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(57) ABSTRACT

A method for monitoring physiological status of a vehicle
driver is performed by a monitoring device connected to a
physiological sensor and comprises steps of: (a) establishing
a personal physiological database comprising steps of: peri-
odically sensing the vehicle driver via the physiological
sensor to obtain the physiological signals within an initial
duration; obtaining a mean value and a standard deviation
based on the physiological signals; and obtaining a tolerance
range based on the mean value and the standard deviation,
such that the personal physiological database stores the
tolerance range; (b) sensing the vehicle driver via the
physiological sensor to obtain at least one instant physi-
ological signal after the initial duration; and (¢) determining
whether the at least one instant physiological signal is out of
the tolerance range, such that an alarm is outputted when the
at least one instant physiological signal is out of the toler-
ance range.
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METHOD FOR MONITORING
PHYSIOLOGICAL STATUS OF VEHICLE
DRIVER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for
monitoring physiological status, and more particularly to a
method for monitoring physiological status of a vehicle
driver.

[0003] 2. Description of Related Art

[0004] Human behaviors may reflect the physiological
status. Abnormal physiological status would affect the
human action. For example, high blood sugar may induce
dehydration, rapid heartbeats, arrhythmia, or low blood
pressure. A person having high blood sugar may even suffer
from shock. Low blood sugar may induce palpitations,
headaches, dizziness, weakness, tiredness, or rapid heart-
beats. High blood oxygen saturation may induce tiredness,
poor concentration, drowsiness, or rapid heartbeats. High
blood pressure may induce headaches, drumming in the ears,
shortness of breath, or rapid heartbeats. Low blood pressure
may induce dizziness, lack of strength, or arrhythmia
because the blood supplied to the brain is insufficient. A
person with low blood pressure may lose the consciousness
and fall down.

[0005] Hence, the physiological status of a vehicle driver
is closely related to driving safety. When the action of the
vehicle driver is affected by abnormal physiological status,
for example, the vehicle driver may have poor concentra-
tion, drowsiness, or weakness, and the vehicle driver fails to
stably drive the vehicle and increases the chance of causing
a traffic accident.

SUMMARY OF THE INVENTION

[0006] An objective of the present invention is to provide
a method for monitoring physiological status of a vehicle
driver. When the physiological status of the vehicle driver is
abnormal, an alarm would be outputted to warn the vehicle
driver.

[0007] The method of the present invention is performed
by a monitoring device electrically connected to a physi-
ological sensor. The physiological sensor is adapted to sense
a vehicle driver to obtain physiological signals of the vehicle
driver. The method comprises steps of:

[0008] (a) establishing a personal physiological database
comprising steps of:

[0009] periodically sensing the vehicle driver via the
physiological sensor to obtain the physiological signals
within an initial duration;

[0010] obtaining a mean value and a standard deviation
based on the physiological signals; and

[0011] obtaining a tolerance range based on the mean
value and the standard deviation, and storing the tol-
erance range in the personal physiological database;

[0012] (b) sensing the vehicle driver via the physiological
sensor to obtain at least one instant physiological signal after
the initial duration; and

[0013] (c) determining whether the at least one instant
physiological signal is out of the tolerance range, and
outputting an alarm when the at least one instant physiologi-
cal signal is out of the tolerance range.
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[0014] The tolerance range stored in the personal physi-
ological database reflects the body status of the vehicle
driver before driving the vehicle. When the vehicle driver
starts to drive the vehicle, the method of the present inven-
tion determines whether the at least one instant physiologi-
cal signal is out of the tolerance range. When the at least one
instant physiological signal is out of the tolerance range,
which means that the instant body status is worse than the
body status before driving, the method of the present inven-
tion would output the alarm to wam the vehicle driver. As a
result, before the abnormal body status affects the vehicle
driver’s action, the alarm outputted by the monitoring device
may warn the vehicle driver to stop driving the vehicle and
take a rest. The method achieves an effect of early warning
to reduce the chance of causing a traffic accident.

[0015] On the other hand, the method of the present
invention would not use a single constant range for deter-
mining different vehicle drivers’ physiological signals. The
tolerance range stored in the personal physiological database
corresponds to the body status of the vehicle driver who will
drive the vehicle. For a different vehicle driver, the method
of the present invention would generate a different tolerance
range for the different vehicle driver. Hence, the determi-
nation result in the step (¢) of the method of the present
invention would precisely reflect the actual body status of
the vehicle driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 11is a circuit block diagram of a physiological
sensor and a monitoring device performing the method of
the present invention;

[0017] FIGS. 2A, 2B, 2C, and 2D are flow charts of the
method of the present invention;

[0018] FIG. 3 is a histogram including heart rate signals
within the initial duration;

[0019] FIG. 4 is a schematic diagram of the heart rate
tolerance range RANGE,,;

[0020] FIG. 5 is a schematic diagram of the heart rate
variability tolerance range RANGE

[0021] FIG. 6isa schematic diagram of the blood pressure
tolerance range RANGE;

[0022] FIG. 7 is a schematic diagram of the blood sugar
tolerance range RANGE;

[0023] FIG. 8 is a schematic diagram of the blood oxygen
saturation tolerance range RANGE,; and

[0024] FIG. 9 is a schematic diagram showing the heart
rate tolerance range RANGE,,,, and the emergent conditions.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0025] A method for monitoring physiological status of a
vehicle driver is disclosed in an embodiment of the present
invention. With reference to FIG. 1, the method of the
present invention is performed by a monitoring device 10.
The monitoring device 10 may be wiredly or wirelessly
connected to a physiological sensor 20 for data or control
commands transmission. The physiological sensor 20 is
adapted to sense a vehicle driver 30 to obtain at least one
physiological signal. For example, the monitoring device 10
may be an in-vehicle device or a portable electronic device,
such as a smart phone. The monitoring device 10 comprises
an input interface 12 and an output interface 13. The input
interface 12 may include a touch panel or button(s). The
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output interface 13 may include a speaker, a display, or a
light indicator. The physiological sensor 20 may be mounted
on a wearable device, such as a smart Bracelet or a watch.
[0026] The physiological sensor 20 may be a conventional
Photoplethysmography (PPG) sensor that optically mea-
sures the vehicle driver 30’s physiological signals. For
example, abnormal blood pressure, abnormal blood sugar, or
abnormal blood oxygen saturation would affect the heart rate
and the heart rate variability of the vehicle driver 30. The
heart rate and the heart rate variability are references for
estimating the heart attack. In an embodiment, the monitor-
ing device 10 may measure the vehicle driver 30’s physi-
ological information including heart rate, heart rate variabil-
ity, blood pressure, blood sugar, and blood oxygen saturation
as indexes for estimating the vehicle driver 30’s body status.
The physiological sensor 20 comprises multiple light emit-
ting devices for respectively emitting lights in different light
wavelengths. For example, the physiological sensor 20 may
have a first light emitting device 21, a second light emitting
device 22, and a third light emitting device 23. The light
emitting devices 21-23 may be light emitting diodes (LED),
surface-mount-device (SMD) LEDs, or laser diodes (LD).
The first light emitting device 21 emits light in wavelength
within 660-740 nanometers (nm), such as 660 nm. The
second light emitting device 22 emits light in wavelength
within 900-1000 nm, such as 940 nm. The third light
emitting device 23 emits light in wavelength within 1000-
1800 nm, such as 1550 nm.

[0027] A heart rate (HR) signal S,z of the vehicle driver
30 would be measured by only activating the first light
emitting device 21. A heart rate variability (HRV) signal
Spry of the vehicle driver 30 would be obtained from a
fast-Fourier-transform result of the HR signal S, by fre-
quency domain analysis. The fast-Fourier-transform and the
frequency domain analysis would be performed in the
physiological sensor 20 or the monitoring device 10. Ablood
pressure (BP) signal Sg,,uress0e a0d a blood oxygen
saturation (BOS) signal S, ,, of the vehicle driver 30 would
be measured by activating the first light emitting device 21
and the second light emitting device 22 at a same time,
wherein the BP signal Sy, ressue 18 diastolic blood pres-
sure, systolic blood pressure, or both of the diastolic blood
pressure and the systolic blood pressure. A blood sugar (BS)
signal Sg;,.... 0f the vehicle driver 30 would be measured
by activating the first light emitting device 21, the second
light emitting device 22, and the third light emitting device
23 at a same time.

[0028] Hence, as shown in FIG. 1, the physiological
signals received by the monitoring device 10 from the
physiological sensor 20 may include the HR signal S, the
HRYV signal Sz, the BP signal S the BS signal
SGtucoses a0d the BOS signal Sg, 5.

[0029] With reference to FIG. 1 and FIG. 2A, an embodi-
ment of the method of the present invention is to establish
a personal physiological database 11 (S01) at first. The
personal physiological database 11 may be stored in the
monitoring device 10. In the step S01, with reference to FIG.
2B, the monitoring device 10 periodically senses the vehicle
driver 30 to obtain physiological signals via the physiologi-
cal sensor 20 within an initial duration (S011). Then, the
monitoring device 10 obtains a mean value and a standard
deviation based on the physiological signals (S012). After-
wards, the monitoring device 10 obtains a tolerance range
based on the mean value and the standard deviation, such

Blood-pressures
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that the personal physiological database 11 stores the toler-
ance range (S013). The tolerance range has a lower bound-
ary and an upper boundary. A summation of the mean value
and one time, two times, or three times of the standard
deviation is set as the upper boundary of the tolerance range,
and a difference between the mean value and one time, two
times, or three times of the standard deviation is set as the
lower boundary of the tolerance range.

[0030] In the step S012, it is to be understood that the
mean value is a ratio of a summation of the physiological
signals sensed within the initial duration and a number of the
physiological signals. The standard deviation may be
expressed as below:

[0031] where
[0032] o is the standard deviation;
[0033] n is the number of the physiological signals sensed

within the initial duration;

[0034] x,is an i-th physiological signal of the physiologi-
cal signals sensed within the initial duration; and

[0035] X is the mean value of the physiological signals
sensed within the initial duration.

[0036] In the embodiment as mentioned above, the moni-
toring device 10 may receive HR signals S, HRV signals
Spny> BP signals Spooipresnres BS signals Sy, ., and
BOS signals S, ,,. When the vehicle driver 30 gets in the
vehicle, the vehicle driver 30 may turn on the monitoring
device 10 and the physiological sensor 20, stays in the
vehicle, and does not drive the vehicle for a while, that is,
the initial duration, such as 5 minutes. For example, the
monitoring device 10 may receive the HR signals S, within
the initial duration as shown in the histogram of FIG. 3. The
histogram of FIG. 3 represents a heart rate distribution of the
vehicle driver 30 within the initial duration. Then the
monitoring device 10 calculates an HR mean value AVE,,
and an HR standard deviation o, based on the HR signals
Syr as shown in the normal distribution diagram of FIG. 4.
The HR mean value AVE,,, calculated from the heart rate
distribution in FIG. 3 would be 98.59 beats per minute (bpm)
and the HR standard deviation o, would be 6.6 bpm. After
the monitoring device 10 obtains the HR mean value AVE,,
and the HR standard deviation 0,,, the monitoring device
10 calculates an HR tolerance range RANGE; based on the
HR mean value AVE,,, and the HR standard deviation 0.
The upper boundary Range_upper of the HR tolerance range
RANGE,,; may be a summation of the HR mean value
AVE,» and one time, two times, or three times of the HR
standard deviation 0, and the lower boundary Range
lower of the HR tolerance range RANGE,; may be a
difference between the HR mean value AVE,,, and one time,
two times, or three times of the HR standard deviation 0,.
It is to be deduced that the HR tolerance range RANGE,,
calculated from the heart rate distribution in FIG. 3 may be
92-105 bpm, 85-111 bpm, or 79-118 bpm. As the example
shown in FIG. 4, the lower boundary Range_lower is the
difference between the HR mean value AVE,,, and three
times of the HR standard deviation oy, and the upper
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boundary Range_upper is the summation of the HR mean
value AVE,; and three times of the HR standard deviation
Opzn-

[0037] HRV tolerance range RANGE,,, BP tolerance
range RANGE ;1 ossures BS tolerance range RANGE -
meose, and BOS tolerance range RANGE,,, may be
deduced from the HR tolerance range RANGE,,. With
reference to FIG. 5, the monitoring device 10 calculates an
HRV mean value AVE,,,,- and an HRV standard deviation
Ogry based on the HRV signals S, ,-and calculates an HRY
tolerance range RANGE ;.- based on the HRV mean value
AVE,,.,- and the HRV standard deviation o, ,. With refer-
ence to FIG. 6, the monitoring device 10 calculates a BP
mean valueAVE ;.. and @ BP standard deviation
GBZood—pressure based on the BP Signals SBZood—prgssurg and
calculates a BP tolerance range RANGE;,, 4, 55 Dased
on the BP mean value AVEg,, s 056 and the BP standard
deviation Opy,,4 pressure- With reference to FIG. 7, the moni-
toring device 10 calculates a BS mean value AVE ;, . and
a BS standard deviation 0g;,,..., based on the BS signals
S Grieose @0d calculates a BS tolerance range RANGE ;...
based on the BS mean value AVE ;.. and the BS standard
deviation 0y, With reference to FIG. 8, the monitoring
device 10 calculates a BOS mean value AVEg,,,, and a BOS
standard deviation 0y,, based on the BOS signals S,
and calculates a BOS tolerance range RANGE, ,, based on
the BOS mean value AVE, ,; and the BOS standard devia-
tion g,,00-

[0038] As a result, the tolerance ranges stored in the
personal physiological database 11 include the HR tolerance
range RANGE,,,, the HRV tolerance range RANGE,,, the
BP tolerance range RANGE;, ;. ressure the BS tolerance
range RANGE and the BOS tolerance range
RANGE,;,-

[0039] With reference to FIG. 2A, when the personal
physiological database 11 is established after the initial
duration, the monitoring device 10 determines whether the
tolerance range stored in the personal physiological database
11 is out of a reference range (S02). The reference range is
stored in the monitoring device 10 and shown in the fol-
lowing table.

Glucose?

PHYSIOLOGICAL SIGNAL REFERENCE RANGE

HR signal 60-100 (bpm)

BP signal diastolic blood pressure 90-140 (mmgH)
systolic blood pressure 60-89 (mmgH)

BS signal 80-120 (mg/dL)

BOS signal 97-100%

HRYV signal 0.5-2.5

[0040] When the tolerance range is within the reference

range, the vehicle driver 30 may has good physiological
status to drive the vehicle and the chance to induce traffic
accident is low. When the tolerance range is out of the
reference range, the monitoring device 10 controls the
output interface 13 to output an alarm (flash lights or sounds)
for a while, such as one minutes (S03). Then, the monitoring
device 10 question the vehicle driver 30 to determines
whether the vehicle driver 30 drivers the vehicle (S04).
When the vehicle driver 30 decides not to drive the vehicle,
the vehicle driver 30 may control the input interface 12 to
send a deny command to the monitoring device 10. When
the monitoring device 10 receives the deny command, the
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monitoring device 10 return to the step S03. When the
vehicle driver 30 decides to drive the vehicle, the vehicle
driver 30 may control the input interface 12 to send a
confirm command to the monitoring device 10.

[0041] When the monitoring device 10 receives the con-
firm command, the monitoring device 10 periodically senses
the vehicle driver 30 to obtain at least one instant physi-
ological signal via the physiological sensor 20 (S05). The
sensing period may be 5 minutes. In the embodiment, after
the initial duration, the vehicle driver 30 may start to drive
the vehicle and the monitoring device 10 receives the at least
one instant physiclogical signal of the vehicle driver 30 via
the physiological sensor 20. The at least one instant physi-
ological signal includes an instant HR signal, an instant
HRV signal, an instant BP signal, an instant BS signal, and
an instant BOS signal for reflecting an instant body status of
the vehicle driver 30.

[0042] After the monitoring device 10 receives the at least
one instant physiological signal, the monitoring device 10
determines whether the at least one instant physiological
signal is out of the tolerance range (S06). When the instant
physiological signal is out of the tolerance range, the moni-
toring device 10 controls the output interface 13 to output an
alarm (S07). In an embodiment, the monitoring device 10
determines whether the instant HR signal is out of the HR
tolerance range RANGE ., determines whether the instant
HRYV signal is out of the HRV tolerance range RANGE 5,
determines whether the instant BP signal is out of the BP
tolerance range RANGEy; . pressures determines whether
the instant BS signal is out of the BS tolerance range
RANGE,, ..., and determines whether the instant BOS
signal is out of the BOS tolerance range RANGE,,,,. When
any one of the instant HR signal, the instant HRV signal, the
instant BP signal, the instant BS signal, and the instant BOS
signal is out of the corresponding tolerance range, the
monitoring device 10 controls the output interface 13 to
output the alarm.

[0043] In an embodiment, with reference to FIG. 2C,
when the monitoring device 10 receives the confirm com-
mand, the monitoring device 10 executes a power-saving
mode (S08). When the monitoring device 10 performs the
power-saving mode, the monitoring device 10 only mea-
sures the instant HR signal and the instant HRV signal
(S081) to determine whether the instant HR signal or the
instant HRV signal is out of the corresponding tolerance
range (S082). When the instant HR signal is out of the HR
tolerance range RANGE,, or the instant HRV signal is out
of the HRV tolerance range RANGE,,, the monitoring
device 10 performs a fast detecting mode to sequentially
determine whether the instant BOS signal is out of the BOS
tolerance range RANGE, ,,,, determine whether the instant
HR signal is out of the HR tolerance range RANGE,,,,
determines whether the instant HRV signal is out of the HRV
tolerance range RANGE,,,.,, determines whether the instant
BP signal is out of the BP tolerance range RANGE, ..
pressure, and determines whether the instant BS signal is out
of the BS tolerance range RANGE,, ... (509).

[0044] In the step S09, when any one of the instant BOS
signal, the instant HR signal, the instant HRV signal, the
instant BP signal, and the instant BS signal is out of the
corresponding tolerance range, the monitoring device 10
controls the output interface 13 to output the alarm via light
flashing or sounds. When all of the instant physiological
signals mentioned above are within their tolerance ranges
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respectively, the monitoring device 10 may determine
whether the instant physiological signals are within their
reference ranges respectively. When any one of the instant
physiological signals is out of the corresponding reference
range, the monitoring device 10 controls the output interface
13 to output the alarm.

[0045] In the power-saving mode, because the instant HR
signal and the instant HRV signal of the vehicle driver 30
would be measured by only activating the first light emitting
device 21. The second light emitting device 22 and the third
light emitting device 23 are inactivated. As a result, the
monitoring device 10 and the physiological sensor 20 may
consume less power to achieve the advantage of power-
saving.

[0046] In the fast detecting mode, the sequence of the
instant physiological signals to be determined is based on
signal processing speeds. The instant physiological signal
with faster signal processing speed would be determined in
advance. For example, the processing time for determining
whether the instant BOS signal is out of the BOS tolerance
range RANGE,, would be less than 1 second, the pro-
cessing time for determining whether the instant HR signal
and the HRV signal are out of their tolerance ranges
RANGE,,,, RANGE, ,-would be less than 30 seconds, the
processing time for determining whether the instant BP
signal is out of the BP tolerance range RANGE .,/ 1 essure
would be less than 150 seconds, and the processing time for
determining whether the instant BS signal is out of the BS
tolerance range RANGE,,.,.. would be less than 200
seconds.

[0047] Regarding the tolerance range, when the lower
boundary/upper boundary of the tolerance range are the
difference/summation of the mean value and one time or two
times of the standard deviation respectively, the tolerance
range is narrower to have higher determination sensitivity in
the steps S082 and S09. Hence, the monitoring device 10
may sensitively determine the abnormality when the instant
physiological signals of the vehicle driver 30 are varied to be
out of the narrower tolerance range. In contrast, when the
lower boundary/upper boundary of the tolerance range are
the difference/summation of the mean value and three times
of the standard deviation respectively, the tolerance ranges
are wider, such that the instant physiological signals may be
varied within the wider tolerance ranges and would not be
abnormal. Therefore, the monitoring device 10 in the step
S03 would have lower determination sensitivity.

[0048] With reference to FIG. 2D, in another embodiment,
when the instant physiological signal is out of the tolerance
range in the step S09, the monitoring device 10 further
determines whether the instant physiological signal meets an
emergent condition (S11). For example, with reference to
FIG. 9, the heart rate lower than 50 bpm and higher than 130
bpm may be the emergent condition for the instant HR
signal. When the instant physiological signal does not meet
the emergent condition, the monitoring device 10 performs
a first warning mode to control the output interface 13 to
output an alarm via flash lights or sounds (S12). When the
instant physiological signal meets the emergent condition,
the monitoring device 10 performs a second warning mode
to control the output interface 13 to output an alarm via flash
lights or sounds (S13). The first warning mode is different
from the second warning mode. For example, the first
warning mode and the second warning mode are light
flashing modes respectively. A light flashing frequency of
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the second warning mode would be higher than a light
flashing frequency of the first warning mode. Therefore,
when the physiological signal of the vehicle driver 30 is not
only out of the tolerance range but also meets the emergent
condition, the monitoring device 10 would output the alarm
to warn the vehicle driver 30 to stop driving the vehicle to
avoid traffic accident in advance.

[0049] In an embodiment, the emergent conditions for the
instant HR signal, the instant HRV signal, the instant BP
signal, the instant BS signal, and the instant BOS signal are
disclosed in the following table.

INSTANT PHYSIOLOGICAL

SIGNAL EMERGENT CONDITION

Instant HR signal lower than 50 beats-per-minute or
higher than 130 beats-per-minute

Instant BP signal diastolic blood lower than 89 mmHg or

pressure higher than 160 mmHg
systolic blood  lower than 59 mmHg or
pressure higher than 100 mmHg

Instant BS signal lower than 50 mg/dL or
higher than 250 mg/dL

Instant BOS signal lower than 94%

What is claimed is:

1. A method for monitoring physiological status of a
vehicle driver, the method performed by a monitoring device
connected to a physiological sensor sensing a vehicle driver
to obtain physiological signals of the vehicle driver, the
method comprising steps of:

(a) establishing a personal physiological database com-

prising steps of:

periodically sensing the vehicle driver via the physi-
ological sensor to obtain the physiological signals
within an initial duration;

obtaining a mean value and a standard deviation based
on the physiological signals; and

obtaining a tolerance range based on the mean value
and the standard deviation, and storing the tolerance
range in the personal physiological database;

(b) sensing the vehicle driver via the physiological sensor
to obtain at least one instant physiological signal after
the initial duration; and

(c) determining whether the at least one instant physi-
ological signal is out of the tolerance range and out-
putting an alarm when the at least one instant physi-
ological signal is out of the tolerance range.

2. The method as claimed in claim 1, wherein

in the step (a), the physiological signals include heart rate
(HR) signals, heart rate variability (HRV) signals,
blood pressure (BP) signals, blood sugar (BS) signals,
and blood oxygen saturation (BOS) signals, and the
tolerance range stored in the personal physiological
database includes an HR tolerance range, an HRV
tolerance range, a BP tolerance range, a BS tolerance
range, and a BOS tolerance range;

in the step (b), the at least one instant physiological signal
sensed by the physiological sensor includes an instant
HR signal, an instant HRV signal, an instant BP signal,
an instant BS signal, and an instant BOS signal,

in the step (c), when the instant HR signal is out of the HR
tolerance range or the instant HRV signal is out of the
HRV tolerance range in a power-saving mode, the
monitoring device sequentially determine whether the
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instant BOS signal is out of the BOS tolerance range,
determine whether the instant HR signal is out of the
HR tolerance range, determines whether the instant
HRV signal is out of the HRV tolerance range, deter-
mines whether the instant BP signal is out of the BP
tolerance range, and determines whether the instant BS
signal is out of the BS tolerance range;

when any one of the instant BOS signal, the instant HR
signal, the instant HRV signal, the instant BP signal,
and the instant BS signal is out of a corresponding
tolerance range, the alarm is outputted via an output
interface.

3. The method as claimed in claim 1 further comprising:

determining whether the at least one instant physiological
signal meets an emergent condition when the at least
one instant physiological signal is out of the tolerance
range in the step (¢);

performing a first warning mode when the at least one
instant physiological signal does not meet the emergent
condition; and

performing a second warning mode when the at least one
instant physiological signal meets the emergent condi-
tion, wherein the first warning mode is different from
the second warning mode.

4. The method as claimed in claim 2 further comprising:

determining whether the at least one instant physiological
signal meets an emergent condition when the at least
one instant physiological signal is out of the tolerance
range in the step (¢);

performing a first warning mode when the at least one
instant physiological signal does not meet the emergent
condition; and

performing a second warning mode when the at least one
instant physiological signal meets the emergent condi-
tion, wherein the first warning mode is different from
the second warning mode, and the emergent condition
includes:

a heart rate lower than 50 beats per minute or higher than
130 beats per minute;

a diastolic blood pressure lower than 89 mmHg or higher
than 160 mmHg;

a systolic blood pressure lower than 59 mmHg or higher
than 100 mmHg;

a blood sugar lower than 50 mg/dL or higher than 250
mg/dL; and

a blood oxygen saturation lower than 94%.

5. The method as claimed in claim 3, wherein the first
warning mode and the second warning mode are light
flashing modes respectively;

a light flashing frequency of the second warning mode is
higher than a light flashing frequency of the first
warning mode.

6. The method as claimed in claim 4, wherein the first

warning mode and the second warning mode are light
flashing modes respectively;
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a light flashing frequency of the second warning mode is
higher than a light flashing frequency of the first
warning mode.

7. The method as claimed in claim 1, wherein in the step
(a), a summation of the mean value and two times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and two times of the standard deviation is set as a lower
boundary of the tolerance range.

8. The method as claimed in claim 2, wherein in the step
(a), a summation of the mean value and two times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and two times of the standard deviation is set as a lower
boundary of the tolerance range.

9. The method as claimed in claim 3, wherein in the step
(a), a summation of the mean value and two times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and two times of the standard deviation is set as a lower
boundary of the tolerance range.

10. The method as claimed in claim 4, wherein in the step
(a), a summation of the mean value and two times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and two times of the standard deviation is set as a lower
boundary of the tolerance range.

11. The method as claimed in claim 1, wherein in the step
(a), a summation of the mean value and three times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and three times of the standard deviation is set as a lower
boundary of the tolerance range.

12. The method as claimed in claim 2, wherein in the step
(a), a summation of the mean value and three times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and three times of the standard deviation is set as a lower
boundary of the tolerance range.

13. The method as claimed in claim 3, wherein in the step
(a), a summation of the mean value and three times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and three times of the standard deviation is set as a lower
boundary of the tolerance range.

14. The method as claimed in claim 4, wherein in the step
(a), a summation of the mean value and three times of the
standard deviation is set as an upper boundary of the
tolerance range, and a difference between the mean value
and three times of the standard deviation is set as a lower
boundary of the tolerance range.
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