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MASSAGE APPARATUS, SYSTEM AND METHOD CAPABLE OF
DERIVING A PARAMETER OF AN INDIVIDUAL

FIELD

[0001] The present disclosure relates generally to massage apparatus, system
and method capable of deriving one or more physiological and/or emotional

parameters of an individual.

BACKGROUND

[0002] The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention only. It should be appreciated
that the discussion is not an acknowledgement or admission that any of the
material referred to was published, known or part of the common general
knowledge of the person skilled in the art in any jurisdiction as at the priority date of

the invention.

[0003] Massage apparatus or devices, such as massage chairs, have been
gaining popularity as a lifestyle equipment. Besides having massage mechanisms
or drives capable of providing massage functions to different parts of a body, some
massage devices may include sensors or measurement devices to obtain
physiological parameters such as heart rate, respiratory rate, temperature, and/or
blood pressure etc. of an individual. For example, in the case of a massage chair,
physiological parameters may be obtained when the individual is seated on the

massage chair.

[0004] While physiological parameters are useful, there exists a need to provide
a more comprehensive measurement of the indicators which can affect the well-

being of individuals.

[0005] Itis an object to meet the aforementioned need at least in part.
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SUMMARY

[0006] A system and/or massage apparatus incorporating one or more
physiological sensors to obtain a plurality of physiological parameters of an
individual, and thereafter derive a first emotional function associated with the

plurality of physiological parameters is disclosed.

[0007] In some embodiments, the plurality of physiological parameters includes
heart rate and respiration rate of the individual.

[0008] In some embodiments, a second emotional indication is derived based on

the plurality of physiological parameters and the first emotional indication.

[0009] In some embodiments, the second emotional function is an indication of a
state where the individual experiences a body tension. The body tension can be
quantified by a mathematical function expressed as: -

Body Tension = A*Heart Rate + B*Respiration Rate + C*Stress

wherein A, B and C are non-zero weights associated with heart rate, respiration
rate and a stress level of the individual respectively.

[0010] In some embodiments, A, B and C are positive values.

[0011] In some embodiments, the non-zero weights A, B, and C are calculated
based on an averaged heart rate, an average respiration rate, and an average

stress value.

[0012] In some embodiments, the non-zero weight A is computed based on an
average heart rate range of 33 to 200 beats per minute, which corresponds to a
value of A between 0.16 and 1.11.

[0013] In some embodiments, the non-zero weight B is computed based on an
average respiration rate of 8 to 25 breaths per minute, which corresponds to a
value of B between 1.33 and 4.16.

[0014] In some embodiments, the non-zero weight C is computed based on an

average stress value of 1 to 5, which corresponds to a value of C between 6.66 and
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33.33.

[0015] In some embodiments, the weights A, B and C can be calibrated based
on physiological data of an individual collected over a predetermined period.

[0016] In some embodiments, the weights A, B and C can be calibrated based
on physiological data of a group of individuals collected over a predetermined

period.

[0017] In some embodiments, the sensors may be positioned on the massage
apparatus. These may include electrodes configured as plates on the surface of the

massage apparatus to detect the heart rate of the individual.

[0018] In some embodiments, the sensors may be positioned on a wearable
device to detect at least one physiological parameter of the individual. The
wearable device may include a watch.

[0019] According to an aspect of the present disclosure there is a massage
apparatus having a processor configurable to receive a first dataset associated with
a physiological parameter of an individual to derive a first emotional indication of
the individual, wherein the first emotional indication and the first dataset are
arranged as inputs to derive a second emotional indication of the individual.

[0020] In some embodiments, the first emotional indication is a stress level of the

individual and the second emotional indication is a tension level of the individual.

[0021] In some embodiments, the massage apparatus includes a communication

module configured to receive or send the first dataset.

[0022] In some embodiments, the communication module is a wireless

communication module.

[0023] In some embodiments, a third emotional indication of a mood of the
individual may be derived. The mood can be derived based on a heart rate
measurement of the individual for a predetermined period. The predetermined
period should be at least 30 seconds and preferably one minute duration. The heart
rate signal can be obtained via an ECG (Electrocardiography) method.
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[0024] The mood of the individual can preferably be derived based on a HRV
(Heart Rate Variability) value calculated from the heart rate signal. HRV represents
the time difference between successive heart beats. Frequency components of the
HRV signal are then analysed to compute a value from 1 to 100 indicative of the

mood of the individual.

[0025] In some embodiments, the frequency components of the HRV signal
include a first frequency component from 0.15Hz to 0.4Hz and a second frequency
component from 0.04Hz to 0.15Hz. The first frequency HRV component is relatively
higher and has been linked to parasympathetic activity in the autonomic nervous
system (ANS). The second frequency HRYV (i.e. the lower frequency HRV), is linked
to sympathetic activity in the ANS.

[0026] In some embodiments the massage apparatus is a massage chair.

[0027] In some embodiments one or more massage drives of the massage chair
is arranged to receive the physiological parameter, the first emotional indication,
the second emotional indication and/or the third emotional indication of the
individual as feedback data to actuate, de-actuate, accelerate or decelerate the one

or more massage drives.

[0028] According to another aspect of the present disclosure there is a method of
deriving a parameter of an individual including the steps of: - (a.) receiving a first
dataset associated with a physiological parameter of an individual to derive a first
emotional indication of the individual; (b.) arranging the first emotional indication
and the first dataset as inputs to derive a second emotional indication of the

individual.

[0029] According to another aspect of the disclosure there is a non-transitory
computer readable medium storing executable computer instructions such that
when executed causes a computer to execute a method of deriving a parameter of
an individual including the steps of: - (a.) receiving a first dataset associated with a
physiological parameter of an individual to derive a first emotional indication of the
individual; (b.) arranging the first emotional indication and the first dataset as inputs

to derive a second emotional indication of the individual.
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[0030] In some embodiments, the non-transitory computer readable medium is
installed in a massage apparatus. In other embodiments, the non-transitory

computer readable medium is installed in a mobile device.

[0031] Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying

figures.

Brief Description of the Drawings

[0032] In the figures, which illustrate, by way of non-limiting examples only,

embodiments of the present invention,

[0033] Figure 1: illustrates an embodiment with a massage apparatus
incorporating or integrating one or more physiological sensors;

[0034] Figure 2: illustrates another embodiment where the massage apparatus

is arranged in signal communication with one or more physiological sensors;

[0035] Figure 3: illustrates experimental results demonstrating noticeable
correlation between two physiological parameters and an emotional indicator with

respect to one or more massage sessions; and

[0036] Figure 4: shows another possible emotional indicator (mood) that can be

derive from one or more physiological parameters.

DETAILED DESCRIPTION

[0037] Throughout this document, unless otherwise indicated to the contrary,

the terms “comprising”, “consisting of”’, “having” and the like, are to be construed as

non-exhaustive, or in other words, as meaning “including, but not limited to”.

[0038] Furthermore, throughout the document, unless the context requires

otherwise, the word “include” or variations such as “includes” or “including” will be
5
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understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.

[0039] Throughout the description, it is to be appreciated that the term
‘processor’ and its plural form include microcontrollers, microprocessors,
programmable integrated circuit chips such as application specific integrated circuit
chip (ASIC), computer servers, electronic devices, and/or combination thereof
capable of processing one or more input electronic signals to produce one or more

output electronic signals.

[0040] Throughout the description, it is to be appreciated that the term
‘emotional indication’ can broadly include mental states of a user and can include
stress level, mood, and/or general feelings of anxiety, pressure, well-being,

relaxation etc.

[0041] Unless defined otherwise, all other technical and scientific terms used
herein have the same meaning as is commonly understood by a skilled person to

which the subject matter herein belongs.

[0042] According to an aspect of the disclosure there is a massage apparatus
having a processor configurable to receive a first dataset associated with a
physiological parameter of an individual to derive a first emotional indication of the
individual, wherein the first emotional indication and the first dataset are further

configured as inputs to derive a second emotional indication of the individual.

[0043] Figure. 1 shows a system diagram of the massage apparatus 10 and
selected features capable of sending and receiving physiological data and
processing such physiological data to derive emotional indication of a user.

[0044] The massage apparatus 10 includes a processor 12, a database 14 and a
communication module 16. The processor 12 may be arranged in data
communication with various massage drives 18 to send control signals to the
massage drives 18, or receive data such as position or drive power data from each
massage drive 18.

[0045] The massage apparatus 10 includes a physiological sensor 20 for
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detecting or calculating a physiological parameter of a user. In some embodiments,
the physiological sensor 20 is a heart rate sensor arranged to detect the heart rate
of a user using the massage apparatus 10. In some embodiments the heart rate
sensor may be an electrocardiography (ECG) sensor capable of obtaining ECG
related information from the user. It is appreciable that the ECG related information
may be obtained whether or not the user is undergoing massage. In some
embodiments, the ECG information may be obtained before a user undergoes a
massage sequence and after the user undergoes the massage sequence. The
obtained ECG information before and after the massage sequence may be

analysed as a possible way to measure the efficacy of the massage sequence.

[0046] In some embodiments, the ECG information may be obtained while the

individual is undergoing massage.

[0047] The ECG related information can include heart rate variability (HRV) and
ECG derived respiratory (EDR) signal per cardiac cycle. In some embodiments, the
massage apparatus 10 further includes one or more additional sensors for deriving

the respiration rate of the user of the massage apparatus 10.

[0048] In some embodiments, the HRV related information includes one or more
of the following: - RRI, SDNN, NN50, PNN50, RMSSD, Triangular Index, HF and
LF, ratio of HF to LF.

[0049] In some embodiments, a heart age index or value of the individual may be
derived based on the ECG information. Other physiological or emotional
parameters derived from the ECG information can include a stress indicator, heart
rate and mood of the individual.

[0050] Examples of massage drives 18 include (but are not limited to) one or
more rollers for kneading and tapping actions, one or more z-axis positioning
mechanisms, one or more airbag pumps, one or more vibrating plate mechanisms,

one or more forward positioning mechanisms and one or more heating elements.

[0051] Other examples of the massage drives 18 may include temperature
regulator(s) such as heaters or coolers to provide user with a desired temperature

when massaging.



10

15

20

25

WO 2020/139189 PCT/SG2018/050628

[0052] The obtained physiological parameter may be organized and stored as a
dataset 32. The dataset 32 is processed to derive a first emotional indication of the
user. The first emotional indication may be a stress level of the user. In some
embodiments, the dataset 32 may be used to derive another emotional indication

such as mood of the user.

[0053] The derivation of the emotional indication- stress of the user may include
the use of the ECG data.

[0054] The dataset 32, and the first emotional indication of the user such as
stress may be used to derive a second emotional indication of the user. The
second emotional indication may be an indication of tension experienced by the
user. The relationship between the first emotional indication, second emotional
indication, and physiological parameter may be expressed in the form of : -

Body Tension = A*Heart Rate + B*Respiration Rate + C*Stress (1)

[0055] A, B and C are non-zero weights associated with heart rate, respiration

rate and stress of the individual respectively.
[0056] A, B and C may be positive values, and may or may not be integers.

[0057] In some embodiments, the non-zero weights A, B, and C are derived
based on an averaged heart rate, an average respiration rate, and an average

stress value.

[0058] In some embodiments, the non-zero weight A is computed based on an
average heart rate range of 33 to 200 beats per minute, which corresponds to a
value of A between 0.16 and 1.11.

[0059] In some embodiments, the non-zero weight B is computed based on an
average respiration rate of 8 to 25 breaths per minute, which corresponds to a
value of B between 1.33 and 4.16.

[0060] In some embodiments, the non-zero weight C is computed based on an
average stress value of 1 to 5, which corresponds to a value of C between 6.66 and
33.33.
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[0061] In some embodiments, the weights A, B and C can be calibrated based
on physiological data of an individual collected over a predetermined period, such
as over a plurality of message sequences, where the physiological data is collected

before and after each message sequence.

[0062] In some embodiments, the weights A, B and C can be calibrated based
on physiological data of a group of individuals collected over a predetermined
period. The physiological data of each individual in the group may be collected over
a predetermined period, such as over a plurality of message sequences, where the
physiological data of each individual in the group is collected before and after each
message sequence. The group may be based on age group, gender, body weight

or other biological classification.

[0063] It is appreciable that in general the non-zero weights A, B, and C can be
calibrated according to individual users' baselines, also referred to as individual
calibration, and can be calibrated according to a large group's states, also referred

to as group calibration.

[0064] Figure 2 illustrates another possible embodiment where the massage
apparatus 10 is arranged in data or signal communication with a wearable or
mobile device 50 such as a smart watch, or a smart phone. The wearable or mobile
device 50 can communicate with the massage apparatus 10 via wireless
communication protocol such as Bluetooth (including the low energy or LE version)
or Wi-Fi. In this embodiment, physiological data collected by the wearable or mobile
device 50 may be downloaded or synchronized with the database 14. Such data
may be organised as the dataset 32 (which can also be referred to as the first

dataset).

[0065] The described massage apparatus 10 may be in the form a massage
chair. It is appreciable that the massage chair may include sensors to detect
various status and/or operating conditions of the massage drives 18. Such sensors
may include, but are not limited to, a position sensor, a movement sensor, a speed
sensor, a temperature sensor, a pressure sensor etc. These sensors work in

tandem to detect the change in states of the drive or massage drives 18.

[0066] The massage apparatus 10 as illustrated will be described in the context
9
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of its operation, where a user utilizes the massage apparatus 10. Where the
massage apparatus 10 is in the form of a massage chair, the physiological sensors
may be in the form of metallic plates positioned at a pair of arm rests to obtain heart
rate information of a user. Alternatively or in conjunction, the user may also be

wearing wearable device 50 to obtain physiological information.

When a user is seated on the massage chair, the physiological sensors are
activated to obtain heart rate data on a real time or near real time basis. The
collected physiological data are stored in database 14 and organised as a dataset
associated with the user. The processor 12 operates to receive the dataset to
derive the respiration rate and the stress indicator of the user. The physiological
sensors may be programmed to automatically obtain physiological data before a
massage sequence is activated and/or after a massage sequence is completed.

[0067] The processor 12 next derives the body tension of the user in accordance
with equation (1).

[0068] In some embodiments, the values of weights A, B and C may be A =
0.505, B = 2.222, C = 16.678. These values provide for an equal contribution of
each of heart rate, respiration rate and stress respectively.

[0069] Equation (1) may be derived by having ECG and respiration level data
obtained from subjects (both males and females) before and after using the
massage apparatus for one or more predetermined durations. In addition, each
subject may be required to fill up a questionnaire describing the massage

experience.

[0070] Figure 3 shows paired t-test results indicating that three parameters, heart
rate, respiration rate and stress, amongst other parameters recorded,
demonstrated significant decreases after massage sessions. The methodology
used for the aforementioned conclusion is based on comparing each recorded
parameter before and after massage on the same subjects and identifying any
parameter with statistically significant difference.

[0071] In some embodiments, one or more other emotional indications of the
user may be derived from the physiological data. An example of another emotional

10
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indication that can be derived is the mood of the user. This may be shown in Figure
4,

[0072] The correlation in Figure 4 may be derived based on analyzing the user’s
ECG measurement over a period of time. The measurement period can be at least
30 seconds and preferably one minute or more. An HRV (Heart Rate Variability)
value is calculated from the ECG signal. The frequency components of the HRV
signal are analyzed to compute a value from 1 to 100. An appropriate interpretation
of the value can then be displayed the appropriate interpretation of the value to the
user. The user's heart rate and HRV are controlled by a combination of
Sympathetic and Parasympathetic components of the person’s Autonomic Nervous
System (ANS). The relationship between a high frequency heart rate variability
(HRV) (defined from 0.15Hz to 0.4Hz) and a low frequency HRV (defined from
0.04Hz to 0.15Hz) can be calculated. High frequency HRV has been linked to
parasympathetic activity in the autonomic nervous system (ANS) and low frequency
HRV is linked to sympathetic activity in the ANS. Parasympathetic activity is
associated by some researchers with relaxation, and sympathetic activity with

tension.

[0073] In some embodiments, a “Mood” level ranging from 1 to 100 can be
calibrated as shown in Figure 4. High values of mood level tend to indicate stress
or fatigue or “tense/wired” mood and low values tend to indicate being in a

relaxed/calm state.

[0074] In some embodiments, a relaxation level may be derived based on the

‘mood’ level mathematically expressed as:
Relaxation= 100 - Mood value 2)

The mood value may be based on empirical limits for HF/LF ratio of HRV mapped

linearly to a value between 0 and 100.

[0075] It should be further appreciated by the person skilled in the art that
variations and combinations of features described above, not being alternatives or
substitutes, may be combined to form yet further embodiments falling within the
intended scope of the invention.

11
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[0076] As would be understood by a person skilled in the art, each embodiment,

may be used in combination with other embodiment or several embodiments.

12
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CLAIMS

1. A massage apparatus including

a processor configurable to receive a first dataset associated with a
physiological parameter of an individual to derive a first emotional indication of the

individual;

wherein the first emotional indication and the first dataset are configured as
inputs to derive a second emotional indication of the individual, and wherein the
second emotional indication of the individual includes a body tension indicator of the

individual.

2. The massage apparatus of claim 1, wherein the physiological parameter
include a heart rate and respiration rate of the individual obtained over a

predetermined period.

3. The massage apparatus of claim 2, wherein the physiological parameter of the
individual is a heart rate, the first emotional indication is a stress level of the
individual, and wherein the body tension indicator is quantified by a mathematical

function expressed as: -
Body Tension = A*Heart Rate + B*Respiration Rate + C*Stress

wherein A, B and C are non-zerc weights associated with heart rate, respiration rate

and a stress level of the individual respectively.

4. The massage apparatus of claim 3, wherein the non-zero weights A, B, and C
are calculated based on an averaged heart rate, an average respiration rate, and an

average stress value.

5. The massage apparatus of claim 4, wherein at least one of the average heart
rate, the average respiration rate, and the average stress value is either a group

average or an individual average.
6. The massage apparatus of any one of the preceding claims, further comprises
13
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at least one physiological sensor arranged in signal or data communication with the

processor to provide data obtained from a user.

7. The massage apparatus of claim 6, wherein the at least one physiclogical

sensor is positioned on the massage apparatus.

8. The massage apparatus of claim 6, wherein the sensors is positioned on a

wearable device to detect at least one physiological parameter of the individual.

9. The massage apparatus of claim 1, further includes a communication module

configured to receive or send the first dataset.

10. The massage apparatus of claim 9, wherein the communication module is a

wireless communication module.

11. The massage apparatus of any one of the preceding claims, further including a

third emotional indication of the individual.

12. The massage apparatus of claim 11, wherein the third emotional indication is a

mood indicator of the individual.

13. The massage apparatus of claim 12, wherein the mood level is utilized to derive

a relaxation index.

14. The massage apparatus of any one of the preceding claims, wherein the

massage apparatus is a massage chair.

15. The massage apparatus of claim 14, wherein the massage chair includes one
or more massage drives arranged to receive the physioclogical parameter, the first
emotional indication, and/or the second emotional indication as feedback data to

actuate, de-actuate, accelerate or decelerate the one or more massage drives.

16. A method for deriving a parameter of an individual using a massage apparatus

including the steps of: -
(a.) receiving a first dataset associated with a physiological parameter of an
individual to derive a first emotional indication of the individual;
14
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(b.) arranging the first emotional indication and the first dataset as inputs to
derive a second emotional indication of the individual, and wherein the second
emotional indication of the individual includes a body tension indicator of the

individual.

17. The method of claim 16, wherein the physiological parameter include a heart

rate and respiration rate of the individual obtained over a predetermined period.

18. The method of claim 17, wherein the physiological parameter of the individual
is a heart rate, the first emotional indication is a stress level of the individual, and
wherein the body tension indicator is quantified by a mathematical function

expressed as: -
Body Tension = A*Heart Rate + B*Respiration Rate + C*Stress

wherein A, B and C are non-zero weights associated with heart rate, respiration rate

and a stress level of the individual respectively.

19. A non-transitory computer readable medium storing executable computer
instructions such that when executed causes a computer to execute a method of
deriving a parameter of an individual including the steps of: - (a.) receiving a first
dataset associated with a physiological parameter of an individual to derive a first
emotional indication of the individual; (b.) arranging the first emotional indication and
the first dataset as inputs to derive a second emotional indication of the individual,
wherein the second emotional indication of the individual includes a body tension

indicator of the individual.

20. The non-transitory computer readable medium of claim 19, wherein the non-

transitory computer readable medium is installed in a massage apparatus.

21. The non-transitory computer readable medium of claim 19, wherein the non-

transitory computer readable medium is installed in a mobile device.
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