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(7) ABSTRACT

A wearable apparatus and a method for ECG signal collec-
tion includes: a main body, including a first ECG sensor
electrode provided on a side of the main body away from a
wearing position of an individual and a second ECG sensor
electrode provided on a side of the main body close to the
wearing position, a securing portion, including a third ECG
sensor electrode provided on a side of the securing portion
away from the wearing position, and an ECG sensor, pro-
vided in the main body and configured to: electrically
connect to the first ECG sensor electrode and the second
ECG sensor electrode, electrically connect to the third ECG
sensor electrode through a wire in the securing portion, and
collect ECG signals from close circuits formed by the first
ECG sensor electrode, the second ECG sensor electrode, and
the third ECG sensor electrode.
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ECG SIGNAL COLLECTION AND
WEARABLE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of International
Application No. PCT/CN2017/000071, filed on Jan. 3, 2017,
which claims priority to Chinese Patent Application No.
201610074311.1, filed on Jan. 29, 2016, the contents of both
of which are hereby incorporated by reference in their
entireties.

TECHNICAL FIELD

[0002] This disclosure relates in general to electrocardi-
ography (ECG) signal collection, and in particular, methods
and wearable apparatuses for ECG signal collection.

BACKGROUND

[0003] A wearable apparatus can collect single-lead (e.g.,
Lead I) ECG signals. The ECG signals are diverse in shape:
their waveforms can change as a heart rate changes; and the
waveforms of the collected ECG signals can change under
different times and body conditions. Therefore, the accuracy
of the single-lead ECG signal is limited, which might reduce
the accuracy of cardiovascular disease detection for a user.

SUMMARY

[0004] Disclosed herein are methods and apparatuses for
ECG signal collection at a wearable device for a user.
[0005] In an aspect, a wearable apparatus is disclosed for
ECG signal collection. The wearable apparatus includes a
main body, a securing portion, and an electrocardiography
(ECG) sensor. The main body includes a first ECG sensor
electrode provided on a side of the main body away from a
wearing position of an individual and a second ECG sensor
electrode provided on a side of the main body close to the
wearing position. The securing portion includes a third ECG
sensor electrode provided on a side of the securing portion
away from the wearing position. The ECG sensor is pro-
vided in the main body and configured to electrically con-
nect to the first ECG sensor electrode and the second ECG
sensor electrode, electrically connect to the third ECG
sensor electrode through a wire in the securing portion, and
collect ECG signals from close circuits formed by the first
ECG sensor electrode, the second ECG sensor electrode, and
the third ECG sensor electrode.

[0006] In another aspect, a method is disclosed for col-
lecting ECG signals for an individual of a wearable appa-
ratus. The method includes determining, by an ECG sensor,
a three-lead ECG signal by collecting ECG signals from
close circuits formed by a first ECG sensor electrode, a
second ECG sensor electrode, and a third ECG sensor
electrode, and receiving, by a microcontroller unit (MCU),
the three-lead ECG signal, wherein the wearable apparatus
comprises the first ECG sensor electrode, the second ECG
sensor electrode, the third ECG sensor electrode, the ECG
sensor, and the MCU.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The disclosure is best understood from the follow-
ing detailed description when read in conjunction with the
accompanying drawings. It is emphasized that, according to
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common practice, the various features of the drawings are
not to-scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity.
[0008] FIG. 1A is a diagram of an example wearable
apparatus.

[0009] FIG. 1B is another diagram of an example wear-
able apparatus.

[0010] FIG. 2 is a flowchart of an example process for
ECG signal collection according to an implementation of
this disclosure.

[0011] FIG. 3A is a flowchart of another example process
for ECG signal collection according to an implementation of
this disclosure.

[0012] FIG. 3B is a diagram of an example data channel
for ECG signal collection according to an implementation of
this disclosure.

[0013] FIG. 4 is a flowchart of another example process
for ECG signal collection according to an implementation of
this disclosure.

[0014] FIG. 5 is a block diagram of an example control
logic for ECG signal collection according to an implemen-
tation of this disclosure.

[0015] FIG. 6 is a block diagram of another example
control logic for ECG signal collection according to an
implementation of this disclosure.

[0016] FIG. 7 is a block diagram of a third example
control logic for ECG signal collection according to an
implementation of this disclosure.

DETAILED DESCRIPTION

[0017] FIG. 1A shows a diagram of an example wearable
apparatus 100 according to an implementation of this dis-
closure. FIG. 1B shows another diagram of the wearable
apparatus 100. As shown in FIGS. 1A-1B, the wearable
apparatus 100 includes a main body 11 and a securing
portion 12 (e.g., a wrist band). The main body 11 includes
a first ECG sensor electrode 131 and a second ECG sensor
electrode 132. For example, the first ECG sensor electrode
131 can be provided on a surface of the main body 11 away
from a wearing position of an individual. The second ECG
sensor electrode 132 can be provided on a surface of the
main body 11 close to the wearing position of the individual
(e.g., a wrist). The securing portion 12 includes a third ECG
sensor electrode 133 provided on a side away from the
wearing position. The wearable apparatus 100 can further
include an ECG sensor (not shown) provided within the
main body 11. The ECG sensor can electrically connect to
the first ECG sensor electrode 131 and the second ECG
sensor electrode 132. The third ECG sensor electrode 133
can also electrically to the ECG sensor via a wire (not
shown) inside the securing portion 12 (e.g., a wrist band).
[0018] In an implementation, the first ECG sensor elec-
trode 131 and the second ECG sensor electrode 132 can
form a first close circuit, from which the ECG sensor can
collect a Lead I signal. The second ECG sensor electrode
132 and the third ECG sensor electrode 133 can form a
second close circuit, from which the ECG sensor can collect
a Lead II signal. The third ECG sensor electrode 133 and the
first ECG sensor electrode 131 can form a third close circuit,
from which the ECG sensor can collect a Lead III signal.

[0019] In some implementations, the wearable apparatus
100 can further include a microcontroller unit (MCU) and a
communication interface. For example, the MCU can be
provided within the main body 11 and electrically connected
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to the ECG sensor for receiving an ECG signal collected by
the ECG sensor. The communication interface can electri-
cally connect to the MCU, and the MCU can send a
three-lead ECG signal to a host device via the communica-
tion interface.

[0020] In an implementation, the ECG sensor can detect
whether any of the first ECG sensor electrode 131, the
second ECG sensor electrode 132, and the third ECG sensor
electrode 133 is in a detached state. For example, when the
ECG sensor detects an ECG sensor electrode is detached, the
MCU can be configured to set a lead signal transmitted in a
data channel corresponding to the detached ECG sensor
electrode to be zero.

[0021] In an implementation, the first ECG sensor elec-
trode 131, the second ECG sensor electrode 132, and the
third ECG sensor electrode 133 can interconnect to form
three close circuits. From the three close circuits, the ECG
sensor can collect respective ECG signals corresponding to
the three close circuits and obtain a three-lead ECG signal.
By using the three-lead ECG signal, it is possible to ensure
the diversity of the collected ECG signals, increase the
information contained in the ECG signals, improve the
accuracy of the obtained ECG signals, and further improve
the accuracy of cardiovascular disease detection.

[0022] FIG. 2 is a flowchart of an example process 200 for
ECG signal collection according to an implementation of
this disclosure. In addition to FIG. 2, the process 200 will be
described based on FIGS. 1A and 1B as well. As shown in
FIG. 2, the process 200 includes operations 201-202.

[0023] At the operation 201, the ECG sensor collects
respective ECG signals from three close circuits formed by
the interconnected first ECG sensor electrode 131, second
ECG sensor electrode 132, and third ECG sensor electrode
133, and obtain a three-lead ECG signal.

[0024] At the operation 202, the MCU receives the three-
lead ECG signal via the ECG sensor.

[0025] To ease explanation without causing any ambigu-
ity, implementations of this disclosure will be described
hereinafter using an example in which a user wears the
wearable apparatus on the left hand. As shown in FIGS. 1A
and 1B, at the operation 201, when the user is wearing the
wearable apparatus, skin of the left hand of the user can
contact the second ECG sensor electrode 132. For example,
when the user contacts the first ECG sensor electrode 131
with the right hand (e.g., a finger), the first ECG sensor
electrode 131 and the second ECG sensor electrode 132 can
form a first close circuit through the human body of the user,
and the ECG sensor in the main body 11 of the wearable
apparatus can receive a Lead I signal corresponding to the
first close circuit. For another example, when the user
contacts the third ECG sensor electrode 133 with the left leg
and contacts the first ECG sensor electrode 131 with the
right hand, the third ECG sensor electrode 133 and the first
ECG sensor electrode 131 can form a second close circuit
through the human body of the user, and the ECG sensor in
the main body 11 of the wearable apparatus can receive a
Lead 111 signal corresponding to the second close circuit. For
another example, when the user contacts the third ECG
sensor electrode 133 with the left leg and contacts the second
ECG sensor electrode 132 with the left hand, the third ECG
sensor electrode 133 and the second ECG sensor electrode
132 can form a third close circuit through the human body
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of the user, and the ECG sensor in the main body 11 of the
wearable apparatus can receive a Lead I signal correspond-
ing to the third close circuit.

[0026] In an implementation, when the MCU receive the
three-lead ECG signal via the ECG sensor, disease detection
techniques based on the three-lead ECG signal can be used
to determine a disease (e.g., a cardiovascular disease) or a
disease type for the user of the wearable apparatus. The
three-lead ECG signal includes the Lead I, Lead 11, and Lead
1T ECG signal. In another implementation, the MCU can
send the three-lead ECG signal to a host device (e.g., a
server, an electronic device, or a cell phone) via the com-
munication interface, and the host device can determine a
disease (e.g., a cardiovascular disease) or a disease type for
the user of the wearable apparatus. The details of the disease
detection will not be further described in this disclosure.
[0027] As described above, in this disclosure, the first
ECG sensor electrode 131, the second ECG sensor electrode
132, and the third ECG sensor electrode 133 can intercon-
nect to form three close circuits, and the ECG sensor can
collect the respective ECG signals from the three close
circuits to obtain a three-lead ECG signal. By using the
three-lead ECG signal, the collected ECG signal can have
diversified forms and shapes, the information contained in
the ECG signal can be increased, the accuracy of the
collected ECG signal can be improved, and the accuracy of
cardiovascular disease detection can be increased.

[0028] FIG. 3A is a flowchart of another example process
300A for ECG signal collection according to an implemen-
tation of this disclosure. FIG. 3B is a diagram of an example
data channel 300B for the process 300A. In addition to
FIGS. 3A and 3B, the process 300A will be described based
on FIGS. 1A and 1B as well. As shown in FIG. 3A, the
process 300A includes operations 301-306.

[0029] At theoperation 301, an ECG sensor 14 determines
whether any of the first ECG sensor electrode 131, the
second ECG sensor electrode 132, and the third ECG sensor
electrode 133 is detached (e.g., detached from the skin of the
user). When no ECG sensor electrode is determined as
detached, the process 300A proceeds to the operation 302.
When there is at least one ECG sensor electrode being
determined as detached, the process 300A proceeds to the
operation 303.

[0030] At the operation 302, the ECG sensor 14 receives
respective ECG signals from three close circuits formed by
the interconnected first ECG sensor electrode 131, second
ECG sensor electrode 132, and third ECG sensor electrode
133.

[0031] At the operation 303, when an ECG sensor elec-
trode is determined as detached, the ECG sensor 14 deter-
mines a data channel corresponding to the detached ECG
sensor electrode.

[0032] At the operation 304, an MCU 16 sets a lead signal
transmitted in the data channel corresponding to the
detached ECG sensor electrode to be zero.

[0033] At the operation 305, the ECG sensor 14 collects
respective ECG signals from close circuits formed by inter-
connected attached (e.g.. attached to the skin of the user)
ECG sensor electrodes.

[0034] At the operation 306, the MCU 16 receives, via the
ECG sensor 14, the respective ECG signals from the close
circuits formed by the interconnected attached ECG sensor
electrodes.
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[0035] In an implementation, at the operations 301 and
302, it can be determined whether there is any ECG sensor
electrode in a detached state by detecting whether any close
circuit can be formed between the first ECG sensor electrode
131, the second ECG sensor electrode 132, and third ECG
sensor electrode 133. For example, when the right hand of
the user detaches from the first ECG sensor electrode 131,
the close circuit formed between the first ECG sensor
electrode 131 and the second ECG sensor electrode 132 is
opened, and the close circuit formed between the first ECG
sensor electrode 131 and the third ECG sensor electrode 133
is also opened. In this example, the ECG sensor 14 cannot
detect any Lead I or Lead I11 ECG signal, by which the ECG
sensor 14 can further determine that the first ECG sensor
electrode 131 is detached.

[0036] Details of the operation 303 have been described in
implementations of FIG. 2 and will not be further described
hereinafter.

[0037] At the operations 304-306, as shown in FIG. 3B,
the Lead I ECG signal can be transmitted in a data channel
151, the Lead II ECG signal can be transmitted in a data
channel 152, and the Lead IIT ECG signal can be transmitted
in a data channel 153. For example, when the first ECG
sensor electrode 131 is detached, the ECG sensor 14 cannot
send any ECG signal to the MCU 16 via the data channel
151 or the data channel 153. To reduce noise interference
with the MCU 16 and decrease power consumption of the
MCU 16, the MCU 16 can set the lead signals transmitted
in the data channel 151 and the data channel 153 to be
Zeroes.

[0038] In this example, the ECG sensor 14 can collect the
Lead I ECG signal via the close circuit formed by the third
ECG sensor electrode 133 and the second ECG sensor
electrode 132, and send the Lead 11 ECG signal to the MCU
16 via the data channel 152. Based on the Lead II ECG
signal, the MCU 16 can detect a cardiovascular disease type
for the user of the wearable apparatus, or send the Lead II
ECG signal via a communication interface 17 to a host
device (e.g., an electronic device or a server) for disease type
detection based on the Lead 11 ECG signal.

[0039] In this implementation, the user of the wearable
apparatus can contact different ECG sensor electrodes to
obtain ECG signals from different leads, by which the
flexibility of ECG signal collection can increase. By setting
the lead signal to be zero via the MCU for the data channel
corresponding to the detached ECG sensor electrode, the
noise interference with the MCU and the power consump-
tion of the MCU can be reduced.

[0040] FIG. 4 is a flowchart of an example process 400 for
ECG signal collection according to an implementation of
this disclosure. As shown in FIG. 4, the process 400 includes
the operations 401-405.

[0041] At the operation 401, a first ECG sensor electrode
and a second ECG sensor electrode form a first close circuit,
and an ECG sensor collects a Lead I ECG signal via the first
close circuit.

[0042] At the operation 402, the second ECG sensor
electrode and a third ECG sensor electrode form a second
close circuit, and the ECG sensor collects a Lead 11 ECG
signal via the second close circuit.

[0043] At the operation 403, the third ECG sensor elec-
trode and the first ECG sensor electrode form a third close
circuit, and the ECG sensor collects a Lead III ECG signal
via the third close circuit.
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[0044] At the operation 404, based on the three-lead ECG
signal, an MCU determines augmented unipolar limb-lead
BCG signals for the user of the wearable apparatus, and
obtains a six-lead ECG signal.

[0045] At the operation 405, the MCU receives the six-
lead ECG signal via the ECG sensor.

[0046] Tt should be noted that the operations 401-403 can
be performed in any order or sequence. For example, when
detecting any two of the ECG sensor electrodes forming a
close circuit, the corresponding operation can be performed.
[0047] At the operation 404, after obtaining the three-lead
ECG signal from the operations 401-403, the augmented
unipolar limb-lead ECG signals (aVR, aVL, and aVF) for
the user of the wearable apparatus can be determined in
accordance with the relationships as shown in Table 1, based
on which the six-lead ECG signal (e.g., I, I, I1I, aVR, aVL,
and aVF) can be determined.

TABLE 1
Lead Measurement Note
I LA-RA LA: left hand, RA: right hand
I LL-LA LL: left leg, LA: left hand
m LL-RA LL: left leg, RA: right hand

aVR RA-05(LA+LL)
aVL LA-05((RA+LL)
aVF LL-05(RA+LA)

[0048] According to implementations of this disclosure,
compared with implementations using a single-lead (e.g,,
Lead I), the ECG signals can be obtained more easily with
stronger signal strength. Based on the Lead I, -1I, and -I1I
ECG signals, a six-lead ECG signal can be determined,
which can increase the accuracy of the ECG signals and
promote ECG signal usage in the technical field of wearable
apparatuses.

[0049] In some implementations, based on the six-lead
ECG signal, the MCU can detect a cardiovascular disease
type for the user of the wearable apparatus. The MCU can
also send the six-lead ECG signal to a host device (e.g., a
server, an electronic device, or a cell phone) via a commu-
nication interface, and the host device can determine a
disease (e.g., a cardiovascular disease) or a disease type for
the user of the wearable apparatus. By determining the
cardiovascular disease type using the host device, the power
consumption of the wearable apparatus can be reduced, and
the computation complexity at the wearable apparatus can
be lowered.

[0050] Corresponding to the above-described methods and
processes, a control logic for ECG signal collection is also
provided in this disclosure. Any component, module, func-
tional block, or unit of the control logic described herein can
be implemented as hardware, firmware or software. The
hardware, firmware or software for the control logic can
include machine-readable instructions. The input and output
data of each module of the control logic during operation of
the methods and processes can be passed to or from any
other module of the control logic. For example, the control
logic can be used at a wearable apparatus. In some imple-
mentations, the wearable apparatus can include a processor,
an ECG sensor, a first ECG sensor electrode, a second ECG
sensor electrode, a third ECG sensor electrode, and a
machine-readable storage medium. In some implementa-
tions, for example, the processor can include an MCU, and
the MCU can connect to the machine-readable storage



US 2017/0258356 Al

medium via an internal bus. In some implementations, the
wearable apparatus can further include a communication
interface configured to communicate with another device or
component.

[0051] In various implementations, the machine-readable
storage medium can include a random access memory
(RAM), a read-only memory (ROM), a volatile storage
device, a non-volatile storage device, a flash drive, or any
combination of any non-transitory storage media.

[0052] The machine-readable storage medium can store
machine-executable instructions corresponding to the con-
trol logic for ECG signal collection. FIG. 5 is a block
diagram of an example control logic 500 for ECG signal
collection according to an implementation of this disclosure.
Based on functions, the control logic 500 can include a first
collection module 51 and a reception module 52.

[0053] In an implementation, the first collection module
51 can be configured to control the ECG sensor to collect
respective ECG signals from three close circuits formed
between the interconnected first ECG sensor electrode,
second ECG sensor electrode, and third ECG sensor elec-
trode, and obtain a three-lead ECG signal.

[0054] The reception module 52 can be configured to
receive the three-lead ECG signal via the first collection
module 51.

[0055] In an implementation, the control logic 500 can
further include a first detection module 53. The first detec-
tion module 53 can be configured to determine a cardiovas-
cular disease type for the user of the wearable apparatus
based on the three-lead ECG signal.

[0056] FIG. 6 is a block diagram of an example control
logic 600 for ECG signal collection according to an imple-
mentation of this disclosure. As shown in FIG. 6, in addition
to the control logic 500, the control logic 600 further
includes a second detection module 54, a first determination
module 55, a control module 56, and a second collection
module 57.

[0057] In animplementation, the second detection module
54 can be configured to detect whether any of the first ECG
sensor electrode, the second ECG sensor electrode, and the
third ECG sensor electrode is detached.

[0058] When the second detection module 54 detects no
ECG sensor electrode being detached, the first collection
module 51 can collect respective ECG signals via the ECG
sensor from the three close circuits formed by the intercon-
nected first ECG sensor electrode, second ECG sensor
electrode, and third ECG sensor electrode.

[0059] When the second detection module 54 detects an
ECG sensor electrode is detached, the first determination
module 55 can be configured to determine a data channel
corresponding to the detached ECG sensor electrode.
[0060] The control module 56 can be configured to set, via
an MCU, a lead signal transmitted in the data channel
corresponding to the detached ECG sensor electrode deter-
mined by the first determination module 55 to be zero.
[0061] The second collection module 57 can be configured
to collect respective ECG signals via the ECG sensor from
the close circuits formed by the interconnected attached
ECG sensor electrodes.

[0062] FIG. 7 is a block diagram of an example control
logic 700 for ECG signal collection according to an imple-
mentation of this disclosure. As shown in FIG. 7, in addition
to FIGS. 5 and 6, the first collection module 51 further
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includes a first collection submodule 511, a second collec-
tion submodule 512, and a third collection submodule 513.
[0063] In an implementation, the first collection submod-
ule 511 can be configured to collect a Lead 1 ECG signal
from a first close circuit formed by the first ECG sensor
electrode and the second ECG sensor electrode.

[0064] The second collection submodule 512 can be con-
figured to collect a Lead IT ECG signal from a second close
circuit formed by the second ECG sensor electrode and the
third ECG sensor electrode.

[0065] The third collection submodule 513 can be config-
ured to collect a Lead 1II ECG signal from a third close
circuit formed by the third ECG sensor electrode and the first
ECG sensor electrode.

[0066] In an implementation, the control logic 700 can
further include a second determination module 58.

[0067] Based on the three-lead ECG signal collected by
the first collection module 51, the second determination
module 58 can be configured to determine augmented uni-
polar limb-lead ECG signals for the user of the wearable
apparatus, and determine a six-lead ECG signal.

[0068] In an implementation, the control logic 700 can
further include a transmission module 59.

[0069] The transmission module 59 can be configured to
send the three- or six-lead ECG signal collected by the first
collection module 51 to a host device, and the host device
can determine a cardiovascular disease type for the user of
the wearable apparatus based on the three- or six-lead ECG
signal.

[0070] The control logics and operations performed by
their units or components have been described in previous
implementations of the methods and processes, and will not
be further described hereinafter.

[0071] It should be understood that although this disclo-
sure uses the terms of “first, second, third,” etc. for descrip-
tion, such description should not be limited to those terms.
On the contrary, those terms are used only to distinguish the
same type of information from each other. For example,
without departing from the scope of this disclosure, the first
information can also be referred to as the second informa-
tion, and, similarly, the second information can also be
referred to as the first information. Depending on the con-
text, the words “if” as used herein can be interpreted as
“when” or “while” or “in response to.”

[0072] The terms “comprise” or “include” or any other
variant thereof are intended to encompass a non-exclusive
inclusion, such that the processes, methods, articles, or
apparatuses comprising a series of elements include not only
the explicitly listed elements, but also other elements not
explicitly listed, or elements that are inherent to such pro-
cesses, methods, articles, or apparatuses.

[0073] In addition, the articles “a” and “an” as used in this
application and the appended claims should generally be
construed to mean “one or more” unless specified otherwise
or clear from context to be directed to a singular form. In the
absence of more restrictions, the elements defined by the
statement “including a . . . ” do not preclude the existence
of additional same elements in the processes, methods,
articles, or devices that includes the element.

[0074] While the disclosure has been described in con-
nection with certain implementations and embodiments, it is
to be understood that the disclosure is not to be limited to the
disclosed implementations but, on the contrary, is intended
to cover various modifications and equivalent arrangements
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included within the scope of the appended claims, which
scope is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent structures
as is permitted under the law.
What is claimed is:
1. A wearable apparatus, comprising;
a main body, comprising a first ECG sensor electrode
provided on a side of the main body away from a
wearing position of an individual and a second ECG
sensor electrode provided on a side of the main body
close to the wearing position;
a securing portion, comprising a third ECG sensor elec-
trode provided on a side of the securing portion away
from the wearing position; and
an electrocardiography (ECG) sensor, provided in the
main body and configured to:
electrically connect to the first ECG sensor electrode
and the second ECG sensor electrode,

electrically connect to the third ECG sensor electrode
through a wire in the securing portion, and

collect ECG signals from close circuits formed by the
first ECG sensor electrode, the second ECG sensor
electrode, and the third ECG sensor electrode.

2. The wearable apparatus of claim 1, wherein the ECG

sensor is further configured to:

collect a Lead I ECG signal from a first close circuit
formed by the first ECG sensor electrode and the
second ECG sensor electrode,

collect a Lead 1T ECG signal from a second close circuit
formed by the second ECG sensor electrode and the
third ECG sensor electrode, and

collect a Lead III ECG signal from a third close circuit
formed by the third ECG sensor electrode and the first
ECG sensor electrode.

3. The wearable apparatus of claim 1, further comprising:

a microcontroller unit (MCU), provided in the main body,
and configured to electrically connect to the ECG
sensor and receive the ECG signals collected by the
ECG sensor; and

a communication interface, configured to electrically con-
nect to the MCU, wherein the MCU is configured to
send the ECG signals to a host device using the
communication interface.

4. The wearable apparatus of claim 3, wherein the ECG

sensor is further configured to:

determine whether any of the first ECG sensor electrode,
the second ECG sensor electrode, and the third ECG
sensor electrode is detached from the individual.

5. The wearable apparatus of claim 4, wherein the MCU

is further configured to:

based on a determination that an ECG sensor electrode of
the first ECG sensor electrode, the second ECG sensor
electrode, and the third ECG sensor electrode is
detached from the individual, set a lead signal trans-
mitted in a data channel corresponding to the detached
ECG sensor electrode to be zero.

6. The wearable apparatus of claim 3, wherein the ECG

sensor is further configured to:

determine a three-lead ECG signal from the collected
ECG signals.

7. The wearable apparatus of claim 6, wherein the MCU

is further configured to:

determine a cardiovascular disease type for the individual
based on the three-lead ECG signal.
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8. The wearable apparatus of claim 6, wherein the MCU
is further configured to:

determine a six-lead ECG signal by determining aug-

mented unipolar limb-lead ECG signals based on the
three-lead ECG signal; and

determine a cardiovascular disease type for the individual

based on the six-lead ECG signal.
9. A method of collecting ECG signals for an individual
of a wearable apparatus, comprising;
determining, by an ECG sensor, a three-lead ECG signal
by collecting ECG signals from close circuits formed
by a first ECG sensor electrode, a second ECG sensor
electrode, and a third ECG sensor electrode; and

receiving, by a microcontroller unit (MCU), the three-lead
ECG signal, wherein the wearable apparatus comprises
the first ECG sensor electrode, the second ECG sensor
electrode, the third ECG sensor electrode, the ECG
sensor, and the MCU.

10. The method of claim 9, further comprising:

determining, by the MCU, a cardiovascular disease type

for the individual based on the three-lead ECG signal.

11. The method of claim 9, further comprising:

sending, by a communication interface, the three-lead

ECG signal to a host device, wherein the wearable
apparatus comprises the communication interface.

12. The method of claim 11, further comprising;

determining, by the host device, a cardiovascular disease

type for the individual based on the three-lead ECG
signal.

13. The method of claim 11, wherein the host device
comprises at least one of a server and a phone.

14. The method of claim 9, further comprising:

determining whether any of the first ECG sensor elec-

trode, the second ECG sensor electrode, and the third
ECG sensor electrode is detached from the individual;
and

based on a determination that none of the first ECG sensor

electrode, the second ECG sensor electrode, and the
third ECG sensor electrode is detached from the indi-
vidual, collecting the ECG signals from the close
circuits formed by the first ECG sensor electrode, the
second ECG sensor electrode, and the third ECG sensor
electrode.

15. The method of claim 14, further comprising:

based on a determination that an ECG sensor electrode of

the first ECG sensor electrode, the second ECG sensor
electrode, and the third ECG sensor electrode is
detached from the individual, determining a data chan-
nel corresponding to the detached ECG sensor elec-
trode;

setting a lead signal transmitted in the data channel to be

zero; and

collecting the ECG signals from close circuits formed by

ECG sensor electrodes attached to the individual.

16. The method of claim 9, wherein determining the
three-lead ECG signal by collecting the ECG signals from
the close circuits formed by the first ECG sensor electrode,
the second ECG sensor electrode, and the third ECG sensor
electrode comprises:

collecting a Lead I ECG signal from a first close circuit

formed by the first ECG sensor electrode and the
second ECG sensor electrode;
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collecting a Lead I ECG signal from a second close
circuit formed by the second ECG sensor electrode and
the third ECG sensor electrode; and

collecting a Lead 111 ECG signal from a third close circuit
formed by the third ECG sensor electrode and the first
ECG sensor electrode.

17. The method of claim 9, further comprising:

determining a six-lead ECG signal by determining aug-
mented unipolar limb-lead ECG signals based on the
three-lead ECG signal.

18. The method of claim 17, further comprising;
determining, by the MCU, a cardiovascular disease type
for the individual based on the six-lead ECG signal.

19. The method of claim 17, further comprising:

sending, by a communication interface, the six-lead ECG
signal to a host device, wherein the wearable apparatus
comprises the communication interface.

20. The method of claim 19, further comprising:

determining, by the host device, a cardiovascular disease
type for the individual based on the six-lead ECG
signal.
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