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(57) ABSTRACT

A method of measuring signals for a wearable electronic
device includes setting at least one threshold value corre-
sponding to each of a plurality of physiological signals of a
user; measuring the plurality of physiological signals to
obtain a plurality of measurement data; and obtaining a mea-
surement result according to the threshold value and the plu-
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METHOD OF MEASURING SIGNALS FOR
WEARABLE ELECTRONIC DEVICE AND
WEARABLE ELECTRONIC DEVICE USING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of mea-
suring signals and a related wearable electronic device, and
more particularly, to a method of measuring signals capable
of measuring various human physiological signals and a
related wearable electronic device.

[0003] 2. Description of the Prior Art

[0004] With development of wearable technology, prod-
ucts such as wearable cameras, smart watches and Google
Glasses are expected to be the mainstream of future consumer
electronic products. The wearable products can be worn on
the body of a user, which facilitates the measurement of
human physiological information; hence, wearable products
can guide development in the fields of health care and sport
via the combination of measurement devices for obtaining
different kinds of physiological information.

[0005] Commercially available wearable devices have a
measurement function for only one type of physiological
information. For example, an earphone may be equipped with
a temperature sensor for measuring ear temperature of the
user. A watch may be equipped with a heart rate sensor to
measure the heart rate of the user by sensing his/her pulse.
These devices, however, cannot simultaneously perform
measurement of different types of physiological signals, and
thus cannot combine measurement data of different types of
physiological signals or human actions to perform subse-
quent analysis. When a user needs to obtain many types of
physiological information for sport or health care reasons, the
user needs to wear many wearable devices at the same time
for obtaining all measurement data. In addition, the informa-
tion obtained by the abovementioned devices should first be
transmitted to a processing device, such as a computer or
smart phone, for data analysis and processing. Variations in
the physiological information cannot be obtained immedi-
ately, which is inconvenient. Furthermore, although current
wearable devices detect and record the physiological signals
at all times, they lack definite time points for detection and
timely feedback mechanisms. Thus, there is room for
improvement over the prior art.

SUMMARY OF THE INVENTION

[0006] Itistherefore anobjective ofthe present invention to
provide a method of measuring signals and a related wearable
electronic device capable of measuring various human physi-
ological signals, action signals and location information, and
capable of providing timely information for a user according
to the measured signals and location information.

[0007] The present invention discloses a method of mea-
suring signals for a wearable electronic device. The method
comprises setting at least one threshold value corresponding
to each of a plurality of physiological signals of a user; mea-
suring the plurality of physiological signals to obtain a plu-
rality of measurement data; and obtaining a measurement
result according to the threshold value and the plurality of
measurement data.

[0008] The present invention further discloses a method of
measuring signals for a wearable electronic device. The
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method comprises setting at least one threshold value corre-
sponding to each of at least one physiological signal of a user;
detecting a status of the user to generate a status signal;
measuring the physiological signal and obtaining at least one
measurement data according to a relationship between the
status signal and the physiological signal; and obtaining a
measurement result according to the threshold value, the sta-
tus signal and the measurement data.

[0009] The present invention further discloses a wearable
electronic device. The wearable electronic device comprises a
threshold value setting device for setting at least one thresh-
old value corresponding to each of at least one physiological
signal; at least one physiological signal measurement device,
for measuring a corresponding physiological signal to obtain
at least one measurement data; and a physiological signal
determination module, for obtaining a measurement result
according to the threshold value and the measurement data.
[0010] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram of the structure of a
wearable electronic device according to an embodiment of
the present invention.

[0012] FIG.2A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0013] FIG. 2B is a schematic diagram of the measurement
data corresponding to the units of time according to an
embodiment of the present invention.

[0014] FIG. 3A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0015] FIG. 3B is a schematic diagram of a time interval
between an occurrence of the physiological signal and an
occurrence of the next or later physiological signal according
to an embodiment of the present invention.

[0016] FIG. 4A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0017] FIG. 4B is a schematic diagram of the measurement
data corresponding to the units of moving distance ofthe user
according to an embodiment of the present invention.

[0018] FIG.5A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0019] FIG. 5B is a schematic diagram of the moving dis-
tance ofthe user during a time interval between an occurrence
of the physiological signal and an occurrence of the previous
or former physiological signal according to an embodiment
of the present invention.

[0020] FIG. 6A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0021] FIG. 6B is a schematic diagram of the number of
times an action is executed by the user during a time interval
between an occurrence of the physiological signal and an
occurrence of the next or later physiological signal according
to an embodiment of the present invention.

[0022] FIG.7A is a schematic diagram of a process accord-
ing to an embodiment of the present invention.

[0023] FIG. 7B is a schematic diagram of the measurement
data corresponding to the unit of actions executed by the user
according to an embodiment of the present invention.
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DETAILED DESCRIPTION

[0024] Please refer to FIG. 1, which is a schematic diagram
of the structure of a wearable electronic device 10 according
to an embodiment of the present invention. As shown in FIG.
1, the wearable electronic device 10 includes physiological
signal measurement devices 102A-102D, a threshold value
setting device 104, a physiological signal determination mod-
ule 106, a status detection module 108, a control unit 110, a
memory unit 112, an alarm device 114 and a display unit 116.
The wearable electronic device 10 is utilized for measuring
various physiological signals such as body temperature,
breathing rate, heart rate and brain waves. The physiological
signal measurement devices 102A-102D may be various
measurement devices capable of measuring the physiological
signals. Such devices may be utilized for measuring various
physiological signals to obtain measurement data. In this
embodiment, the physiological signal measurement devices
102A-102D include a temperature sensor 102A, a breathing
rate sensor 102B, a heart rate sensor 102C and a brain waves
sensor 102D, which may be utilized for measuring the body
temperature, breathing rate, heart rate and brain waves,
respectively. Please note that, in other embodiments, the
wearable electronic device 10 may also include or be exter-
nally connected to other types of physiological signal mea-
surement devices such as an electrocardiography device,
sphygmomanometer and oximeter, in order to perform mea-
surement on other physiological signals according to user
requirements.

[0025] For the physiological signal measurement function-
alities of the physiological signal measurement devices
102A-102D, the threshold value setting device 104 may set a
corresponding threshold value or reference data, e.g. an upper
or lower limit of the body temperature, a normal range of the
heart rate or breathing rate, etc. These threshold values or
reference data may be set by the user, or may be determined
according to standard values provided by the World Health
Organization (WHO), medical academies or sports science
research institutions. The threshold value setting device 104
may also determine the corresponding threshold values or
reference data for the detected status parameters such as time,
relative distance and altitude.

[0026] The physiological signal determination module 106
may obtain a measurement result according to the threshold
value predefined by the threshold value setting device 104 and
the measurement data obtained by the physiological signal
measurement devices 102A-102D. The physiological signal
determination module 106 may obtain different measurement
results corresponding to different measurement purposes or
different physiological signals. The physiological signal
determination module 106 may also be utilized for triggering
a time point of the measurement, and performing determina-
tion on the data calculated according to subsequent steps. For
example, the physiological signal determination module 106
may compare the threshold value with the measurement data
obtained by the physiological signal measurement devices
102A-102D, and may learn whether a physiological signal of
the user is within a normal range, in order to determine the
physiology of the user, e.g. loss of temperature or under an
attack of fever, normal or abnormal heart rate, mentally fit or
unfit, etc.

[0027] The status detection module 108 may be utilized for
detecting the status of a user to generate a status signal. The
status of the user may include the user’s location, altitude,
action or motion. If the user uses the wearable electronic
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device 10 when exercising or climbing mountains, the status
detection module 108 may obtain the status signal according
to the user’s action, motion or location, in order to combine
the status signal with the measurement data of the physiologi-
cal signals obtained by the physiological signal measurement
devices 102A-102D, which provides proper information for
the user.

[0028] The user may use the wearable electronic device 10
for marathon training, and the status detection module 108
may utilize a global positioning system (GPS) for determin-
ing the location of the user, in order to calculate the running
distance of the user. The wearable electronic device 10 may
also divide the 42-kilometer distance of the marathon into two
21-kilometer sections, and the physiological signal measure-
ment devices 102A-102D may obtain the physiological sig-
nals (e.g. the number ofbreathing and heartbeat) of the user in
the first-half and the second-half, respectively. The user may
perform pace adjustment according to the difference in
breathing rates or heart rates between the first-half and the
second-half. For example, in the first-half, the running
records of the athlete may be applied to for reference and
incorporated with the measurement data of physiological sig-
nals allowing the wearable electronic device 10 to perform
determination, which provides timely feedback signals to the
athlete for breathing adjustment in order to maintain their
physical strength. In the second-half, the wearable electronic
device 10 may provide pacing or accelerating indications for
the athlete according to a predefined threshold value. The
status detection module 108 may include various detectors
such as a GPS, a gravity sensor (G-sensor), a gyroscope or an
atmospheric pressure detector, in order to detect various sta-
tus information of the user.

[0029] The control unit 110 may be utilized for controlling
entire operations of the wearable electronic device 10. As
shown in FIG. 1, the control unit 110 receives the measure-
ment data of physiological signals from the physiological
signal measurement devices 102A-102D and the status sig-
nals from the status detection module 108, and controls the
physiological signal determination module 106 to obtain the
measurement results according to user requirements. The
control unit 110 may include a microcontroller or micropro-
cessor for executing the operations and computations for the
various physiological signals, e.g. calculating the variations
in measurement data of physiological signals or the average
value during a unit of time, etc. The conversion of various
signals may also be performed by the control unit 110.

[0030] Thememory unit 112 may be utilized for storing the
abovementioned measurement data and measurement results.
In addition, the memory unit 112 stores the program code 120
for instructing the microcontroller or microprocessor of the
control unit 110 to execute the signal processing and opera-
tions. The memory unit 112 may be any type of memory
device such as a random access memory (RAM), a read-only
memory (ROM), a flash memory or other memory devices.
The alarm device 114 may generate a warning signal accord-
ing to the measurement result obtained from the physiologi-
cal signal determination module 106. The warning signal may
be delivered through vibration, sound, light or any other form.
The alarm device 114 may deliver the warning signal in a
proper form according to the characteristics of the wearable
electronic device 10. The display unit 116 may be utilized for
displaying the abovementioned measurement data, measure-
ment results or warning signals. For example, the display unit
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116 may include a small screendisposed ona watch or glasses
to display the measurement data or the measurement results.
[0031] Preferably, the display unit 116 may display the
measurement data of physiological signals or the measure-
ment results of the user. In comparison with the conventional
wearable devices that have to transmit the measurement data
or measurement results to a mobile phone or computer for
displaying, the present invention may provide the physiologi-
cal information for the user in real time. The user may not
need to carry a mobile phone when exercising, and the physi-
ological information may be obtained only from the informa-
tion timely displayed by the display unit 116 or the warning
signals provided by the alarm device 114, so that the user can
take steps accordingly.

[0032] Through the abovementioned structure of the wear-
able electronic device 10, the measurement of various physi-
ological signals can be realized. In an embodiment, the con-
centration of a user may be determined by measuring the
brain waves and breathing rate of the user. When the user is in
ahigh concentration mood with no distraction, alpha waves of
the brain waves having a frequency around 11-12 Hertz (Hz)
may be detected. In addition, when a person is motionless, the
breathing rate of the person may be under 10-18 times per
minute. Thus, when the user performs an activity requiring
high concentration (e.g. archery), the breathing rate sensor
102B and the brain wave sensor 102D may be utilized for
measuring the user’s breathing rate and brain waves, respec-
tively. The threshold value setting device 104 may set a lower
threshold value and an upper threshold value of the breathing
rate to 10 times per minute and 18 times per minute, respec-
tively, and set a lower threshold value and an upper threshold
value of the frequency of alpha waves to 11 Hz and 12 Hz,
respectively. The alarm device 114 may send a warning signal
when the physiological signal determination module 106
determines that the user’s breathing rate and brain waves are
both located within the range of the threshold values, in order
to indicate the user is in a high concentration mood.

[0033] Please refer to FIG. 2A, which is a schematic dia-
gram of a process 20 according to an embodiment of the
present invention. As shown in FIG. 2A, the process 20 may
be utilized in the wearable electronic device 10 for detecting
the physiological signals of the user during each unit of time,
in order to obtain measurement data corresponding to each
unit of time. The process 20 includes the following steps:
[0034] Step 200: Start.

[0035] Step 202: The threshold value setting device 104
sets a predefined data.

[0036] Step 204: The control unit 110 sets a timer and starts
to count time.
[0037] Step 206: The physiological signal measurement

devices 102A-102D measure a physiological signal of the
user during each unit of time among a plurality of units of
time according to the timer, in order to obtain measurement
data respectively corresponding to each unit of time.

[0038] Step 208: The physiological signal determination
module 106 generates a measurement result according to the
measurement data and the predefined data.

[0039] Step 210: Execute corresponding functions accord-
ing to the measurement result.

[0040] Step 212: End.

[0041] Inthe process 20, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. For example, if the user needs to measure
whether he/she can maintain concentration when playing
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chess, the threshold value setting device 104 may predefine a
threshold value (i.e. 90%) and determine whether the ratio of
alpha waves to total brain waves in each unit of time reaches
90%. The predefined data may be manually inputted by the
user or provided from the standard values of official institu-
tions, and may be adjusted personally according to the for-
merly measured physiological information of the user. The
control unit 110 then sets a timer, and starts to count time
when the user needs to perform measurement of the physi-
ological signals.

[0042] As shown in FIG. 2B, the physiological signal mea-
surement devices 102A-102D may measure the physiological
signal of the user during a plurality of time units T,1, T_2, ..
., T_naccording to the timer, in order to obtain measurement
dataV_1,V_2,...,V_ncorresponding to each of the plurality
of time units T_1,T_2, ..., T_n, respectively. For example,
after the timer starts to count time, the user may set a time umt
to 10 minutes, and the brain wave sensor 102D may detect the
distribution of the brain waves of the user in each 10 minute
interval. The physiological signal determination module 106
then generates the measurement result according to the mea-
surement data V_1-V_n and the predefined data. The control
unit 110, the alarm device 114 or the display unit 116 may
further execute corresponding functions according to the
measurement result. In the above embodiment, if the ratio of
the alpha waves measured during a unit of time does not
achieve 90%, the physiological signal determination module
106 may determine that the user’s concentration is not high
enough. The alarm device 114 thereby delivers a warning
signal, which may be delivered through vibrations, sounds,
etc. The display unit 116 may also display information indi-
cating that the user’s concentration is not high enough. If the
ratio of the alpha waves measured during a unit of time
achieves 90%, the physiological signal determination module
106 may determine that the user’s concentration meets a
certain requirement. The control unit 110 or the alarm device
114 may not execute any functions, or the display unit 116
may display information indicating that the user’s concentra-
tion meets the requirement. Please note that the functions
executed by the control unit 110 according to the above mea-
surement result may include any corresponding data process-
ing or signal transmission.

[0043] The step of the physiological signal determination
module 106 generating the measurement result according to
the measurement data V_1-V_n and the predefined data is not
only limited to the comparison between the measurement
data V_1-V_n and the predefined data (e.g. comparing
whether the ratio of the alpha waves occurring ina unit of time
reaches 90%). For example, the measurement data V_1-V_n
measured during a unit of time may undergo further opera-
tions or computations, e.g. determining the trend of data
variation (increasing or decreasing), estimating measurement
data in a specific time in the future, or calculating the average
of the measurement data V_1-V_n, etc. The measurement
data of different types of physiological signals obtained in
each unit of time may also be utilized for estimating other
types of data. In an embodiment, the alarm device 114 may
deliver a warning signal when the measured ratio of alpha
waves decreases progressively in three consecutive time
units, in order to indicate that the user’s concentration is
falling. The alarm device 114 or the control unit 110 may also
execute corresponding functions according to other compu-
tational results of the measurement data V_1-V_n; this is not
limited herein.
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[0044] Please refer to FIG. 3A, which is a schematic dia-
gram of a process 30 according to an embodiment of the
present invention. As shown in FIG. 3A, the process 30 may
be utilized in the wearable electronic device 10 for determin-
ing a time interval between an occurrence of the physiological
signal and an occurrence of the next or later physiological
signal. The process 30 includes the following steps:

[0045] Step 300: Start.

[0046] Step 302: The threshold value setting device 104
sets a predefined data.

[0047] Step 304: The control unit 110 starts to count time
when the physiological signal measurement devices 102A-
102D detect an occurrence of the physiological signal.
[0048] Step 306: The control unit 110 stops counting time
when the physiological signal measurement devices 102A-
102D detect an occurrence of the next physiological signal.
[0049] Step 308: The control unit 110 calculates an elapsed
time of the timer.

[0050] Step 310: The physiological signal determination
module 106 generates a measurement result according to the
predefined data and the elapsed time of the timer.

[0051] Step 312: Execute corresponding functions accord-
ing to the measurement result.

[0052] Step 314: End.

[0053] Inthe process 30, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. For example, the user may need to measure a
time interval between each breath, in order to determine
whether the breathing rate is steady when doing long distance
running. The threshold value setting device 104 may pre-
define a criterion where the time interval between each breath
should be greater than 1 second. If the time interval is smaller
than 1 second, the user may be determined to be out of breath.

[0054] The user then starts the training. As shown in FIG.
3B, the control unit 110 may start to count time when the
physiological signal measurement devices 102A-102D detect
the occurrence of a physiological signal S_1, and stop count-
ing time when the physiological signal measurement devices
102A-102D detect the occurrence of the next physiological
signal S_2. in order to calculate an elapsed time of the timer
T_1. Forexample, the control unit 110 may start to count time
at a time point when the breathing rate sensor 102B detects
that the user starts to inhale, and stop counting time at a time
point when the next inhalation of the user is detected, in order
to calculate the time interval between these two breaths.
Please note that Steps 304 to 308 may be executed repeatedly;
hence, the physiological signal measurement devices 102A-
102D may obtain time intervals T_1-T_(n-1) during the
occurrence of physiological signals S_1-S_n, respectively.
The physiological signal determination module 106 then gen-
erates the measurement result according to the predefined
data and the elapsed time of the timer. The control unit 110,
the alarm device 114 or the display unit 116 may further
execute corresponding functions according to the measure-
ment result. In the above embodiment, if a time interval T_x
is smaller than 1 second, the physiological signal determina-
tion module 106 may determine that the user is out of breath,
and the alarm device 114 may deliver a warning signal, where
the warning signal may be vibration, sounds, etc. The display
unit 116 may also display information indicating that the user
is out of breath. [f a time interval T_y is greater than 1 second,
the user’s breathing may be determined to be steady. The
control unit 110 or the alarm device 114 may not execute any

Oct. 8, 2015

functions, or the display unit 116 may display the information
indicating that the user’s breathing is steady.

[0055] The step of the physiological signal determination
module 106 generating the measurement result according to
the predefined data and the elapsed time of the timer is not
only limited to the comparison of the time intervals T_1-T_
(n-1) and the predefined data (e.g. comparing whether each
time interval is greater than 1 second). For example, the time
intervals T_1-T_(n-1) measured according to the occurrence
of each physiological signals S_1-S_n may undergo further
operations or computations, e.g. converting to an accumu-
lated time interval corresponding to the occurrence of mul-
tiple physiological signals (such as the time interval between
the first breath and the tenth breath), determining the trend of
data variation (increasing or decreasing), estimating the num-
ber of occurrences of the physiological signal during a spe-
cificunitof time in the future, or calculating the average of the
time intervals T_1-T_(n-1), etc. In an embodiment, the alarm
device 114 may also deliver a warning signal when the physi-
ological signal determination module 106 determines that
two consecutive time intervals T_z and T_(z+1) have a larger
difference, in order to indicate that the user is out of breath.
The alarm device 114 or the control unit 110 may also execute
corresponding functions according to other computational
results of the time intervals T_1-T_(n-1); this is not limited
herein.

[0056] Please note that if the measurement data of the
physiological signals is further combined with status infor-
mation of the user, various applications may be realized.
Please refer to FIG. 4A, which is a schematic diagram of a
process 40 according to an embodiment of the present inven-
tion. As shown in FIG. 4A, the process 40 may be utilized in
the wearable electronic device 10 for measuring the physi-
ological signals of the user when the user is moving within a
unit of distance, in order to obtain the measurement data
corresponding to each unit of distance. The process 40
includes the following steps:

[0057] Step 400: Start.

[0058] Step 402: The threshold value setting device 104
sets a predefined data.

[0059] Step 404: The control unit 110 sets a length of'a unit
of distance in which the user moves.

[0060] Step 406: The physiological signal measurement
devices 102A-102D measure a physiological signal of the
user when the user is moving within the unit of distance, in
order to obtain measurement data corresponding to the unit of
distance.

[0061] Step 408: The physiological signal determination
module 106 generates a measurement result according to the
measurement data and the predefined data.

[0062] Step 410: Execute corresponding functions accord-
ing to the measurement result.

[0063] Step 412: End.

[0064] Inthe process 40, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. The threshold value setting device 104 also
predefines a unit of distance in which the user moves. For
example, if the user needs to determine whether his/her
breathing rate is steady during a training process of 200
meters when running a 200-meter race, the threshold value
setting device 104 may predefine a length of a distance unit to
50 meters and determine whether the frequency of breaths
measured in each distance unit is between 3-5. If the number
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of breaths measured in a 50-meter distance is greater than 5 or
smaller than 3, the user may have poor regulation of respira-
tion.

[0065] The user then starts to perform the training. As
shown in FIG. 4B, the physiological signal measurement
devices 102A-102D measure the physiological signal of the
user when the user is moving within distance units D_1,D_2,
..., D_n, in order to obtain measurement data V_1,V_2, . ..
, V_ncorresponding to each distanceunitD_1,D_2,...,D_n.
For example, after the user starts to run, the breathing rate
sensor 102B may detect the number of breaths in the first S0
meters, the 50”-100” meters, the 100%-150" meters and the
1507-200” meters, respectively. The physiological signal
determination module 106 then generates the measurement
result according to the measurement data V_1-V_n and the
predefined data. The control unit 110, the alarm device 114 or
the display unit 116 may further execute corresponding func-
tions according to the measurement result. In the above
embodiment, if the physiological signal determination mod-
ule 106 determines that the number of breaths measured
within a unit of distance is greater than 5 or smaller than 3, the
alarm device 114 may deliver a warning signal indicating that
the regulation of respiration is poor, where the warning signal
may be vibrations, sounds, etc. The display unit 116 may also
display information indicating that the respiration regulation
of the user is poor. If the number of breaths measured within
a unit of distance is between 3-5, the physiological signal
determination module 106 may determine that the user’s
respiration regulation meets a requirement. The control unit
110 or the alarm device 114 may not execute any functions, or
the display unit 116 may display information indicating that
the user’s respiration regulation meets the requirement.

[0066] The step of the physiological signal determination
module 106 generating the measurement result according to
the measurement data V_1-V_n and the predefined data is not
only limited to the comparison between the measurement
data V_1-V_n and the predefined data (e.g. comparing
whether the number of breaths measured within a unit of
distance is between 3-5). For example, the measurement data
V_1-V_n measured within the unit of distance may undergo
further operations or computations, .g. determining the trend
of data variation (increasing or decreasing), estimating mea-
surement data corresponding to a unit of distance in the
future, or calculating the average of the data V_1-V_n, etc.
The measurement data of different types of physiological
signals obtained within each unit of distance may also be
utilized for estimating other types of data. In an embodiment,
the alarm device 114 may deliver a warning signal when the
number of breaths measured within a plurality of consecutive
distance units obviously increases or decreases, in order to
indicate that the user’s respiration regulation is poor. The
alarm device 114 or the control unit 110 may also execute
corresponding functions according to other computational
results of the measurement data V_1-V _n; this is not limited
herein.

[0067] Please note that, in this embodiment, the status
detection module 108 may include a GPS or other devices or
technologies capable of detecting the moving distance, in
order to detect the location of the user. This allows the control
unit 110 to determine the moving distance of the user accord-
ing to the user’s locations detected at different time points,
which may further be utilized for determining the measure-
ment data V_1-V_n of the user in each of the distance unit
D_1-D_n.
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[0068] Please refer to FIG. 5A, which is a schematic dia-
gram of a process 50 according to an embodiment of the
present invention. As shown in FIG. 5A, the process 50 may
be utilized in the wearable electronic device 10 for determin-
ing a moving distance of the user during a time interval
between an occurrence of the physiological signal and an
occurrence of the previous or former physiological signal.
The process 50 includes the following steps:

[0069] Step 500: Start.

[0070] Step 502: The threshold value setting device 104
sets a predefined data.

[0071] Step 504: The status detection module 108 starts to
keep track of the user’s location when the physiological sig-
nal measurement devices 102A-102D detect an occurrence of
the physiological signal.

[0072] Step 506: The status detection module 108 stops
keeping track of the user’s location when the physiological
signal measurement devices 102A-102D detect an occur-
rence of the next physiological signal.

[0073] Step 508: The control unit 110 calculates the mov-
ing distance of the user.

[0074] Step 510: The physiological signal determination
module 106 generates a measurement result according to the
predefined data and the moving distance of the user.

[0075] Step 512: Execute corresponding functions accord-
ing to the measurement result.

[0076] Step 514: End.

[0077] Inthe process 50, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. For example, the user may need to measure
the moving distance corresponding to each breath when
doing long distance running, in order to determine whether
the breathing rate is steady. The threshold value setting device
104 may predefine a criterion where the moving distance
corresponding to each breath should be greater than 10
meters. If the corresponding moving distance is smaller than
10 meters, the user may be out of breath.

[0078] The user then starts the training. As shown in FIG.
5B, the status detection module 108 may start to keep track of
the user’s location when the physiological signal measure-
ment devices 102A-102D detect the occurrence of a physi-
ological signal S_1, and stops keeping track of the user’s
location when the physiological signal measurement devices
102A-102D detect the occurrence of the next physiological
signal S_2, so that the control unit 110 may calculate the
moving distance D_1 of the user accordingly. For example,
the status detection module 108 may start to keep track of the
user’s location at a time point when the breathing rate sensor
102B detects that the user starts to inhale, and stop keeping
track of the user’s location at a time point when the next
inhalation of the user is detected, in order to calculate the
moving distance of the user between these two breaths. Please
note that Steps 504 to 508 may be executed repeatedly; hence,
the physiological signal measurement devices 102A-102D
may obtain moving distances D_1-D_(n-1) during the occur-
rence of physiological signals S_1-S_n, respectively. The
physiological signal determination module 106 then gener-
ates the measurement result according to the predefined data
and the moving distance of the user. The control unit 110, the
alarm device 114 or the display unit 116 may further execute
corresponding functions according to the measurement
result. In the above embodiment, if a moving distance D_x is
less than 10 meters, the physiological signal determination
module 106 may determine that the user breathes too early,
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and the alarm device 114 may deliver a warning signal indi-
cating that the user breathes too early, where the warning
signal may be vibration, sounds, etc. The display unit 116
may also display information indicating that the user breathes
too early. If a moving distance D_y is greater than 10 meters,
the user’s breath may be steady. The control unit 110 or the
alarm device 114 may not execute any functions, or the dis-
play unit 116 may display information indicating that the
user’s breath is steady enough.

[0079] The step of the physiological signal determination
module 106 generating the measurement result according to
the predefined data and the moving distances D_1-D_(n-1)
of the user is not only limited to the comparison of the moving
distances D_1-D_(n-1) and the predefined data (e.g. compar-
ing whether each moving distance is greater than 10 meters).
For example, the moving distances D_1-D_(n-1) measured
according to the occurrence time of each of the physiological
signals S_1-S_n may undergo further operations or compu-
tations, e.g. converting to an accumulated moving distance
corresponding to the occurrence of multiple physiological
signals (such as the moving distance between the first breath
and the tenth breath), determining the trend of data variation
(increasing or decreasing), estimating the number of occur-
rences of the physiological signal within a specific unit of
distance, or calculating the average of the moving distances
D_1-D_(n-1), etc. In an embodiment, the alarm device 114
may also deliver a warning signal when the physiological
signal determination module 106 determines that two con-
secutive moving distances D_z and D_(z+1) have a larger
difference, in order to indicate that the user is out of breath.
The alarm device 114 or the control unit 110 may also execute
corresponding functions according to other computational
results of the moving distances D_1-D_(n-1); this is not
limited herein.

[0080] Similarly, in this embodiment, the status detection
module 108 may include a GPS or other related devices and
technologies capable of detecting the user’s location, in order
to determine the moving distances D_1-D_(n-1) of the user
between time points of two physiological signals according to
the user’s location at the time point of each physiological
signal.

[0081] Please note that the method of measuring signals
and the wearable electronic device of the present invention
may measure various types of human physiological signals,
action signals and location information, and provide informa-
tion for the user according to the measured signals. Those
skilled in the art can make modifications and variations
accordingly. For example, in the embodiments shown in the
processes 30 and 40, the status signal is the location and
moving distance of the user and the GPS system is utilized for
realizing the detection of the user’s location. In other embodi-
ments, the status signal may also include other statuses of the
user such as the altitude or action. For example, the wearable
electronic device 10 may measure the physiological signals
when the user is at different altitudes, in order to obtain
measurement data corresponding to different altitudes. In
detail, the status detection module 108 may include a pressure
sensor or other related devices utilized for detecting the alti-
tude of the user. The physiological signal measurement
devices 102A-102D may measure the physiological signals
(e.g. body temperature, breathing rate or heartrate) of the user
when the user is located at a first altitude and a second alti-
tude, respectively, in order to obtain the measurement data
corresponding to the first altitude and the second altitude. The
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control unit 110 then calculates the variations in measurement
data corresponding to the altitude variations between the first
altitude and the second altitude, in order to perform subse-
quent analysis and processing. This embodiment can deter-
mine whether the user is maladjusted due to loss of tempera-
ture, altitude sickness or other conditions when the user is
climbing a mountain, in order to enable contingency plans. In
another embodiment, the wearable electronic device 10 may
use both the timer and the pressure sensor to detect the varia-
tions in altitude and the variations of physiological signals in
each unit of time. The related implementations are similar to
the abovementioned processes, and will not be narrated
herein.

[0082] Please refer to FIG. 6A, which is a schematic dia-
gram of a process 60 according to an embodiment of the
present invention. As shown in FIG. 6A, the process 60 may
be utilized in the wearable electronic device 10 for determin-
ing a number of times an action is executed by the user during
a time interval between an occurrence of the physiological
signal and an occurrence of the next or later physiological
signal. The process 60 includes the following steps:

[0083] Step 600: Start.

[0084] Step 602: The threshold value setting device 104
sets a predefined data.

[0085] Step 604: The status detection module 108 starts to
detect the user’s action when the physiological signal mea-
surement devices 102A-102D detect an occurrence of the
physiological signal.

[0086] Step 606: The status detection module 108 stops
detecting the user’s action when the physiological signal
measurement devices 102A-102D detect an occurrence of the
next physiological signal.

[0087] Step 608: The control unit 110 calculates the num-
ber of times the action is executed by the user.

[0088] Step 610: The physiological signal determination
module 106 generates a measurement result according to the
predefined data and the number of times the action is executed
by the user.

[0089] Step 612: Execute corresponding functions accord-
ing to the measurement result.

[0090] Step 614: End.

[0091] Inthe process 60, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. For example, the user may need to measure
the number of reps of a dumbbell raise corresponding to each
breath when performing weight training, in order to deter-
mine whether the breathing rate is steady as well as whether
the raising speed is stable. The threshold value setting device
104 may predefine a criterion where the number of dumbbell
reps corresponding to each breath (e.g. an action includes
raising and lowering the dumbbell) should be performed
between 2-3 times. If the action is performed less than 2
times, the user may be out of breath or the user’s action may
be too slow. If the action is performed more than 3 times, the
user’s breath may be too slow or the user’s action may be too
fast.

[0092] The user then starts the training. As shown in FIG.
6B, the status detection module 108 may start to detect the
user’s action when the physiological signal measurement
devices 102A-102D detect the occurrence of a physiological
signal S_1, and stop detecting the user’s action when the
physiological signal measurement devices 102A-102D detect
the occurrence of the next physiological signal S_2, so that
the control unit 110 may calculate the number of actions N_1
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executed by the user accordingly. For example, the status
detection module 108 may start to detect the user’s action at
a time point when the breathing rate sensor 102B detects that
the user starts to inhale (inhalation is taken as an example
herein; exhalation may also be applied for the detection time
point), and stop detecting the user’s action at a time point
when the next inhalation of the user is detected, in order to
calculate the number of actions executed by the user between
these two breaths. Please note that Steps 604 to 608 may be
executed repeatedly; hence, the physiological signal mea-
surement devices 102A-102D may obtain the numbers of
actions N_1-N_(n-1) during the occurrence of physiological
signals S_1-S_n, respectively. The physiological signal deter-
mination module 106 then generates the measurement result
according to the predefined data and the numbers of actions
N_1-N_(n-1) executed by the user. The physiological signal
determination module 106, the control unit 110, the alarm
device 114 or the display unit 116 may further execute cor-
responding functions according to the measurement result. In
the above embodiment, if a number of actions N_x is smaller
than 2, the physiological signal determination module 106
may determine that the user is out of breath or the action speed
is too slow, and the alarm device 114 may deliver a warning
signal, which may be vibration, sounds, etc. The display unit
116 may also display information indicating that the user is
out of breath or the action speed is too slow. If a number of
actions N_y is between 2-3, the user’s breath and action are
both steady. The control unit 110 or the alarm device 114 may
notexecute any functions, or the display unit 116 may display
information indicating that the user’s breath and action are
steady enough.

[0093] The step of the physiological signal determination
module 106 generating the measurement result according to
the predefined data and the numbers of actions N_1-N_(n-1)
is not only limited to the comparison of the numbers of
actions N_1-N_(n-1) and the predefined data (e.g. comparing
whether the number of actions between each two breaths is
between 2-3). For example, the numbers of actions N_1-N_
(n-1) measured according to the occurrence time of each
physiological signal S_1-S_n may undergo further operations
or computations, e.g. converting to an accumulated number of
actions corresponding to the occurrence of multiple physi-
ological signals (such as the number of actions between the
first breath and the tenth breath), determining the trend of data
variation (increasing or decreasing), estimating the number of
occurrences of the physiological signal within an execution of
the action, or calculating the average of the numbers of
actions N_1-N_(n-1), etc. In an embodiment, the alarm
device 114 may also deliver a warning signal when the physi-
ological signal determination module 106 determines that
two consecutive numbers of actions N_z, N_(z+1) have a
large difference, in order to indicate that the user’s breath or
action is not steady. The alarm device 114 or the control unit
110 may also execute corresponding functions according to
other computational results of the numbers of action times
N_1-N_(n~1); this is not limited herein.

[0094] Please note that, in this embodiment, the status
detection module 108 may include a G-sensor, pressure sen-
sor, gyroscope or other related devices and technologies
capable of detecting the user’s action, in order to determine
the number of actions N_1-N_(n-1) executed by the user
between time points when the physiological signal is mea-
sured. The abovementioned number of actions may not only
be the number of reps of a dumbbell raise, but may also
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correspond to a number of walking steps, running steps, rope
skips or full revolutions when riding a bicycle.

[0095] Please refer to FIG. 7A, which is a schematic dia-
gram of a process 70 according to an embodiment of the
present invention. As shown in FIG. 7A, the process 70 may
be utilized in the wearable electronic device 10 for measuring
the physiological signals of the user when the user is execut-
ing an action, in order to obtain the measurement data corre-
sponding to a number of times the action is executed by the
user. The process 70 includes the following steps:

[0096] Step 700: Start.

[0097] Step 702: The threshold value setting device 104
sets a predefined data.

[0098] Step 704: The control unit 110 sets a unit number of
actions executed by the user.

[0099] Step 706: The physiological signal measurement
devices 102A-102D measure a physiological signal of the
user when the user is executing the actions, in order to obtain
measurement data corresponding to the actions.

[0100] Step 708: The physiological signal determination
module 106 generates a measurement result according to the
measurement data and the predefined data.

[0101] Step 710: Execute corresponding functions accord-
ing to the measurement result.

[0102] Step 712: End.

[0103] Inthe process 70, the threshold value setting device
104 first sets the predefined data corresponding to the physi-
ological signal. The control unit 110 also predefines a umt
number of actions executed by the user. For example, if the
user needs to determine whether his/her heart rate is steady
when cycling, the threshold value setting device 104 may
predefine a criterion where the heart rate measured during a
time interval when both feet tread 20 times should be between
15-30beats. If the number of heart beats measured during the
time interval when both feet tread 20 times is greater than 30,
the user may be peddling too fast. If the number ofheart beats
measured during the time interval when both feet tread 20
times is smaller than 15, the user may not achieve health
benefits of the exercise.

[0104] As shown in FIG. 7B, the physiological signal mea-
surement devices 102A-102D measure the physiological sig-
nal of the user when the user executes unit numbers of actions
N_1,N_2,...,N_n,inorderto obtain measurementdataV_1,
V_2,...,V_ncorresponding to each action N_1, N_2, . . .,
N_n. For example, when the user starts to ride a bicycle, or
after aperiod of time of riding, the heart rate sensor 102C may
detect the number of heart beats during the time periods of the
1*:t0 20% treads, the 21 to 40” treads, the 415 to 60” treads,
..., and the n” to (n+19)" treads, respectively. The physi-
ological signal determination module 106 then generates the
measurement result according to the measurement data V_1-
V_n and the predefined data. The control unit 110, the alarm
device 114 or the display unit 116 may further execute cor-
responding functions according to the measurement result. In
the above embodiment, if the physiological signal determi-
nation module 106 determines that the number of heart beats
measured during the time periods of performing 20 treads is
greater than 30 or smaller than 15, the alarm device 114 may
deliver a warning signal indicating that the user is peddling
too fast or not fast enough, respectively, where the warning
signal may be vibration, sounds, etc. The display unit 116
may also display information indicating that the user is ped-
dling too fast or not fast enough. If the number of heart beats
measured during the time period of performing 20 treads is
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between 15-30 beats, the physiological signal determination
module 106 may determine that the user’s exercise meets a
requirement. The control unit 110 or the alarm device 114
may not execute any functions, or the display unit 116 may
display information indicating that the user’s exercise meets
the requirement.

[0105] The step of the physiological signal determination
module 106 generating the measurement result according to
the measurement data V_1-V_n and the predefined data is not
only limited to the comparison between the measurement
data V_1-V_n and the predefined data (e.g. comparing
whether the number of heart beats measured during the time
period of executing the unit number of actions is between
15-30). For example, the measurement data V_1-V_n mea-
sured during the time period of executing the unit number of
actions may undergo further operations or computations, e.g.
determining the trend of data variation (increasing or decreas-
ing), estimating measurement data corresponding to a unit
number of actions executed in the future, or calculating the
average of the data V_1-V_n, etc. The measurement data of
different types of physiological signals obtained during the
time period of executing each action may also be utilized for
estimating other types of data. In an embodiment, the alarm
device 114 may deliver a warning signal when the number of
heart beats measured by the physiological signal determina-
tion module 106 during the execution time of a plurality of
consecutive unit numbers of actions obviously increases, in
order to indicate that the user’s exercise rate is increasing too
fast. The alarm device 114 or the control unit 110 may also
execute corresponding functions according to other compu-
tational results of the measurement data V_1-V_n; this is not
limited herein.

[0106] Similarly, in this embodiment, the status detection
module 108 may include a G-sensor, pressure sensor, gyro-
scope or other related devices and technologies capable of
detecting the user’s action, in order to measure the number of
actions executed by the user. This allows the control unit 110
to determine the physiological information of the user
according to the actions executed by the user, which may
further be utilized for determining the measurement data
V_1-V_n of the user during the time period for executing
each action N_1-N_n. The abovementioned unit number of
actions may not only be the treading numbers of riding a
bicycle, but may also be the number of walking steps, running
steps, rope skipping times or dumbbell raise times, etc.

[0107] In the prior art, the wearable devices cannot simul-
taneously perform measurement on different types of physi-
ological signals, and thus cannot combine the measurement
data of different types of physiological signals or human
actions. The information obtained by the conventional
devices must first be transmitted to a processing means such
as a comtputer or smart phone for data analysis and process-
ing. Variations in the physiological information cannot be
obtained immediately, which is inconvenient. In comparison,
the method of measuring signals and the wearable electronic
device of the present invention are capable of measuring
various human physiological signals and a user’s actions as
well as generating related location information, to provide
timely information for the user according to the measured
data. In addition, when the user’s physiological signals
become abnormal, the user may carry out contingency plans
in good time, which prevents the user from danger or physi-
ological damage.
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[0108] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A method of measuring signals for a wearable electronic
device comprising:

setting at least one threshold value corresponding to each

of a plurality of physiological signals of a user;

measuring the plurality of physiological signals to obtain a

plurality of measurement data; and

obtaining a measurement result according to the threshold

value and the plurality of measurement data.

2. The method of claim 1, wherein the plurality of physi-
ological signals comprise a breathing rate, a heart rate, a body
temperature and brain waves of the user.

3. The method of claim 1, further comprising:

generating a warning signal according to the measurement

result.

4. The method of claim 3, further comprising:

displaying the plurality of measurement data, the measure-

ment result or the warning signal.

5. The method of claim 1, wherein the step of obtaining the
measurement result according to the threshold value and the
plurality of measurement data comprises:

determining a concentration of the user according to a

breathing rate and brain waves of the user.

6. The method of claim 1, wherein the step of measuring
the plurality of physiological signals to obtain the plurality of
measurement data comprises:

measuring a physiological signal among the plurality of

physiological signals of the user during a unit of time, in
order to obtain a measurement data corresponding to the
unit of time.

7. The method of claim 1, wherein the step of measuring
the plurality of physiological signals to obtain the plurality of
measurement data comprises:

measuring a physiological signal among the plurality of

physiological signals of the user, in order to determine a
time interval between an occurrence of the physiological
signal and an occurrence of the next or later physiologi-
cal signal.

8. A method of measuring signals for a wearable electronic
device comprising:

setting at least one threshold value corresponding to each

of at least one physiological signal of a user;

detecting a status of the user to generate a status signal,

measuring the physiological signal and obtaining at least

one measurement data according to a relationship
between the status signal and the physiological signal;
and

obtaining a measurement result according to the threshold

value, the status signal and the measurement data.

9. The method of claim 8, wherein the physiological signal
comprises a breathing rate, a heart rate, a body temperature
and brain waves of the user.

10. The method of claim 8, wherein the status comprises a
location, an altitude or an action of the user.

11. The method of claim 8, further comprising:

generating a warning signal according to the measurement

result.
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12. The method of claim 11, further comprising:

displaying the plurality of measurement data, the status

signal, the measurement result or the warning signal.

13. The method of claim 8, wherein the step of detecting
the status of the user to generate the status signal comprises:

detecting a location of the user and determining a moving

distance of the user according to the location of the user
detected at different time points.

14. The method of claim 13, wherein the step of measuring
the physiological signal and obtaining the measurement data
according to the relationship between the status signal and the
at least one physiological signal comprises:

setting a length of a unit of distance within the moving

distance of the user; and

measuring a physiological signal among the at least one

physiological signal of the user when the user is moving
through the unit of distance within the moving distance,
in order to obtain a measurement data corresponding to
the unit of distance.

15. The method of claim 13, wherein the step of measuring
the physiological signal and obtaining the measurement data
according to the relationship between the status signal and the
physiological signal comprises:

measuring a physiological signal among the physiological

signal of the user, in order to determine the moving
distance of the user during a time interval between an
occurrence of the physiological signal and an occur-
rence of the previous or former physiological signal.

16. The method of claim 8, wherein the step of setting the
threshold value corresponding to each of the physiological
signal of the user comprises:

setting the threshold value for an altitude according to the

altitude of the user.

17. The method of claim 8, wherein the step of obtaining
the measurement result according to the threshold value, the
status signal and the measurement data comprises:

obtaining measurement data corresponding to a first alti-

tude and a second altitude when the user is located at the
first altitude and the second altitude, respectively, and
calculating a variation of the measurement data corre-
sponding to an altitude variation between the first alti-
tude and the second altitude.

18. The method of claim 8, wherein the step of detecting
the status of the user to generate the status signal comprises:

detecting an action of the user, and determining a number

of times the action is executed by the user according to
an action status of the user at different time points.
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19. The method of claim 18, wherein the step of measuring
the at least one physiological signal and obtaining the mea-
surement data according to the relationship between the sta-
tus signal and the at least one physiological signal comprises:

measuring a physiological signal among the at least one
physiological signal of the user, and determining the
number of operations of the action executed by the user
during a time interval between an occurrence of the
physiological signal and an occurrence of the next or
later physiological signal.

20. The method of claim 18, wherein the step of measuring
the at least one physiological signal and obtaining the mea-
surement data according to the relationship between the sta-
tus signal and the at least one physiological signal comprises:

measuring a physiological signal among the at least one
physiological signal of the user when the user is execut-
ing the action, in order to obtain a measurement data
corresponding to the number of times the action is
executed by the user.

21. A wearable electronic device, comprising:

a threshold value setting device, for setting at least one
threshold value corresponding to each of at least one
physiological signal;

at least one physiological signal measurement device, each
for measuring each of the physiological signal, respec-
tively, to obtain at least one measurement data; and

aphysiological signal determination module, for obtaining
a measurement result according to the threshold value
and the measurement data.

22. The wearable electronic device of claim 21, further

comprising:

at least one status detection module, for detecting a status
of the user to generate a status signal.

23, The wearable electronic device of claim 22, wherein
the status detection module comprises a global positioning
system, a gravity sensor, a gyroscope and an atmospheric
pressure detector.

24. The wearable electronic device of claim 21, further
comprising:

an alarm device, for generating a warning signal according
to the measurement result;

a display unit, for displaying the measurement data, the
measurement result or the warning signal;

a control unit, for controlling operations of the wearable
electronic device; and

a memory unit, for storing the measurement data and the
measurement result.
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