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INTELLIGENT INTERACTIVE-RHYTHMIC
NEUROMUSCULAR REHABILITATION
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to the field of medical
device, and more specifically to an intelligent interactive-
rhythmic neuromuscular rehabilitation system.

BACKGROUND OF THE INVENTION

[0002] Biofeedback is a treatment concept of reflecting
physiological activity of a human body using various kinds of
medical devices such that a user obtains greater intuitive
awareness of physiological function, thereby achieving free
control of physiological activities that originally could not be
voluntarily controlled by facilitating or inhibiting behaviors
with positive or negative feedback. It has always been a
leading-edge area of research how to apply biofeedback to
enable a user to focus more on a treatment process and to
adhere to a long-term treatment so as to achieve an optimal
treatment outcome.

[0003] Theexisting neuromuscular rehabilitation system is
generally used in a clinic or a hospital for rehabilitation, in
which patients have to make an appointment and personally
go to the facility to receive the treatment. Such a model wastes
considerable time and manpower; besides, due to the tedium
during the treatment process, the patient does not have a
strong will to adhere to the long-term treatment. Conse-
quently, it is less possible for patient’s self-treatment. In
addition, the existing neuromuscular rehabilitation system is
not portable due to its bulkiness and heavy dependence on
wired USB transmission among the parts. In an actual treat-
ment process, due to the above deficiencies, most patients
cannot adhere to and finally have to give up treatment, thereby
greatly interfering treatment efficacy.

[0004] In addition, because a common practice of patient
care is one clinician overseeing one patient, and its efficiency
is also very low.

SUMMARY OF THE INVENTION

[0005] To this end, the present invention provides a novel
neuromuscular rehabilitation system that may solve at least
part of the above problems.

[0006] The present invention provides an intelligent inter-
active-rhythmic neuromuscular rehabilitation system, com-
prising: a surface electromyography sensor configured to col-
lect a user’s electromyographic signal; a signal transmitter
configured to receive and transmit the electromyographic
signal; a rhythmic interaction module configured to generate
and provide a specific rhythm to the user and receive the
electromyographic signal, such that when the electromyo-
graphic signal matches the specific rhythm, a positive feed-
back is provided; otherwise, a negative feedback is provided.

[0007] According to one embodiment of the present inven-
tion, there further comprises: a signal processor configured to
receive the electromyographic signal from the surface elec-
tromyography sensor and perform smooth processing to the
electromyographic signal.

[0008] According to one embodiment of the present inven-
tion, the electromyographic signal is subjected to smooth
processing in the following manner, deriving output y:
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where x denotes a sample of the input signal, n denotes an
amount of samples, dt denotes a sampling time interval, while
t, denotes a total sampling time.

[0009] According to one embodiment of the present inven-
tion, the rhythmic interaction module is calibrated in the
following manner calculating a range of steady-state value,
wherein the range of steady-state value is between (1-b %) a
to (1+b %) a, where b % is an environmental noise tolerance,
while a is a mean value when muscle is relaxing; and setting
an electromyographic signal with a value larger than (1+b %)
a as 1, and setting an electromyographic signal with a value
less than (1+b %) a as 0.

[0010] According to one embodiment of the present inven-
tion, the rhythmic interaction module is calibrated in the
following manner calculating a range of steady-state value,
wherein the range of steady-state value is between (1-b %) a
to (1+b %) a, where b % is an environmental noise tolerance,
while a is a mean value when muscle is relaxing; calculating
an absolute value of the electromyographic signal; calculat-
ing a ratio of a difference between the absolute value of the
electromyographic signal and an upper bound (1+b %) a of
the steady-state value threshold to the upper bound (1+b %) a
of the steady-state value threshold; and calculating a loga-
rithm of the ratio.

[0011] According to one embodiment of the present inven-
tion, there further comprises a remote monitoring device con-
figured to at least receive the positive feedback or negative
feedback from the rhythmic interaction module so as to
remotely monitor user’s muscle activity.

[0012] According to one embodiment of the present inven-
tion, the rhythm comprises a plurality of interactive elements,
a time interval between adjoining interactive elements being
adjustable.

[0013] According to one embodiment of the present inven-
tion, the rhythm comprises at least one of a preliminary phase
mode, an intermediary phase mode, and an advanced phase
mode, wherein in the preliminary phase mode, the next inter-
active element is given only after the previous one is com-
pleted; in the intermediary phase mode, there is a relatively
long interval between adjoining interactive elements, and
each interactive element appears regularly; and in the
advanced phase mode, there is a relatively short interval
between adjoining interactive elements, and each interactive
element appears irregularly.

[0014] According to one embodiment of the present inven-
tion, the rhythm has a form of at least one of audio, video, and
tactile sense.

[0015] According to one embodiment of the present inven-
tion, the signal transmitter is a wireless transmitter.

[0016] The present invention further provides an intelli-
gent-rhythm interactive-type electromyographic signal neu-
romuscular rehabilitation device, comprising: a module con-
figured to generate and provide a specific thythm to a user; a
module configured to receive an electromyographic signal;
and a module configured to provide a positive feedback when
the electromyographic signal matches the specific rhythm
and provide a negative feedback otherwise.

[0017] The intelligent interactive-rhythmic neuromuscular
rehabilitation system in the present invention enables a user to
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constantly strengthen and build a target muscle or muscle
group by a rhythmic interaction module, and to be familiar
with the voluntary control of target muscle by motor nerve
and suppress error contraction of the muscle, thereby achiev-
ing an effect of balanced countermeasuring the muscle;
besides, it has an extremely high interactivity, intelligence,
and fun. Tt raises the user’s willingness in persistence in
long-term treatment, and makes it possible for the user to
perform self-treatment.

BRIEF DESCRIPTION OF DRAWINGS

[0018] By reading the following detailed description of
preferred embodiments, It will be much easier for general
technician in this field to understand other advantages and
benefits. The drawings are only for the purpose of illustrating
preferred embodiments and should not be regarded as limita-
tions to the present invention. Moreover, in the whole draw-
ings, the same reference numbers are used for representing
the same components. In the accompanying drawings, alpha-
betical labels after the reference numbers represent a plurality
of same components; in general when they generally refer to
these components, their last alphabetic labels will be omitted.
In the drawings:

[0019] FIG. 1 shows a structural diagram of an intelligent
interactive-thythmic neuromuscular rehabilitation system
according to the present invention;

[0020] FIG. 2 shows a structural diagram of a surface elec-
tromyography sensor;

[0021] FIG. 3-1 shows an unprocessed electromyographic
signal waveform diagram;

[0022] FIG. 3-2 shows an electromyographic signal wave-
form diagram processed by smooth processing;

[0023] FIG. 4 shows a binary value waveform diagram
converted from the processed electromyographic signal
waveform diagram in FIG. 3-1;

[0024] FIG. 5 shows an electromyographic signal wave-
form diagram processed by taking logarithm; and

[0025] FIG. 6 shows a block diagram of an intelligent inter-
active-rhythmic neuromuscular rehabilitation system accord-
ing to another embodiment of the present invention;

[0026] the meanings of each reference numerals in the
drawings are specified as follows:

[0027] asurface electromyography sensor 10, an electrode
sensor 11, a signal amplifying circuit 12, a signal full-wave
rectifying circuit 13, a signal smoothing circuit 14, a signal
processor 15, a signal transmitter 20, a rhythmic interaction
module 30, a remote monitoring device 40, a module 100
configured to generate and provide a specific thythm to a user,
a module 200 configured to receive an electromyographic
signal, and a module 300 configured to provide a positive
feedback when the electromyographic signal matches the
specific rhythm, otherwise provide a negative feedback.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Hereinafter, the present invention will be further
described in conjunction with the accompanying drawings
and specific embodiments.

[0029] FIG. 1 shows a structural diagram of an intelligent
interactive-thythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system comprises a surface electromyography sensor 10, a
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signal processor 15, a signal transmitter 20, and a rhythmic
interaction module 30, wherein the surface electromyogra-
phy sensor 10 is configured to collect an electromyographic
signal of a user, and the surface electromyography sensor
signal collector 10 comprises an electrode sensor 11, a signal
amplification circuit 12, a signal full-wave rectification cir-
cuit 13, and a signal smoothing circuit 14.

[0030] Thesignal transmitter 20 may be a wired transmitter
or a wireless transmitter. The wireless transmitter, for
example, may be via Bluetooth or WiFi, or be an infrared
transmitter. The most important feature of Bluetooth is power
saving. A button cell is able to support a Bluetooth device to
work for several years thanks to the extremely low power
consumption of Bluetooth. The main advantages of Bluetooth
are: very low peak value, average and standby mode power
consumption; low cost; wireless coverage enhancement;
complete downward compatibility and low delay (APT-X).
Therefore, the signal transmitter 20 is preferably via Blue-
tooth. In the intelligent interactive-rhythmic neuromuscular
rehabilitation system, in the case that the electromyographic
signal collected by the surface electromyography sensor 10 is
acceptable, it may be directly transmitted to the signal trans-
mitter 20; in the case that if eletromyographic signal collected
by electromyography sensor 10 is not acceptable, the signal
will be processed by the signal processor 15 and then trans-
mitted to the signal transmitter 20, so that the intelligent
interactive-thythmic neuromuscular rehabilitation system
preferably comprises the signal processor 15.

[0031] As shown in FIG. 2, the surface electromyography
sensor signal collector 10 comprises an electrode sensor 11, a
signal amplification circuit 12, a signal full-wave rectification
circuit 13, and a signal smoothing circuit 14; the electrode
sensor 11 being is connected to the signal amplification cir-
cuit 12; the electrode sensor 11 comprises a reference elec-
trode, a muscle middle-end electrode, and a muscle terminal-
end electrode; the electrode sensor 11 transmits a first
electrical signal obtained from a body surface to the signal
amplification circuit 12 that amplifies the first electrical sig-
nal and then transmits it to the signal full-wave rectification
circuit 13; the signal full-wave rectification circuit 13 is con-
nected to the signal smoothing circuit 14; the signal full-wave
rectification circuit 13 converts alternative current to direct
current, and transmits the direct current electrical signalto the
signal smoothing circuit 14; and the signal smoothing circuit
14 smoothes the direct current electrical signal, and then
convert the signal to square wave which becomes the second
electrical signal, and is transmitted to signal processor 15.
[0032] The signal transmitter 20 is connected to the signal
processor 15. The signal transmitter 20 is configured to
receive and transmit the electromyographic signal; the
rhythm rhythmic interaction module 30 is for generating a
specific rhythm. The rhythm rhythmic interaction module 30
receives the electromyographic signal from the signal trans-
mitter 20 and compares the electromyographic signal with the
specific rhythm to determine whether they match each other
or not; when the electromyographic signal matches the spe-
cific rhythm, a positive feedback is provided; and when the
electromyographic signal does not match the specific rhythm,
a negative feedback is provided.

[0033] The indication for the intelligent interactive-rhyth-
mic neuromuscular rehabilitation system according to the
present invention include: muscle imbalance, e.g., upper or
lower crossed syndrome, and cervical instability (muscle
group disorder surrounding the cervical spine); muscle weak-
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ness, e.g., patellofemoral pain syndrome, lumbar instability
and cervical instability; and motor nerve control disorder,
e.g., pelvic floor dysfunction, postpartum pelvic pain, incon-
tinence and foot drop gait. The inventive intelligent interac-
tive-rhythmic neuromuscular rehabilitation system enables a
user to constantly strengthen a target muscle or a muscle
group by a rhythmic interaction module, and to be familiar
with the voluntary control of target muscle by facilitating
motor nerve control and suppressing improper contraction of
the muscle, thereby achieving muscle balance; besides, it is
characterized by incomparable interactivity, intelligence, and
entertainment. The system enhances patient’s will to adhere
to the long term treatment, and makes user’s self-treatment
possible.

[0034] In the intelligent interactive-rhythmic neuromuscu-
lar rehabilitation system according to the present invention,
the signal processor 15 is disposed between the surface elec-
tromyography sensor 10 and the signal transmitter 20; the
signal processor 15 comprises an A/D converter and a digital
signal processor. The signal processor 15 is configured to
receive the electromyographic signal from the surface elec-
tromyography sensor 10. A second electrical signal is derived
by amplifying, converting and smoothing the electromyo-
graphic signal and square wave conversion. Then, the second
electrical signal is transmitted to the signal processor 15. The
signal processor 15 is connected to the signal transmitter 20.
The signal processor 15 converts the second electrical signal
into a first digital signal. A second digital signal is derived
after the first digital signal is derived by taking the algorithm
of numerical integration and averaging. The specific process-
ing method is provided below:

fnxdt
AU

ndt

[0035] wherein x denotes a sample of the input signal, n
denotes the number of samples, dt denotes a sampling time
interval, and t, denotes a total sampling time. The elec-
tromyographic signal is smoothed based on the above algo-
rithm, and then the output y is derived. FIG. 3-1 shows an
unprocessed electromyographic signal waveform graph, and
FIG. 3-2 shows a smooth processed electromyographic signal
waveform graph, the smooth process effectively avoids a
burst noise generated instantaneously and avoids incapability
of accurately detecting the user’s muscle control behavior
accurately.

[0036] In the intelligent interactive-rhythmic neuromuscu-
lar rehabilitation system according to the present invention,
the rhythmic interaction module 30 is calibrated in the fol-
lowing manner calculating a range of steady-state value,
wherein the range of steady-state value is between (1-b %) a
to (1+b %) a, where b % is an environmental noise tolerance,
while a is a mean value when muscle is relaxing; setting an
electromyographic signal with a value larger than (1+b %) a
as 1, and setting an electromyographic signal with a value less
than (1+b %) a as 0. The range of steady-state value refers to
a numerical range when the user’s muscle is relaxing. With-
out the range of steady-state value, the system cannot identify
a muscle contraction. Before the beginning of the treatment,
the muscle is in a relaxing state, and rhythmic interaction
module 30 instantaneously starts collecting data and analyz-
ing, finally obtaining a mean value a and an environmental
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noise tolerance b % when the muscle is relaxing; Conse-
quently when the muscle is relaxing, the received data will
vibrate in the range between (1-b %) and (1+b %) a, i.e.,
vibrating in the steady-state value range. During the muscle
contraction and relaxation process of the user, an electromyo-
graphic signal will be generated. Consecutive numetrical val-
ues of the received electromyographic signal are converted
into a binary value. The binary value 1 denotes correct, while
0 denotes incorrect. For an electromyographic signal with a
value greater than (1+b %) a, it is set to 1; for an electromyo-
graphic signal with a valueless than (1+b %) a, it is set to 0.
FIG. 4 shows a binary value waveform diagraph converted
from the unprocessed electromyographic signal waveform in
FIG. 3-1.

[0037] In the intelligent interactive-rhythmic neuromuscu-
lar rehabilitation system according to the present invention,
the rhythmic interaction module 30 is calibrated in the fol-
lowing manner calculating a range of steady state value,
wherein the range of steady state value is between (1-b %) a
and (1+b %) a, where b % is an environmental noise tolerance,
while a is a mean value when muscle is relaxing; calculating
the absolute value of the electromyographic signal; calculat-
ing a ratio of a difference between the absolute value of the
electromyographic signal and an upper bound (1+b %) a of
the steady-state value threshold to divided by the upper bound
(14b %) a of the steady-state value threshold; and calculating
the logarithm of the ratio. FIG. 5 shows an electromyographic
signal waveform diagram resulting from taking the logarithm
on the unprocessed electromyographic signal waveform dia-
gram in FIG. 3-1.

[0038] In the intelligent interactive-rhythmic neuromuscu-
lar rehabilitation system according to the present invention,
there further comprises a remote monitoring device 40. As
shown in FIG. 1, the remote monitoring device 40 is con-
nected to the rhythmic interaction module 30. The remote
monitoring device 40 is configured to at least receive the
positive feedback or negative feedback from the rhythmic
interaction module 30 so as to remotely monitor the user’s
muscle activity. A physician or a therapist may know the
user’s muscle recovery process through a feedback result on
the remote monitoring device 40, and thereby formulating
different treatment plan.

[0039] In the intelligent interactive-rhythmic neuromuscu-
lar rehabilitation system according to the present invention,
the rhythm comprises a plurality of interactive elements, and
a time interval between adjoining interactive elements is
adjustable.

[0040] A plurality of embodiments may be designed based
on the rhythms and rhythm patterns provided in the present
invention. Therefore, the preferred embodiments are only
exemplary illustrations of the specific implementation man-
ners of the present invention, not constituting a limitation to
the scope of the present invention. In order to specifically
describe the present invention, the following embodiments
are selected for exemplary illustration.

Embodiment 1

[0041] FIG. 1 shows a structural diagram of an intelligent
interactive-thythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
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wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user; the
signal processor 15 is configured to receive the electromyo-
graphic signal from the surface electromyography sensor 10,
processes the electromyographic signal to obtain a smoothed
electromyographic signal, and then transmits the smoothed
electromyographic signal to the signal transmitter 20; and the
rhythmic interaction module 30 receives the electromyo-
graphic signal from the signal transmitter 20. The rhythmic
interaction module 30 is for generating a specific rhythm, and
compares the electromyographic signal with the specific
rhythm to determine whether they match, such that when the
electromyographic signal matches the specific rhythm, a
positive feedback is provided; and when the electromyo-
graphic signal does not match the specific rhythm, a negative
feedback is provided.

[0042] The rhythm comprises multiple interactive ele-
ments, and the time interval between adjoining interactive
elements is adjustable, such that a reasonable interval may be
set based on different recovery phases of a user’s muscle. The
rhythm is in a preliminary phase mode, the rhythm is in the
form of an audio or a video or a tactile form. The audio is any
audible audio, the video is any viewable video, and the tactile
form is any sensible tactile stimuli, e.g., vibration. In the
present embodiment, the rhythm is in the form of an audio.
The preliminary phase mode is a phase where the user cannot
correctly control muscle behaviors, the rhythm is in the form
of a musical audio, a specific beat of the music is referred to
as an interactive element, e.g., a “tick tock” beat. Upon hear-
ing the “tick tock™ beat, the user controls the muscle to react.
The user’s muscle reaction to the rhythm is non-prompt. The
user is allowed to interact with the following interactive ele-
ment only ifhe/she completes the current interactive element.
The electromyographic signal is compared with the specific
rhythm to determine whether the two match each other or not.
When the electromyographic signal matches the specific
rhythm, a positive feedback is provided; otherwise, a negative
feedback is provided. There are multiple forms of providing
the positive feedback or negative feedback. For example, in
the case of providing a positive feedback, the rhythmic inter-
action module 30 will add a score, while in the case of pro-
viding a negative feedback, the rhythmic interaction module
30 will deduct a score, which enhances the entertainment and
may encourage the user to constantly pursue a higher score.
The positive feedback or negative feedback is transmitted to
the remote monitoring device 40 so as to remotely monitor the
user’s muscle activity. In other cases, the audio may be a buzz
sound. There are many forms of audio presentations, not
limited to the music or buzz sound mentioned in the present
embodiment. Besides, the rhythm may also be in a tactile
form, such that the user can react when sensing a tactile
change.

Embodiment 2

[0043] FIG. 1 shows a structural diagram of an intelligent
interactive-rhythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user, the
signal processor 15 1s configured to receive the electromyo-
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graphic signal from the surface electromyography sensor 10,
processes the electromyographic signal to obtain a smoothed
electromyographic signal, and then transmits the smoothed
electromyographic signal to the signal transmitter 20; and the
rhythmic interaction module 30 receives the electromyo-
graphic signal from the signal transmitter 20. The rhythmic
interaction module 30 is for generating a specific rhythm, and
compares the electromyographic signal with the specific
rhythm to determine whether they match, such that when the
electromyographic signal matches the specific rhythm, a
positive feedback is provided, and when the electromyo-
graphic signal does not match the specific rhythm, a negative
feedback is provided.

[0044] The rhythm comprises a plurality of interactive ele-
ments, and the time interval between adjoining interactive
elements is adjustable, such that a reasonable interval may be
set based on different recovery phases of a user’s muscle. The
rhythm is in an intermediate phase mode, and itis in the form
of an audio or a video, or in a tactile form. The audio is any
audible audio, and the video is any viewable video. In the
present embodiment, the rhythm is in the form of an audio.
The intermediate phase mode is a phase where the user cannot
skillfully control his/her muscle behaviors yet, and the
rhythm is in the form of a musical audio. A specific beat of the
music is referred to as an interactive element, e.g., a “tick
tock” beat. The rhythm is a relatively slow regular rhythm,
e.g., there is a “tick tock” rhythm every 5 seconds; and upon
hearing the “tick tock™ beat, the user needs to react promptly,
i.e., controlling the muscle to contract or relax, thereby
requiring the user to interact once every 5 seconds. The elec-
tromyographic signal is compared with the specific rhythm to
determine whether the two match each other or not. When the
electromyographic signal matches the specific rhythm, a
positive feedback is provided; otherwise, a negative feedback
is provided. There are multiple forms of providing the posi-
tive feedback or negative feedback. For example, in the case
of providing positive feedback, the rhythmic interaction mod-
ule 30 will automatically add a score, while in the case of
providing a negative feedback, the rhythmic interaction mod-
ule 30 will automatically deduct the score, which enhances
the entertainment. The positive feedback or negative feed-
back is transmitted to the remote monitoring device 40 so as
to remotely monitor the user’s muscle activity. The audio may
also be a buzz sound. There are many forms of audio repre-
sentation, not limited to the music or buzz sound mentioned in
the present embodiment. Besides, the rhythm may also be a
tactile form, such that the user can react when sensing a tactile
change.

Embodiment 3

[0045] FIG. 1 shows a structural diagram of an intelligent
interactive-rhythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user; the
signal processor 15 is configured to receive the electromyo-
graphic signal from the surface electromyography sensor 10,
and processes the electromyographic signal to obtain a
smoothed electromyographic signal, and then transmits the
smoothed electromyographic signal to the signal transmitter
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20. The rhythmic interaction module 30 receives the elec-
tromyographic signal from the signal transmitter 20; and the
rhythmic interaction module 30 is for generating a specific
rhythm, and compares the electromyographic signal with the
specific rhythm to determine whether they match, such that
when the electromyographic signal matches the specific
rhythm, a positive feedback is provided, and when the elec-
tromyographic signal does not match the specific rhythm, a
negative feedback is provided.

[0046] The rhythm comprises a plurality of interactive ele-
ments, and the time interval between adjoining interactive
elements is adjustable, such that a reasonable interval may be
set based on different recovery phases of a patient’s muscle.
The rhythm is in an advanced phase mode, and itis in the form
of an audio or a video, or in a tactile form. The audio is any
audible audio, and the video is any viewable video. In the
present embodiment, the rhythm is in the form of an audio.
The advanced phase mode is a phase where the user can
skillfully control his/her muscle behaviors, and the form of
the rhythm is a musical audio. A specific beat of the music is
referred to as an interactive element, e.g., a “tick tock” beat.
The rhythm is a very fast regular rhythm, e.g., the “tick tock”
beat appears randomly; and upon hearing the “tick tock” beat,
the user needs to react immediately, i.e., controlling the
muscle to make an action. The electromyographic signal is
compared with the specific rhythm to determine whether the
two match each other or not. When the electromyographic
signal matches the specific rhythm, a positive feedback is
provided; otherwise, a negative feedback is provided. There
are multiple forms of providing the positive feedback or nega-
tive feedback. Forexample, in the case of providing a positive
feedback, the rhythmic interaction module 30 will automati-
cally add a score, while in the case of providing a negative
feedback, the rhythmic interaction module 30 will automati-
cally deduct a score, which enhances entertainment. The
positive feedback or negative feedback is transmitted to the
remote monitoring device 40 so as to remotely monitor the
user’s muscle activity. The audio may also be a buzz sound.
There are many forms of audio representation, not limited to
the music or buzz sound mentioned in the present embodi-
ment. Besides, the rhythm may also be in a tactile form, such
that the user can react when sensing a tactile change.

Embodiment 4

[0047] FIG. 1 shows a structural diagram of an intelligent
interactive-rhythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user; the
signal processor 15 1s configured to receive the electromyo-
graphic signal from the surface electromyography sensor 10,
processes the electromyographic signal to obtain a smoothed
electromyographic signal, and then transmits the smoothed
electromyographic signal to the signal transmitter 20; and the
rhythmic interaction module 30 receives the electromyo-
graphic signal from the signal transmitter 20. The rhythmic
interaction module 30 is for generating a specific rhythm, and
compares the electromyographic signal with the specific
rhythm to determine whether they match, such that when the
electromyographic signal matches the specific rhythm, a
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positive feedback is provided; and when the electromyo-
graphic signal does not match the specific rhythm, a negative
feedback is provided.

[0048] The rhythm comprises multiple interactive ele-
ments, and the time interval between adjoining interactive
elements 1s adjustable, such that a reasonable interval may be
set based on different recovery phases of a patient’s muscle.
The rhythm is a preliminary phase mode, and it is in the form
of an audio or a video or in a tactile form. The audio is any
audible audio, and the video is any viewable video. In the
present embodiment, the rhythm is presented in a video form.
The preliminary phase mode is a phase where the user cannot
correctly control muscle behaviors yet, the form of the
rhythm is a video of jumping over obstacles in the Parkour
game application, and each obstacle is referred to as an inter-
active element. Upon viewing an obstacle displayed by the
rhythmic interaction module 30, the user needs to react by
controlling the muscle to contract or relax, and after this
action is completed, the next obstacle is displayed. The elec-
tromyographic signal of the user’s muscle activity is collected
by the surface electromyography sensor 10. The electromyo-
graphic signal is compared with the specific rhythm to deter-
mine whether the two match each other or not. When the
electromyographic signal matches the specific rhythm, a
positive feedback is provided; otherwise, a negative feedback
is provided. There are multiple forms of providing the posi-
tive feedback or negative feedback. For example, in the case
of providing a positive feedback, the rhythmic interaction
module 30 will automatically add a score, while in the case of
providing a negative feedback, the rhythmic interaction mod-
ule 30 will automatically deduct a score, which enhances
entertainment. The positive feedback or negative feedback is
transmitted to the remote monitoring device 40 so as to
remotely monitor the user’s muscle activity. There are many
forms of video representation, not limited to jumping over the
obstacles in the Parkour game application mentioned in the
present embodiment. Besides, the rhythm may also be in a
tactile form, such that the user can react when sensing a tactile
change.

Embodiment 5

[0049] FIG. 1 shows a structural diagram of an intelligent
interactive-thythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user; the
signal processor 15 is configured to receive the electromyo-
graphic signal from the surface electromyography sensor 10,
processes the electromyographic signal to obtain a smoothed
electromyographic signal, and then transmits the smoothed
electromyographic signal to the signal transmitter 20; and the
rhythmic interaction module 30 receives the electromyo-
graphic signal from the signal transmitter 20. The rhythmic
interaction module 30 is for generating a specific rhythm, and
compares the electromyographic signal with the specific
rhythm to determine whether they match, such that when the
electromyographic signal matches the specific rhythm, a
positive feedback is provided; and when the electromyo-
graphic signal does not match the specific rhythm, a negative
feedback is provided.
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[0050] The rhythm comprises multiple interactive ele-
ments, and the time interval between adjoining interactive
elements is adjustable, such that a reasonable interval may be
set based on different recovery phases of a patient’s muscle.
The rhythm is an intermediary phase mode, and it is in the
form of an audio or video or in a tactile form. The audio is any
audible audio, and the video is any viewable video. In the
present embodiment, the rhythm is in the form of a video. The
intermediary phase mode is a phase where the user cannot
skillfully control muscle behaviors yet. The rhythm is a slow
regular rthythm, and the form of the rhythm is selected as a
video of jumping over obstacles in the Parkour game appli-
cation, where each obstacle is referred to as an interactive
element. Each obstacle appears regularly in the video, and
there is a relatively long interval time; upon viewing an
obstacle displayed by the rhythmic interaction module 30, the
user needs to react i.e., controlling the muscle to contract or
relax; and when the following obstacles are shown regularly,
the user reacts promptly. The electromyographic signals of
the user’s muscle control are collected by the surface elec-
tromyography sensor 10. The electromyographic signal is
compared with the specific rhythm to determine whether the
two match each other or not. When the electromyographic
signal matches the specific rhythm, a positive feedback is
provided; otherwise, a negative feedback is provided. There
are multiple forms of providing the positive feedback or nega-
tive feedback. Forexample, in the case of providing a positive
feedback, the rhythmic interaction module 30 will automati-
cally add a score, while in the case of providing a negative
feedback, the rhythmic interaction module 30 will automati-
cally deduct a score, which enhances entertainment. The
positive feedback or negative feedback is transmitted to the
remote monitoring device 40 so as to remotely monitor the
user’s muscle activity. There are many forms of audio repre-
sentation, not limited to jumping over the obstacles in the
Parkour game application mentioned in the present embodi-
ment. Besides, the rhythm may also be in a tactile form, such
that the user can react when tactilely sensing a change.

Embodiment 6

[0051] FIG. 1 shows a structural diagram of an intelligent
interactive-thythmic neuromuscular rehabilitation system
according to the present invention. As shown in FIG. 1, the
intelligent interactive-rhythmic neuromuscular rehabilitation
system according to the present invention comprises a surface
electromyography sensor 10, a signal processor 15, a signal
transmitter 20, and a rhythmic interaction module 30,
wherein the surface electromyography sensor 10 is config-
ured to collect an electromyographic signal of a user; the
signal processor 15 is configured to receive the electromyo-
graphic signal from the surface electromyography sensor 10,
processes the electromyographic signal to obtain a smoothed
electromyographic signal, and then transmits the smoothed
electromyographic signal to the signal transmitter 20; and the
rhythmic interaction module 30 receives the electromyo-
graphic signal from the signal transmitter 20. The rhythmic
interaction module 30 is for generating a specific rhythm, and
compares the electromyographic signal with the specific
rhythm to determine whether they match, such that when the
electromyographic signal matches the specific rhythm, a
positive feedback is provided; and when the electromyo-
graphic signal does not match the specific rhythm, a negative
feedback is provided.
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[0052] The rhythm comprises multiple interactive ele-
ments, and the time interval between adjoining interactive
elements is adjustable, such that a reasonable interval may be
set based on different recovery phases of a patient’s muscle.
The rhythm is in an advanced phase mode, and it is in the form
of an audio or a video or in a tactile form. The audio is any
audible audio, and the video is any viewable video. In the
present embodiment, the rthythm is in the form of avideo. The
advanced phase mode is a phase where the user can skillfully
control muscle behaviors. The rhythm is a fast irregular
rhythm, and the form of the rhythm is a video of jumping over
obstaclesobstacle in the Parkour game application, where
each obstacle is referred to as an interactive element. Each
obstacle appears irregularly in the video, and there is a short
interval time. Upon viewing an obstacle displayed by the
rhythmic interaction module 30, the user needs to react i.e.,
controlling the muscle to contract or relax, and when the
following obstacles are shown irregularly, the user reacts
immediately. The electromyographic signal of the user’s the
muscle control is collected by the surface electromyography
sensor 10. The electromyographic signal is compared with
the specific rhythm to determine whether the two match each
other or not. When the electromyographic signal matches the
specific rhythm, a positive feedback is provided; otherwise, a
negative feedback is provided. There are multiple forms of
providing the positive feedback or negative feedback. For
example, in the case of providing a positive feedback, the
rhythmic interaction module 30 will automatically add a
score, while in the case of providing a negative feedback, the
rhythmic interaction module 30 will automatically deduct a
score, which enhances entertainment. The positive feedback
or negative feedback is transmitted to the remote monitoring
device 40 so as to remotely monitor the user’s muscle activity.
Besides, the rhythm may also be in a tactile form, such that the
user reacts when sensing a tactile change.

[0053] There are many forms of audio representation, not
limited to jumping over the obstacles in the Parkour game
application mentioned in the present embodiment. The intel-
ligent interactive-rhythmic neuromuscular rehabilitation sys-
tem enables a user to constantly strengthen a target muscle or
muscle group by the rhythmic interaction module 30, and to
be familiar with the voluntary control of target muscle by
facilitating motor nerve control and suppressing improper
muscle contraction, thereby achieving muscle balance;
besides, it is characterized by interactivity, intelligence, and
entertainment. The system enhances user’s adherence to
long-term treatment, and makes user’s self-treatment pos-
sible.

[0054] The inventive intelligent interactive-rhythmic neu-
romuscular rehabilitation system enables a user to constantly
strengthen a target muscle or muscle group by a rhythmic
interaction module, and to be familiar with the voluntary
control of target muscle by facilitating motor nerve control
and suppressing improper muscle contraction, thereby
achieving muscle balance; besides, it is characterized by
interactivity, intelligence, and entertainment. The system
enhances user’s adherence to long-term treatment. Further,
through detecting the user’s treatment process by a remote
monitoring device, the user does not have to go to a clinic or
ahospital forreceiving treatment, which saves much time and
labor of the user.

[0055] The present invention further provides an intelli-
gent-rhythm interactive-type electromyographic signal neu-
romuscular rehabilitation device, comprising: a module 100
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configured to generate and provide a specific thythmto a user;
a module 200 configured to receive an electromyographic
signal; and a module 300 configured to give a positive feed-
back when the electromyographic signal matches the specific
rhythm, and otherwise give a negative feedback. FIG. 6 shows
a block diagram of an intelligent-rhythm interactive-type
electromyographic signal neuromuscular rehabilitation
device according to another embodiment ofthe present inven-
tion.

[0056] It should be understood that each block in the block
diagrams and flow diagrams, as well as a combination of the
blocks in the block diagrams and flow diagrams, may be
implemented by a circuit, processor, software, or various
combinations of them, and may also be implemented by
various modules including computer program instructions.
These computer program instructions may be loaded on a
general-purpose computer, a dedicated computer, or other
programmable data processing device so as to produce a
machine, such that an instruction performed on the computer
or other programmable data processing device creates a mod-
ule for performing a specified function in one or more flow
diagram blocks.

[0057] These computer program instructions may also be
stored in a computer-readable memory that may boot a com-
puter or other programmable data processing device so as to
function in a specific manner; the instructions stored in the
computer-readable memory manufacture a product of a com-
puter-readable instruction comprising functions specified in
one or more flow diagram blocks. The computer program
instruction may also be loaded onto the computer or other
programmable data processing device such that a series of
operation steps are executed on the computer or other pro-
grammable data processing device, thereby generating a
computer-implemented process, and further the instruction
executed on the computer or other programmable data pro-
cessing device provides steps for implementing the specified
functions in one or more flow diagram blocks.

[0058] Therefore, the blocks in the block diagrams and flow
diagrams support a combination of modules for executing
specified functions, a combination of steps for executing
specified functions, and a combination of program instruction
modules for executing specified functions. It should also be
understood that each block in the block diagrams and flow
diagrams, as well as a combination of blocks in the block
diagrams and flow diagrams may be implemented by a hard-
ware-based dedicated computer system for executing speci-
fied functions or steps, or implemented by a combination of
dedicated hardware and computer instructions.

[0059] Those skilled in the art involved in these embodi-
ments and benefited by studying the above described and
associated figures will be aware of many modifications and
other embodiments of the present invention disclosed here.
Therefore, it should be understood that the present invention
is not limited to the preferred embodiments disclosed here,
but intended to include the modifications and other embodi-
ments within the scope of the appended claims. Although
specific terms are adopted here, they are only used in a general
sense and description sense, not used for limitative purposes.
[0060] It should be noted that the above embodiments
intend to illustrate, rather than limit the present invention.
Moreover, without departing from the scope of the appended
claims, those skilled in the art may design alternative embodi-
ments. In the claims, no reference numerals included in the
parentheses should constitute limitations to the claims. The
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word “comprise” should not exclude the elements or steps not
listed in the claims. The word “a” or “one” before an element
does not exclude a plurality of such elements. The present
invention may be implemented by hardware including several
different elements as well as an appropriately programmed
computer. In the claim with several modules, some of the
modules may be specifically embodied by one hardware
device. Using of words such as first, second, and third does
not represent any sequence. These words may be interpreted
as names.

1. An intelligent interactive-rhythmic neuromuscular reha-
bilitation system, comprising:

a surface electromyography sensor configured to collect a

user’s electromyographic signal;

a signal transmitter configured to receive and transmit the
electromyographic signal;

a rhythmic interaction module configured to generate and
provide a specific rhythm to the user and receive the
electromyographic signal, such that when the elec-
tromyographic signal matches the specific rhythm, a
positive feedback is provided, otherwise, a negative
feedback is provided.

2. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, further compris-
ing:

a signal processor configured to receive the electromyo-
graphic signal from the surface electromyography sen-
sor and smooth the signal.

3. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 2, wherein the
smooth processing of the eletromyographic signal subjects to
the following manner, deriving output y:

rn
f xdr
4

ndt

where x denotes a sample of the input signal, n denotes an
amount of samples, dt denotes a sampling time interval, and
to denotes a total sampling time.

4. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein the rhyth-
mic interaction module is calibrated in the following manner:

calculating a range of steady-state value, wherein the range

of steady-state value is between (1-b %) a and (1+b %)
a, where b % is an environmental noise tolerance, and a
is an average when muscle is relaxing;

setting an electromyographic signal with a value greater

than (1+b %) a as 1, and setting an electromyographic
signal with a value less than (1+b %) a as 0.

5. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein the rhyth-
mic interaction module is calibrated in the following manner:

calculating a steady-state value range, wherein the steady-

state value range is between (1-b %) a to (1+b %) a,
where b % is an environmental noise tolerance, while a
is a mean value when muscle is relaxing;

calculating the absolute value of the electromyographic

signal;

calculating a ratio of a difference between the absolute

value of the electromyographic signal and an upper
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bound (1+b %) a of the steady-state value threshold
divided by the upper bound (1+b %) a of the tolerance of
steady-state value; and

calculating a logarithm of the ratio.

6. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein there
further comprises a remote monitoring device configured to at
least receive the positive feedback or negative feedback from
the rhythmic interaction module so as to remotely monitor
user’s muscle activity.

7. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein the
rhythm comprises a plurality of interactive elements, and a
time interval between adjoining interactive elements is
adjustable.

8. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 7, wherein the
rhythm comprises at least one of a preliminary phase mode,
an intermediary phase mode, and an advanced phase mode,
wherein,

in the preliminary phase mode, the next interactive element
is given only after the previous one is completed;
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in the intermediary phase mode, there is a relatively long
interval between adjoining elements, and each interac-
tive element appears regularly;

in the advanced phase mode, there is a relatively short

interval between adjoining interactive elements, and
each interactive element appears irregularly.

9. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein the
rhythm has a form of at least one of audio, video, and tactile
sense.

10. The intelligent interactive-rhythmic neuromuscular
rehabilitation system according to claim 1, wherein the signal
transmitter is a wireless transmitter.

11. An intelligent-rhythm interactive-type electromyo-
graphic signal neuromuscular rehabilitation device, compris-
ing:

a module configured to generate and provide a specific

rhythm to a user;

a module configured to receive an electromyographic sig-

nal; and

a module configured to give a positive feedback when the

electromyographic signal matches the specific rhythm,
and otherwise give a negative feedback.

* ok %k
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