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(7) ABSTRACT

An exercise physiological sensing system, a motion artifact
suppression processing method and a motion artifact suppres-
sion processing device for obtaining a stable exercise heart
rate signal of a user during exercise are provided. The exercise
physiological sensing system includes a bone conduction
body, a signal-to-noise ratio analysis module, and a compu-
tation module. The bone conduction body has a physiological
sensor. The physiological sensor detects a physiological sig-
nal from a detected area of the user. The signal-to-noise ratio
analysis module is coupled to the physiological sensor and
detects a quality stability of the physiological signal. The
computation module is coupled to the signal-to-noise ratio
analysis module and generates the stable exercise heart rate
signal according to the physiological signal. Accordingly, the
exercise physiological sensing system can effectively
improve the stability of the detected physiological signal
during exercise.
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EXERCISE PHYSIOLOGICAL SENSING
SYSTEM, MOTION ARTIFACT SUPPRESSION
PROCESSING METHOD AND DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part applica-
tion of and claims the priority benefit of a prior application
Ser.No. 14/519,147, filed on Oct. 21, 2014, now pending. The
prior application Ser. No. 14/519,147 claims the priority ben-
efit of Taiwan application serial no. 103131327, filed on Sep.
11, 2014. This continuation-in-part application also claims
the priority benefits of Taiwan application serial no.
104128988, filed on Sep. 2, 2015. The entirety of each of the
above-mentioned patent applications is hereby incorporated
by reference herein and made a part of this specification.

TECHNICAL FIELD

[0002] The disclosure relates to an exercise physiological
sensing system, and more particularly, relates to an exercise
physiological sensing system, a motion artifact suppression
processing method and a motion artifact suppression device
for obtaining a stable exercise heart rate signal of a user
during exercise.

BACKGROUND

[0003] In recent years, as material life improves, people
have become more conscious concerning the issues of health,
and thus population for engaging exercises (such as hiking,
jogging, walking and biking) is also gradually increased each
year. For instance, when high-intensity self-training is to be
conducted, a jogger may want to know about current changes
in physiological conditions and whether exercise intensity
can achieve a personal fitness goal. As such, the jogger may
wear various physiological recorders (e.g., a health watch, a
pace recorder and a heart rate belt, etc.) in order to constantly
monitor the physiological conditions. To prevent errors from
occurring on exercise physiological data measured in a high-
intensity exercise-training, the ancillary devices worn by the
jogger must be in close contact with the skin of the jogger.
However, this results in discomfort for the user during exer-
cise and thereby reduces willingness in equipping or wearing
said devices.

[0004] Accordingly, it is one of the major subjects in the
industry as how solve the discomfort for the user during
exercise while improving a stability of the exercise physi-
ological data measured in the high-intensity self-training.

SUMMARY

[0005] An exercise physiological sensing system for
obtaining a stable exercise heart rate signal of a user during
exercise is provided according to an exemplary embodiment
of the disclosure. The exercise physiological sensing system
includes a bone conduction body, a signal-to-noise ratio
analysis module, and a computation module. The bone con-
duction body has a physiological sensor. The physiological
sensor detects a physiological signal from a detected area of
the user. The signal-to-noise ratio analysis module is coupled
to the physiological sensor and detects a quality stability of
the physiological signal. The computation module is coupled
to the signal-to-noise ratio analysis module and generates the
stable exercise heart rate signal according to the physiological
signal.
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[0006] A motion artifact suppression processing method
for processing a physiological signal detected from a detected
area of a user during exercise is provided according to an
exemplary embodiment of the disclosure. The motion artifact
suppression processing method includes: placing an exercise
digital signal corresponding to the detected area into a sample
matrix and initializing a basis matrix and a coefficient matrix
and normalizing the basis matrix. The motion artifact sup-
pression processing method further includes: updating values
of a plurality of elements of the basis matrix according to
original values of the elements of the basis matrix and updat-
ing values of a plurality of elements of the coefficient matrix
according to original values of the elements of the coefficient
matrix. The motion artifact suppression processing method
further includes: when the values of the elements in both the
basis matrix and the coefficient matrix are fully updated,
calculating a mean square error (MSE) according to the basis
matrix, the coefficient matrix and the sample matrix, and
obtaining a motion artifact and an exercise heart rate signal
according to the mean square error. If the values of the ele-
ments in both the basis matrix and the coefficient matrix are
not yet fully updated, the operation of updating the values of
the elements of the basis matrix according to the original
values of the elements of the basis matrix and updating the
values of the elements of the coefficient matrix according to
the original values of the elements of the coefficient matrix is
re-executed.

[0007] A motion artifact suppression processing device for
processing a physiological signal detected from a detected
area of a user during exercise is provided according to an
exemplary embodiment of the disclosure. The motion artifact
suppression processing device includes a signal input mod-
ule, a processing and computation module, and a signal out-
put module. The signal input module receives an exercise
digital signal corresponding to the detected area. The process-
ing and computation module is coupled to the signal input
module and places the exercise digital signal corresponding
to the detected area into a sample matrix. In addition, the
processing and computation module further initializes a basis
matrix and a coefficient matrix and normalizes the basis
matrix. Furthermore, the processing and computation module
further updates values of a plurality of elements of the basis
matrix according to original values of the elements of the
basis matrix and updates values of a plurality of elements of
the coefficient matrix according to original values of the
elements of the coefficient matrix. When the values of the
elements in both the basis matrix and the coefficient matrix
are fully updated, the processing and computation module
further calculates a mean square error according to the basis
matrix, the coefficient matrix and the sample matrix, and
obtains a motion artifact and an exercise heart rate signal
according to the mean square error. The signal output module
is coupled to the processing and computation module and
output the motion artifact and the exercise heart rate signal. If
the values of the elements in both the basis matrix and the
coefficient matrix are not yet fully updated, the operation of
updating the values of the elements of the basis matrix
according to the original values of the elements of the basis
matrix and updating the values of the elements of the coeffi-
cient matrix according to the original values of the elements
of the coeflicient matrix is re-executed by the processing and
computation module.
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[0008] To make the above features and advantages of the
disclosure more comprehensible, several embodiments
accompanied with drawings are described in detail as fol-
lows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0010] FIG. 1 is a schematic diagram illustrating an exer-
cise physiological sensing system according to a first exem-
plary embodiment.

[0011] FIG. 2A, FIG. 2B and FIG. 2C are schematic dia-
grams illustrating the exercise physiological sensing system
implemented in an exercise physiological sensing device
according to the first exemplary embodiment.

[0012] FIG. 3 is a block diagram illustrating the motion
artifact suppression processing module according to the first
exemplary embodiment.

[0013] FIG. 4 is a flowchart illustrating a motion artifact
suppression processing method according to the first exem-
plary embodiment.

[0014] FIG. 5 is a schematic diagram illustrating detection
of the physiological signal from the temporal bone portion of
the user according to the first exemplary embodiment.

[0015] FIG. 6 is a schematic diagram illustrating a heart
sound spectrum according to the first exemplary embodi-
ment.

[0016] FIG. 7 is a flowchart illustrating an operation
method of a physiological sensing system according to the
first exemplary embodiment.

[0017] FIG. 8 is a block diagram illustrating a front-end
gain and filter module according to a second exemplary
embodiment.

[0018] FIG. 9 is a flowchart illustrating an operation
method of the physiological sensing system according to the
second exemplary embodiment.

DETAILED DESCRIPTION

[0019] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

[0020] The disclosure is an exercise physiological sensing
system, a motion artifact suppression processing method and
a motion artifact suppression processing device, which are
capable of stably monitoring exercise physiological condi-
tions of users during exercise.

[0021] The exercise physiological sensing system, the
motion artifact suppression processing method and the
motion artifact suppression processing device proposed
according to the exemplary embodiments of the disclosure
are capable of improving the stability of the exercise physi-
ological data detected in the high-intensity exercise training.
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First Exemplary Embodiment

[0022] FIG. 1 is a schematic diagram illustrating an exer-
cise physiological sensing system according to a first exem-
plary embodiment.

[0023] Referring to FIG. 1, an exercise physiological sens-
ing system 100 may be used to obtain a stable exercise heart
rate signal of a user during exercise, and assist the user to
detect and process a physiological signal during exercise. For
example, the exercise physiological sensing system 100 may
be implemented in an exercise physiological sensing device
used in various exercises such as a stepping exercise, a run-
ning exercise a jogging exercise or a biking exercise, but the
disclosure is not limited to thereto. In the exemplary embodi-
ment, the exercise physiological sensing system 100 includes
a bone conduction body 104, a signal-to-noise ratio analysis
module 102, and a computation module 106.

[0024] The bone conduction body 104 has a physiological
sensor 204. For example, in the exemplary embodiment, the
physiological sensor 204 is a bone conduction microphone or
sensor, and the physiological sensor 204 detects a corre-
sponding physiological signal from a temporal bone portion
of the user. The bone conduction microphone receives a
sound signal of bone vibration through skin conduction with
the temporal bone portion of the user. Therefore, interfer-
ences of sounds from both the human body and the outside
can be effectively reduced. In other words, by utilizing a
characteristic of excellent anti-noise interference provided by
the bone conduction microphone, a process of noise elimina-
tion may be performed on the received physiological signal of
the temporal bone portion in advance.

[0025] The signal-to-noise ratio analysis module 102 is
coupled to the physiological sensor 204 and configured to
detect a quality stability of the physiological signal received
by the physiological sensor 204. For example, in the exem-
plary embodiment, the physiological signal corresponding to
the temporal bone portion is detected by the bone conduction
microphone. Therefore, the physiological sensor 204 can
determine that the quality stability of the physiological signal
is good.

[0026] The computation module 106 is coupled to the sig-
nal-to-noise ratio analysis module 102 and configured to gen-
erate the stable exercise heart rate signal according to the
physiological signal received by the signal-to-noise ratio
analysis module 102.

[0027] For example, in the exemplary embodiment, the
computation module 106 includes a front-end gain and filter
module 210, an analog-to-digital conversion module 220 and
a motion artifact suppression processing module 230.
[0028] The front-end gain and filter module 210 filters and
amplifies the physiological signal received by the signal-to-
noise ratio analysis module 102 in order to generate an exer-
cise analog signal corresponding to the temporal bone por-
tion, and transmits the exercise analog signal corresponding
to the temporal bone portion to the analog-to-digital conver-
sion module 220. The analog-to-digital conversion module
220 converts the exercise analog signal corresponding to the
temporal bone portion into an exercise digital signal corre-
sponding to the temporal bone portion, and transmits the
exercise digital signal corresponding to the temporal bone
portion to the motion artifact suppression processing module
230. Thereafter, the motion artifact suppression processing
module 230 further decomposes the exercise digital signal
corresponding to the temporal bone portion at least into a
motion artifact and an exercise heart rate signal, and elimi-
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nates the decomposed motion artifact from the exercise digi-
tal signal corresponding to the temporal bone portion in order
to obtain the stable exercise heart rate signal.

[0029] The motion artifact suppression processing module
230inthe computation module 106 ofthe disclosure is imple-
mented by software modules or program codes. For example,
the exercise physiological sensing system 100 includes a
processor circuit (not illustrated) and a storage circuit (not
illustrated) that is configured to store the program codes for
executing functions of the motion artifact suppression pro-
cessing module 230 in the computation module 106. Later,
when the exercise physiological sensing system 100 is
enabled, the software program codes are loaded from the
storage circuit and executed by the processor circuit in order
to perform the functions of the motion artifact suppression
processing module 230 in the computation module 106. How-
ever, the disclosure is not limited thereto. For example, in
another exemplary embodiment of the disclosure, the signal-
to-noise ratio analysis module 102, the computation module
106 as well as the front-end gain and filter module 210, the
analog-to-digital conversion module 220 and the motion arti-
fact suppression processing module 230 thereof may be
implemented by hardware circuits. For example, functions of
the signal-to-noise ratio analysis module 102, the computa-
tion module 106, the front-end gain and filter module 210, the
analog-to-digital conversion module 220 and the motion arti-
fact suppression processing module 230 may be implemented
by the hardware circuits to become a signal-to-noise ratio
analysis circuit, a computation circuit, a front-end gain filter
circuit, an analog-to-digital conversion circuit and a motion
artifact suppression processing circuit.

[0030] For clear description, in the exemplary embodi-
ment, an exercise physiological sensing device implemented
for the user to conduct a running exercise is provided below as
an example for detailed description.

[0031] FIG.2A is a schematic diagram illustrating the exer-
cise physiological sensing system implemented in an exercise
physiological sensing device according to the first exemplary
embodiment, and FIG. 2B and FIG. 2C illustrate schematic
diagrams for equipping the exercise physiological sensing
device.

[0032] Referring to FIG. 2A, FIG. 2B and FIG. 2C, an
exercise physiological sensing device 200 is configured to be
worn by the user during exercise.

[0033] Inthe exemplary embodiment, the bone conduction
body 104 of the exercise physiological sensing system 200 is
amobile device, and can functions of playing music or radio
programs. After the exercise physiological sensing device
200 is worn on the head of the user, the physiological sensor
204 of the bone conduction body 104 is attached closely to a
detected area between the eye and the ear of the user, so as to
continuously monitor physiological conditions of the user
during exercise while providing the user the functions of
playing music or radio programs. In an exemplary embodi-
ment, the detected area is located at the temporal bone por-
tion. For example, the exercise physiological sensing system
100 may be attached closely to a squamous portion, a mastoid
portion, a tympanic portion or a petrous portion of the tem-
poral bone portion. For illustrative convenience, description
is given below by using the temporal bone portion of the user
to serve as the detected area. Nevertheless, it should be under-
stood that the disclosure is not limited thereto. In another
exemplary embodiment, the detected area may also be
located at a zygomatic bone portion.
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[0034] Themobile device can be connected to an electronic
device (e.g., a personal digital assistant (PDA), a notebook
computer, a tablet computer or a desktop computer, etc.) in
wired or wireless manners. Accordingly, the user is able to
instantly obtain and store the stable exercise heart rate signal
during exercise. Particularly, with the disposition of the
mobile device, the user can also be aware of surrounding
sounds, so that the safety during exercise can be improved.
[0035] FIG. 3 is a block diagram illustrating the motion
artifact suppression processing module according to the first
exemplary embodiment.

[0036] Referring to FIG. 3, the motion artifact suppression
processing module 230 includes a signal input module 302, a
processing and computation module 304, and a signal output
module 306. The signal input module 302 receives the exer-
cise digital signal corresponding to the temporal bone portion
from the analog-to-digital conversion module 220, and trans-
mits the exercise digital signal corresponding to the temporal
bone portion to the processing and computation module 304.
The processing and computation module 304 is coupled to the
signal input module 302, and the signal output module 306 is
coupled to the processing and computation module 304.
[0037] Inthe exemplary embodiments of the disclosure, the
operation of the motion artifact suppression processing mod-
ule 230 for decomposing the exercise digital signal corre-
sponding to the temporal bone portion at least into the motion
artifact and the exercise heart rate signal includes the follow-
ing. First of all, the processing and computation module 304
places the exercise digital signal corresponding to the tempo-
ral bone portion into a sample matrix. Subsequently, the pro-
cessing and computation module 304 initializes a basis
matrix and a coefficient matrix and normalizes the basis
matrix. Thereafter, the processing and computation module
304 updates values of a plurality of elements of the basis
matrix according to original values of the elements of the
basis matrix and updates values of a plurality of elements of
the coefficient matrix according to original values of the
elements of the coefficient matrix. When the values of the
elements in both the basis matrix and the coeflicient matrix
are fully updated, the processing and computation module
304 further calculates a mean square error according to the
basis matrix, the coefficient matrix and the sample matrix.
Then, the processing and computation module 304 obtains
the motion artifact and the exercise heart rate signal according
to the mean square etror, and the motion artifact and the
exercise heart rate signal are outputted by the signal output
module 306.

[0038] In the operation of the processing and computation
module 304 for initializing the basis matrix and the coeffi-
cient matrix, the processing and computation module 304
ensures that values of a plurality of elements in both the basis
matrix and the coefficient matrix are not negative values.
Moreover, in the operation of the processing and computation
module 304 for normalizing the basis matrix, the processing
and computation module 304 normalizes a column vector of
the basis matrix until a sum of a plurality of elements corre-
sponding to the column vector is 1.

[0039] When the values of the elements in both the basis
matrix and the coefficient matrix are fully updated, the pro-
cessing and computation module 304 replaces the original
values of the elements in both the basis matrix and the coef-
ficient matrix respectively by the updated values of the ele-
ments. Thereafter, the processing and computation module
304 also executes the operation of normalizing the basis
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matrix in order to normalize the column vector of the basis
matrix until the sum of the elements corresponding to the
column vector is 1. Further, the processing and computation
module 304 calculates the mean square error according to a
product of the basis matrix and the coefficient matrix and the
sample matrix. If the values of the elements in both the basis
matrix and the coefficient matrix are not yet fully updated, the
processing and computation module 304 continues to execute
the operation of updating the values of the elements of the
basis matrix according to the original values of the elements
of the basis matrix and updating the values of the elements of
the coefficient matrix according to the original values of the
elements of the coefficient matrix until the values of all the
elements in the basis matrix and the coefficient matrix are
fully updated.

[0040] Inthe operation of obtaining the motion artifact and
the exercise heart rate signal according to the mean square
error, if the mean square error is 0 or a value of the mean
square error is no longer changing, the processing and com-
putation module 304 obtains the motion artifact and the exer-
cise heart rate signal according to the current basis matrix, the
current coefficient matrix and the current sample matrix. Oth-
erwise, if the mean square error is not 0 or the value of the
mean square error is constantly changing, the processing and
computation module 304 re-executes the operation of updat-
ing the values of the elements of the basis matrix according to
the original values of the elements of the basis matrix and
updating the values of the elements of the coefficient matrix
according to the original values of the elements of the coef-
ficient matrix.

[0041] Aforementioned operations for updating the basis
matrix and the coefficient matrix may be represented by for-
mula (1), formula (2) and formula (3) below:

new m Liy (D
LA ﬂiazu:l WH),, H,,
jnew wia (2)
oW,
new n Vi 3
HE e o) o Y
[0042] Herein, V is the sample matrix, W, is the basis

matrix and H,, . is the coefficient matrix. After the basis
matrix W, and the coefficient matrix H _ , are initialized
and normalized, the processing and computation module 304
continuously updates the basis matrix W, ., and the coeffi-
cient matrix H . respectively by using an iterative process.
[0043] Based on requirements in the application of the
motion artifact suppression processing method of the exem-
plary embodiment, the operation of decomposing for two
signals (r=2) including the motion artifact and the exercise
heart rate signal is described by using the flows provided
below.

[0044] FIG. 4 is a flowchart illustrating a motion artifact
suppression processing method according to the first exem-
plary embodiment.

[0045] Referring to FIG. 4, first, in step S401, the process-
ing and computation module 304 places an exercise digital
signal corresponding to a temporal bone portioninto a sample
matrix.

[0046] Subsequently, instep S403, the processing and com-
putation module 304 initializes a basis matrix and a coeffi-
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cient matrix. For example, the processing and computation
module 304 initializes the basis matrix and the coefficient
matrix such that values of a plurality of elements in both
matrices are not negative values. In other word, the values of
the elements in the basis matrix and the coefficient matrix are
all greater than or equal to 0.

[0047] Instep S405, the processing and computation mod-
ule 304 normalizes a column vector of the basis matrix until
asum of a plurality of elements corresponding to the column
vector is 1.

[0048] Instep S407, the processing and computation mod-
ule 304 updates values of a plurality of elements of the basis
matrix according to original values of the elements of the
basis matrix. In step S409, the processing and computation
module 304 updates values of a plurality of elements of the
coefficient matrix according to original values of the elements
of the coefficient matrix.

[0049] Instep S411, the processing and computation mod-
ule 304 determines whether the values of the elements in both
the basis matrix and the computation module are fully
updated.

[0050] Ifthe values of the elements in both the basis matrix
and the coefficient matrix are not yet fully updated, go back to
step S407 and step S409, so that the processing and compu-
tation module 304 can re-execute the operation of updating
the values of the elements of the basis matrix according to the
original values of the elements of the basis matrix and updat-
ing the values of the elements of the coefficient matrix accord-
ing to the original values of the elements of the coefficient
matrix until the values of all the elements in the basis matrix
and the coefficient matrix are fully updated.

[0051] Ifthe values of the elements in both the basis matrix
and the coefficient matrix are fully updated, in step S413, the
processing and computation module 304 replaces the original
values of the elements in both the basis matrix and the coef-
ficient matrix respectively by the updated values of the ele-
ments.

[0052] 1Instep S415, the processing and computation mod-
ule 304 further normalizes the column vector of the basis
matrix until the sum of the elements corresponding to the
column vector is 1.

[0053] Instep S417, the processing and computation mod-
ule 304 further calculates a mean square error according to a
product of the basis matrix and the coefficient matrix and the
sample matrix.

[0054] Thereafter, in step S419, the processing and compu-
tation module 304 determines whether the mean square error
is 0 or whether a value of the mean square error is no longer
changing.

[0055] Ifthe mean square etror is not O or the value of the
mean square error is constantly changing, go back to step
S407 and step S409, so that the processing and computation
module 304 can re-execute the operation of updating the
values of the elements of the basis matrix according to the
original values of the elements of the basis matrix and updat-
ing the values of the elements of the coefficient matrix accord-
ing to the original values of the elements of the coefficient
matrix until the values of all the elements in the basis matrix
and the coefficient matrix are fully updated.

[0056] Otherwise, if the mean square error is 0 or the value
of the mean square error is no longer changing, the processing
and computation module 304 obtains the motion artifact and
the exercise heart rate signal according to the basis matrix, the
coefficient matrix and the sample matrix.
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[0057] In other words, the processing and computation
module 304 will constantly execute an iterative operation
until the motion artifact and the exercise heart rate signal are
obtained. That is to say, “the value of the mean square error is
constantly changing” herein refers to that the value of the
mean square error obtained in the current iterative operation
is different from the value of the mean square error obtained
in the previous iterative operation; whereas “the value of the
mean square error is no longer changing” herein refers to that
the value of the mean square error obtained in the current
iterative operation is identical to the value of the mean square
error obtained in the previous iterative operation.

[0058] Thesteps depicted in FIG. 4 may be implemented as
a plurality of program codes or circuits, and the disclosure is
not limited thereto. For example, in another exemplary
embodiment, the motion artifact suppression processing
module 230 may be implemented by the hardware circuits to
become a motion artifact suppression processing device, and
the signal input module 302, the processing and computation
module 304 and the signal output module 306 may be imple-
mented by the hardware circuits to become a signal input
circuit, a processing and computation circuit and a signal
output circuit.

[0059] In addition, the decomposition for the motion arti-
fact and the exercise heart rate signal in aforementioned
motion artifact suppression processing method is performed
by adopting characteristics of signal separation in single
channel, a constraint condition with non-negative values for
the elements, feature additivity and local characterization of
non-negative values for the elements and an operational prop-
erty consistent with neural network. Accordingly, the motion
artifact may be effectively eliminated by using the motion
artifact suppression processing method and the motion arti-
fact suppression processing device of the disclosure in order
to capture the stable exercise heart rate signal.

[0060] FIG.5 is a schematic diagram illustrating detection
of the physiological signal from the temporal bone portion of
the user according to the first exemplary embodiment.

[0061] Referring to FIG. 5, an arterial system 500 of the
human body operates in a region perpendicular to a carotid
artery, and therefore a microvasculature will penetrate the
temporal bone portion. Further, during various exercises
engaged in daily lives of people, positions around the tempo-
ral bone portion or the ear are relatively more stable and have
no intense actions, as compared to other body parts. That is to
say, the temporal bone portion is an ideal and stable portion
for exercise physiological sensing. In other words, a pulse
rate can be obtained by detecting pulse beats at the temporal
bone portion. For example, in the exemplary embodiments of
the disclosure, in the operation of the front-end gain and filter
module 210 for filtering and amplifying the physiological
signal detected from the temporal bone portion in order to
generate the exercise analog signal corresponding to the tem-
poral bone portion, the front-end gain and filter module 210
captures a first heart sound signal from the received physi-
ological signal to serve as the exercise analog signal corre-
sponding to the temporal bone portion. For instance, heart
sounds are shock waves produced when blood pass through
heart. Specifically, the heart sounds are shock waves pro-
duced when valve opens and closes, or vibrations caused by
myocardial contract, closing of valve, and blood impacting
ventricular wall, aorta wall and the like.
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[0062] FIG. 6 is a schematic diagram illustrating a heart
sound spectrum according to the first exemplary embodi-
ment.

[0063] Referringto FIG. 6, two obvious heart sounds can be
heard in a normal and healthy adult heart, and the two sounds
sequentially occurs in each heart beat. A first of the two
sounds is known as a first heat sound while a second of the two
sounds is known as a second heart sound. The two heart
sounds are produced by atrioventricular valve and semilunar
valve, respectively. It is also possible that other sounds (e.g.,
murmur, a third sound being adventive sound, and a fourth
heart sound with gallop rhythm) may occur in addition to said
two normal sounds, The spectrum with four heart sounds as
illustrated in FIG. 6 indicates frequencies for a first heart
sound 601, a second heart sound 602, a third heart sound 603
and a fourth heart sound 604 to occur per one heart beat. In
view of FIG. 6, it can be known that a spectral intensity of the
firstheart sound 601 is relatively greater, as compared to those
of the second heart sound 602, the third heart sound 603 and
the fourth heart sound 604. Therefore, for example, in the
exemplary embodiment, the front-end gain and filter module
210 captures the first heart sound signal to serve as the exer-
cise analog signal corresponding to the temporal bone por-
tion. In addition, a cut-off frequency of the first heart sound
601 is approximately 16 Herz (Hz), and a signal frequency of
the first heart sound 601 is below a sound frequency that the
human ear can hear (20 Hz to 20000 Hz). Accordingly, the
physiological signal of the user may be stably detected by
combining use of the physiological sensor 204 (e.g., the bone
conduction microphone).

[0064] FIG. 7 is a flowchart illustrating an operation
method of a physiological sensing system according to the
first exemplary embodiment.

[0065] Instep S701, the physiological sensor 204 (e.g., the
bone conduction microphone) detects a physiological signal
on a temporal bone portion of a user. In step S703, the signal-
to-noise ratio analysis module 102 detects a quality stability
of the physiological signal. In step S705, the front-end gain
and filter module 210 filters and amplifies the physiological
signal in order to generate an exercise analog signal corre-
sponding to the temporal bone portion. In step S707, the
analog-to-digital conversion module 220 converts the exer-
cise analog signal corresponding to the temporal bone portion
into an exercise digital signal corresponding to the temporal
bone portion. Finally, in step S709, the motion artifact sup-
pression processing module 230 decomposes the exercise
digital signal corresponding to the temporal bone portion at
least into a motion artifact and an exercise heart rate signal,
and eliminates the motion artifact from the exercise digital
signal corresponding to the temporal bone portion in order to
obtain the stable exercise heart rate signal.

[0066] Steps depicted in FIG. 7 are described in detail as
above, thus it is omitted hereinafter. It should be noted that,
each of the steps depicted in FIG. 7 may be implemented as a
plurality of circuits, or step S709 in FIG. 7 may be imple-
mented as a plurality of program codes, and the disclosure is
not limited thereto. Moreover, the method disclosed in FIG. 7
may be implemented withreference to above embodiments or
implemented separately, and the disclosure is not limited
thereto.

Second Exemplary Embodiment

[0067] A physiological sensing system of the second exem-
plary embodiment and an operation method thereof are essen-
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tially identical to the physiological sensing system of the first
exemplary embodiment and the operation method thereof,
and a difference between the two embodiments is that a
physiological sensor used in the second exemplary embodi-
ment is a micro electrical-mechanical system (MEMS)
microphones. The difference between the second exemplary
embodiment and the first exemplary embodiment is described
below by reference with system and device structures
depicted in FIG. 1, FIG. 2A to FIG. 2B, FIG. 3 and FIG. 8.
[0068] Referring back to FIG. 1, in the exemplary embodi-
ment, the physiological sensor 204 is the MEMS microphone,
and the physiological sensor 204 detects a physiological sig-
nal of a temporal bone portion of a user. The signal-to-noise
ratio analysis module 102 detects a quality stability of the
physiological signal received by the physiological sensor
204. Further, the computation module 106 generates a stable
exercise heart rate signal according to the physiological sig-
nal received by the physiological sensor 204. In this exem-
plary embodiment, because the physiological sensor 204 is
the MEMS microphone, the detected physiological signal has
lower stability and high noise. Accordingly, the signal-to-
noise ratio analysis module 102 determines that the quality of
the physiological signal is poor.

[0069] FIG. 8 is a block diagram illustrating a front-end
gain and filter module according to a second exemplary
embodiment.

[0070] Referring to FIG. 8, the front-end gain and filter
module 210 further includes a first gain stage module 802, a
low pass filter 804 and a second gain stage module 806. Based
on the above, since the physiological signal of the detected
area detected by the MEMS microphone has lower stability
and high noise, in the exemplary embodiment, the first gain
stage module 802 in the front-end gain and filter module 210
first amplifies the physiological signal. An exercise analog
signal corresponding to the temporal bone portion is captured
by the low pass filter 804 from the amplified physiological
signal. Herein, the exercise analog signal corresponding to
the temporal bone portion captured by the low pass filter 804
1s the first heart sound signal having the cutoff frequency of 16
Hz. Thereafter, the second gain stage module 806 amplifies
the exercise analog signal corresponding to the temporal bone
portion in order to improve the quality stability of the exercise
analog signal corresponding to the temporal bone portion.
[0071] Thereafter, as identical to the first exemplary
embodiment, the analog-to-digital conversion module 220
converts the processed exercise analog signal into an exercise
digital signal corresponding to the temporal bone portion, and
transmits the exercise digital signal corresponding to the tem-
poral bone portion to the motion artifact suppression process-
ing module 230. The motion artifact suppression processing
module 230 decomposes the exercise digital signal corre-
sponding to the temporal bone portion at least into a motion
artifact and an exercise heart rate signal, and eliminates the
motion artifact from the exercise digital signal corresponding
to the temporal bone portion in order to obtain the stable
exercise heart rate signal. Herein, detailed steps executed by
the motion artifact suppression processing module 230 for
obtaining the stable exercise heart rate signal are identical to
those in the motion artifact suppression process method of the
first exemplary embodiment, which are not repeated herein-
after.

[0072] Inthe disclosure, the front-end gain and filter mod-
ule 210 as well as the first gain stage module 802 and the
second gain stage module 806 thereof may be implemented
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by the hardware circuits to become the front-end gain filter
circuit, the first gain stage circuit and the second gain stage
circuit.

[0073] FIG. 9 is a flowchart illustrating an operation
method of the physiological sensing system according to the
second exemplary embodiment.

[0074] First, in step S901, the physiological sensor 204
(e.g., the MEMS microphone) detects a physiological signal
on a temporal bone portion of a user. Subsequently, in step
S903, the signal-to-noise ratio analysis module 102 detects a
quality stability of the physiological signal. Particularly, in
the exemplary embodiment, in step S903, the first gain stage
module 802 in the front-end gain and filter module 210 ampli-
fies the physiological signal. In step S907, the low pass filter
804 captures the first heart sound signal from the amplified
physiological signal to serve as an exercise analog signal
corresponding to the temporal bone portion. Further, in step
S909, the second gain stage module 806 amplifies the exer-
cise analog signal corresponding to the temporal bone por-
tion. Thereafter, in step 8911, the analog-to-digital conver-
sion module 220 converts the exercise analog signal
corresponding to the temporal bone portion into an exercise
digital signal corresponding to the temporal bone portion. In
step S913, the motion artifact suppression processing module
230 decomposes the exercise digital signal corresponding to
the temporal bone portion atleast into a motion artifact and an
exercise heart rate signal, and eliminates the motion artifact
from the exercise digital signal corresponding to the temporal
bone portion in order to obtain the stable exercise heart rate
signal.

[0075] Steps depicted in FIG. 9 are described in detail as
above, thus it is omitted hereinafter. Each of the steps
depicted in FIG. 9 may be implemented as a plurality of
circuits, or step S913 in FIG. 9 may be implemented as a
plurality of program codes, and the disclosure is not limited
thereto. Moreover, the method disclosed in FIG. 9 may be
implemented with reference to above embodiments or imple-
mented separately, and the disclosure is not limited thereto.

[0076] Insummary, the exercise physiological sensing sys-
tem, the motion artifact suppression processing method and
the motion artifact suppression processing device according
to the disclosure are capable of providing lightweight and
comfortability for the user during exercise as well as effec-
tively improving the stability of the exercise physiological
data detected in the high-intensity exercise training by detect-
ing the physiological signal on the detected area of the user. In
addition, the exercise physiological sensing system, the
motion artifact suppression processing method and the
motion artifact suppression processing device according to
the disclosure can also provide the user the functions of
playing music or radio programs while constantly monitoring
the physiological conditions of the user. Since the exercise
physiological sensing system and the motion artifact suppres-
sion processing device are disposed between the eye and the
ear of the user (e.g., the temporal bone portion or the zygo-
matic bone portion), the user can also be aware of surrounding
sounds accordingly, so that the safety during exercise can be
improved.

[0077] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. It is intended that the specification and
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examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents

1. An exercise physiological sensing system for obtaining
a stable exercise heart rate signal of a user during exercise,
and the exercise physiological sensing system comprising:

a bone conduction body, having a physiological sensor,
wherein the physiological sensor detects a physiological
signal of a detected area of the user;

a signal-to-noise ratio analysis module, coupled to the
physiological sensor, wherein the signal-to-noise ratio
analysis module detects a quality stability of the physi-
ological signal; and

acomputation module, coupled to the signal-to-noise ratio
analysis module, wherein the computation module gen-
erates the stable exercise heart rate signal according to
the physiological signal.

2. The exercise physiological sensing system as claimed in

claim 1, wherein the computation module further comprises:

a front-end gain and filter module for filtering and ampli-
fying the physiclogical signal detected from the detected
area in order to generate an exercise analog signal cor-
responding to the detected area;

an analog-to-digital conversion module for converting the
exercise analog signal corresponding to the detected
area into an exercise digital signal corresponding to the
detected area; and

a motion artifact suppression processing module for
decomposing the exercise digital signal corresponding
to the detected area at least into a motion artifact and an
exercise heart rate signal, and eliminating the motion
artifact from the exercise digital signal corresponding to
the detected area in order to obtain the stable exercise
heart rate signal.

3. The exercise physiological sensing system as claimed in
claim 1, wherein in the operation of the motion artifact sup-
pression processing module for decomposing the exercise
digital signal corresponding to the detected area at least into
the motion artifact and the exercise heart rate signal, the
motion artifact suppression processing module further places
the exercise digital signal corresponding to the detected area
into a sample matrix,

wherein the motion artifact suppression processing module
further initializes a basis matrix and a coefficient matrix,
wherein values of a plurality of elements in both the
basis matrix and the coefficient matrix are not negative
values,

wherein the motion artifact suppression processing module
further normalizes a column vector of the basis matrix
until a sum of a plurality of elements corresponding to
the column vector is 1,

wherein the motion artifact suppression processing module
further updates the values of the elements of the basis
matrix according to original values of the elements of the
basis matrix and updates the values of the elements of
the coefficient matrix according to original values of the
elements of the coefficient matrix,

wherein if the values of the elements in both the basis
matrix and the coefficient matrix are fully updated, the
motion artifact suppression processing module further
replaces the original values of the elements in both the
basis matrix and the coefficient matrix respectively by
the updated values of the elements,
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wherein if the values of the elements in both the basis
matrix and the coefficient matrix are not yet fully
updated, the motion artifact suppression processing
module re-executes the operation of updating the values
of the elements of the basis matrix according to the
original values of the elements of the basis matrix and
updating the values of the elements of the coefficient
matrix according to the original values of the elements of
the coefficient matrix,
wherein the motion artifact suppression processing module
further normalizes the column vector of the basis matrix
until the sum of the elements corresponding to the col-
umn vector is 1,

wherein the motion artifact suppression processing module
further calculates a mean square error according to a
product of the basis matrix and the coefficient matrix and
the sample matrix,

wherein if the mean square error is 0 or a value of the mean

square error is no longer changing, the motion artifact
suppression processing module obtains the motion arti-
fact and the exercise heart rate signal according to the
basis matrix, the coefficient matrix and the sample
matrix, wherein if the mean square error is not 0 or the
value of the mean square error is constantly changing,
the motion artifact suppression processing module re-
executes the operation of updating the values of the
elements of the basis matrix according to the original
values of the elements of the basis matrix and updating
the values of the elements of the coefficient matrix
according to the original values of the elements of the
coefficient matrix.

4. The exercise physiological sensing system as claimed in
claim 3, wherein the front-end gain and filter module further
captures a first heart sound signal from the detected physi-
ological signal to serve as the exercise analog signal corre-
sponding to the detected area.

5. The exercise physiological sensing system as claimed in
claim 1, wherein the physiological sensor is a bone conduc-
tion microphone.

6. The exercise physiological sensing system as claimed in
claim 1, wherein the physiological sensor is a micro electri-
cal-mechanical system micro phone.

7. The exercise physiological sensing system as claimed in
claim 6, wherein the front-end gain and filter module further
comprises a first gain stage module, a second gain stage
module and a low pass filter,

wherein the first gain stage module amplifies the physi-

ological signal,

wherein the low pass filter captures a first heart sound

signal from the amplified physiological signal to serve
as the exercise analog signal corresponding to the
detected area,

wherein the second gain stage module amplifies the exer-

cise analog signal corresponding to the detected area.

8. The exercise physiological sensing system as claimed in
claim 4, wherein a cut-off frequency of the first heart sound
signal is 16 Hz.

9. The exercise physiological sensing system as claimed in
claim 1, wherein the detected area of the user is a temporal
bone portion of the user or a zygomatic bone portion of the
user.

10. A motion artifact suppression processing method for
processing a physiological signal detected from a detected
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area of a user during exercise, and the motion artifact sup-
pression processing method comprising:

placing an exercise digital signal corresponding to the

detected area into a sample matrix;

initializing a basis matrix and a coefficient matrix and

normalizing the basis matrix;
updating values of a plurality of elements of the basis
matrix according to original values of the elements of the
basis matrix and updating values of a plurality of ele-
ments of the coefficient matrix according to original
values of the elements of the coefficient matrix;
when the values of the elements in both the basis matrix
and the coefficient matrix are fully updated, calculating
a mean square error according to the basis matrix, the
coefficient matrix and the sample matrix; and

obtaining a motion artifact and an exercise heart rate signal
according to the mean square error,

wherein if the values of the elements in both the basis

matrix and the coefficient matrix are not yet fully
updated, re-executing the operation of updating the val-
ues of the elements of the basis matrix according to the
original values of the elements of the basis matrix and
updating the values of the elements of the coefficient
matrix according to the original values of the elements of
the coefficient matrix.

11. The motion artifact suppression processing method as
claimed in claim 10, wherein the step of initializing the basis
matrix and the coefficient matrix and normalizing the basis
matrix comprises:

normalizing a column vector of the basis matrix until a sum

of a plurality of elements corresponding to the column
vector is 1, wherein the values of the elements in both the
basis matrix and the coefficient matrix are not negative
values.

12. The motion artifact suppression processing method as
claimed in claim 11, wherein when the values of the elements
in both the basis matrix and the coefficient matrix are fully
updated, the step of calculating the mean square error accord-
ing to the basis matrix, the coefficient matrix and the sample
matrix comprises:

replacing the original values of the elements in both the

basis matrix and the coefficient matrix respectively by
the updated values of the elements;

normalizing the column vector of the basis matrix until the

sum of the elements corresponding to the column vector
is 1; and

calculating the mean square error according to a product of

the basis matrix and the coefficient matrix and the
sample matrix.
13. The motion artifact suppression processing method as
claimed in claim 12, wherein the step of obtaining the motion
artifact and the exercise heart rate signal according to the
mean square error comprises:
if the mean square error is 0 or a value of the mean square
error is no longer changing, obtaining the motion artifact
and the exercise heart rate signal according to the basis
matrix, the coefficient matrix and the sample matrix; and

if the mean square error is not 0 or the value of the mean
square error is constantly changing, re-executing the
step of updating the values of the elements of the basis
matrix according to the original values of the elements of
the basis matrix and updating the values of the elements
of the coefficient matrix according to the original values
of the elements of the coefficient matrix.
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14. The motion artifact suppression processing method as
claimed in claim 13, wherein the step of obtaining the motion
artifact and the exercise heart rate signal comprises:

decomposing the exercise digital signal corresponding to
the detected area at least into the motion artifact and the
exercise heart rate signal, and eliminating the motion
artifact from the exercise digital signal corresponding to
the detected area in order to obtain a stable exercise heart
rate signal.

15. The motion artifact suppression processing method as
claimed in claim 14, wherein before decomposing the exer-
cise digital signal corresponding to the detected area at least
into the motion artifact and the exercise heart rate signal, and
eliminating the motion artifact from the exercise digital signal
corresponding to the detected area in order to obtain the stable
exercise heart rate signal, the motion artifact suppression
processing method further comprises:

detecting the physiological signal of the detected area of
the user;

detecting a quality stability of the physiological signal,

filtering and amplifying the physiological signal in order to
generate an exercise analog signal corresponding to the
detected area; and

converting the exercise analog signal corresponding to the
detected area into the exercise digital signal correspond-
ing to the detected area.

16. The motion artifact suppression processing method as
claimed in claim 15, wherein the step of filtering and ampli-
fying the physiological signal in order to generate the exercise
analog signal corresponding to the detected area comprises:

capturing a first heart sound signal from the physiological
signal to serve as the exercise analog signal correspond-
ing to the detected area.

17. The motion artifact suppression processing method as
claimed in claim 15, wherein the step of filtering and ampli-
fying the physiological signal comprises:

amplifying the physiological signal;

capturing a first heart sound signal from the amplified
physiological signal to serve as the exercise analog sig-
nal corresponding to the detected area; and

amplifying the exercise analog signal corresponding to the
detected area.

18. The motion artifact suppression processing method as
claimed in claim 16, wherein a cut-off frequency of the first
heart sound signal is 16 Hz.

19. The motion artifact suppression processing method as
claimed in claim 10, wherein the detected area of the userisa
temporal bone portion of the user or a zygomatic bone portion
of the user.

20. A motion artifact suppression processing device for
processing a physiological signal detected from a detected
area of a user during exercise, and the motion artifact sup-
pression processing device comprising:

a signal input module, wherein the signal input module
receives an exercise analog signal corresponding to the
detected area;

a processing and computation module, coupled to the sig-
nal input module, wherein the processing and computa-
tion module places the exercise digital signal corre-
sponding to the detected area into a sample matrix; and

a signal output module, coupled to the processing and
computation module,
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wherein the processing and computation module further
initializes a basis matrix and a coefficient matrix and
normalizes the basis matrix,
wherein the processing and computation module further
updates values of a plurality of elements of the basis
matrix according to original values of the elements of the
basis matrix and updates values of a plurality of ele-
ments of the coefficient matrix according to original
values of the elements of the coefficient matrix,

wherein when the values of the elements in both the basis
matrix and the coefficient matrix are fully updated, the
processing and computation module further calculates a
mean square error according to the basis matrix, the
coefficient matrix and the sample matrix,
wherein the processing and computation module further
obtains a motion artifact and an exercise heart rate signal
according to the mean square error, and the motion arti-
fact and the exercise heart rate signal are outputted by
the signal output module,
wherein if the values of the elements in both the basis
matrix and the coefficient matrix are not yet fully
updated, the processing and computation module further
re-executes the operation of updating the values of the
elements of the basis matrix according to the original
values of the elements of the basis matrix and updating
the values of the elements of the coefficient matrix
according to the original values of the elements of the
coefficient matrix.
21. The motion artifact suppression processing device as
claimed in claim 20, wherein in the operation of initializing
the basis matrix and the coefficient matrix and normalizing
the basis matrix, the processing and computation module
further normalizes a column vector of the basis matrix until a
sum of a plurality of elements corresponding to the column
vector is 1, wherein the values of the elements in both the
basis matrix and the coefficient matrix are not negative val-
ues.
22. The motion artifact suppression processing device as
claimed in claim 21, wherein when the values of the elements
in both the basis matrix and the coefficient matrix are fully
updated, in the operation of calculating the mean square error
according to the basis matrix, the coefficient matrix and the
sample matrix, the processing and computation module fur-
ther replaces the original values of the elements in both the
basis matrix and the coefficient matrix respectively by the
updated values of the elements,
wherein the processing and computation module further
normalizes the column vector of the basis matrix until
the sum of the elements corresponding to the column
vector is 1,

wherein the processing and computation module further
calculates the mean square error according to a product
of the basis matrix and the coefficient matrix and the
sample matrix.

23. The motion artifact suppression processing device as
claimed in claim 22, wherein in the operation of obtaining the
motion artifact and the exercise heart rate signal according to
the mean square error, if the mean square error is 0 or a value
ofthe mean square error is no longer changing, the processing
and computation module further obtains the motion artifact
and the exercise heart rate signal according to the basis
matrix, the coefficient matrix and the sample matrix,

wherein if the mean square error is not 0 or the value of the

mean square error is constantly changing, the processing
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and computation module further re-executes the opera-
tion of updating the values of the elements of the basis
matrix according to the original values of the elements of
the basis matrix and updating the values of the elements
of the coefficient matrix according to the original values
of the elements of the coefficient matrix.
24. The motion artifact suppression processing device as
claimed in claim 23, wherein the processing and computation
module further decomposes the exercise digital signal corre-
sponding to the detected area at least into the motion artifact
and the exercise heart rate signal, and eliminates the motion
artifact from the exercise digital signal corresponding to the
detected area in order to obtain a stable exercise heart rate
signal.
25. The motion artifact suppression processing device as
claimed in claim 24, further comprising:
a bone conduction body, having a physiological sensor,
wherein the physiological sensor detects the physiologi-
cal signal from the detected area of the user;
a signal-to-noise ratio analysis module, coupled to the
physiological sensor, wherein the signal-to-noise ratio
analysis module detects a quality stability of the physi-
ological signal; and
a computation module, coupled to the signal-to-noise ratio
analysis module, wherein the computation module com-
prises the signal input module, the processing and com-
putation module, and the signal output module,
wherein the computation module further comprising:
afront-end gain and filter module for filtering and ampli-
fying the physiological signal in order to generate an
exercise analog signal corresponding to the detected
area; and

an analog-to-digital conversion module for converting
the exercise analog signal corresponding to the
detected area into the exercise digital signal corre-
sponding to the detected area.

26. The motion artifact suppression processing device as
claimed in claim 25, wherein the front-end gain and filter
module further captures a first heart sound signal from the
physiological signal to serve as the exercise analog signal
corresponding to the detected area.

27. The motion artifact suppression processing device as
claimed in claim 25, wherein the physiological sensor is a
bone conduction microphone.

28. The motion artifact suppression processing device as
claimed in claim 25, wherein the physiological sensor is a
micro electrical-mechanical system micro phone.

29. The motion artifact suppression processing device as
claimed in claim 28, wherein the front-end gain and filter
module further comprises a first gain stage module, a second
gain stage module and a low pass filter,

wherein the first gain stage module amplifies the physi-
ological signal,

wherein the low pass filter captures a first heart sound
signal from the amplified physiological signal to serve
as the exercise analog signal corresponding to the
detected area,

wherein the second gain stage module amplifies the exer-
cise analog signal corresponding to the detected area.

30. The motion artifact suppression processing device as
claimed in claim 26, wherein a cut-off frequency of the first
heart sound signal is 16 Hz.
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31. The motion artifact suppression processing device as
claimed in claim 20, wherein the detected area of the useris a
temporal bone portion of the user or a zygomatic bone portion
of the user.
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