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(7) ABSTRACT

A method and a smart watch for detecting and prompting
abnormal heart rate data, and the start watch comprises a
main processor and an auxiliary processor. When the main
processor is in a dormancy state, the auxiliary processor
collects heart rate data and analyzes whether the heart rate
data is abnormal. When it is determined that the heart rate
data is abnormal, the auxiliary processor is interrupted and
the main processor is woken up, and the abnormal data is
submitted to the main processor for processing. When the
processing is completed, the main processor returns to the
dormancy state, so that the main processor does not need to
participate in the heart rate data collection and analysis
process. The power consumption during running of the
auxiliary processor is one quarter of the power consumption
of the main processor in the dormancy state.
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ENERGY-SAVING SWITCHING METHOD
AND A SMART WATCH WITH HEART RATE
DETECTION FUNCTION

PRIORITY CLAIM

[0001] This application is the Continuation Application of
International Application No. PCT/CN2017/119842, filed
on Dec. 29, 2017, which claims priority to Chinese Patent
Application No. 201710207500.6, filed on Mar. 31, 2017,
both of which are incorporated by reference in their entire-
ties for any and all purposes.

FIELD

[0002] The present disclosure relates to a technical field of
smart watch, and particularly relates to a method and a smart
watch for detecting and prompting abnormal heart rate data.

BACKGROUND

[0003] As an important physiological indicator of blood
circulation function, heart rate is not only an important
indicator reflecting the strength of heart function, but also
reflects the intensity of human exercise and thus is also
widely used in daily exercise. It can be used as an index and
basis for assessing the appropriateness of exercise load, as
well as the state of cardiac function, and as an indicator for
determining whether the body has excessive fatigue and
assessing the degree of exercise in a certain stage. In the
prior art, smart wearable products mainly based on smart
watches have begun to widely incorporate the heart rate
detection function, which brings great convenience to self-
test for the users. However, the existing heart rate wristband
or heart rate watch collects heart rate mainly by using a
traditional LED photoelectric heart rate collection method.
The power consumption of this method is relatively high due
to the existence of LED, for example about 10-20 mA. In
order to extend the use time, it can only be turned on when
the measurement is being taken, and it has to be turned off
at other times. This affects the continuity of heart rate
measurement, which in turn affects the quality of health
monitoring, thus greatly limiting the wide application of
heart rate detection.

[0004] Therefore, it is a very urgent need to use the heart
rate detection more conveniently while not greatly consum-
ing the power of the smart watch.

CONTENTS OF THE DISCLOSURE

[0005] In view of the above, an object of the present
disclosure is to provide a method and a smart watch for
detecting and prompting abnormal heart rate data, which can
detect and prompt abnormal heart rate in time, thereby
satisfying people’s daily health detection needs to the most.
[0006] According to an aspect of the present disclosure, a
method for detecting and prompting abnormal heart rate data
is provided. The method comprises:

[0007] collecting detected heart rate data;

[0008] analyzing the collected heart rate data by an aux-
iliary processor;

[0009] determining whether the collected data is in a
threshold range;

[0010] triggering to wake up a main processor and the
main processor switching from a dormancy state to an
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operation state when the auxiliary processor detects that the
collected heart rate data is abnormal for over a predeter-
mined time period;

[0011] establishing communication with a mobile terminal
via Bluetooth and transmitting abnormal heart rate and
providing an alert prompt by the main processor.

[0012] In one embodiment, after determining whether the
collected data is in the threshold range, the method com-
prises: detecting the duration of the abnormal heart rate data;
if the duration of the abnormal heart rate data exceeds a
predetermined time period, determining the wearing condi-
tion of a watch; if the watch is being worn, determining
whether a user of the watch is in exercise; if the user is not
in exercise, interrupting the auxiliary processor in a low
power state and triggering to wake up the main processor to
establish connection with the mobile terminal via Bluetooth
to provide an alert prompt.

[0013] In one embodiment, after the main processor
switching from the dormancy state to the operation state, the
method further comprises:

[0014] connecting to a mobile phone terminal of the user
via Bluetooth by the main processor;

[0015] transmitting the abnormal heart rate data to the
mobile phone terminal of the user by the main processor;
[0016] providing an abnormal heart rate prompt by the
mobile phone terminal;

[0017] wherein the prompt provided by the mobile phone
terminal includes any of mobile phone vibration, ringtones,
SMS, custom voice.

[0018] In one embodiment, the main processor is in the
dormancy state and the auxiliary processor is in the low
power state when collecting detected heart rate data.
[0019] In one embodiment, determining the wearing con-
dition of the watch comprises: turning on an infrared dis-
tance detection sensor to detect whether there is an obstruc-
tion; obtaining collected heart rate data when obstruction is
detected and comparing the collected heart rate data to a
predetermined range of wrist heart rate data of normal
people; determining that the obstruction is the wrist of the
user when the heart rate data is normal, otherwise the
obstruction is other obstructions, thus determining whether
the watch is being worn by the user.

[0020] According to another aspect of the present disclo-
sure, a smart watch is also provided. The smart watch
comprises: a main processor, an auxiliary processor, a sys-
tem service bus, a memory, a heart rate collection processing
module, an acceleration collection processing module, and a
Bluetooth module, wherein the main processor, the auxiliary
processor, and the memory communicate with one another
via the system service bus respectively, and the heart rate
collection processing module and the acceleration collection
processing module are connected to the auxiliary processor.
[0021] In one embodiment, the main processor is in a
dormancy state and the auxiliary processor is in an operation
state when the heart rate data is being collected and ana-
lyzed.

[0022] In one embodiment, when the heart rate data
obtained by the auxiliary processor is abnormal for over a
predetermined time period, the main processor is woken up.
[0023] In one embodiment, the main processors provides
an alert indication after receiving the abnormal data, wherein
the alert indication comprises vibrating the smart watch for
a time period and transmitting the abnormal data to an
intelligent mobile terminal.
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[0024] In one embodiment, the main processor enters into
the dormancy state after transmitting the abnormal data to
the mobile terminal.

[0025] The beneficial effects of the disclosure lie in: the
main processor of the smart watch does not participate in the
heart rate data collection and processing in most cases, so
that the main system of the smart watch can remain in the
dormancy state; the auxiliary processor chip itself has
extremely low power consumption, which is equivalent to
one quarter of the power consumption of the main processor
of the smart watch in dormancy state, thereby saving system
power consumption. In addition, when the detected heart
rate data is abnormal for over a predetermined period of
time, the main processor is woken up, and an alert prompt
is transmitted to the mobile phone terminal, so that the
abnormal heart rate condition of the user is detected and
alerted in time.

DESCRIPTIONS OF THE DRAWINGS

[0026] The drawings are only for the purpose of illustrat-
ing the embodiments and are not considered as a limitation
of the disclosure. Throughout the drawings, the same refer-
ence numerals are used to refer to the same parts. In the
drawings:

[0027] FIG. 1 shows a structural block diagram of an
energy-saving watch in prior art;

[0028] FIG. 2 shows a structural block diagram of the
smart watch according to an embodiment of the present
disclosure;

[0029] FIG. 3 shows a flowchart of a method for detecting
abnormal heart rate data by the smart watch according to an
embodiment of the present disclosure.

DETAILED EMBODIMENTS

[0030] Exemplary embodiments of the present disclosure
will be described in more detail below with reference to the
accompanying drawings. While the exemplary embodiments
of the present disclosure are shown in the drawings, it is
understood that the disclosure may be embodied in various
forms and not limited by the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be more fully understood.

[0031] As shown in FIG. 1, a smart watch structure frame
of prior art is shown, in which a heart rate measurement
module communicates directly with a CPU via a system bus,
and the CPU is always in an operating state.

[0032] According to an aspect of the present disclosure, an
energy-saving smart watch with heart rate detection is
provided. As shown in FIG. 2, when the smart watch is in
operating state, it can intuitively display information and
switch among other application functions. When the smart
watch is in dormancy or standby state, the system is in a low
power mode. In the low-power mode, the smart watch only
displays the time and monitors the heart rate of the user. The
ECG collection processing module interacts with the system
bus via the auxiliary processor module, such as a sensor hub.
[0033] The watch comprises: a watch case, a main pro-
cessor and a system service bus arranged in the watch case,
wherein the main process is respectively connected to a
display module, an auxiliary processor module, a wireless
communication module and a storage module, and periph-
erals such as a battery module via the system service bus.
The above mentioned modules respectively implement data
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exchange with the system service bus via a bus such as i2c,
spi, usb, etc. The auxiliary processor module communicates
with an ECG collection processing module and an accelera-
tion collection processing module, and feeds the obtained
data to the main processing.

[0034] In one embodiment, the peripherals also include a
three-axis gyroscope, a gravity sensor, a navigation compo-
nent, etc.

[0035] In one embodiment, the main processor is an ARM
Cortex-M3 as a controller EFM32G200, and the wireless
communication module uses a CC2540 chip.

[0036] In one embodiment, the acceleration collection
module comprises a three-axis acceleration sensor, and the
three-axis acceleration sensor comprises a chip LIS3DH for
sensing the acceleration change of the device, thereby rec-
ognizing the feasibility of a gesture action.

[0037] Inone embodiment, the battery module is powered
by a lithium battery. The 5V voltage output by the MiniUSB
is directly supplied to the lithium battery charging manage-
ment chip TP4056, which is used for managing the charging
of the lithium battery. The chip is a complete single-cell
lithium ion battery with a constant current, constant voltage
linear charger, up to 1A charging current. When the input
voltage is removed, TP4056 automatically enters a low
current state, reducing battery leakage current to lower than
2 vA.

[0038] Inoneembodiment, the auxiliary processor module
is a chip, and the model may be an MCU chip of
MSP430F5524IRGCT, which communicates data with the
main processor via a data bus.

[0039] In one embodiment, the storage module uses a
CC2540 ROM, and the ROM value is sufficient for storing
the Bluetooth protocol stack, the collected data and the
instruction code. The chip does not need an external
memory.

[0040] In one embodiment, when the smart watch is in a
dormancy state, the auxiliary processor module communi-
cates with the ECG collection processing module, and the
ECG collection processing module performs arithmetic pro-
cessing on the collected data.

[0041] The ECG collection module performs arithmetic
processing on the collected peripheral data, including:
[0042] One. Pre-processing. First, the collected signal
needs to be smoothed and filtered.

[0043] Two. Peak detection. In the continuous signal, the
peak is found by locating the value with reciprocal of 0. In
the sampled discrete signal, the peak is found by differential
operation. After a simple 5-point smoothing filtering method
is used in step one, the small error of the sampled data is
removed. In order to eliminate the interference, 70% of the
R peak amplitude is used as a threshold, and values less than
this threshold is set to 0. Through the above coarse screen-
ing, possible peaks are left.

[0044] Three, DC and AC component extraction. The peak
detected in step two divides the PPG signal into several
small peaks, called the beat cycle. The DC component is
estimated by using the mean of the beat cycle while finding
the peak of the beat cycle, and the AC component is obtained
from the difference between the peak and the valley of the
value.

[0045] Four, PPG signal determination. According to the
position, amplitude, interval and other information of the
peaks and valleys obtained in the previous two steps, it is
determined whether this signal is a valid PPG signal.
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[0046] Five, heart rate calculation:

[0047] an average time of the RR interval in a time period
is required to calculate the heart rate.

[0048] The equation for calculating the average time of the
RR interval is: RR interval=(the position of the last R
peak~the position of the first R peak)/(360*(the number of
the R wave-1));

[0049] The equation for calculating the heart rate is:
HR=60/RR interval; HR=60*360*(the number of R wave-
1)/(the position of the last R peak-the position of the first R
peak).

[0050] wherein the position of the R peak refers to which
data point it is in the ECG signal, and 360 is the sampling
frequency of the ECG data.

[0051] Inoneembodiment, the auxiliary processor module
implements information exchange with the ECG collection
processing module and the acceleration collection process-
ing module via 12C or other data bus.

[0052] In one embodiment, the smart watch can launch or
exit corresponding function by the user’s active operation.
[0053] When the main processor of the smart watch is in
a dormancy state and the auxiliary processor is kept in a
low-power state, the data sent back to the auxiliary processor
by the peripherals is analyzed for calculation. When the
heart rate data obtained by the auxiliary processor is abnor-
mal for over a predetermined time period, the main proces-
sor is woken up and the main processor switches from the
dormancy state to an operation state and the auxiliary
processor switches from the low power state to an interrup-
tion state. The main processor transmits the abnormal heart
rate data to a mobile phone terminal via the Bluetooth
module. The main processor switches from the operation
state to the dormancy state and the auxiliary processor
switches from the interruption state to the low power state
after transmitting to the mobile phone terminal.

[0054] According to an embodiment of the present disclo-
sure, a method for detecting and prompting abnormal heart
rate data is provided. As shown in FIG. 3, the auxiliary
processor is kept in the low power state when the main
processor is in the dormancy state. The auxiliary processor
detects and analyzes the data from all the peripherals and
submits key data or abnormal data to the main processor as
necessary to wake up the main processor for processing.

[0055] Step 100: the main processor is in the dormancy
state.
[0056] Step 101: the sensor hub as the auxiliary processor

is kept in an operation state.

[0057] Step 102: collecting detected heart rate data.
[0058] In one embodiment, the user can set different
threshold ranges of heart rate for different ambient scenarios
to represent the heart rate threshold of human in different
scenarios. As an example, it can set such that the threshold
range of heart rate of the user is 50 to 70 in sleep state, the
threshold range of heart rate of the user is 80 to 150 in
exercise state, and the threshold range of heart rate of the
user is 65 to 90 in static scenario. The interval of heart rate
detection can also be set, or heart rate detection can be real
time. As an example, it can be set that heart rate detection is
performed once every 5 minutes in exercise scenario, heart
rate detection is performed once every 30 minutes in static
scenario, and heart rate detection is performed once every 10
minutes in sleep scenario. Further, heart rate collection can
be set as real-time mode.
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[0059] Step 103: analyzing and calculating the collected
heart rate data.
[0060] In one embodiment, when there is no historic data,

it is determined whether the heart rate data is abnormal
according to a range of heart rate of normal people. When
there is historic data, the heart rate data is compared with the
historic data and it is determined whether the change of the
collected heart rate data exceeds a threshold. If yes, abnor-
mal heart rate data is submitted, otherwise heart rate data
collection is continued.

[0061] Step 104: determining whether the collected data is
in a threshold range.

[0062] Step 105: if yes, proceeding to step 106, otherwise
returning to step 102.

[0063] Step 103: determining the wearing condition of the
watch. If the watch is being worn by the user, proceeding to
step 107, otherwise returning to step 102.

[0064] In one embodiment, an infrared distance detection
sensor is turned on to detect whether there is an obstruction.
When obstruction is detected, the collected heart rate data is
obtained and is compared with a predetermined range of
wrist heart rate data of normal people. When the heart rate
data is normal, it is determined that the obstruction is the
wrist of the user, otherwise the obstruction is other obstruc-
tions.

[0065] In one embodiment, when analyzing the abnormal
heart rate data, it is determined whether the monitored heart
rate is less than a preset minimum threshold. When the heart
rate is detected to be less than the minimum threshold, it is
indicated that the smart watch is being worn by no one and
the detected data is not used as abnormal heart rate data.
[0066] Step 107: determining whether the user is in exer-
cise, and if no, proceeding to step 108, otherwise returning
to step 102.

[0067] In one embodiment, according to the different
ambient threshold ranges set in step 102, it is determined
whether the heart rate value mutation occurs when the user
is in exercise state. The heart rate data is not treated as
abnormal data if the user is in exercise scenario. The heart
rate data is treated as abnormal data if the user is not in
exercise state.

[0068] In one embodiment, when the user is in exercise
state, an instruction of waking up the main processor is
issued when the heart rate of the user exceeds the maximum
threshold of the range of heart rate in exercise state.
[0069] Step 108: triggering to wake up the main processor
and analyzing the abnormal heart rate data.

[0070] In one embodiment, the auxiliary processor issues
a wake up instruction to the main processer when it is
analyzed that the heart rate data is abnormal.

[0071] In one embodiment, the heart rate data is deter-
mined directly as abnormal data when the detected heart rate
of the user is over 180 times/minute and an emergency
instruction is issued to the main processor regardless of the
state of the user.

[0072] Step 109: the main processor switching from the
dormancy state to the operation state.

[0073] The main processor issues an instruction and the
smart watch switches from the dormancy state to the opera-
tion state when it is analyzed that the heart rate data is
abnormal data.

[0074] Step 110: the watch vibrating to provide abnormal
heart rate prompt.
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[0075] In one embodiment, the watch vibrates for 5 sec-
onds to prompt the user of the abnormal heart rate condition.
Different vibration time periods can be set according to the
type of the alert or prompt.

[0076] Step 111: the main processor connecting to the
mobile phone of the user via wireless communication.
[0077] Inone embodiment, the main processor establishes
communication with the mobile phone via Bluetooth.
[0078] In one embodiment, the main processor communi-
cates with the mobile phone in UART transmission mode by
using a serial port to output and input data.

[0079] Step 112: transmitting the abnormal heart rate data
to the mobile phone terminal of the user and providing an
alert prompt.

[0080] In one embodiment, data is transmitted to the
mobile phone terminal via Bluetooth or WIFI. The wireless
communication module is mainly a wireless transmission
module. It uses CC2540 of TI Corporation and implements
data communication with microcontrollers using a standard
UART port. It transmits data to a mobile phone, such as an
emergency contact of the user to ask help from the emer-
gency contact, thus timely rescue and treatment for the user
can be achieved. In addition, the data obtained can be
analyzed for the second time at the mobile phone terminal to
determine the change of the heart rate data.

[0081] In one embodiment, the alert prompt includes any
of mobile phone vibration, ringtones, SMS, custom voice.
[0082] Step 113: the main processor of the smart watch
entering into the dormancy state after transmitting the abnor-
mal heart rate data to the mobile phone terminal.

What is claimed is:

1. A method for detecting and prompting abnormal heart
rate data, the method comprising:

collecting detected heart rate data;

analyzing the collected heart rate data by an auxiliary
processor;
determining whether the collected data is in a threshold
range;
triggering to wake up a main processor and the main
processor switching from a dormancy state to an opera-
tion state when the auxiliary processor detects that the
collected heart rate data is abnormal for over a prede-
termined time period,
establishing communication with a mobile terminal via
Bluetooth and transmitting abnormal heart rate and
providing an alert prompt by the main processor;
wherein after determining whether the collected data is in
the threshold range, detecting the duration of the abnor-
mal heart rate data; if the duration of the abnormal heart
rate data exceeds a predetermined time period, deter-
mining wearing condition of a watch; if the watch is
being worn by a user, determining whether the user is
in exercise; if the user is not in exercise, interrupting
the auxiliary processor in a low power state and trig-
gering to wake up the main processor to establish
connection with the mobile terminal via Bluetooth to
transmit abnormal data and provide the alert prompt.
2. The method of claim 1, wherein after the main pro-
cessor switches from the dormancy state to the operation
state, the main processor the main processor connects to a
mobile phone terminal of the user via Bluetooth by the main
processor, transmits the abnormal heart rate data to the
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mobile phone terminal of the user by the main processor, and
provides an abnormal heart rate prompt by the mobile phone
terminal;

wherein the prompt provided by the mobile phone termi-
nal includes any of mobile phone vibration, ringtones,
SMS, custom voice.

3. The method of claim 2, wherein after the main pro-
cessor transmitting the abnormal heart rate to the mobile
phone terminal of the user, the main processor switching to
the dormancy state.

4. The method of claim 1, wherein the main processor is
in the dormancy state and the auxiliary processor is in a
lower power state when the heart rate data is being collected.

5. The method of claim 1, wherein determining the
wearing condition of the watch comprises turning on an
infrared distance detection sensor to detect whether there is
an obstruction; determining that the watch is not being worn
when no obstruction is detected; obtaining collected heart
rate data when obstruction is detected and comparing the
collected heart rate data to a predetermined range of wrist
heart rate data of normal people; determining that the
obstruction is the wrist of the user and the watch is being
worn by the user when the heart rate data is normal,
otherwise the obstruction is other obstructions and the watch
is not being worn by the user.

6. A smart watch comprising:

a main processor, an auxiliary processor, a system service
bus, a memory, a heart rate collection processing mod-
ule, an acceleration collection processing module, and
a Bluetooth module, wherein the main processor, the
auxiliary processor, and the memory communicate with
one another via the system service bus respectively, and
the heart rate collection processing module and the
acceleration collection processing module are con-
nected to the auxiliary processor, wherein the smart
watch

collects detected heart rate data;

analyzes the collected heart rate data by the auxiliary
processor;

determines whether the collected data is in a threshold
range;

triggers to wake up the main processor and the main
processor switching from a dormancy state to an opera-
tion state when the auxiliary processor detects that the
collected heart rate data is abnormal for over a prede-
termined time period,

establishes comniunication with a mobile terminal via
Bluetooth and transmitting abnormal heart rate and
providing an alert prompt by the main processor;

wherein after whether the collected data is in the threshold
range is determined, the duration of the abnormal heart
rate data i1s detected; if the duration of the abnormal
heart rate data exceeds a predetermined time period,
wearing condition of a watch is determined; if the
watch is being worn by a user, whether the user is in
exercise is determined, if the user is not in exercise, the
auxiliary processor in a low power state is interrupted
and the main processor is triggered to be waked up to
establish connection with the mobile terminal via Blu-
etooth to transmit abnormal data and provide the alert
prompt.

7. The smart watch of claim 6, wherein the main processor

is in the dormancy state and the auxiliary processor is in a
lower power state when the heart rate data is being collected.
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8. The smart watch of claim 6, wherein waking up the
main processor when the heart rate data obtained by the
auxiliary processor is abnormal for over a time period.

9. The smart watch of claim 8, wherein after receiving the
abnormal data, establishing connection with the Bluetooth
module and providing an alert indication by the main
processor, and the alert indication comprises vibrating the
smart watch for a time period and transmitting the abnormal
data to an intelligent mobile terminal.

10. The smart watch of claim 9, wherein the main
processor switching to the dormancy state after transmitting
the abnormal heart rate data to the mobile terminal.
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