detect an acceleration
of the right wrist that changes during the comparative motion and is able to output an acceleration signal, which is a
detection result, through wireless communication.

[0023] A PC (Personal Computer) 200, which is a computer that controls the whole rehabilitation training system 100,
receives the first and second myoelectric signals and the acceleration signal, and calculates a recovery level of the
paralyzed part. A result of the calculation and the like are displayed in a display 400. The display 400 includes, for
example, a liquid-crystal panel as a display unit. The trainee and a training assistant or the like view the display in the
display 400 and thereby are able to check a result (e.g., an outcome) of the rehabilitation training. Further, they can also
check a training menu and the like in the display 400.

[0024] Fig. 2 is a block diagram of the whole rehabilitation training system 100. The rehabilitation training system 100
includes the PC 200, the first myoelectric sensors 310, the second myoelectric sensors 320, the acceleration sensor
330, the display 400, and a data accumulation unit 500 connected to the PC 200 through a network.

[0025] Each of the first myoelectric photoelectric sensors 310 measures a myoelectric potential of a muscle on the
paralyzed-side and transmits a first myoelectric signal, which is its measurement result, to the PC 200. Each of the
second myoelectric sensors 320 measures a myoelectric potential of a muscle on the non-paralyzed-side and transmits
a second myoelectric signal, which is its measurement result, to the PC 200. The acceleration sensor 330 detects an
acceleration and transmits an acceleration signal, which is its detection result, to the PC 200. Note that in this embodiment,
although a wireless LAN is used as as example of communication means for each signal, the communication means is
not limited to the wireless LAN. That is, the communication means may be any other type of wireless communication
means or may be wired communication.

[0026] The PC 200 includes a myoelectric-signal acquisition unit 220 that functions as a receiving unit for receiving
first and second myoelectric signals. The myoelectric-signal acquisition unit 220 may include a filter circuit for shaping
a received myoelectric signal and, when the communication IF is an analog IF, an AD (Analog/Digital) conversion circuit
or the like. Depending on the configuration, the myoelectric-signal acquisition unit 220 delivers the received first and
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second myoelectric signals, which have been subjected to the filtering process, to a control calculation unit 210.
[0027] The PC 200 includes an acceleration-signal acquisition unit 230 that functions as a receiving unit for receiving
an acceleration signal. The acceleration-signal acquisition unit 230 may include a filter circuit for shaping a received
acceleration signal and, when the communication IF is an analog IF, an AD conversion circuit or the like. Depending on
the configuration, the acceleration-signal acquisition unit 230 delivers the received acceleration signal, which has been
subjected to the filtering process, to the control calculation unit 210.

[0028] The PC 200 includes an operation receiving unit 240 that receives an instruction operation from the trainee or
the training assistant. The operation receiving unit 240 receives, for example, a signal from a touch panel placed (e.g.,
layered) over the display 400, and signals from a connected mouse and a keyboard. The operation receiving unit 240
receives an instruction from the trainee or the training assistant, such as an instruction about a choice in a training menu
and an instruction about completion of a preparation for starting training, and delivers the received instruction to the
control calculation unit 210.

[0029] The PC 200 includes a storage unit 250 formed by, for example, an SSD (Solid State Drive). The storage unit
250 stores a control program for controlling the rehabilitation training system 100, and various parameter values, functions,
look-up tables, etc. used for the control. Further, the storage unit 250 stores evaluation values representing similarities
(i.e., degrees of similarities) and/or recovery levels, etc. (which will be described later).

[0030] The PC 200 includes a display control unit 260 that produces signals representing video images to be displayed
and transmits the produced video signals to the display 400 connected to the PC 200. The control calculation unit 210
displays information, which is viewed by the trainee or the training assistant, in the display 400 in a viewable manner by
using the display control unit 260.

[0031] The control calculation unit 210 is, for example, a CPU (Central Processing Unit) and controls the whole
rehabilitation training system 100 in accordance with the control program. Further, the control calculation unit 210
also functions as a function calculation unit that performs various types of calculation related to the control. The selection
unit 211 selects, as a second correlated myoelectric signal, at least one second myoelectric signal having a correlation
with the acceleration signal acquired by the acceleration-signal acquisition unit 230 from among the second myoelectric
signals acquired by the myoelectric-signal acquisition unit 220. Further, the similarity calculation unit 212 selects, as a
first correlated myoelectric signal, a first myoelectric signal that has been output from the first myoelectric sensor 310
attached in a place that is left-right symmetric to a place of the second myoelectric sensor 320 that has output the second
correlated myoelectric signal selected by the selection unit 211 with respect to the limbs from among the first myoelectric
signals acquired by the myoelectric-signal acquisition unit 220. Then, the similarity calculation unit 212 calculates a
similarity (i.e., a degree of a similarity) between the first and second correlated myoelectric signals. A specific calculation
process for the above-described process will be explained later in detail.

[0032] The data accumulation unit 500 is, for example, a recording medium such as a hard disk drive connected to
an intranet and accumulates similarities (i.e., degrees of similarities), evaluation values, etc. calculated by the control
calculation unit 210. For example, a doctor can check a recovery level of a specific patient through a terminal or the like
installed in his/her office by accessing the data accumulation unit 500 through the intranet. That is, information output
from the similarity calculation unit 212 or the like may be output to the display 400 in a viewable manner or output to the
data accumulation unit 500 for future use. In other words, by cooperating with the display control unit 260 and its interface
for outputting a calculated similarity to the display 400, the similarity calculation unit 212 functions as a similarity output
unit that outputs the calculated similarity in a viewable manner. Further, by cooperating with the interface for outputting
the calculated similarity to the data accumulation unit 500, the similarity calculation unit 212 functions as a similarity
output unit that outputs (and stores) the calculated similarity so that it can be used later. The similarity calculation unit
212 may also support other output means and can form other types of similarity output units by cooperating with hardware
connected as appropriate. It should be noted that the PC 200 can acquire information on a trainee who starts training
from now from the data accumulation unit 500.

[0033] Next, processes that are performed by the control calculation unit 210 when a trainee does a series of trainings
are explained. Fig. 3 is a flowchart showing a procedure of processes performed by the control calculation unit 210. The
flow is started in the following state. That is, each of the first myoelectric sensors 310 is attached in a predetermined
place on a paralyzed side and each of the second myoelectric sensors 320 is attached in a place on a non-paralyzed
side thatis left-right symmetric to a place of a respective one of the first myoelectric sensors 310. Further, the acceleration
sensor 330 is attached to the trainee’s wrist on the non-paralyzed side.

[0034] In a step S101, the control calculation unit 210 receives a choice in a training menu from the trainee or the like
through the operation receiving unit 240. The trainee or the like selects a training item that he/she will do from now in
the training menu displayed in the display 400. Note that the trainee puts on (i.e., attaches) the firstand second myoelectric
sensors 310 and 320 and the acceleration sensor 330 in appropriate places in advance according to the training item
to be selected in the training menu. In this example, it is assumed that the trainee selects a training item in the training
menu in which the trainee repeats a training motion for raising his/her left forearm a plurality of times. Therefore, the
first myoelectric sensors 310 are attached in the left upper body, which is located on the paralyzed side, in a scattered
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manner, and the second myoelectric sensors 320 are attached in the right upper body, which is located on the non-
paralyzed side, in a scattered manner. Further, the acceleration sensor 330 is attached in the right wrist, which is located
on the non-paralyzed side.

[0035] The control calculation unit 210 proceeds to a step S102, in which it instructs the trainee to try to perform a
comparative motion on the non-paralyzed side through the display 400 or by using a voice-producing function. The
comparative motion is a motion that corresponds to a training motion and is left-right symmetric thereto with respect to
the limbs. In this example, since it is assumed that the trainee performs a motion for raising his/her left forearm as the
training motion, the comparative motion is a motion for raising his/her right forearm. The trainee performs the comparative
motion in accordance with the above-described trial instruction.

[0036] The control calculation unit 210 proceeds to a step S103, in which it acquires second myoelectric signals
resulting from the comparative motion performed by the trainee by using the myoelectric-signal acquisition unit 220.
Further, at the same time, the control calculation unit 210 acquires an acceleration signal resulting from the comparative
motion by using the acceleration-signal acquisition unit 230. Then, the control calculation unit 210 proceeds to a step
S104, in which the selection unit 211, which is a function calculation unit of the control calculation unit 210, selects, as
a second correlated myoelectric signal(s), a second myoelectric signal(s) having a correlation with the acquired accel-
eration signal from among the acquired second myoelectric signals. The number of second myoelectric signals selected
as second correlated myoelectric signals may be a fixed number determined in advance. Alternatively, the number may
not be determined in advance and all the second myoelectric signals having a certain correlation level or larger may be
selected. In any case, the number of the second correlated myoelectric signals is no smaller than one and no larger
than the number of the second myoelectric signals. A specific calculation method or the like will be explained later in detail.
[0037] The control calculation unit 210 proceeds to a step S105, in which it instructs the trainee to try to perform a
training motion on the paralyzed side through the display 400 or by using the voice-producing function. The trainee
performs the training motion in accordance with this trial instruction. The control calculation unit 210 proceeds to a step
S106, in which it acquires first myoelectric signals resulting from the training motion performed by the trainee by using
the myoelectric-signal acquisition unit 220.

[0038] Then, the control calculation unit 210 proceeds to a step S107, in which the similarity calculation unit 212, which
is a function calculation unit of the control calculation unit 210, selects, as a first correlated myoelectric signal(s), a first
myoelectric signal(s) that has been output from a first myoelectric sensor 310 attached in a place that is left-right symmetric
to a place of the second myoelectric sensor 320 that has output the second correlated myoelectric signal(s) selected by
the selection unit 211 in the step S104 with respect to the limbs from among the acquired first myoelectric signals. Note
that in this example, all the first myoelectric signals are acquired in the step S106 and then the first correlated myoelectric
signal is selected in the step S107. However, only the first correlated myoelectric signal may be acquired from the first
myoelectric sensor 310 that has been determined to be the target first myoelectric sensor 310 in the step S106. Further,
the similarity calculation unit 212 calculates a similarity (i.e., a degree of a similarity) between the first and second
correlated myoelectric signals. A specific calculation method or the like will be explained later in detail.

[0039] The control calculation unit 210 proceeds to a step S108, in which it displays the similarity calculated in the
step S108 in the display 400 by using the display control unit 260. Then, the control calculation unit 210 proceeds to a
step S109, in which it determines whether or not the training item has been finished, i.e., whether or not the number of
trials of training motions has reached a predetermined number. When the number of trials has not reached the prede-
termined number, the control calculation unit 210 returns to the step S105 and the trainee repeats the training motion.
Note that when the trainee repeatedly tries the training motion, the output of the first myoelectric sensor 310 that has
been already selected inthe step S107 may be continuously used as the first correlated myoelectric signal. By determining
the first myoelectric sensor 310 that continuously outputs the first correlated myoelectric signal for the second and
subsequent training motions, itis possible to enable the trainee to skip the troublesome task of performing the comparative
motion every time the trainee performs the training motion. Further, since the common signal can be used as a signal
to be compared in a repetition of the same trials, a change in the similarity calculated in each trial and statistical values
such as an average value can also be used as indices indicating the recovery level.

[0040] When the number of trials has reached the predetermined number, the control calculation unit 210 proceeds
to a step S110. In a step S110, the control calculation unit 210 displays a result of the series of trainings in the display
400 by using the display control unit 260. Further, the control calculation unit 210 outputs the result to the data accumulation
unit 500. The data accumulation unit 500 receives the training result and stores it as information on the trainee who has
performed the training. The control calculation unit 210 proceeds to a step S111, in which it determines whether or not
an instruction to continue the training has been received from the trainee or the like through the operation receiving unit
240. When the control calculation unit 210 determines that the instruction for the continuation has been received, it
returns to the step S101 and continues the series of training programs. When the control calculation unit 210 determines
that the instruction for the continuation has not been received, it finishes the series of processes.

[0041] Next, the process in the step S104 is explained in detail. Fig. 4 is a flowchart showing a detailed processing
procedure in the step S104. In this embodiment, as described above, a first correlated myoelectric signal selected from
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a plurality of first myoelectric signals is compared with a second correlated myoelectric signal selected from a plurality
of second myoelectric signals to calculate a similarity therebetween. That is, the similarity is not calculated by using all
the myoelectric signals. Firstly, the meaning of this feature is explained.

[0042] It has become evident that when a trainee tries to do rehabilitation training, muscles that work for the trial and
how much each muscle works in a coordinated manner differ from one individual to another and also differ according
to the environment and the condition under which the trainee does the trial. Therefore, in the case were a recovery level
on a paralyzed side is evaluated by comparing myoelectric signals that are generated as a result of a training motion
and detected on the paralyzed side with those that are generated as a result of a comparative motion, which is an
equivalent motion to the training motion, and detected on a non-paralyzed side, when the number of places at which
myoelectric potentials are measured is small, the recovery level cannot be accurately evaluated. That is, there is a high
possibility that a myoelectric signal of a muscle that considerably works for the comparative motion cannot be acquired
and hence it is impossible to evaluate whether that muscle is properly working. It is conceivable to adjust the places at
which myoelectric sensors are attached through a trial-and-error process. However, the task for this process is enormous
and requires a long time. Therefore, the number of myoelectric sensors is increased so that myoelectric signals can be
acquired at a large number of places at a time.

[0043] However, if comparisons are made by using all the myoelectric signals output from the larger number of attached
myoelectric sensors, myoelectric signals from muscles that do not work much for the training motion become dominant.
As aresult, large values are always calculated (i.e., obtained) as similarities. That is, calculated values are not appropriate
as values for evaluating the recovery level. Therefore, in this embodiment, a myoelectric signal output from a myoelectric
sensor attached in a muscle that considerably works for a training motion as long as it is not paralyzed is selected from
among myoelectric signals acquired from a large number of attached myoelectric sensors and used for the evaluation
calculation.

[0044] Accordingly, firstly, a trainee tries to perform a comparative motion on a non-paralyzed side and a myoelectric
signal output from a myoelectric sensor attached in a muscle that considerably works for the comparative motion is
selected. Specifically, as a second correlated myoelectric signal, a second myoelectric signal that considerably reacts
to the comparative motion is selected from among second myoelectric signals output from the second myoelectric
sensors 320. However, each of the second myoelectric signals output from the second myoelectric sensors 320 could
change with time. Therefore, it is impossible to determine which of the second myoelectric signals reacts to the com-
parative motion just by comparing these second myoelectric signals with each other. Therefore, in this embodiment,
an acceleration sensor 330 is used as a sensor that detects an amount of a physical change in a part that moves as a
result of the comparative motion. That is, among the second myoelectric signals, one having a large correlation with an
acceleration signal, which is an output of the acceleration sensor 330, is regarded as a signal from a muscle that
considerably reacts to the comparative motion. The second myoelectric signal selected in this manner is defined as a
second correlated myoelectric signal. A processing procedure explained below is an example of a procedure for selecting
a second correlated myoelectric signal.

[0045] In a step S1041, the selection unit 211 analyzes (i.e., obtains) a motion frequency of a motion for raising the
right forearm, which is the comparative motion, based on the acceleration signal. Specifically, a Fourier transform is
performed on the acceleration signal and a frequency at which the acceleration signal has the maximum strength is
determined as the motion frequency. The selection unit 211 proceeds to a step S1042, in which it converts each of the
second myoelectric signals into a signal in a frequency domain by performing a Fourier transform and extracts a strength
of each signal at the motion frequency analyzed (i.e., obtained) in the step S1041.

[0046] The selection unit 211 proceeds to a step S1043, in which it calculates a root-mean-square value for each of
the second myoelectric signals for which the Fourier transform has not been performed yet. Specifically, when first to t-
th individual signal values b of a P-th second myoelectric signal M,(P) are expressed in the order of sampling as follows:

[Expression 1]
(2p) = (bpl ’ bp2 ’ bp3 T bpt)

a root-mean-square value R(P) of the second myoelectric signal M,(P) is calculated as follows:

[Expression 2]

R(p) = lzt:bpi

i=1
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[0047] The selection unit 211 proceeds to a step S1044, in which it calculates calculated comparison values that are
obtained by adding second myoelectric signal root-mean-square values calculated in the step S1043 to strengths of
respective second myoelectric signals extracted in the step S1042 and thereby assigning weights to them. For example,
when a strength of a P-th second myoelectric signal M,(P) at the motion frequency is F(P), a calculated comparison value
Q(P) of this second myoelectric signal M,(P) is expressed as follows:

[Expression 3]
Q(P) _ F(p) + R(p)

[0048] The selection unit 211 proceeds to a step S1045, in which it selects largest Sy calculated comparison values
of the second myoelectric signals and defines the second myoelectric signals corresponding to the selected comparison
values as second correlated myoelectric signals. For example, in the case where nine second myoelectric sensors 320
are attached in the second-side part, the number of second myoelectric signals is nine. Further, when the number S is
set to five (Sy=5), five second correlated myoelectric signals are determined. Through the above-described series of
processes, second correlated myoelectric signals are selected. Note that the selection unit 211 may define a reference
calculated comparison value Qo in advance. Then, the selection unit 211 may determine all the second myoelectric
signals whose calculated comparison values are equal to or larger than this value as second correlated myoelectric
signals. In this case, the number of second correlated myoelectric signals changes every time second correlated myo-
electric signals are determined.

[0049] Next, the process in the step S107 is explained in detail. Fig. 5 is a flowchart showing a detailed processing
procedure in the step S107. In a step S1071, the similarity calculation unit 212 selects corresponding first correlated
myoelectric signals from among the first myoelectric signals acquired in the step S106. For example, when five second
correlated myoelectric signals are selected in the step S107, the number of first correlated myoelectric signals selected
in this process is also five.

[0050] The similarity calculation unit212 proceeds to a step S1072, in which it calculates respective muscular-synergic
matrixes for the first correlated myoelectric signals. In the case where m first correlated myoelectric signals are selected
in the step S1071, when each of first to m-th first correlated myoelectric signals is expressed by a row vector in which
first to t-th signal values a of individual myoelectric potentials are arranged in the order of sampling, i.e., in a chronological
order, it is expressed as follows:

[Expression 4]

(1) = )

1T (all’alz’a13’ ’an)
(2) = wnw

1 (azl’azz’azs’ ’azt)

(m)
1 T (aml’amZ’amE)’“ .’amt)

[0051] When a matrix which represents all the first correlated myoelectric signals, and in which row vectors representing
respective first correlated myoelectric signals are vertically arranged is represented by a first myoelectric-potential matrix
My, itis expressed as follows:

[Expression 5]

)
1 dn adn aAds 7 Au
(2)
M, = 1 |_|@za dn dn T an
1 : : : Do

(m)
1 aml amZ am3 amt

[0052] This first myoelectric-potential matrix M, is factorized by using non-negative matrix factorization as follows:
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[Expression 6]
M. =W,C,+E,

[0053] In the expression, W, is a first muscular-synergic matrix. The first muscular-synergic matrix W, is a matrix in
which first to n-th unit column vectors W,(, W,(2), ..., and W, each of which including m elements, i.e., first to m-th
elements j as expressed as follows:

[Expression 7]

M _
L=

@ |~
W1 - J_32

@ _
® =

are horizontally arranged as follows:

[Expression 8]
jll le le o jln
le( fl) 52) W:"))z J_21 .]_22 J_23 J_zn
A O

[0054] Further, C is a first control matrix. The first control matrix C is a matrix in which first to n-th row vectors C4("),

C4@), ..., and C4(M each of which including t elements, i.e., first to t-th elements g as expressed as follows:
[Expression 9]
(1) — 'l
1~ (gu’glz’gla’ ’glt)
(2)

1 =(g21’g22’g23’m’g21)

(n)

1 =(gn1’gn2’gn3’“"gm)
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are vertically arranged as follows:

[Expression 10]
o] (8 8 8 8,

2)

C1= 1 | = g_21 g_zz g_23 g_zt

(n)

v ) \8u 8 8s 7 8.

[0055] Further, E4 is an error matrix. Similarly to the first myoelectric-potential matrix M4, the error matrix E4 includes
mxt elements.

[0056] Similarly to the above-described process, similar calculation is performed for second correlated myoelectric
signals. When each of first to m-th second correlated myoelectric signals is expressed by a row vector in which first to
t-th signal values b of individual myoelectric potentials are arranged in the order of sampling, i.e., in a chronological
order, it is expressed as follows:

[Expression 11]

(21) = (bu’blz’bls""’bu)
(22) = (b21’b22’b23’. ’ "bzt)

(2m) = (bm1’bm2’bm3 > "bmt)

[0057] When a matrix which represents all the second correlated myoelectric signals, and in which row vectors rep-
resenting respective second correlated myoelectric signals are vertically arranged is represented by a second myoe-
lectric-potential matrix M,, it is expressed as follows:

[Expression 12]
;:) b:. b, bs - by
M, = :(z) = b;u b:zz b;23 ]3:2'(

(m)
2 bml me bm3 T bmt
[0058] This second myoelectric-potential matrix M, is factorized by using non-negative matrix factorization as follows:

[Expression 13]
M2 = WZ C2 + E2

[0059] In the expression, W, is a second muscular-synergic matrix. The second muscular-synergic matrix W, is a
matrix in which first to n-th unit column vectors W,(), W,(2), ..., and W,(™ each of which including m elements, i.e., first
to m-th elements k as expressed as follows:

1"
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[Expression 14]

'8
1 ka
W(z) = kSl

Ko

k12
k22

2)

W, = ks
ka
klu

@ k2u
n
2 = |'N

Ko
are horizontally arranged as follows:

[Expression 15]

kll k12 k13
Wl W Wil e

K
e

2 2 2 : :
kml kmz km3 kmn
[0060] Further, C,is a second control matrix. The second control matrix C, is a matrix in which first to n-th row vectors
C,(M, C,@, ..., and C,(M each of which including t elements, i.e., first to t-th elements h as expressed as follows:

[Expression 16]

(21) = (hll’hlz’hla’""hlt)
(22) = (hzl’hzz’hza’""hzt)

2= (o oy Dy 1)

are vertically arranged as follows:

[Expression 17]
(2: h, h. hs - hu
C,= (2) _ h, h. hs = ha
2 : : : P

(zn) hnl hn2 hn3 hnt

[0061]

12

Further, E, is an error matrix. Similarly to the second myoelectric-potential matrix M,, the error matrix E, includes
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mXt elements. Note that the above-described calculation is explained in detail in, for example, Japanese Unexamined
Patent Application Publication No. 2015-73805 which was filed by the applicant of the present application.

[0062] After the first and second muscular-synergic matrixes W, and W, are calculated as described above, the
similarity calculation unit 212 proceeds to a step S1073, in which it calculates a similarity (i.e., a degree of a similarity)
by performing similarity index calculation using these matrixes. A similarity Sl is calculated by the following expression.

[Expression 18]
ST~ S WP w
n i

[0063] In the expression, W4() is an i-th unit column vector of the first muscular-synergic matrix W, and W,() is an i-
th unit column vector of the second muscular-synergic matrix W,. The number n is the number of unit column vectors
in each matrix as described above. Further, r(W,®, W,®) represents a Pearson’s correlation coefficient in an i-th unit
column vector and expressed as follows:

[Expression 19]

o 26 Pk k)
r (Wm, oy _ g i
v m S;S.

[0064] In the expression, m is the number of elements in each unit column vector as described above. Further,

[Expression 20]
i ’Ei ’ Sji ’ Sk|

are an average value of elements of W,(), an average value of elements of W,(), a standard deviation of elements of
W, @, and a standard deviation of elements of W,(), respectively. The similarity S| calculated in this way takes a value
between zero and one. Further, the closer the similarity Sl is to one, the more the muscular-synergic matrixes resemble
each other. That is, it indicates that muscular activities on the paralyzed and non-paralyzed sides resemble each other.
Through the above-described series of processes, the similarity is calculated.

[0065] Fig. 6 is an example of a display screen (i.e., displayed image) showing a recovery level of a trainee displayed
in the display 400. As shown in the figure, similarities each of which is calculated every time the trainee tries a training
motion are plotted in a graph and they are expressed by a line graph. That is, an overall evaluation for a series of trainings
is shown as a recovery-level evaluation. The recovery-level evaluation is determined by using a plurality of calculated
similarities. For example, an average value of similarities is calculated and an evaluation corresponding to the calculated
average value ("C +" in the example in the figure) is obtained. As shown in the figure, a training name and a past training
history may be added as displayed items in the display screen.

[0066] In the above-described embodiment, a motion for raising a forearm is used as an example of a training motion.
However, needless to say, other types of motions may be used. For example, a steering wheel may be prepared and a
trainee may rotate it as a training motion. In this case, when the trainee rotates the steering wheel with both hands, a
rotating motion in a clockwise direction is symmetric to a rotating motion in a counterclockwise direction. Therefore, one
of these motions can be used as a training motion and the other motion can be used as a comparative motion. In this
way, it is possible to acquire myoelectric signals on a paralyzed side and those on a non-paralyzed side in a continuous
manner.

[0067] Further, the paralyzed part is not limited to the upper body and it may be a lower body. For example, in the
case where a patient with an impaired right leg performs rehabilitation training, it is possible to apply the above-described
technique for walking motions in which the patient alternately moves the right leg on the paralyzed side and the left leg
on the non-paralyzed side on a treadmill, and thereby to evaluate the recovery level of the right leg. A control program
for controlling the rehabilitation training system 100 may be configured so that a trainee or the like can perform various
training programs by selecting corresponding items.

[0068] Further, although the acceleration sensor 330 is used in the above-described embodiment, the detection sensor
for detecting an amount of a physical change resulting from a comparative motion is not limited the acceleration sensor.

13



10

15

20

25

30

35

40

45

50

55

EP 3 427 642 B1

Sensors that can be directly attached to the moving part as in the case of the acceleration sensor are preferred. However,
use of noncontact-type sensors can reduce the time necessary for attaching the sensors and the inconvenience in the
training. For example, it is possible to use a digital camera as a noncontact-type sensor. By taking images of a moving
part by a camera disposed by the side thereof and analyzing changes in the moving part on the taken images, it is
possible to detect an amount of a physical change in the moving part and thereby calculate a motion frequency of the
comparative motion. Further, the detection sensor is not limited to those that directly detect an amount of a physical
change in a moving part resulting from the comparative motion. For example, the physical position of the moving part
during the comparative motion may be detected in a time-series manner. Then, an amount of a change in the moving
part may be calculated and detected by processing the time-series data on the position.

[0069] Further, in the above-described embodiment, when the selection unit 211 selects a second correlated myoe-
lectric signal, it calculates a calculated comparison value by adding a root-mean-square value calculated from a sampled
value of a target second myoelectric signal that has been already subjected to a filtering process to a strength at a motion
frequency. However, to simplify the calculation, the addition of the root-mean-square value may be skipped. Needless
to say, the accuracy of the evaluation may be improved by incorporating other factors. Further, in the above-described
embodiment, the selection unit 211 selects a second correlated myoelectric signal based on the motion frequency of
the comparative motion. However, the second correlated myoelectric signal may be selected based on other physical
quantities.

[0070] Further, although the calculation of similarities uses a Pearson’s correlation coefficient in the above-described
embodiment, itis possible to use other evaluation formulas. Any publicly-known evaluation formula can be used, provided
that it can be used to evaluate a similarity between first and second muscular-synergic matrixes W4 and Ws.

[0071] Further, the order according to which processes in the above-described flow are performed is not specifically
specified. That is, they may be performed in an arbitrary order as long as an output in a proceeding process is not used
in a subsequent process. In the above explanations, terms "firstly", "next", etc. are used. However, these terms do not
means that processes have to be performed according to the literal meanings of these terms.

[0072] The program can be stored and provided to a computer using any type of non-transitory computer readable
media. Non-transitory computer readable media include any type of tangible storage media. Examples of non-transitory
computer readable media include magnetic storage media (such as floppy disks, magnetic tapes, hard disk drives, etc.),
optical magnetic storage media (e.g. magneto-optical disks), CD-ROM (compact disc read only memory), CD-R (compact
disc recordable), CD-R/W (compact disc rewritable), and semiconductor memories (such as mask ROM, PROM (pro-
grammable ROM), EPROM (erasable PROM), flash ROM, RAM (random access memory), etc.). The program may be
provided to a computer using any type of transitory computer readable media. Examples of transitory computer readable
media include electric signals, optical signals, and electromagnetic waves. Transitory computer readable media can
provide the program to a computer through a wired communication line (e.g. electric wires, and optical fibers) or a
wireless communication line.

Claims

1. A rehabilitation evaluation apparatus (100) configured to evaluate a level of recovery of a trainee by rehabilitation
training, comprising:

a myoelectric-signal acquisition unit (220) configured to acquire a plurality of first myoelectric signals output
from respective first myoelectric sensors (310) attached in a plurality of places on a first-side part and a plurality
of second myoelectric signals output from respective second myoelectric sensors (320) attached in a plurality
of places on a second-side part, the first-side part being located, when limbs of the trainee are divided into left
and right sides, on one of the sides in which a rehabilitation-target part is included, the second-side part being
located on the other of the sides in which the rehabilitation-target part is not included, the places of the second
myoelectric sensors being left-right symmetric to the places of respective first myoelectric sensors with respect
to the limbs;

a sensor signal acquisition unit (230) configured to acquire a sensor signal output from a detection sensor (330),
the detection sensor being configured to detect an amount of a change in the second-side part resulting from
a comparative motion corresponding to a training motion performed in the first-side part in the rehabilitation
training, in which the trainee is a detection target and performs the comparative motion in the second-side part;
a selection unit (211) configured to calculate a motion frequency of the comparative motion from the sensor
signal acquired by the sensor signal acquisition unit and select, as a second correlated myoelectric signal, a
myoelectric signal having a predetermined strength or stronger at the motion frequency from among the plurality
of second myoelectric signals acquired by the myoelectric-signal acquisition unit; and

a similarity output unit (212) configured to select, as a first correlated myoelectric signal, a first myoelectric
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signal that has been output from a first myoelectric sensor attached in a place that is left-right symmetric to a
place of the second myoelectric sensor that has output the second correlated myoelectric signal selected by
the selection unit with respect to the limbs from among the plurality of first myoelectric signals acquired by the
myoelectric-signal acquisition unit, calculate a similarity between the first and second correlated myoelectric
signals, and output the calculated similarity.

The rehabilitation evaluation apparatus according to Claim 1, wherein when the trainee tries to perform the training
motion repeatedly, the similarity output unit continuously uses an output of the first myoelectric sensor that has
output the first correlated myoelectric signal selected once as the first correlated myoelectric signal.

The rehabilitation evaluation apparatus according to Claim 1, wherein the selection unit adds a root-mean-square
value calculated from sampled values obtained after a filtering process is performed for a target second myoelectric
signal to the strength at the motion frequency and compares a resultant value with a predetermined value.

The rehabilitation evaluation apparatus according to any one of Claims 1 to 3, wherein

the similarity output unit calculates,

when m selected first correlated myoelectric signals are represented by row vectors M,(1), M), ..., and M (M),
respectively, in each of which t detected myoelectric potentials are arranged in a chronological order as its elements
and all the selected first correlated myoelectric signals are represented by a first myoelectric-potential matrix M, in
which these row vectors are vertically arranged,

a first muscular-synergic matrix W in which n unit column vectors W, ("), W,(), ..., and W,(") each of which has m
elements are horizontally arranged, a first control matrix C4 in which n unit row vectors C4(1), C4(2), .. ., and C,(M
each of which has t elements are vertically arranged, and a first error matrix E; so that these matrixes satisfy the
below-shown relation through non-negative matrix factorization:

M; = WiCi+Eq,

calculates,

when m selected second correlated myoelectric signals are represented by row vectors M,(1), M,(3), ..., and M,(M),
respectively, in each of which t detected myoelectric potentials are arranged in a chronological order as its elements
and all the selected second correlated myoelectric signals are represented by a second myoelectric-potential matrix
M, in which these row vectors are vertically arranged,

a second muscular-synergic matrix W, in which n unit column vectors W,(1), W,(2), ..., and W,(" each of which has
m elements are horizontally arranged, a second control matrix C, in which n unit row vectors C,("), C,(), ..., and
C,(™ each of which has t elements are vertically arranged, and a second error matrix E, so that these matrixes
satisfy the below-shown relation through non-negative matrix factorization:

M2 = W2Co+Es,

and
calculates the similarity by performing a predetermined similarity index calculation for the first and second muscular-
synergic matrixes W, and W,.

Arehabilitation evaluation method for evaluating a level of recovery of a trainee by rehabilitation training, comprising:

a myoelectric-signal acquisition step of acquiring a plurality of first myoelectric signals output from respective
first myoelectric sensors (310) attached in a plurality of places on a first-side part and a plurality of second
myoelectric signals output from respective second myoelectric sensors (320) attached in a plurality of places
on a second-side part, the first-side part being located, when limbs of the trainee are divided into left and right
sides, on one of the sides in which a rehabilitation-target part is included, the second-side part being located
onthe other of the sides in which the rehabilitation-target part is not included, the places of the second myoelectric
sensors being left-right symmetric to the places of respective first myoelectric sensors with respect to the limbs;
a sensor signal acquisition step of acquiring a sensor signal output from a detection sensor (330), the detection
sensor being configured to detect an amount of a change in the second-side part resulting from a comparative
motion corresponding to a training motion performed in the first-side part in the rehabilitation training, in which
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the trainee is a detection target and performs the comparative motion in the second-side part;

a selecting step of calculating a motion frequency of the comparative motion from the sensor signal acquired
by the sensor signal acquisition step and selecting, as a second correlated myoelectric signal, a myoelectric
signal having a predetermined strength or stronger at the motion frequency from among the plurality of second
myoelectric signals acquired by the myoelectric-signal acquisition step; and

a similarity outputting step of selecting, as a first correlated myoelectric signal, a first myoelectric signal that
has been output from a first myoelectric sensor attached in a place that is left-right symmetric to a place of the
second myoelectric sensor that has output the second correlated myoelectric signal selected in the selection
step with respect to the limbs from among the plurality of first myoelectric signals acquired in the myoelectric-
signal acquisition step, calculating a similarity between the first and second correlated myoelectric signals, and
outputting the calculated similarity.

6. A rehabilitation evaluation program for evaluating a level of recovery of a trainee by rehabilitation training, the

rehabilitation evaluation program being adapted to cause a computer to perform:

a myoelectric-signal acquisition step of acquiring a plurality of first myoelectric signals output from respective
first myoelectric sensors (310) attached in a plurality of places on a first-side part and a plurality of second
myoelectric signals output from respective second myoelectric sensors (320) attached in a plurality of places
on a second-side part, the first-side part being located, when limbs of the trainee are divided into left and right
sides, on one of the sides in which a rehabilitation-target part is included, the second-side part being located
onthe other of the sides in which the rehabilitation-target part is not included, the places of the second myoelectric
sensors being left-right symmetric to the places of respective first myoelectric sensors with respect to the limbs;
a sensor signal acquisition step of acquiring a sensor signal output from a detection sensor (330), the detection
sensor being configured to detect an amount of a change in the second-side part resulting from a comparative
motion corresponding to a training motion performed in the first-side part in the rehabilitation training, in which
the trainee is a detection target and performs the comparative motion in the second-side part;

a selecting step of calculating a motion frequency of the comparative motion from the sensor signal acquired
by the sensor signal acquisition step and selecting, as a second correlated myoelectric signal, a myoelectric
signal having a predetermined strength or stronger at the motion frequency from among the plurality of second
myoelectric signals acquired by the myoelectric-signal acquisition step; and

a similarity outputting step of selecting, as a first correlated myoelectric signal, a first myoelectric signal that
has been output from a first myoelectric sensor attached in a place that is left-right symmetric to a place of the
second myoelectric sensor that has output the second correlated myoelectric signal selected in the selection
step with respect to the limbs from among the plurality of first myoelectric signals acquired in the myoelectric-
signal acquisition step, calculating a similarity between the first and second correlated myoelectric signals, and
outputting the calculated similarity.

Patentanspriiche

1.

Rehabilitationsbewertungsvorrichtung (100) zur Bewertung eines Wiederherstellungsgrads eines Trainierenden
durch Rehabilitationstraining, mit

einer myoelektrischen Signalbeschaffungseinheit (220) zur Beschaffung einer Vielzahl erster myoelektrischer Sig-
nale, die aus jeweiligen ersten myoelektrischen Sensoren (310) ausgegeben werden, die an einer Vielzahl von
Stellen auf einem Erste-Seite-Abschnitt angebracht sind, und einer Vielzahl zweiter myoelektrischer Signale, die
aus jeweiligen zweiten myoelektrischen Sensoren (320) ausgegeben werden, die an einer Vielzahl von Stellen auf
einem Zweite-Seite-Abschnitt angebracht sind, wobei sich der Erste-Seite-Abschnitt, wenn Gliedmalen des Trai-
nierenden in eine linke und eine rechte Seite eingeteilt werden, auf einer der Seiten befindet, auf der ein Rehabili-
tationszielabschnitt enthalten ist, und sich der Zweite-Seite-Abschnitt auf der anderen der Seiten befindet, auf der
der Rehabilitationszielabschnitt nicht enthalten ist, wobei die Stellen der zweiten myoelektrischen Sensoren beziig-
lich der GliedmalRen links-rechts-symmetrisch zu den Stellen jeweiliger erster myoelektrischer Sensoren sind,
einer Sensorsignalbeschaffungseinheit (230) zur Beschaffung eines aus einem Erfassungssensor (330) ausgege-
benen Signals, wobei der Erfassungssensor zur Erfassung einer AnderungsgroRe in dem Zweite-Seite-Abschnitt
eingerichtet ist, die sich aus einer Vergleichsbewegung ergibt, die einer im Erste-Seite-Abschnitt bei dem Rehabi-
litationstraining durchgefiihrten Trainingsbewegung entspricht, bei dem der Trainierende ein Erfassungsziel ist und
die Vergleichsbewegung in dem Zweite-Seite-Abschnitt durchfiihrt,

einer Auswahleinheit (211) zur Berechnung einer Bewegungsfrequenz der Vergleichsbewegung aus dem durch die
Sensorsignalbeschaffungseinheit beschafften Sensorsignal und zum Auswahlen eines myoelektrischen Signals als
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zweites korreliertes myoelektrisches Signal, das bei der Bewegungsfrequenz eine vorbestimmte Starke aufweist
oder starker ist, aus der Vielzahl zweiter myoelektrischer Signale, die durch die myoelektrische Signalbeschaffungs-
einheit beschafft werden, und

einer Ahnlichkeitsausgabeeinheit (212) zum Auswéhlen eines ersten myoelektrischen Signals aus der Vielzahl durch
die myoelektrische Signalbeschaffungseinheit beschaffter erster myoelektrischer Signale als erstes korreliertes
myoelektrisches Signal, das aus einem ersten myoelektrischen Sensor ausgegeben wird, der an einer Stelle ange-
bracht ist, die zu einer Stelle des zweiten myoelektrischen Sensors, der das zweite korrelierte myoelektrische Signal
ausgegeben hat, das durch die Auswahleinheit ausgewahlt wird, hinsichtlich der Gliedmafien eine Links-Rechts-
Symmetrie aufweist, Berechnen einer Ahnlichkeit zwischen dem ersten und dem zweiten korrelierten myoelektri-
schen Signal und Ausgeben der berechneten Ahnlichkeit.

Rehabilitationsbewertungsvorrichtung nach Anspruch 1, wobei, wenn der Trainierende versucht, die Trainingsbe-
wegung wiederholt durchzufithren, die Ahnlichkeitsausgabeeinheit kontinuierlich eine Ausgabe des ersten myoe-
lektrischen Sensors verwendet, der das erste korrelierte myoelektrische Signal ausgegeben hat, das einmal als das
erste korrelierte myoelektrische Signal ausgewahlt wurde.

Rehabilitationsbewertungsvorrichtung nach Anspruch 1, wobei die Auswahleinheit einen quadratischen Mittelwert,
der aus Abtastwerten berechnet wird, die nach Durchfiihrung eines Filterungsprozesses fiir ein zweites myoelekt-
risches Zielsignal erhalten werden, zu der Starke der Bewegungsfrequenz addiert und einen resultierenden Wert
mit einem vorbestimmten Wert vergleicht.

Rehabilitationsbewertungsvorrichtung nach einem der Anspriiche 1 bis 3, wobei

wenn m ausgewdhlte erste korrelierte myoelektrische Signale jeweils durch Reihenvektoren M(1), M;@),... und
M, (M dargestellt werden, in denen jeweils t erfasste myoelektrische Potentiale in chronologischer Reihenfolge als
ihre Komponenten angeordnet sind, und alle ausgewahlten ersten korrelierten myoelektrischen Signale durch eine
erste myoelektrische Potentialmatrix M4 dargestellt werden, in der diese Reihenvektoren vertikal angeordnet sind,
die Ahnlichkeitsausgabeeinheit eine erste Synergistmatrix W, berechnet, in der n Einheitsspaltenvektoren W,(1),
W,(2),... und W, horizontal angeordnet sind, die jeweils m Komponenten aufweisen, eine erste Steuermatrix C,
berechnet, in der n Einheitsreihenvektoren C,(1), C,(,... und C4(n vertikal angeordnet sind, die jeweils t Kompo-
nenten aufweisen, und eine erste Fehlermatrix E; berechnet, sodass diese Matrizen die unten gezeigte Beziehung
Uber eine nicht negative Matrixfaktorisierung erfillen:

Mi = WiCy + Ey,

wenn m ausgewdhlte zweite korrelierte myoelektrische Signale jeweils durch Reihenvektoren My(1), M,@),... und
M,(M dargestellt werden, in denen jeweils t erfasste myoelektrische Potentiale in chronologischer Reihenfolge als
ihre Komponenten angeordnet sind und alle ausgewahlten zweiten korrelierten myoelektrischen Signale durch eine
zweite myoelektrische Potentialmatrix M, dargestellt werden, in der diese Reihenvektoren vertikal angeordnet sind,
die Ahnlichkeitsausgabeeinheit eine zweite Synergistmatrix W, berechnet, in der n Einheitsspaltenvektoren W,(1),
W,(2),... und W,(") horizontal angeordnet sind, die jeweils m Komponenten aufweisen, eine zweite Steuermatrix C,
berechnet, in der n Einheitsreihenvektoren C,(1), C5(2),... und C,(™ vertikal angeordnet sind, die jeweils t Kompo-
nenten aufweisen, und eine zweite Fehlermatrix E, berechnet, sodass diese Matrizen die unten gezeigte Beziehung
Uber eine nicht negative Matrixfaktorisierung erfillen:

Mz = WCo + E3,

und
die Ahnlichkeitsausgabeeinheit die Ahnlichkeit berechnet, indem sie eine vorbestimmte Ahnlichkeitsindexberech-
nung fiir die erste und die zweite Synergistmatrix W, und W, durchfiihrt.

Rehabilitationsbewertungsverfahren zum Bewerten eines Wiederherstellungsgrads eines Trainierenden durch Re-
habilitationstraining, mit

einem myoelektrischen Signalbeschaffungsschritt eines Beschaffens einer Vielzahl erster myoelektrischer Signale,
die aus jeweiligen ersten myoelektrischen Sensoren (310) ausgegeben werden, die an einer Vielzahl von Stellen
auf einem Erste-Seite-Abschnitt angebracht sind, und einer Vielzahl zweiter myoelektrischer Signale, die aus je-
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weiligen zweiten myoelektrischen Sensoren (320) ausgegeben werden, die an einer Vielzahl von Stellen auf einem
Zweite-Seite-Abschnitt angebracht sind, wobei sich der Erste-Seite-Abschnitt, wenn Gliedmafien des Trainierenden
in eine linke und eine rechte Seite eingeteilt sind, auf einer der Seiten befindet, auf der ein Rehabilitationszielabschnitt
enthalten ist, und sich der Zweite-Seite-Abschnitt auf der anderen Seite befindet, auf der der Rehabilitationszielab-
schnitt nicht enthalten ist, wobei die Stellen der zweiten myoelektrischen Sensoren zu den Stellen jeweiliger erster
myoelektrischer Sensoren hinsichtlich der Gliedmalen links-rechts-symmetrisch sind,

einem Sensorsignalbeschaffungsschritt eines Beschaffens eines aus einem Erfassungssensor (330) ausgegebenen
Sensorsignals, wobei der Erfassungssensor zur Erfassung einer AnderungsgréRe in dem Zweite-Seite-Abschnitt
eingerichtet ist, die sich aus einer Vergleichsbewegung ergibt, die einer Trainingsbewegung entspricht, die in dem
Erste-Seite-Abschnitt bei dem Rehabilitationstraining durchgefiihrt wird, wobei der Trainierende ein Erfassungsziel
ist und die Vergleichsbewegung in dem Zweite-Seite-Abschnitt durchfihrt,

einem Auswahlschritt eines Berechnens einer Bewegungsfrequenz der Vergleichsbewegung aus dem durch den
Sensorsignalbeschaffungsschritt beschafften Sensorsignal und eines Auswahlens eines myoelektrischen Signals
aus der durch den myoelektrischen Signalbeschaffungsschritt beschafften Vielzahl zweiter myoelektrischer Signale
als zweites korreliertes myoelektrisches Signal, das bei der Bewegungsfrequenz eine vorbestimmte Starke aufweist
oder starker ist, und

einem Ahnlichkeitsausgabeschritt eines Auswéhlens eines ersten myoelektrischen Signals aus der in dem myoe-
lektrischen Signalbeschaffungsschritt beschafften Vielzahl erster myoelektrischer Signale als erstes korreliertes
myoelektrisches Signal, das aus einem ersten myoelektrischen Sensor ausgegeben wird, der an einer Stelle ange-
bracht ist, die hinsichtlich der Gliedmalen zu einer Stelle des zweiten myoelektrischen Sensors links-rechts-sym-
metrisch ist, der das in dem Auswabhlschritt ausgewahlte zweite korrelierte myoelektrische Signal ausgegeben hat,
eines Berechnens einer Ahnlichkeit zwischen dem ersten und dem zweiten korrelierten myoelektrischen Signal und
eines Ausgebens der berechneten Ahnlichkeit.

Rehabilitationsbewertungsprogramm zum Bewerten eines Wiederherstellungsgrads eines Trainierenden durch Re-
habilitationstraining, wobei das Rehabilitationsbewertungsprogramm angepasst ist, einen Computer zur Durchfih-
rung des Folgenden zu veranlassen:

eines myoelektrischen Signalbeschaffungsschritts eines Beschaffens einer Vielzahl erster myoelektrischer Si-
gnale, die aus jeweiligen ersten myoelektrischen Sensoren (310) ausgegeben werden, die an einer Vielzahl
von Stellen auf einem Erste-Seite-Abschnittangebracht sind, und einer Vielzahl zweiter myoelektrischer Signale,
die aus jeweiligen zweiten myoelektrischen Sensoren (320) ausgegeben werden, die an einer Vielzahl von
Stellen auf einem Zweite-Seite-Abschnitt angebracht sind, wobei sich der Erste-Seite-Abschnitt, wenn Glied-
mafen des Trainierenden in eine linke und eine rechte Seite eingeteilt werden, auf einer der Seiten befindet,
auf der ein Rehabilitationszielabschnitt enthalten ist, sich der Zweite-Seite-Abschnitt auf der anderen Seite
befindet, auf der der Rehabilitationszielabschnitt nicht enthalten ist, wobei die Stellen der zweiten myoelektri-
schen Signale zu den Stellen jeweiliger erster myoelektrischer Signale hinsichtlich der Gliedmafen links-rechts-
symmetrisch sind,

eines Sensorsignalbeschaffungsschritts eines Beschaffens eines aus einem Erfassungssensor (330) ausge-
gebenen Sensorsignals, wobei der Erfassungssensor zur Erfassung einer AnderungsgréRe in dem Zweite-
Seite-Abschnitt eingerichtet ist, die sich aus einer Vergleichsbewegung ergibt, die einer im Rehabilitationstrai-
ning in dem Erste-Seite-Abschnitt durchgefiihrten Trainingsbewegung entspricht, wobei der Trainierende ein
Erfassungsziel ist und die Vergleichsbewegung in dem Zweite-Seite-Abschnitt durchfiihrt,

eines Auswabhlschritts eines Berechnens einer Bewegungsfrequenz der Vergleichsbewegung aus dem durch
den Sensorsignalbeschaffungsschritt beschafften Sensorsignal und Auswahlens eines myoelektrischen Signals
unter der durch den myoelektrischen Signalbeschaffungsschritt beschafften Vielzahl zweiter myoelektrischer
Signale als zweites korreliertes myoelektrisches Signal, das bei der Bewegungsfrequenz eine vorbestimmte
Starke aufweist oder stéarker ist, und

eines Ahnlichkeitsausgabeschritts eines Auswéhlens eines ersten myoelektrischen Signals unter der in dem
myoelektrischen Signalbeschaffungsschritt beschafften Vielzahl erster myoelektrischer Signale als erstes kor-
reliertes myoelektrisches Signal, das aus einem ersten myoelektrischen Sensor ausgegeben wird, der an einer
Stelle angebracht ist, die zu einer Stelle des zweiten myoelektrischen Sensors hinsichtlich der Gliedmalien
links-rechts-symmetrisch ist, der das in dem Auswabhlschritt ausgewahlte zweite korrelierte myoelektrische Si-
gnal ausgegeben hat, Berechnens einer Ahnlichkeit zwischen dem ersten und dem zweiten korrelierten myo-
elektrischen Signal und Ausgebens der berechneten Ahnlichkeit.
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Revendications

1. Appareil d’évaluation de réadaptation (100) configuré pour évaluer un niveau de récupération d’'une personne en
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réadaptation par un apprentissage de réadaptation, qui comprend :

une unité d’acquisition de signaux myoélectriques (220) configurée pour acquérir une pluralité de premiers
signaux myoélectriques délivrés par des premiers capteurs myoélectriques (310) respectifs attachés a une
pluralité d’emplacements sur une partie de premier c6té et une pluralité de deuxiémes signaux myoélectriques
délivrés par des deuxiemes capteurs myoélectriques (320) respectifs attachés a une pluralité d’emplacements
sur une partie de deuxieme c6té, dans lequel la partie de premier coté est située, lorsque les membres de la
personne en réadaptation sont répartis en des cotés gauche et droit, sur 'un des cotés dans lequel une partie
cible de réadaptation est incluse, la partie de deuxieéme coté est située sur I'autre des c6tés dans lequel la partie
cible de réadaptation n’est pas incluse, les emplacements des deuxiémes capteurs myoélectriques présentent
une symeétrie gauche-droite par rapport aux emplacements des premiers capteurs myoélectriques respectifs
par rapport aux membres ;

une unité d’acquisition de signal de capteur (230) configurée pour acquérir un signal de capteur délivré par un
capteur de détection (330), dans lequel le capteur de détection est configuré pour détecter une quantité d’'un
changement dans la partie de deuxiéme c6té qui résulte d’'un mouvement comparatif qui correspond a un
mouvement d’apprentissage effectué dans la partie de premier cété lors de I'apprentissage de réadaptation,
dans lequel la personne en réadaptation est une cible de détection et effectue le mouvement comparatif dans
la partie de deuxieme cété ;

une unité de sélection (211) configurée pour calculer une fréquence de mouvement du mouvement comparatif
a partir du signal de capteur acquis par l'unité d’acquisition de signal de capteur et sélectionner, en tant que
deuxiéme signal myoélectrique corrélé, un signal myoélectrique qui a une intensité prédéterminée ou plus
grande a la fréquence de mouvement parmi la pluralité de deuxiémes signaux myoélectriques acquis par I'unité
d’acquisition de signaux myoélectriques ; et

une unité de sortie de similarité (212) configurée pour sélectionner, en tant que premier signal myoélectrique
corrélé, un premier signal myoélectrique qui a été délivré par un premier capteur myoélectrique attaché a un
emplacement qui présente une symétrie gauche-droite par rapport a un emplacement du deuxiéme capteur
myoélectrique qui a délivré le deuxiéme signal myoélectrique corrélé sélectionné par 'unité de sélection par
rapport aux membres parmi la pluralité de premiers signaux myoélectriques acquis par I'unité d’acquisition de
signaux myoélectriques, calculer une similarité entre les premier et deuxiéme signaux myoélectriques corrélés,
et délivrer la similarité calculée.

Appareil d’évaluation de réadaptation selon la revendication 1, dans lequel, lorsque la personne en réadaptation
essaie d’effectuer le mouvement d’apprentissage de maniére répétée, 'unité de sortie de similarité utilise continQ-
ment une sortie du premier capteur myoélectrique qui a délivré le premier signal myoélectrique corrélé sélectionné
une fois en tant que premier signal myoélectrique corrélé.

Appareil d’évaluation de réadaptation selon la revendication 1, dans lequel I'unité de sélection ajoute une valeur
quadratique moyenne calculée a partir de valeurs échantillonnées obtenues aprés qu’un processus de filtrage a
été effectué pour un deuxieme signal myoélectrique cible a I'intensité a la fréquence de mouvement et compare
une valeur résultante avec une valeur prédéterminée.

Appareil d’évaluation de réadaptation selon I'une quelconque des revendications 1 a 3, dans lequel

'unité de sortie de similarité calcule,

lorsque m premiers signaux myoélectriques corrélés sélectionnés sont représentés par des vecteurs de rangée
MM, M43, ..., et M,(M), respectivement, dans chacun desquels t potentiels myoélectriques détectés sont agencés
dans un ordre chronologique en tant qu’éléments de ceux-ci et tous les premiers signaux myoélectriques corrélés
sélectionnés sont représentés par une premiére matrice de potentiels myoélectriques M, dans laquelle ces vecteurs
de rangée sont agencés verticalement,

une premiére matrice de synergie musculaire W, dans laquelle n vecteurs de colonne unitaires W,(1), W,2), .., et
W, (" qui ont chacun m éléments sont agencés horizontalement, une premiére matrice de commande C, dans
laquelle n vecteurs de rangée unitaires C4(1), C,(2), ..., et C4(" qui ont chacun t éléments sont agencés verticalement,
et une premiére matrice d’erreur E; de sorte que ces matrices satisfassent & la relation montrée ci-dessous par une
factorisation de matrice non négative :
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M; = W.C.+E,,

calcule,

lorsque m deuxiémes signaux myoélectriques corrélés sélectionnés sont représentés par des vecteurs de rangée
My, M,(2), ..., et M,(M), respectivement, dans chacun desquels t potentiels myoélectriques détectés sont agencés
dans un ordre chronologique en tant qu’éléments de ceux-ci et tous les deuxiemes signaux myoélectriques corrélés
sélectionnés sontreprésentés par une deuxiéme matrice de potentiels myoélectriques M, dans laquelle ces vecteurs
de rangée sont agencés verticalement,

une deuxiéme matrice de synergie musculaire W, dans laquelle n vecteurs de colonne unitaires W,(1), W,(2), ..., et
W,(" qui ont chacun m éléments sont agencés horizontalement, une deuxiéme matrice de commande C, dans
laquelle n vecteurs de rangée unitaires Co(1), C5(2), ..., et C,(M qui ont chacun t éléments sont agencés verticalement,
et une deuxieme matrice d’erreur E, de sorte que ces matrices satisfassent a la relation montrée ci-dessous par
une factorisation de matrice non négative :

M, = WoCr+Ey,

et
calcule la similarité en effectuant un calcul d’indice de similarité prédéterminé pour les premiére et deuxiéme matrices
de synergie musculaire W, et W.

Procédé d’évaluation de réadaptation pour évaluer un niveau de récupération d’'une personne en réadaptation par
apprentissage de réadaptation, qui comprend :

une étape d’acquisition de signaux myoélectriques pour acquérir une pluralité de premiers signaux myoélec-
triques délivrés par des premiers capteurs myoélectriques (310) respectifs attachés a une pluralité d’emplace-
ments sur une partie de premier coté et une pluralité de deuxiémes signaux myoélectriques délivrés par des
deuxiémes capteurs myoélectriques (320) respectifs attachés a une pluralité d’emplacements sur une partie
de deuxieme cbté, dans lequel la partie de premier coté est située, lorsque les membres de la personne en
réadaptation sont répartis en des cotés gauche et droit, sur 'un des cétés dans lequel une partie cible de
réadaptation est incluse, la partie de deuxieéme c6té est située sur I'autre des cotés dans lequel la partie cible
de réadaptation n’est pas incluse, les emplacements des deuxiémes capteurs myoélectriques présentent une
symétrie gauche-droite par rapport aux emplacements des premiers capteurs myoélectriques respectifs par
rapport aux membres ;

une étape d’acquisition de signal de capteur pour acquérir un signal de capteur délivré par un capteur de
détection (330), dans lequel le capteur de détection est configuré pour détecter une quantité d’'un changement
dans la partie de deuxieme coté qui résulte d'un mouvement comparatif qui correspond a un mouvement
d’apprentissage effectué dans la partie de premier c6té lors de I'apprentissage de réadaptation, dans lequel la
personne en réadaptation est une cible de détection et effectue le mouvement comparatif dans la partie de
deuxiéme coté ;

une étape de sélection pour calculer une fréquence de mouvement du mouvement comparatif a partir du signal
de capteur acquis a I'étape d’acquisition de signal de capteur et sélectionner, en tant que deuxiéme signal
myoélectrique corrélé, un signal myoélectrique qui a une intensité prédéterminée ou plus grande a la fréquence
de mouvement parmila pluralité de deuxiemes signaux myoélectriques acquis a I'étape d’acquisition de signaux
myoélectriques ; et

une étape de sortie de similarité pour sélectionner, en tant que premier signal myoélectrique corrélé, un premier
signal myoélectrique qui a été délivré par un premier capteur myoélectrique attaché a un emplacement qui
présente une symétrie gauche-droite par rapport a un emplacement du deuxieme capteur myoélectrique qui a
délivré le deuxiéme signal myoélectrique corrélé sélectionné a I'étape de sélection par rapport aux membres
parmi la pluralité de premiers signaux myoélectriques acquis a I'étape d’acquisition de signaux myoélectriques,
calculer une similarité entre les premier et deuxiéme signaux myoélectriques corrélés, et délivrer la similarité
calculée.

6. Programme d’évaluation de réadaptation pour évaluer un niveau de récupération d’'une personne en réadaptation

par apprentissage de réadaptation, dans lequel le programme d’évaluation de réadaptation est congu pour amener
un ordinateur a effectuer :
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une étape d’acquisition de signaux myoélectriques pour acquérir une pluralité de premiers signaux myoélec-
triques délivrés par des premiers capteurs myoélectriques (310) respectifs attachés a une pluralité d’emplace-
ments sur une partie de premier c6té et une pluralité de deuxiémes signaux myoélectriques délivrés par des
deuxiémes capteurs myoélectriques (320) respectifs attachés a une pluralité d’emplacements sur une partie
de deuxieme cbté, dans lequel la partie de premier coté est située, lorsque les membres de la personne en
réadaptation sont répartis en des cotés gauche et droit, sur 'un des cétés dans lequel une partie cible de
réadaptation est incluse, la partie de deuxieéme cété est située sur I'autre des cotés dans lequel la partie cible
de réadaptation n’est pas incluse, les emplacements des deuxiémes capteurs myoélectriques présentent une
symétrie gauche-droite par rapport aux emplacements des premiers capteurs myoélectriques respectifs par
rapport aux membres ;

une étape d’acquisition de signal de capteur pour acquérir un signal de capteur délivré par un capteur de
détection (330), dans lequel le capteur de détection est configuré pour détecter une quantité d’'un changement
de la partie de deuxieme c6té qui résulte d’'un mouvement comparatif qui correspond a un mouvement d’ap-
prentissage effectué dans la partie de premier cbté lors de I'apprentissage de réadaptation, dans lequel la
personne en réadaptation est une cible de détection et effectue le mouvement comparatif dans la partie de
deuxiéme coté ;

une étape de sélection pour calculer une fréquence de mouvement du mouvement comparatif a partir du signal
de capteur acquis a I'étape d’acquisition de signal de capteur et sélectionner, en tant que deuxiéme signal
myoélectrique corrélé, un signal myoélectrique qui a une intensité prédéterminée ou plus grande a la fréquence
de mouvement parmila pluralité de deuxiemes signaux myoélectriques acquis a I'étape d’acquisition de signaux
myoélectriques ; et

une étape de sortie de similarité pour sélectionner, en tant que premier signal myoélectrique corrélé, un premier
signal myoélectrique qui a été délivré par un premier capteur myoélectrique attaché a un emplacement qui
présente une symétrie gauche-droite par rapport a un emplacement du deuxieme capteur myoélectrique qui a
délivré le deuxiéme signal myoélectrique corrélé sélectionné a I'étape de sélection par rapport aux membres
parmi la pluralité de premiers signaux myoélectriques acquis a I'étape d’acquisition de signaux myoélectriques,
calculer une similarité entre les premier et deuxiéme signaux myoélectriques corrélés, et délivrer la similarité
calculée.
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