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SMART WEARABLE DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the field of wear-
able device technologies, and in particular, to a smart
wearable device.

BACKGROUND

[0002] Heart rate detection is an important function of a
current wearable device. At present, a photoplethysmograph
(PPG; PhotoPlethysmoGraph) method and an electrocardio-
gram (ECG; Electrocardiogram) method are used for most
heart rate detection. The ECG method is characterized by
accurate measurement but requires that a test be conducted
near a heart or at a plurality of points. The PPG method
requires only single-point measurement and therefore has
lower measurement accuracy than the PPG method.

[0003] In the prior art, smart wearable devices are increas-
ingly used in daily life. Functions of the smart wearable
devices are also increasingly abundant, and usually include
such an item as heart rate detection. Currently, watches,
bands, and finger-clip measuring instruments generally use
a PPG-method-based measurement solution because the
PPG method is convenient.

[0004] The PPG includes a transmissive mode and a
reflective mode, and the reflective mode is usually used for
wearable devices. A basic principle of the reflective mode is:
A light emitting diode (LED, Light Emitting Diode) emits
light; the light is reflected by hemoglobin in a blood vessel
inside a human tissue; and the reflected light is received by
a photodiode (PD, Photodiode). In the reflected light, a
major portion is a direct current (DC) signal and a minor
portion is an alternating current (AC) signal resulting from
pulsing. Because content of hemoglobin and the like are
related to the human pulse, a PPG system detects the light
collected by the PD and calculates an oxygen saturation, so
as to determine a detection result. Specifically, the alternat-
ing current signal is a key signal for detecting blood oxygen
or a heart rate.

[0005] A common smartwatch includes a straight-line
single-PD solution. Specifically, a PD is disposed in the
middle and LEDs are disposed at both sides. Such a layout
is compact and highly efficient in light utilization, and is
used by most PPGs at present. However, in this solution, the
PD needs to be disposed in the middle of a device, and a
distance between the LEDs and the PD is excessively small.
These two restrictions lead to a conflict in designing a
wireless charging function and the like for the device and an
insufficient modulation depth.

SUMMARY

[0006] Embodiments of the present invention provide a
smart wearable device, so as to increase a modulation depth
of a detection result of a detection apparatus, and leave a
central position of a case vacant to accommodate another
device.

[0007] According to a first aspect, a specific embodiment
of the present invention provides a smart wearable device,
where the smart wearable device includes a detection appa-
ratus and a case, the detection apparatus specifically includes
one set of measuring parts and a plurality of sets of light
emitting parts; the one set of measuring parts and the
plurality of sets of light emitting parts are disposed into the
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case and arranged into a polygon, where each of the plurality
of sets of light emitting parts and the one set of measuring
parts each occupies one of a plurality of angles of the
polygon, and a central position of the polygon is at a
specified distance to each angle of the polygon. This can
enlarge a distance between the one set of measuring parts
and the plurality of sets of light emitting parts, so as to
increase a modulation depth of the device.

[0008] In a possible design, a second device is further
disposed at the central position of the case. Disposing the
second device at the central position of the case enables the
second device to have a better use effect.

[0009] In a possible design, the smart wearable device
further includes a wireless charging device, the wireless
charging device includes an electromagnetic coil and a
magnet, the electromagnetic coil is disposed at an edge of
the case, and the magnet is the second device. Disposing the
wireless charging device in the smart wearable device and
disposing the magnet of the wireless charging device at the
central position of the case improve charging efficiency of
the wireless charging device.

[0010] In a possible design, the second device is an
electrode for electrocardiograph measurement. Disposing
the electrode for electrocardiograph measurement at the
central position of the case makes a result of electrocardio-
graph measurement more approximate to an actual value.
[0011] In a possible design, the one set of light emitting
parts includes at least one light emitting diode, and the one
set of measuring parts includes at least one photodiode.
Disposing a plurality of light emitting diodes in the one set
of light emitting parts and/or disposing a plurality of pho-
todiodes in the one set of measuring parts improve/improves
effectiveness of the detection apparatus.

[0012] In a possible design, the polygon is a quadrilateral,
and the quadrilateral consists of a first set of measuring
parts, a first set of light emitting parts, a second set of light
emitting parts, and a third set of light emitting parts, where
the first set of light emitting parts and the second set of light
emitting parts are adjacent to the first set of measuring parts,
the third set of light emitting parts are opposite to the first set
of measuring parts, and the third set of light emitting parts
are adjacent to the first set of light emitting parts and the
second set of light emitting parts.

[0013] 1In a possible design, the first set of light emitting
parts and the second set of light emitting parts are each at
least one green diode, and the third set of light emitting parts
is at least one red/infrared diode.

[0014] In a possible design, the third set of light emitting
parts is at least one green diode, and the first set of light
emitting parts and the second set of light emitting parts are
each at least one red/infrared diode.

[0015] In a possible design, the first set of light emitting
parts, the second set of light emitting parts, and the third set
of light emitting parts are light emitting diodes of a same
color; and the smart wearable device starts the first set of
light emitting parts and the second set of light emitting parts
according to a first control signal, and starts the third set of
light emitting parts according to a second control signal,
where the first control signal is a signal for reducing system
power consumption, and the second control signal is a signal
for increasing a modulation depth.

[0016] In a possible design, the first set of light emitting
parts, the second set of light emitting parts, and the third set
of light emitting parts are tri-color light emitting diodes of
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red, infrared, and green; and the smart wearable device starts
the first set of light emitting parts and the second set of light
emitting parts according to a first control signal or a third
control signal, and starts the third set of light emitting parts
according to a second control signal or a fourth control
signal, where the first control signal is a blood oxygen
detection signal for reducing system power consumption,
the second control signal is a blood oxygen detection signal
for increasing a modulation depth, the third control signal is
a heart rate detection signal for reducing system power
consumption, and the fourth control signal is a heart rate
detection signal for increasing a modulation depth.

[0017] Inapossible design, the first set of measuring parts
includes at least one photodiode.

[0018] In a possible design, the smart wearable device is
a smartwatch.
[0019] The specific embodiment of the present invention

provides a smart wearable device. The one set of measuring
parts and the plurality of sets of light emitting parts are
disposed into the case and arranged into a polygon. This
enlarges the distance between the one set of measuring parts
and the plurality of sets of light emitting parts of the smart
wearable device, so as to increase the modulation depth of
the detection result of the measuring parts. In addition, the
central position of the case is left vacant to accommodate
another device.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1is a diagram of an application environment
of a smart wearable device according to a specific embodi-
ment of the present invention;

[0021] FIG. 2 is a schematic diagram of a hardware
structure of a smartwatch according to an embodiment of the
present invention;

[0022] FIG. 3 is a schematic structural diagram of a
smartwatch according to an embodiment of the present
invention;

[0023] FIG. 4 is a curve diagram of modulation depths of
different wavelengths and distances according to a specific
embodiment of the present invention;

[0024] FIG. 5a is a schematic structural diagram of a first
preferred detection apparatus for heart rate detection accord-
ing to a specific embodiment of the present invention;
[0025] FIG. 56 is a schematic structural diagram of a
detection apparatus used for heart rate detection according to
a specific embodiment of the present invention;

[0026] FIG. 5¢ is a schematic structural diagram of a
detection apparatus used for blood oxygen detection accord-
ing to a specific embodiment of the present invention;
[0027] FIG. 5d is a schematic structural diagram of a
detection apparatus used for both blood oxygen and heart
rate detection according to a specific embodiment of the
present invention;

[0028] FIG. 5e is a schematic structural diagram of a
multi-PD  detection apparatus according to a specific
embodiment of the present invention;

[0029] FIG. 6 is a schematic structural diagram of a
detection apparatus according to a specific embodiment of
the present invention; and

[0030] FIG. 7 is a schematic diagram of a specific struc-
ture of an AFE according to a specific embodiment of the
present invention.
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DESCRIPTION OF EMBODIMENTS

[0031] The technical solutions in the embodiments of the
present invention are further described in detail with refer-
ence to the accompanying drawings and the embodiments.
[0032] It may be understood that descriptions of technical
features, beneficial effects, or similar statements in the
specification do not imply that all the technical features and
beneficial effects can be implemented in any single embodi-
ment. To the contrary, it may be understood that a statement
about a technical feature or a beneficial effect indicates that
at least one embodiment includes the particular technical
feature or beneficial effect. Therefore, the descriptions of
technical features, beneficial effects, or similar statements in
the specification do not necessarily refer to a same embodi-
ment. In addition, the technical features or beneficial effects
described in the embodiments may be combined in any
proper manner. A person skilled in the art may understand
that a particular embodiment can be implemented without
one or more particular technical features or beneficial effects
of the embodiment.

[0033] FIG. 1is a diagram of an application environment
of a smart wearable device according to a specific embodi-
ment of the present invention. As shown in FIG. 1, this
embodiment of the present invention relates to a smart
wearable device 20. The smart wearable device 20 may
perform wireless communication with a network-side base
station 10 or a mobile phone 30 in a wireless manner. For
example, the smart wearable device may send a radio signal
to the base station 10 by using a radio frequency circuit and
an antenna of the smart wearable device and through a radio
communications link 40, to request the base station 10 to
perform a radio network service so as to process a specific
service requirement of the smart wearable device 20. For
another example, the smart wearable device 20 may pair
with the mobile phone 30 by using Bluetooth of the smart
wearable device 20. After pairing is successful, the smart
wearable device 20 performs data communication with the
mobile phone by using a Bluetooth communications link 50.
Certainly, the smart wearable device 20 may perform data
communication with the mobile phone in another wireless
communications manner, such as a radio frequency identi-
fication technology or a short-range wireless communica-
tions technology. In addition, the smart wearable device 20
may further detect an external environmental change by
using various sensors of the smart wearable device 20.
[0034] In this specific embodiment of the present inven-
tion, the smart wearable device may be a plurality of types
of devices. In an example, the smart wearable device may be
any one of a smartwatch, a smart band, and another smart
wearable device. For ease of description, only the smart-
watch is used as an example for specific descriptions in
specific embodiments of the present invention.

[0035] FIG. 2 is a schematic diagram of a hardware
structure of a smartwatch according to an embodiment of the
present invention. The smartwatch may include a watch
body 300.

[0036] For example, as shown in FIG. 2, the watch body
300 may include a touch panel 201 (also referred to as a
touchscreen), a display screen 202, a case (the case includes
a front case (not shown in FIG. 2) and a bottom case (not
shown in FIG. 2)), a processor 203, a micro control unit
(English: micro control unit, MCU) 204, a power manage-
ment system 213, a memory 205, a microphone (English:
microphone, MIC) 206, a Bluetooth (English: Blue Tooth,
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BT) 208, an air pressure detection apparatus 209, a heart rate
detection apparatus 210, a gravitational acceleration sensor
211, a power supply 212, a power management system 213,
and the like.

[0037] Although not shown, the watch body 300 may
further include an antenna, a wireless-fidelity (English:
Wireless-Fidelity, WiFi) module, a near field communica-
tion (English: Near Field Communication, NFC) module, a
Global Positioning System (English: Global Positioning
System, GPS) module, a loudspeaker, an accelerometer, a
gyroscope, and the like. A watch band component 400 may
further include the power supply 212 (such as a battery) that
supplies power to all the components. Preferably, the power
supply 212 may be logically connected to the processor 203
by using the power management system 213, so as to
implement functions such as charge management, discharge
management, and power consumption management by using
the power management system 213.

[0038] The following introduces the function components
of the smartwatch separately.

[0039] The touchscreen 201 is also referred to as a touch
panel, and is capable of collecting a touch operation of a user
on the touchscreen 201 (such as an operation performed by
the user on the touch panel or near the touch panel with a
finger, a stylus, or any suitable object or accessory), and
driving a corresponding connection apparatus according to a
preset program.

[0040] The display screen 202 may be configured to
display information input by the user or information pro-
vided to the user, and various menus of the watch. Further,
the touch panel 201 may cover the display screen 202. After
detecting a touch operation on or near the touch panel 201,
the touch panel 201 sends the touch operation to the pro-
cessor 203 to determine a type of a touch event. Then the
processor 203 provides corresponding visual output on the
display screen 202 according to the type of the touch event.

[0041] The processor 203 is configured to perform system
scheduling, control the display screen and the touchscreen,
and support work of the microphone 206 and the Bluetooth
208.

[0042] The microphone 206 is also referred to as a mike.
The microphone 206 may transform a collected sound signal
into an electrical signal. An audio circuit receives the
electrical signal, and then transforms the electrical signal
into audio data. The audio circuit may also transform audio
data into an electrical signal and transmit the electrical
signal to a loudspeaker, and the loudspeaker transforms the
electrical signal into a sound signal for output.

[0043] The Bluetooth 208 allows the smartwatch to
exchange information with another electronic device (such
as a mobile phone or a tablet computer) by using the
Bluetooth. By using the electronic device, the smartwatch,
for example, connects to a network, connects to a server, and
processes speech recognition.

[0044] The micro control unit 204 is configured to, for
example, control a sensor, perform computation on sensor
data, and communicate with the processor 203. The sensor
may be the air pressure detection apparatus 209, the heart
rate detection apparatus 210, the gravitational acceleration
sensor 211, a light sensor, a motion sensor, or another sensor.

[0045] The memory 205 is configured to store a software
program and data. The processor 203 executes various
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function applications and data processing of the smartwatch
by running the software program and data that are stored in
the memory 205.

[0046] Tt should be noted that the foregoing hardware
function components of the smartwatch may be modified
depending on a user requirement. It may be understood that
the specific embodiment described above is only a specific
implementation of the present invention, and another man-
ner in which the solution of the present invention can be
implemented also falls within the protection scope of the
present invention. Further details are not described herein.

[0047] FIG. 3 is a schematic structural diagram of a
smartwatch according to an embodiment of the present
invention. As shown in FIG. 3, a detection apparatus uses a
PPG method for measurement. The detection apparatus is
disposed in a watch case 301, so that a user who wears a
smartwatch that includes the detection apparatus uses the
detection apparatus to detect information and process
detected information to obtain a detection result.

[0048] Specifically, the detection apparatus includes one
set of measuring parts 304 and a plurality of sets of light
emitting parts 305, 306, and 307. The one set of measuring
parts and the plurality of sets of light emitting parts are
disposed into the case and arranged into a polygon, and a
center of the polygon coincides with a center of the case. A
central position of the polygon is at a specified distance to
each angle of the polygon, so that the center of the case is
left vacant and any other second device may be disposed in
the center.

[0049] The plurality of sets of light emitting parts 305,
306, and 307 are configured to emit light. The light reaches
skin of a wearer, and is reflected by hemoglobin in a blood
vessel inside a human tissue. The one set of measuring parts
304 is configured to receive the light reflected by the human
body. The measuring parts 304 further process the reflected
light, so as to obtain the detection result.

[0050] Specifically, content of hemoglobin is related to the
human pulse. The measuring parts 304 perform calculation
on the collected light by using a photoplethysmograph
(PPG, PhotoPlethysmoGraph) method to obtain oxygen
saturation (SP02, Peripheral Oxygen Saturation Pulse Oxy-
gen Saturation) and heart rate (HR, Heart Rate) detection
results.

[0051] The measuring parts 304 generate a direct current
signal and an alternating current signal based on the
reflected light. The direct current signal has complicated
composition and usually includes reflected light of environ-
mental light, skin, a tissue, and the like. The alternating
current signal is reflected light of hemoglobin. A ratio of the
alternating current signal to the direct current signal is
referred to as a modulation depth. An increase of the
modulation depth leads to a greater alternating current signal
and a more accurate detection result.

[0052] It should be noted that the plurality of sets of light
emitting parts including 305, 306, and 307 is merely an
example of the present invention. In this specific embodi-
ment of the present invention, the plurality of light emitting
parts may be in any quantity of sets. The one set of
measuring parts 304 and the plurality of sets of light emitting
parts are arranged into a polygon, and a shape of the polygon
is determined by a quantity of the plurality of sets of light
emitting parts. For example, when one set of measuring
parts and three sets of light emitting parts are included, the
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one set of measuring parts and the three sets of light emitting
parts form a quadrilateral on the watch case.

[0053] In an example, a structure of the detection appa-
ratus is shown in FIG. 3. The measuring parts 304 include
one set of photodiodes (PD, Photodiode). The light emitting
parts include three sets of light emitting diodes (LED, Light
Emitting Diode). The three sets of light emitting diodes
specifically include one set of green LEDs and two sets of
red and infrared LEDs. The measuring parts 304 and the
light emitting parts 305, 306, and 307 are disposed in four
corners, so as to maximize a distance between the measuring
parts and the light emitting parts. This can increase the
modulation depth, obtain a greater alternating current signal,
and make the detection result more accurate.

[0054] It should be noted that the one set of measuring
parts including one PD or one set of light emitting parts
including one light emitting diode is merely an example of
the present invention. The one set of measuring parts may
include any quantity of PDs, and one set of light emitting
parts may include any quantity of LEDs.

[0055] FIG. 4 is a curve diagram of modulation depths of
different wavelengths and distances according to a specific
embodiment of the present invention. As shown in FIG. 4,
modulation depths of four types of light with different
wavelengths and different LED-to-PD distances are
included. From FIG. 4, it can be learned that, for light of
different wavelengths, the modulation depth decreases with
increasing of the wavelength; for light of a same wave-
length, the modulation depth increases with increasing of the
LED-to-PD distance.

[0056] In the example in FIG. 3 of this specific embodi-
ment of the present invention, disposing the detection appa-
ratus and the light emitting parts in four corners ensures a
maximal distance between the detection apparatus and the
light emitting parts. This makes the detection result more
approximate to an actual value.

[0057] In a solution of this specific embodiment of the
present invention, the smartwatch further includes a wireless
charging apparatus, so that the watch may be charged by
using a wireless charging device. The wireless charging
apparatus includes a coil 302 and a magnet 303. Charging
efficiency of the wireless charging apparatus depends on the
coil 303, and a larger area of the coil indicates higher
charging efficiency. Therefore, to expand the area of the coil
302, the coil 302 is disposed on an external side of a watch
case 301, and does not overlap the light emitting parts or the
measuring parts. The magnet 303 is used for position
locking, and the wireless charging device and the watch are
position-locked by using the magnet 303. However, the
magnet 303 has great influence on efficiency of the wireless
charging device. A larger distance from the magnet 303 to
the coil 302 indicates less influence on the wireless charging
efficiency. Therefore, the magnet 303 is usually disposed at
a central position of the watch, so as to increase the charging
efficiency. In another solution of this specific embodiment of
the present invention, the detection apparatus further
includes an electrode for electrocardiograph detection, and
the electrode for electrocardiograph detection is disposed at
the central position of the case. Because the central position
of the case is in closest contact with the skin, conductivity
of the electrocardiograph electrode is increased and the
electrocardiograph detection result is more accurate.
[0058] Because the detection apparatus and the light emit-
ting parts are disposed in four corners, the central position
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of the watch case may be used to dispose the magnet of the
wireless charging device, the electrocardiograph (ECG,
Electrocardiogram) electrode, or the like. When the central
position of the watch case is used to dispose the magnet, the
wireless charging efficiency of the device can be increased.
When the central position of the watch case is used to
dispose the ECG electrode, the ECG electrode can have
better conductivity.

[0059] It should be noted that any second detection device
may be disposed at the central position of the watch case.
Because the central position is a position in best contact with
the skin, in a PD-disposed detection solution, reserving the
central position ensures a best installation position for any
other second detection device, thereby increasing accuracy
of a detection result of the second detection device.

[0060] It should be noted that the specific structure of PD,
R/AR, and G disposition shown in FIG. 3 is merely an
implementation of this specific embodiment of the present
invention. In this specific embodiment of the present inven-
tion, different arrangement manners may be used depending
on different detection solutions. For blood oxygen detection,
the red/infrared (R/IR) LED is started so that the PD can
perform detection based on reflected light. For heart rate
detection, the green (G) LED is started so that the PD can
perform detection based on reflected light. It can be hereby
determined that FIG. 3 is a preferred solution for blood
oxygen detection.

[0061] FIG. Sa is a schematic structural diagram of a first
preferred detection apparatus for heart rate detection accord-
ing to a specific embodiment of the present invention. As
shown in FIG. Sa, one set of PDs, two sets of red/infrared
LEDs, and one set of green LEDs are included. A first set of
light emitting parts and a second set of light emitting parts
are red/infrared LEDs, and a third set of light emitting parts
are green LEDs. The first set of light emitting parts and the
second set of light emitting parts are adjacent to a first set of
PDs, the third set of light emitting parts are opposite to the
first set of PDs, and the third set of light emitting parts are
adjacent to the first set of light emitting parts and the second
set of light emitting parts. The smartwatch receives a first
confrol instruction and starts the two sets of red/infrared
LEDs by using the first control instruction. The PD detects
skin-reflected light to perform blood oxygen detection. The
smartwatch receives a second control instruction and starts
the one set of green LEDs by using the second control
instruction. Because a distance between the green LEDs and
the PDs is relatively large, a modulation depth is increased,
making a heart rate detection result more accurate.

[0062] In this specific embodiment of the present inven-
tion, the detection apparatus of the smartwatch may further
be a preferred solution for blood oxygen detection. The
detection apparatus includes one set of PDs, two sets of
green LEDs, and one set of red/infrared LEDs. A first set of
light emitting parts and a second set of light emitting parts
are green LEDs, and a third set of light emitting parts are
red/infrared LEDs. The first set of light emitting parts and
the second set of light emitting parts are adjacent to a first
set of PDs, the third set of light emitting parts are opposite
to the first set of PDs, and the third set of light emitting parts
are adjacent to the first set of light emitting parts and the
second set of light emitting parts.

[0063] In the foregoing solution, the smartwatch receives
a first control instruction and starts the two sets of green
LEDs by using the first control instruction. The PD detects
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skin-reflected light to perform heart rate detection. The
smartwatch receives a second control instruction and starts
the one set of red/infrared LEDs by using the second control
instruction. Because a distance between the red/infrared
LEDs and the PDs is relatively large, a modulation depth is
increased, making a blood oxygen detection result more
accurate.

[0064] FIG. 56 is a schematic structural diagram of a
detection apparatus used for heart rate detection according to
a specific embodiment of the present invention. As shown in
FIG. 5b, one set of PDs and three sets of light emitting parts
are included. The three sets of light emitting parts are green
LED:s. A first set of light emitting parts and a second set of
light emitting parts are adjacent to the one set of PDs, a third
set of light emitting parts are opposite to the first set of PDs,
and the third set of light emitting parts are adjacent to the
first set of light emitting parts and the second set of light
emitting parts. The three sets of green LEDs may be started
at different moments. If a larger modulation depth is
required, green LEDs at a farthest distance to the PDs need
to be started. If system power consumption needs to be
reduced, two green LEDs closer to the PDs may be started.
[0065] In an example, the smartwatch starts the first set of
light emitting parts and the second set of light emitting parts
according to a first control signal, and starts the third light
emitting parts according to a second control signal. The first
control signal is a signal for reducing the system power
consumption and the second control signal is a signal for
increasing the modulation depth.

[0066] FIG. 5¢ is a schematic structural diagram of a
detection apparatus used for blood oxygen detection accord-
ing to a specific embodiment of the present invention. As
shown in FIG. 5S¢, one set of PDs and three sets of light
emitting parts are included, where the three sets of light
emitting parts are red/infrared LEDs. A first set of light
emitting parts and a second set of light emitting parts are
adjacent to the one set of PDs, a third set of light emitting
parts are opposite to the first set of PDs, and the third set of
light emitting parts are adjacent to the first set of light
emitting parts and the second set of light emitting parts. The
three red/infrared LEDs may be started at different moments.
If a larger modulation depth is required, red/infrared LEDs
at a farthest distance to the PDs need to be started. If system
power consumption needs to be reduced, two red/infrared
LEDs closer to the PDs may be started.

[0067] In an example, the smartwatch starts the first set of
light emitting parts and the second set of light emitting parts
according to a first control signal, and starts the third light
emitting parts according to a second control signal, where
the first control signal is a signal for reducing the system
power consumption and the second control signal is a signal
for increasing the modulation depth.

[0068] FIG. 5d is a schematic structural diagram of a
detection apparatus used for both blood oxygen and heart
rate detection according to a specific embodiment of the
present invention. As shown in FIG. 54, one set of PDs and
three sets of light emitting parts are included. The three sets
of light emitting parts are three sets of tri-color LEDs of red,
infrared, and green. In this solution, the tri-color LED may
be switched on or off based on the description of FIG. 55 or
FIG. 5c.

[0069] FIG. 5e¢ is a schematic structural diagram of a
multi-PD  detection apparatus according to a specific
embodiment of the present invention. As shown in FIG. 5e,
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one set of PDs and three sets of light emitting parts are
included. The one set of PDs includes two PDs and the two
PDs are disposed close to each other. It should be noted that
using two PDs is merely a specific multi-PD solution, and
alternatively more PDs may be used. The three LEDs
include two red/infrared LEDs and one green LED. Cer-
tainly, the three LEDs may be as described in any one of
FIG. 3, FIG. 5a, FIG. 55, F1G. 5¢, and FIG. 5d. By disposing
a plurality of PDs in one set of PDs to reduce a PD starting
time, detection efficiency of the device is increased.

[0070] FIG. 6 is a schematic structural diagram of a
detection apparatus according to a specific embodiment of
the present invention. As shown in FIG. 6, an LED, a PD, an
analog front end (AFE, Analog Front End), and a micro
control unit (MCU, Micro Control Unit) are included. The
LED is configured to emit spectrums of different frequen-
cies, and the spectrum is reflected by a human body, so as to
generate a required optical signal. The PD is configured to
receive the reflected optical signal and transform the optical
signal to an electrical signal. The analog front end is
configured to control work of the LED and the PD, receive
the electrical signal returned by the PD, and perform pre-
liminary processing on the electrical signal. In this specific
embodiment of the present invention, the AFE may be a
single component or may include a plurality of components.
After performing preliminary processing on the electrical
signal, the AFE returns a result to the micro control unit, and
outputs a detection result based on the returned result by
using the micro control unit.

[0071] FIG. 7 is a schematic diagram of a specific struc-
ture of an AFE according to a specific embodiment of the
present invention. As shown in FIG. 7, an I[/O module, an
LED drive circuit, an A/D converter, a filter, an amplifier,
and a DC regulator are included.

[0072] The I/O module is connected to an MCU and
receives a signal delivered by the MCU. The signal deliv-
ered by the MCU includes a signal for on-off control of an
LED, and the 1/0 module sends the signal to the LED drive
circuit. Under excitation of the current, the LED emits light
of different wavelengths. Green light is usually used for
heart rate detection, and a red/infrared light is usually used
for blood oxygen detection. The LED drive circuit drives the
LED connected to the LED drive circuit according to the
signal.

[0073] The PD is connected to the DC regulation module
and sends the obtained signal to the DC regulation module.
The light emitted by the LED is deflected, transmitted, or
reflected by the human skin, and a portion of the light enters
the PD. The PD performs optical/electrical transform on the
received light to obtain an electrical signal. The PD may be
always in a working state, outputting only a direct current
signal when the LED is not working, and outputting a direct
current signal and an alternating current signal when the
LED is working.

[0074] The AFE receives an alternating current signal (an
analog signal) sent by the PD and the signal goes though DC
regulation, amplification, filtering, A/D conversion, and the
like. The AFE transforms the obtained analog signal into a
digital signal, and transmits the digital signal to an MCU, a
DSP, or the like. Inside the MCU, the obtained digital signal
is parsed by using an algorithm, so as to obtain a heart rate
value, a blood oxygen value, or the like.

[0075] In the foregoing specific implementations, the
objective, technical solutions, and benefits of the present
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invention are described with further detail. It should be
understood that the foregoing descriptions are merely spe-
cific implementations of the present invention, but are not
intended to limit the protection scope of the present inven-
tion. Any modification, equivalent replacement, or improve-
ment made without departing from the spirit and principle of
the present invention should fall within the protection scope
of the present invention.

1-13. (canceled)

14. A smart wearable device, wherein the smart wearable
device comprises a detection apparatus and a case, the
detection apparatus comprises one set of measuring parts
and a plurality of sets of light emitting parts; the one set of
measuring parts and the plurality of sets of light emitting
parts are inlaid into the case and arranged into a polygon,
wherein each of the plurality of sets of light emitting parts
and the one set of measuring parts each occupies one of a
plurality of angles of the polygon, and a central position of
the polygon is at a specified distance to each angle of the
polygon.

15. The smart wearable device according to claim 14,
wherein a second device is further disposed at the central
position of the polygon.

16. The smart wearable device according to claim 15,
wherein the smart wearable device comprises a wireless
charging device, the wireless charging device comprises an
electromagnetic coil and a magnet, the electromagnetic coil
is disposed at an edge of the case, and the magnet is the
second device.

17. The smart wearable device according to claim 15,
wherein the second device is an electrode for electrocardio-
graph measurement.

18. The smart wearable device according to claim 14,
wherein each set of light emitting parts comprises at least
one light emitting diode, and the one set of measuring parts
comprises at least one photodiode.

19. The smart wearable device according to claim 14,
wherein the polygon is a quadrilateral; and

the quadrilateral comprises a first set of measuring parts,

a first set of light emitting parts, a second set of light
emitting parts, and a third set of light emitting parts,
wherein

the first set of light emitting parts and the second set of

light emitting parts are adjacent to the first set of
measuring parts, the third set of light emitting parts are
opposite to the first set of measuring parts, and the third
set of light emitting parts are adjacent to the first set of
light emitting parts and the second set of light emitting
parts.
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20. The smart wearable device according to claim 19,
wherein the first set of light emitting parts and the second set
of light emitting parts are each at least one green diode, and
the third set of light emitting parts is at least one red/infrared
diode.

21. The smart wearable device according to claim 19,
wherein the third set of light emitting parts is at least one
green diode, and the first set of light emitting parts and the
second set of light emitting parts are each at least one
red/infrared diode.

22. The smart wearable device according to claim 19,
wherein the first set of light emitting parts, the second set of
light emitting parts, and the third set of light emitting parts
are light emitting diodes of a same color; and

the smart wearable device is configured to start the first set
of light emitting parts and the second set of light
emitting parts according to a first control signal, and
start the third set of light emitting parts according to a
second control signal, wherein the first control signal is
a signal for reducing system power consumption, and
the second control signal is a signal for increasing a
modulation depth.

23. The smart wearable device according to claim 19,
wherein the first set of light emitting parts, the second set of
light emitting parts, and the third set of light emitting parts
are tri-color light emitting diodes of red, infrared, and green;
and

the smart wearable device is configured to start the first set
of light emitting parts and the second set of light
emitting parts according to a first control signal or a
third control signal, and start the third set of light
emitting parts according to a second control signal or a
fourth control signal, wherein the first control signal is
a blood oxygen detection signal for reducing system
power consumption, the second control signal is a
blood oxygen detection signal for increasing a modu-
lation depth, the third control signal is a heart rate
detection signal for reducing system power consump-
tion, and the fourth control signal is a heart rate
detection signal for increasing a modulation depth.

24. The smart wearable device according to claim 19,
wherein the first set of measuring parts comprises at least
one photodiode.

25. The smart wearable device according to any claim 14,
wherein the smart wearable device is a smartwatch.

* #* * #* #®
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