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(57) ABSTRACT

Disclosed are a thermotherapeutic apparatus having a func-
tion of measuring a heart rate and a method of controlling
the same. The thermotherapeutic apparatus includes a pre-
treatment portion which extracts a ballistocardiogram signal
sensed by a weight detecting sensor, a heartbeat signal
extractor which extracts a heartbeat signal from the pre-
treated signal, and a mode performer which performs control
to calculate a heart rate on the basis of the extracted
heartbeat signal, to determine a massage mode according to
the calculated heart rate, and to automatically set a massage
pattern, a massage level, and a massage temperature of the
corresponding massage mode so as to perform the corre-
sponding massage mode.
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DEVICE AND METHOD FOR
CONTROLLING THERMOTHERAPEUTIC
APPARATUS HAVING FUNCTION OF
MEASURING HEART RATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2018-0039792, filed on
Apr. 5, 2018, the disclosure of which is incorporated herein
by reference in its entirety.

BACKGROUND

1. Field of the Invention

[0002] The present invention relates to a thermotherapeu-
tic apparatus, and more particularly, to a device and a
method of controlling a thermotherapeutic apparatus having
a function of measuring a heart rate which actively performs
a massage mode according to a heart rate of a user.

2. Discussion of Related Art

[0003] Generally, since heart rate variability provides a
quantitative index for evaluating a pathological and physi-
ological state of a cardiovascular system and receives influ-
ences of a sympathetic nervous system and a parasympa-
thetic nervous system, heart rate variability may be used as
a quantitative index for an automatic nervous system related
to a stress disease. Accordingly, products such as health
equipment, massagers, thermotherapeutic apparatuses, and
the like which are driven in relation to cardiac impulse have
appeared.

[0004] However, since a massager or a thermotherapeutic
apparatus including a massage function accompanies vibra-
tion caused by massages, it is difficult to precisely measure
cardiac impulse such that application thereof is limited. In
addition, a thermotherapeutic apparatus which actively pet-
forms a massage mode according to a heart rate is necessary.
[0005] Additionally, although a conventional thermothera-
peutic apparatus detects whether a user is present by using
a weight thereof, when whether a user is present is detected
simply by a weight, objects having a weight similar to that
of a human being is misinterpreted to be a human being so
as 10 cause an unnecessary massage operation.

RELATED ART DOCUMENT

Patent Document

[0006] (Patent Document 0001) JP No. 2010-148561 A
SUMMARY OF THE INVENTION
[0007] The present invention is directed to providing a

device and a method for controlling a thermotherapeutic
apparatus having a function of measuring a heart rate and
capable of measuring a heart rate by using a weight detecting
sensor for sensing a weight of a user and actively performing
a massage mode according thereto.

[0008] The present invention is also directed to providing
a device and a method for controlling a thermotherapeutic
apparatus capable of precisely determining whether a user is
present according to whether a heart rate is calculated.
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[0009] According to one aspect of the present invention, a
control device for a thermotherapeutic apparatus having a
function of measuring a heart rate includes a pretreatment
portion which pretreats a ballistocardiogram signal sensed
by a weight detecting sensor, a heartbeat signal extractor
which extracts a heartbeat signal from the pretreated signal,
and a mode performer which performs control to calculate a
heart rate on the basis of the extracted heartbeat signal, to
determine a massage mode according to the calculated heart
rate, and to automatically set a massage pattern, a massage
level, and a massage temperature of the corresponding
massage mode so as to perform the corresponding massage
mode.

[0010] The control device may further include a setting
portion through which at least one of user information and
operation settings is input and a storage which stores a
reference heart rate according to an age and gender of a user
and a massage temperature, a massage pattern, and a mas-
sage level according to each massage mode. Here, the input
user information may include an age and gender.

[0011] The pretreatment portion may repetitively amplify
and filter out the ballistocardiogram signal, and the heartbeat
signal extractor may extract the heartbeat signal by sampling
and filtering out the pretreated signal.

[0012] The mode performer may perform a parasympa-
thetic-stimulating mode which activates a parasympathetic
nervous system by setting the massage temperature to be a
first reference temperature and setting the massage pattern
and the massage level to be a massage pattern and a massage
level which are preset to stimulate the parasympathetic
nervous system when the calculated heart rate is more than
the reference heart rate, may perform a sympathetic-stimu-
lating mode which activates a sympathetic nervous system
by setting the massage temperature to be a second reference
temperature higher than or equal to the first reference
temperature and setting the massage pattern and the massage
level to be a massage pattern and a massage level which are
preset to stimulate the sympathetic nervous system when the
calculated heart rate is less than the reference heart rate, may
perform a standard mode which operates in a state set
immediately prior to when the calculated heart rate is equal
to the reference heart rate, and may control a driving module
and a transfer motor to perform each of the above massage
modes.

[0013] The mode performer may determine whether the
user is asleep on the basis of the calculated heart rate while
performing a massage and may control a driving module and
a transfer motor to perform a sleep mode which induces a
deep sleep by setting the massage temperature, the massage
pattern, and the massage level to be a massage temperature,
a massage pattern, and a massage level which are preset for
inducing a deep sleep when it is determined that the user is
asleep.

[0014] The mode performer may control such that a mas-
sage is automatically initiated depending on whether the
heart rate is calculated or not.

[0015] According to another aspect of the present inven-
tion, a method of controlling a thermotherapeutic apparatus
having a function of measuring a heart rate includes sensing
a ballistocardiogram signal by using a weight detecting
sensor, pretreating the sensed ballistocardiogram signal,
extracting a heartbeat signal from the pretreated signal,
calculating a heart rate on the basis of the extracted heartbeat
signal, determining a massage mode according to the cal-



US 2019/0307395 Al

culated heart rate, and controlling to perform the corre-
sponding massage mode by automatically setting a massage
pattern, a massage level, and a massage temperature.
[0016] The method may further include inputting at least
one of user information and operation settings. Here, the
user information may include an age and gender.

[0017] The pretreating may include repetitively amplify-
ing and filtering out the ballistocardiogram signal, and the
extracting may include extracting the heartbeat signal by
sampling and filtering out the pretreated signal.

[0018] The controlling may include performing a para-
sympathetic-stimulating mode which activates a parasym-
pathetic nervous system by setting the massage temperature
to be a first reference temperature and setting the massage
pattern and the massage level to be a massage pattern and a
massage level which are preset to stimulate the parasympa-
thetic nervous system when the calculated heart rate is more
than a reference heart rate according to the input age and
gender of the user, performing a sympathetic-stimulating
mode which activates a sympathetic nervous system by
setting the massage temperature to be a second reference
temperature higher than or equal to the first reference
temperature and setting the massage pattern and the massage
level to be a massage pattern and a massage level which are
preset to stimulate the sympathetic nervous system when the
calculated heart rate is less than the reference heart rate, and
performing a standard mode which operates in a state set
immediately prior to when the calculated heart rate is equal
to the reference heart rate. Here, each performing operation
may include controlling a driving module and a transfer
motor to perform the set massage mode.

[0019] The method may further include determining
whether the user is asleep on the basis of the calculated heart
rate while performing a massage and controlling to perform
a sleep mode which induces a deep sleep by setting the
massage temperature, the massage pattern, and the massage
level to be a massage temperature, a massage pattern, and a
massage level which are preset for inducing a deep sleep
when it is determined that the user is asleep.

[0020] The controlling may include controlling to auto-

matically initiate a massage depending on whether the heart
rate is calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects, features and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing exemplary
embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0022] FIG. 1 is a perspective view illustrating a thermo-
therapeutic apparatus according to an embodiment of the
present invention;

[0023] FIG. 2 is a block diagram schematically illustrating
the thermotherapeutic apparatus of FIG. 1,

[0024] FIG. 3 is a block diagram illustrating a control
device of the thermotherapeutic apparatus having a function
of measuring a heart rate according to the embodiment of the
present invention;

[0025] FIG. 4 is a block diagram illustrating detailed
components of a pretreatment portion in FIG. 3;

[0026] FIG. 5 is a block diagram illustrating detailed
components of a heart rate extractor in FIG. 3; and
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[0027] FIG. 6 is a flowchart illustrating a method of
controlling a thermotherapeutic apparatus having a function
of measuring a heart rate according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] Hereinafter, an embodiment of the present inven-
tion will be described in detail with reference to the attached
drawings to allow one of ordinary skill in the art to easily
perform it. The present invention may be embodied in a
variety of different shapes and is not limited to the embodi-
ment disclosed herein. In order to clearly describe the
present invention, parts irrelevant to the present invention
are omitted throughout the drawings, and equal or similar
components are referred to as equal reference numerals.
[0029] Hereinafter, a control device of a thermotherapeu-
tic apparatus according to an embodiment of the present
invention will be described in detail with reference to the
drawings. FIG. 1 is a perspective view illustrating a ther-
motherapeutic apparatus according to an embodiment of the
present invention, and FIG. 2 is a block diagram schemati-
cally illustrating the thermotherapeutic apparatus of FIG. 1.
[0030] Referring to FIG. 1, a thermotherapeutic apparatus
10 including a control device 100 according to one embodi-
ment of the present invention may include an upper body 11,
a lower body 12, a driving module 13, a transfer motor 14,
and a transfer means 15.

[0031] Here, the thermotherapeutic apparatus 10 is an
apparatus capable of massages and a thermal therapy by
using thermal ceramics on body parts of a human being and
may be an apparatus for repetitively vibrating or tapping
while moving over body parts of a user by using the driving
module 13 and the transfer motor 14 and is not limited to a
particular shape.

[0032] Also, the thermotherapeutic apparatus 10 includes
a bed type on which a user lies down and receives massages
or a chair type in which the user is seated and receives
massages but is not limited thereto.

[0033] The upper body 11 and the lower body 12 may be
arranged in parallel. The upper body 11 may include the
driving module, which includes an empty space in a part
thereof, the transfer motor 14, and the transfer means 15.
The lower body 12 may slide from the upper body toward
one side.

[0034] The driving module 13 may perform at least one of
massages and a thermal therapy for each body part of the
user. Here, the driving module 13 may include a ceramic
member. Here, the ceramic member may include a heating
source. The driving module 13 may be moved by the transfer
motor 14 and the transfer means 15 in one direction in the
upper body 11. Also, a height of a part of the driving module
13 which comes into contact with a body may be adjusted
according to a massage level.

[0035] Referring to FIG. 2, the thermotherapeutic appara-
tus 10 may further include a controller 16, a setting portion
17, and a weight detecting sensor 18.

[0036] The controller 16 may control settings and perfor-
mance of a massage mode of the thermotherapeutic appa-
ratus 10. Here, the controller 16 may control the driving
module 13 and the transfer motor 14 according to a set
massage mode.

[0037] Here, the massage mode may include a massage
pattern, a massage level, and a massage temperature. In
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more detail, the controller 16 may control the driving
module 13 and the transfer motor 14 according to the
massage pattern and may control the driving module 13
according to the massage level and the massage temperature.
[0038] User information may be input by the user through
the setting portion 17. Here, the input user information may
include age and gender. Also, a preferred massage mode
may be set by the user through the setting portion 17. Here,
the set massage mode may include at least one of the
massage temperature, the massage pattern, and the massage
level.

[0039] The weight detecting sensor 18 may be included in
the driving module 13 to sense a weight of the user. As an
example, the weight detecting sensor 18 may be a load cell.
The weight detecting sensor 18 may sense a weight signal
including a micro ballistocardiogram signal. Here, the bal-
listocardiogram signal is a signal obtained by sensing vibra-
tion of the body which accompanies a heartbeat.

[0040] The above-described control device 100, which
controls thermotherapeutic apparatus 10, will be described
in more detail. FIG. 3 is a block diagram illustrating the
control device of the thermotherapeutic treatment apparatus
having a function of measuring a heart rate according to the
embodiment of the present invention.

[0041] The control device 100 of the thermotherapeutic
apparatus includes a pretreatment portion 110, a heartbeat
signal extractor 120, a mode performer 130, and a storage
140. Here, the control device 100 of the thermotherapeutic
apparatus is for more actively controlling the thermothera-
peutic apparatus 10 by recognizing a state of the user
through a heart rate thereof.

[0042] The pretreatment portion 110 may perform pre-
treatment to remove noise from a ballistocardiogram signal
sensed by the weight detecting sensor 18. Here, generally,
the weight detecting sensor 18 is included in the thermo-
therapeutic apparatus 10 for the purpose of sensing a weight
or a body pressure of the user. The present invention may
sense a ballistocardiogram signal by using the weight detect-
ing sensor 18.

[0043] Here, the ballistocardiogram signal detected by the
weight detecting sensor 18 is a micro signal included in a
weight signal. Accordingly, in order to extract a micro
ballistocardiogram signal, it is necessary to remove not only
power noise but also the weight signal and other noises.
[0044] To this end, the pretreatment portion 110 may
repetitively amplify and filter out the ballistocardiogram
signal sensed by the weight detecting sensor 18. The pre-
treatment portion 110 will be described below with reference
to FIG. 4.

[0045] The heartbeat signal extractor 120 may extract a
heartbeat signal from a signal pretreated by the pretreatment
portion 110. Here, the heartbeat signal extractor 120 may
extract the heartbeat signal by sampling and filtering out the
pretreated heartbeat signal. The heartbeat signal extractor
120 will be described below with reference to FIG. 5.
[0046] The mode performer 130 may calculate a heart rate
on the basis of a heartbeat signal extracted by the heartbeat
signal extractor 120. As an example, the mode performer
130 may calculate a heart rate on the basis of the number of
peak points of a heartbeat signal extracted for a certain
period of time.

[0047] Also, the mode performer 130 may perform control
such that massage is automatically initiated according to
whether a heart rate is calculated. Here, the mode performer
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130 may distinguish a state in which objects having a certain
weight are disposed on the thermotherapeutic apparatus 10
from a state in which a human being lies down thereon
according to sensing of a heart rate. Here, the mode per-
former 130 may precisely determine whether the user lies
down on the thermotherapeutic apparatus 10 to receive
massage and may automatically initiate massage. Accord-
ingly, it is possible to prevent an error of sensing an object
as a human being simply due to a weight thereof.

[0048] Also, the mode performer 130 may determine a
massage mode according to the calculated heart rate. Here,
the mode performer 130 may determine a state of the user
according to the heart rate and may automatically set a
massage mode capable of relaxing the state of the user.
[0049] Here, the mode performer 130 may control such
that a massage pattern, a massage level, and a massage
temperature of the corresponding massage mode are auto-
matically set to activate a sympathetic nervous system or a
parasympathetic nervous system, and the corresponding
massage mode is actively performed.

[0050] As an example, when a calculated heart rate is
more than a reference heart rate according to an input age
and gender of the user, the mode performer 130 may perform
a parasympathetic-stimulating mode which activates a para-
sympathetic nervous system of the user to stabilize body
rhythms Here, the reference heart rate may be a resting heart
rate with respect to the age and gender input by the user
through the setting portion 17.

[0051] Here, the mode performer 130 may set the massage
temperature to be a first reference temperature to activate the
parasympathetic nervous system. Here, the first reference
temperature may be a temperature at which the parasympa-
thetic nervous system is vigorously activatable.

[0052] Also, the mode performer 130 may set the massage
pattern and the massage level to be a massage pattern and a
massage level which are preset to stimulate the parasympa-
thetic nervous system. As an example, the mode performer
130 may set the massage pattern to intensively massage a
natal part (an end of a spinal cord) and a back part of a neck
(a midbrain, a bulb of a spinal cord, and the like). Here, the
natal part corresponds to the end of the spinal cord, and the
back part of the neck corresponds to the midbrain or the bulb
of the spinal cord in which the parasympathetic nervous
system is located. Accordingly, the mode performer 130 may
stimulate the parasympathetic nervous system by controlling
to perform a massage on the corresponding part.

[0053] Also, when the calculated heart rate is less than the
reference heart rate according to the input age and gender of
the user, the mode performer 130 may perform a sympa-
thetic-stimulating mode which activates a sympathetic ner-
vous system of the user to activate body rhythms.

[0054] Here, the mode performer 130 may set the massage
temperature to be a second reference temperature to activate
the sympathetic nervous system. Here, the second reference
temperature may be a temperature at which the sympathetic
nervous system is vigorously activatable. Here, the second
reference temperature may be higher than or equal to the first
reference temperature.

[0055] Also, the mode performer 130 may set the massage
pattern and the massage level to be a massage pattern and a
massage level which are preset to stimulate the sympathetic
nervous system. As an example, the mode performer 130
may set the massage pattern to intensively massage a spine
(a middle of the spinal cord). Here, the spine corresponds to
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the middle of the spinal cord in which the sympathetic
nervous system is located. Accordingly, the mode performer
130 may stimulate the sympathetic nervous system by
controlling to perform a massage on the corresponding part.
[0056] Here, the mode performer 130 may set the same
massage level with respect to a massage part.

[0057] Also, when the calculated heart rate is equal to the
reference heart rate according to the input age and gender of
the user, the mode performer 130 may perform a standard
mode which operates a massage mode set immediately prior.
[0058] Here, the mode performer 130 may perform a
massage and a thermal therapy in a massage mode set by a
current user or set by a previous user to use the thermo-
therapeutic apparatus 10.

[0059] Here, the mode performer 130 may control the
driving module 13 and the transfer motor 14 to perform a
massage mode determined according to a heart rate of the
user.

[0060] Meanwhile, the user may sleep while using the
thermotherapeutic apparatus 10. Here, thermotherapeutic
apparatus 10 may operate in a massage mode used imme-
diately prior which may act as a factor interfering in sleeping
according to circumstances.

[0061] To this end, according to the embodiment of the
present invention, a massage mode may be automatically
adjusted to induce the user to sleep well when the user is
asleep while using the thermotherapeutic apparatus 10.
[0062] That is, the mode performer 130 may determine
whether the user is asleep on the basis of a heart rate
calculated while performing a massage. As an example,
when the heart rate calculated while performing the massage
is reduced to a certain level, the mode performer 130 may
determine that the user is asleep.

[0063] Here, when the user is asleep, the mode performer
130 may perform a sleep mode which induces a deep sleep.
Here, the mode performer 130 may set the massage tem-
perature, the massage pattern, and the massage level to be a
massage temperature, a massage pattern, and a massage
level which are preset to induce a deep sleep.

[0064] As an example, the mode performer 130 may set
the massage temperature to be the first reference tempera-
ture, set the massage level to be lower than a massage level
immediately prior, and set the massage pattern to maintain
a massage pattern immediately prior or to be a massage
pattern of the parasympathetic-stimulating mode.

[0065] Here, the mode performer 130 may finish the sleep
mode after a certain period of time has passed. Also, when
the massage pattern immediately prior is maintained, the
mode performer 130 may finish the sleep mode after a
residual time of the corresponding massage pattern has
passed. Here, the thermotherapeutic apparatus 10 may finish
a massage operation.

[0066] Here, a massage temperature, a massage pattern,
and a massage level of each performance mode have been
described as being set according to a massage mode for each
state stored in the storage 140 but are not limited thereto and
may be directly set by the user through the setting portion
17.

[0067] The storage 140 may store the reference heart rate
according to the age and gender of the user. As an example,
the reference heart rate may be a value set for each age and
gender within a range of an average value (61 to 79 bpm) of
a 20 to 59 year-old adult on the basis of health statistical
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reports. Here, the reference heart rate may be changed
according to applied health statistical data.

[0068] Meanwhile, the reference heart rate is to be applied
to an initial use but is not limited thereto and may be set for
each user according to use of the thermotherapeutic appa-
ratus 10 by the user. To this end, the mode performer 130
may accumulate and store the calculated heart rates in the
storage 140 and may calculate a heart rate for each user on
the basis thereof. Here, the mode performer 130 may accu-
mulatively learn and compile statistics of the calculated
heart rate for each user so as to replace the reference heart
rate of the storage 140.

[0069] Also, the storage 140 may store a massage tem-
perature, a massage pattern, and a massage level which are
preset according to each massage mode. Here, at least one of
a massage temperature, a massage pattern, and a massage
level which are preset for a massage may be set by the user.
[0070] FIG. 4 is a block diagram illustrating detailed
components of the pretreatment portion in FIG. 3.

[0071] The pretreatment portion 110 may include a first
amplifier 111, a notch filter 112, a second amplifier 113, a
first low pass filter 114, a high pass filter 115, a third
amplifier 116, and a second low pass filter 117.

[0072] The first amplifier 111 may primarily amplify a
ballistocardiogram signal sensed by the weight detecting
sensor 18 for filtering. Here, since the ballistocardiogram
signal sensed by the weight detecting sensor 18 is a micro
signal at a low level, the first amplifier 111 may amplify the
signal to process the signal.

[0073] The notch filter 112 may remove power noise from
the signal amplified by the first amplifier 111. To this end, the
notch filter 112 may have a cutoff frequency corresponding
to a frequency of power of the notch filter 112. As an
example, the notch filter 112 may be a notch filter of 50 Hz
or 60 Hz.

[0074] The second amplifier 113 may amplify the power
noise-removed signal. Here, due to the removal of the power
noise, a level of the notch-filtered signal is decreased.
Accordingly, the second amplifier 113 may amplify the
signal again for subsequent filtering.

[0075] The first low pass filter 114 may remove high
frequency noise from the power noise-removed signal. As an
example, the first low pass filter 114 may be a low pass filter
of 20 Hz. Here, a low pass-filtered signal is a weight signal
of the user which includes a very feeble ballistocardiogram
signal.

[0076] The high pass filter 115 may remove an offset
caused by the weight signal from a high frequency noise-
removed signal and may extract a micro ballistocardiogram
signal therefrom. As an example, the high pass filter 115 may
be a high pass filter of 0.1 Hz.

[0077] The third amplifier 116 may amplify the extracted
micro ballistocardiogram signal. Here, only the micro-level
ballistocardiogram signal is left according to removal of the
weight signal. Accordingly, the third amplifier 116 may
amplify the signal again for next filtering.

[0078] The second low pass filter 117 may remove high
frequency noise from the amplified ballistocardiogram sig-
nal. As an example, the second low pass filter 117 may be a
low pass filter of 20 Hz.

[0079] FIG. 5 is a block diagram illustrating detailed
components of the heartbeat signal extractor in FIG. 3.
[0080] The heartbeat signal extractor 120 may include a
sampler 122, a band pass filter 124, and a peak detector 126.
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[0081] The sampler 122 may sample an extracted balli-
stocardiogram signal. Here, since a pretreated ballistocar-
diogram signal is an analog signal, sampling may be per-
formed to convert the analog signal into a digital signal. As
an example, the sampler 122 may sample an extracted
ballistocardiogram signal at 120 Hz.

[0082] The band pass filter 124 may filter out a frequency
band corresponding to a heartbeat signal from the sampled
ballistocardiogram signal. As an example, the band pass
filter 124 may be a high pass filter of 1 to 47.5 Hz.

[0083] The peak detector 126 may detect a peak from the
filtered ballistocardiogram signal. Here, a peak signal may
correspond to a heartbeat signal.

[0084] Due to the above-described components, the con-
trol device 100 of the thermotherapeutic apparatus according
to the embodiment of the present invention may relax a
current state of the user to actively perform a massage and
may more precisely determine whether a user is present in
comparison to a case of determining whether a human being
is present by using only a weight thereof so as to prevent an
unnecessary malfunction.

[0085] Hereinafter, a method of controlling a thermothera-
peutic apparatus having a function of measuring a heart rate
according to an embodiment of the present invention will be
described with reference to FIG. 6. FIG. 6 is a flowchart
illustrating the method of controlling the thermotherapeutic
treatment apparatus having the function of measuring a heart
rate according to the embodiment of the present invention.
[0086] A method 200 of controlling the thermotherapeutic
apparatus having the function of measuring a heart rate
includes inputting user information and operation settings
(8201), calculating a heart rate by using a ballistocardio-
gram signal (8202 to S204), actively performing a massage
mode according to the heart rate (S206 to S209), and
performing a sleep mode when a user is asleep (S210 to
S212).

[0087] Inmore detail, as shown in FIG. 6, first, through the
control device 100 of the thermotherapeutic apparatus, at
least one of the user information and the operation settings
is input by the user (S201). Here, the input user information
may include an age and gender. Also, the operation settings
may be a massage mode. Here, at least one of a massage
pattern, a massage level, and a massage temperature may be
set.

[0088] Next, the control device 100 of the thermothera-
peutic apparatus senses a ballistocardiogram by using the
weight detecting sensor 18 (S202). Here, the sensed signal
may be a weight signal including a micro ballistocardiogram
signal. Next, the control device 100 of the thermotherapeutic
apparatus performs a pretreatment for removing noise from
the sensed ballistocardiogram signal (S203). Here, since the
ballistocardiogram signal detected by the weight detecting
sensor 18 is a micro signal included in a weight signal, not
only power noise but also the weight signal and other noise
may be removed in order to extract the micro ballistocar-
diogram signal. Here, the ballistocardiogram signal sensed
by the weight detecting sensor 18 may be repetitively
amplified and filtered out.

[0089] Next, the control device 100 of the thermothera-
peutic apparatus extracts a heartbeat signal from the pre-
treated signal (S204). Here, the pretreated signal may be
sampled and filtered out and a peak signal may be detected
so as to extract the heartbeat signal. Here, the peak signal
may correspond to the heartbeat signal.
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[0090] Next, the control device 100 of the thermothera-
peutic apparatus extracts a heart rate on the basis of the
extracted heartbeat signal (S205). Here, the heart rate may
be calculated on the basis of the number of peak points of the
heartbeat signal extracted for a certain period of time.
[0091] Here, the control device 100 of the thermothera-
peutic apparatus may perform control such that massage is
automatically initiated according to whether the heart rate is
calculated. Here, a state in which objects having a certain
weight are disposed on the thermotherapeutic apparatus 10
may be distinguished from a state in which a human being
lies down thereon according to sensing of the heart rate.
Accordingly, lying of the user on the thermotherapeutic
apparatus 10 to receive a massage may be precisely deter-
mined and the massage may be automatically initiated.
[0092] Next, the control device 100 of the thermothera-
peutic apparatus determines a massage mode according to
the calculated heart rate (S206). Here. a state of the user
according to the heart rate may be determined and a massage
mode capable of relaxing the state of the user may be
automatically set. Here, it is possible to perform control such
that a massage pattern, a massage level, and a massage
temperature of the corresponding massage mode are auto-
matically set to activate a sympathetic nervous system or a
parasympathetic nervous system, and the corresponding
massage mode is actively performed.

[0093] As a result of operation S206, when the calculated
heart rate is within a range of a reference heart rate accord-
ing to an age and gender of the user input by the user, the
control device 100 of the thermotherapeutic apparatus per-
forms a standard mode in which a massage mode set
immediately prior is executed (S207).

[0094] Here, to use the thermotherapeutic apparatus 10, a
massage and a thermal therapy may be performed in a
massage mode set by a current user or a massage mode set
by a previous user.

[0095] As a result of operation S206, when the calculated
heart rate is more than the reference heart rate according to
the age and gender of the user input by the user, the control
device 100 of the thermotherapeutic apparatus performs a
parasympathetic-stimulating mode which activates a para-
sympathetic nervous system of the user to stabilize body
rhythms thereof (S208). Here, the reference heart rate may
be a resting heart rate with respect to the input age and
gender.

[0096] Here, the massage temperature may be set to be a
first reference temperature to activate the parasympathetic
nervous system.

[0097] Also, the massage pattern and the massage level
may be set to be a massage pattern and a massage level
which are preset to stimulate the parasympathetic nervous
system. As an example, the massage pattern may be set to
intensively massage a natal part (an end of a spinal cord) and
a back part of a neck (a midbrain, a bulb of the spinal cord,
and the like). Here, the natal part corresponds to the end of
the spinal cord, and the back part of the neck corresponds to
the midbrain or the bulb of the spinal cord in which the
parasympathetic nervous system is located. Accordingly, the
part is massaged such that the parasympathetic nervous
system may be stimulated. Here, the massage level may be
set such that a massage level around the back of the neck is
lower than a massage level around the natal part.

[0098] As a result of operation S206, when the calculated
heart rate is less than the reference heart rate according to the
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age and gender of the user input by the user, the control
device 100 of the thermotherapeutic apparatus performs a
sympathetic-stimulating mode which activates a sympa-
thetic nervous system of the user to activate body rhythms
thereof (5209).

[0099] Here, the massage temperature may be set to be a
second reference temperature to activate the sympathetic
nervous system.

[0100] Also, the massage pattern and the massage level
may be set to be a massage pattern and a massage level
which are preset to stimulate the sympathetic nervous sys-
tem. As an example, the massage pattern may be set to
intensively massage a spine (a middle of the spinal cord).
Here, the spine corresponds to the middle of the spinal cord
in which the sympathetic nervous system is located. Accord-
ingly, the corresponding part is massaged such that the
sympathetic nervous system may be stimulated. Also, the
same massage level may be set with respect to a massaged
part.

[0101] Here, in operations S207 to S209, the control
device 100 of the thermotherapeutic apparatus may control
the driving module 13 and the transfer motor 14 to perform
a massage mode determined according to a heart rate of the
user.

[0102] Next, the control device 100 of the thermothera-
peutic apparatus determines whether a massage is continu-
ously performed (S210) and finishes a massage operation
when it is determined that the massage is not continuously
performed.

[0103] As a result of determination in operation S210,
when it is determined that the massage is continuously
performed, the control device 100 of the thermotherapeutic
apparatus determines whether the user is asleep on the basis
of the heart rate calculated while performing the massage
(S211). As an example, when the heart rate calculated while
performing the massage is reduced to a certain level, it may
be determined that the user is asleep.

[0104] As a result of determination in operation S211,
when it is determined that the user is not asleep, the control
device 100 of the thermotherapeutic apparatus continuously
performs a currently set massage mode. Here, it is possible
to return to operation S206, and the massage mode accord-
ing to the heart rate may be continuously performed.

[0105] As a result of determination in operation S211,
when it is determined that the user is asleep, the control
device 100 of the thermotherapeutic apparatus performs a
sleep mode which induces a deep sleep (S212). Here, the
massage temperature, the massage pattern, and the massage
level may be set to be a massage temperature, a massage
pattern, and a massage level which are preset to induce a
deep sleep.

[0106] As an example, the massage temperature may be
set to be the second reference temperature, the massage level
may be set to be lower than a massage level immediately
prior, and the massage pattern may be set to maintain a
massage pattern immediately prior or to be a massage
pattern of the parasympathetic-stimulating mode.

[0107] Here, after a certain period of time has passed, the
sleep mode may be terminated. Also, when the massage
pattern immediately prior is maintained, the sleep mode may
be terminated after a residual time of the corresponding
massage pattern has passed. Accordingly, the thermothera-
peutic apparatus 10 may terminate a massage operation.
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[0108] Here, a massage temperature, a massage pattern,
and a massage level which are preset for each performance
mode have been described as corresponding to a massage
mode prestored in the storage 140 but are not limited thereto
and may be directly set by the user through the setting
portion 17.

[0109] Through the method according to the embodiment
of the present invention, since it is possible to relax a current
state of the user, a massage may be actively performed. Also,
since the presence of a user may be precisely determined in
comparison to a case of determining the presence of a human
being by using only a weight thereof, an unnecessary
malfunction may be prevented.

[0110] The above-described method may be performed by
the control device 100 or the mode performer 130 of the
thermotherapeutic apparatus as shown in FIG. 3, and par-
ticularly, may be embodied as a software program which
executes the above operations. In this case, such programs
may be stored in a computer-readable recording medium or
may be transmitted by a computer data signal combined with
a carrier wave in a transmission medium or a communica-
tion network.

[0111] Here, the computer-readable recording medium
includes all types of recording media in which data readable
by a computer system is stored and, for example, may be a
read-only memory (ROM), a random-access memory
(RAM), a compact disc (CD)-ROM, a digital versatile disc
(DVD)-ROM, a DVD-RAM, a magnetic tape, a floppy disk,
a hard disk, an optical data storage device, and the like.
[0112] According to the embodiment of the present inven-
tion, a device and a method for controlling a thermothera-
peutic apparatus having a function of measuring a heart rate
may relax a current state of a user by automatically deter-
mining a massage mode according to a heart rate of the user
so as to actively perform a massage.

[0113] Also, since whether a user is present is determined
according to whether a heart rate is calculated, whether the
user is present may be more precisely determined in com-
parison to a case of determining whether a human being is
present by using only a weight thereof such that an unnec-
essary malfunction may be prevented.

[0114] Although one embodiment of the present invention
has been described above, the concept of the present inven-
tion is not limited to the embodiment disclosed herein.
Another embodiment may be easily perceived by one of
ordinary skill in the art by adding, changing, deleting,
adding, and the like a component within an equivalent range
of the concept and should be included in the scope of the
present invention.

What is claimed is:

1. A control device of a thermotherapeutic apparatus
having a function of measuring a heart rate, the control
device comprising;

a pretreatment portion which extracts a ballistocardio-

gram signal sensed by a weight detecting sensor;

a heartbeat signal extractor which extracts a heartbeat

signal from the pretreated signal; and

a mode performer which performs control to calculate a

heart rate on the basis of the extracted heartbeat signal,
to determine a massage mode according to the calcu-
lated heart rate, and to automatically set a massage
pattern, a massage level, and a massage temperature of
the corresponding massage mode so as to perform the
corresponding massage mode.
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2. The control device of claim 1, further comprising:

a setting portion through which at least one of user

information and operation settings is set; and

a storage which stores a reference heart rate according to

an age and gender of a user and a massage temperature,
a massage pattern, and a massage level according to
each massage mode,

wherein the input user information comprises an age and

gender.

3. The control device of claim 1, wherein the pretreatment
portion repetitively amplifies and filters out the ballistocar-
diogram signal, and

wherein the heartbeat signal extractor extracts the heart-

beat signal by sampling and filtering out the pretreated
signal.

4. The control device of claim 2, wherein the mode
performer performs a parasympathetic-stimulating mode
which activates a parasympathetic nervous system by setting
the massage temperature to be a first reference temperature
and setting the massage pattern and the massage level to be
a massage pattern and a massage level which are preset to
stimulate the parasympathetic nervous system when the
calculated heart rate is more than the reference heart rate,

wherein the mode performer performs a sympathetic-

stimulating mode which activates a sympathetic ner-
vous system by setting the massage temperature to be
a second reference temperature higher than or equal to
the first reference temperature and setting the massage
pattern and the massage level to be a massage pattern
and a massage level which are preset to stimulate the
sympathetic nervous system when the calculated heart
rate is less than the reference heart rate,

wherein the mode performer performs a standard mode

which operates in a state set immediately prior to when
the calculated heart rate is equal to the reference heart
rate, and

wherein the mode performer controls a driving module

and a transfer motor to perform each of the above
massage modes.

5. The control device of claim 2, wherein the mode
performer determines whether the user is asleep on the basis
of the calculated heart rate while performing a massage and
controls a driving module and a transfer motor to perform a
sleep mode which induces a deep sleep by setting the
massage temperature, the massage pattern, and the massage
level to be a massage temperature, a massage pattern, and a
massage level which are preset for inducing a deep sleep
when it is determined that the user is asleep.

6. The control device of claim 1, wherein the mode
performer controls such that a massage is automatically
initiated depending on whether the heart rate is calculated.

7. A method of controlling a thermotherapeutic apparatus
having a function of measuring a heart rate, the method
comptrising:

sensing a ballistocardiogram signal by using a weight

detecting sensor;

pretreating the sensed ballistocardiogram signal;
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extracting a heartbeat signal from the pretreated signal;

calculating a heart rate on the basis of the extracted

heartbeat signal;

determining a massage mode according to the calculated

heart rate; and

controlling to perform the corresponding massage mode

by automatically setting a massage pattern, a massage
level, and a massage temperature.

8. The method of claim 7, further comprising inputting at
least one of user information and operation settings,

wherein the user information comprises an age and gen-

der.

9. The method of claim 7, wherein the pretreating com-
prises repetitively amplifying and filtering out the ballisto-
cardiogram signal, and

wherein the extracting comprises extracting the heartbeat

signal by sampling and filtering out the pretreated
signal.

10. The method of claim 8, wherein the controlling
comprises:

performing a parasympathetic-stimulating mode which

activates a parasympathetic nervous system by setting
the massage temperature to be a first reference tem-
perature and setting the massage pattern and the mas-
sage level to be a massage pattern and a massage level
which are preset to stimulate the parasympathetic ner-
vous system when the calculated heart rate is more than
a reference heart rate according to the input age and
gender of the user;

performing a sympathetic-stimulating mode which acti-

vates a sympathetic nervous system by setting the
massage temperature to be a second reference tempera-
ture higher than or equal to the first reference tempera-
ture and setting the massage pattern and the massage
level to be a massage pattern and a massage level which
are preset to stimulate the sympathetic nervous system
when the calculated heart rate is less than the reference
heart rate; and

performing a standard mode which operates in a state set

immediately prior to when the calculated heart rate is
equal to the reference heart rate, and

wherein each performing operation comprises controlling

a driving module and a transfer motor to perform the set
massage mode.
11. The method of claim 8, further comprising:
determining whether the user is asleep on the basis of the
calculated heart rate while performing a massage; and

controlling to perform a sleep mode which induces a deep
sleep by setting the massage temperature, the massage
pattern, and the massage level to be a massage tem-
perature, a massage pattern, and a massage level which
are preset for inducing a deep sleep when it is deter-
mined that the user is asleep.

12. The method of claim 8, wherein the controlling
comprises controlling to automatically initiate a massage
depending on whether the heart rate is calculated.
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