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ECG SIGNAL PARALLEL ANALYSIS
APPARATUS, METHOD AND MOBILE

TERMINAL
CROSS-REFERENCE TO RELATED
APPLICATION
[0001] The present disclosure claims the priority to the
Chinese patent application with the filing No.

2017111696640, filed with the State Intellectual Property
Office on Nov. 21, 2017, and entitled “ECG Signal Parallel
Analysis Apparatus, Method and Mobile Terminal”, content
of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Present disclosure concerns to the technical field of
electrocardiography signal processing, particularly concerns
to an ECG signal parallel analysis apparatus, method and a
mobile terminal.

BACKGROUND ART

[0003] ECG (Flectrocardiogram), which may display the
evolution of cardiac electrical activity over time, is one of
the important physiological data. Heart rate, rhythm disor-
ders, or morphological changes of electrocardiosignals may
be pathological indicators. By analyzing the recorded ECG
waveform, myocardial infarction, cardiomyopathy, myo-
carditis and various other heart diseases may be detected.
[0004] In order to monitor long-term ECG signals, a
high-performance server is required to provide computing
services. When a user submits an enormous amount of
electrocardiogram analysis requests simultaneously in an
unstable network environment, real-time response is difficult
for the traditional cloud platform-based ECG signal analy-
sis. If the analysis task of ECG signals is transferred to the
mobile terminal, due to the limited CPU (Central Processing
Unit) performance of the mobile terminal, it is still difficult
to handle long-term ECG signal processing and make timely
feedback. Meanwhile, since the processing needs to con-
sume a large amount of power of the apparatus, for a mobile
terminal with limited battery capacity, the battery losses are
larger.

SUMMARY

[0005] In view of this, it is an object of the present
disclosure to provide an ECG signal parallel analysis appa-
ratus, method and a mobile terminal, to improve the analysis
efficiency for ECG signals so as to improve the timeliness of
the analysis feedback of ECG signals.

[0006] In order to achieve the above object, the technical
solutions adopted in the present disclosure are as follows.
[0007] In a first aspect, the present disclosure provides a
parallel analysis apparatus of an ECG signal, including: an
integrated memory, a CPU and a GPU, wherein the inte-
grated memory includes a first memory for being used by the
CPU and a second memory for being used by the GPU, and
the CPU may access the second memory; the CPU and the
GPU are configured to transmit data via the integrated
memory; the CPU is used for performing primary noise
reduction processing on a received ECG original signal to
obtain a primary ECG signal, and used for performing
abnormal heartbeat classification preliminary screening pro-
cess on characteristic data extracted from the GPU to obtain
suspected abnormal heartbeat data; and the GPU is used for
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performing characteristic extraction on the primary ECG
signal to obtain the characteristic data, and used for per-
forming secondary noise reduction processing on the pri-
mary ECG signal to obtain a secondary ECG signal, and
processing the suspected abnormal heartbeat data and the
secondary ECG signal by using a template matching clas-
sification mode, to obtain final abnormal heartbeat data.
[0008] With reference to the first aspect, an embodiment
of the present disclosure provides a first possible example of
the first aspect, wherein the CPU includes an original signal
reception module configured for receiving an ECG original
signal and storing the ECG original signal in the first
memory; a first pre-process module configured for perform-
ing primary noise reduction processing on the ECG original
signal loaded from the first memory for primary noise
reduction processing to obtain a primary ECG signal, and
storing the primary ECG signal in the second memory; and
a first abnormal heartbeat classification module configured
for acquiring characteristic data according to storage loca-
tion information, performing, in accordance with a set rule
decision mode, an abnormal heartbeat classification on the
characteristic data to obtain suspected abnormal heartbeat
data, and storing the suspected abnormal heartbeat data in
the second memory.

[0009] With reference to the first possible example of the
first aspect, an embodiment of the present disclosure pro-
vides a second possible example of the first aspect, wherein
the GPU includes: a characteristic detection module config-
ured for performing characteristic extraction on the primary
ECG signal loaded from the second memory to obtain
characteristic data, and storing the characteristic data in the
second memory; a second pre-process module configured
for performing secondary noise reduction processing on the
loaded primary ECG signal to obtain a secondary ECG
signal; and a second abnormal heartbeat classification mod-
ule configured for acquiring the secondary ECG signal from
the second pre-process module, acquiring the suspected
abnormal heartbeat data from the second memory, recon-
firming, in accordance with a set template matching mode
and based on the secondary ECG signal, the suspected
abnormal heartbeat data to obtain final abnormal heartbeat
data, and storing the final abnormal heartbeat data in the
second memory.

[0010] With reference to the second possible example of
the first aspect, an embodiment of the present disclosure
provides a third possible example of the first aspect, wherein
the integrated memory includes: a mapping module, con-
figured for mapping storage location information of the
characteristic data and the final abnormal heartbeat data to
the first memory, so as to enable the CPU to acquire
corresponding data according to the storage location infor-
mation.

[0011] With reference to the second possible example of
the first aspect, an embodiment of the present disclosure
provides a fourth possible example of the first aspect,
wherein the first pre-process module includes an 1IR filter
configured for performing filter processing on the ECG
original signal to obtain a primary ECG signal; and the
second pre-process module includes an artifact removal unit,
configured for performing an artifact removal process on the
primary ECG signal, to obtain a secondary ECG signal.
[0012] With reference to the second possible example of
the first aspect, an embodiment of the present disclosure
provides a fifth possible example of the first aspect, wherein
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the characteristic detection module includes: a morphology
transformation unit configured for performing transforma-
tion on the primary ECG signal and outputting an ECG
signal in a morphological form; an R wave detection unit
configured for performing R wave detection on the ECG
signal in a morphological form and outputting a detection
result; and a QRS complex (QRS wave group) detection unit
configured for performing QRS complex detection on the
detection result and outputting characteristic data containing
QRS complex.

[0013] In asecond aspect, the present disclosure provides
a method of parallel analysis of an ECG signal, which is
applied to a mobile terminal, wherein the mobile terminal
includes: an integrated memory, a CPU and a GPU, the
integrated memory includes a first memory for being used
by the CPU and a second memory for being used by the
GPU, and the CPU may access the second memory; the CPU
and the GPU are configured to transmit data via the inte-
grated memory, wherein the method includes: the CPU
performing primary noise reduction processing on a
received ECG original signal to obtain a primary ECG
signal, the GPU performing characteristic extraction on the
primary ECG signal to obtain characteristic data, the CPU
performing abnormal heartbeat classification preliminary
screening process on the characteristic data to obtain sus-
pected abnormal heartbeat data, the GPU performing sec-
ondary noise reduction processing on the primary ECG
signal to obtain a secondary ECG signal, and processing the
suspected abnormal heartbeat data and the secondary ECG
signal by using a template matching classification mode to
obtain final abnormal heartbeat data.

[0014] With reference to the second aspect, an embodi-
ment of the present disclosure provides a first possible
example of the second aspect, wherein the method also
includes: the CPU acquiring the final abnormal heartbeat
data and uploading the final abnormal heartbeat data to a
remote medical platform; and the CPU receiving a report fed
back by the medical platform based on the final abnormal
heartbeat data.

[0015] With reference to the second aspect or the first
possible example of the second aspect, an embodiment of
the present disclosure provides a second possible example of
the second aspect, wherein a process of the CPU and GPU
transmitting data via the integrated memory includes: the
integrated memory copying the data stored by the CPU in
the first memory to the second memory, and mapping
storage location information of the data stored by the GPU
in the second memory to the first memory.

[0016] In a third aspect, the present disclosure provides a
mobile terminal that includes the above-described ECG
signal parallel analysis apparatus.

[0017] According to embodiments of the present disclo-
sure, there are provided an ECG signal parallel analysis
apparatus, method, and a mobile terminal, wherein the
integrated memory includes a first memory for being used
by the CPU and a second memory for being used by the
GPU; the final abnormal heartbeat data is obtained by
performing, by the CPU, primary noise reduction processing
on an ECG original signal and performing an abnormal
heartbeat classification preliminary screening process on
characteristic data extracted from the GPU, performing, by
the GPU, characteristic extraction on the primary ECG
signal obtained by the primary noise reduction process,
performing secondary noise reduction processing on the
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primary ECG signal, and then processing suspected abnor-
mal heartbeat data obtained by the preliminary screening
processing and the secondary ECG signal obtained by the
secondary noise reduction process by applying a template
matching classification mode. In this method, the CPU and
GPU co-process various tasks in the ECG signal analysis
process, the GPU completes complicated calculation tasks in
parallel processing mode, improving the analysis efficiency
for the ECG signal and thereby improving the timeliness of
the analysis and feedback of the ECG signal. Meanwhile,
equipment power consumption is reduced and user experi-
ence is improved.

[0018] Further, the above way of data replication and
mapping between memories can avoid a large amount of
data transmission and reduce the data transmission time
from the CPU side to the GPU side, compared with the way
of data transmission through buses and the communication
lines, further improving the efficiency of ECG signal analy-
sis.

[0019] Other features and advantages of the present dis-
closure will be set forth in the following description, or, part
of the features and advantages may be inferred or undoubt-
edly determined from the specification, or may be learned by
implementing of above techniques of the present disclosure.
[0020] The above objects, features and advantages of the
present disclosure will become more apparent from the
following detailed description of preferred embodiments
thereof, taken in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF DRAWINGS

[0021] To describe the technical solutions in the embodi-
ments of the present disclosure or in the prior art more
clearly, accompanying figures required for describing the
embodiments or the prior art are introduced below briefly.
Obviously, the accompanying figures in the following
description show some embodiments of the present disclo-
sure, and persons of ordinary skill in the art may still derive
other drawings from these accompanying drawings without
creative efforts.

[0022] FIG. 1is a schematic structural diagram of an ECG
signal parallel analysis apparatus according to an embodi-
ment of the present disclosure;

[0023] FIG. 2 is a schematic structural diagram of another
ECG signal parallel analysis apparatus according to an
embodiment of the present disclosure;

[0024] FIG. 3 is a flow chart of an ECG signal parallel
analysis method according to an embodiment of the present
disclosure; and

[0025] FIG. 4 is a flow chart of another ECG signal
parallel analysis method according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] To make the objectives, technical solutions, and
advantages of the disclosed embodiments more comprehen-
sible, the technical solutions of the present disclosure will be
described clearly and completely with reference to the
accompanying figures. Apparently, the described embodi-
ments are only some of embodiments of the present disclo-
sure rather than all embodiments. All other embodiments
obtained by a person skilled in the art based on the embodi-
ments of the present disclosure without creative efforts shall
fall within the protection scope of the present disclosure.
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[0027] Long-term ECG may be used to help diagnosis of
heart diseases such as intermittent cardiac arthythmia. A user
may acquire the ECG signal through a wearable heart
monitoring device and send the ECG signal to a cloud
platform connected with the device, with the cloud platform
analyzing and diagnosing the ECG signal and then feeding
back the diagnosis result to the monitoring device or the
user’s mobile terminal. Due to volume of ECG signal data
is large and the cloud platform may continuously receive
ECG signals sent from a large number of users, the way of
the cloud platform processing the ECG signal poses a large
computational burden to the cloud processor, resulting in
that the feedback timeliness and reliability of ECG signal
processing cannot be guaranteed.

[0028] In order to alleviate the above problems, the tasks
of ECG signal analysis and diagnosis can be completed by
a mobile terminal such as a wearable heart monitoring
device, a mobile phone and a tablet computer, etc.; however,
due to the limited CPU performance of the mobile terminal,
it is still difficult to handle long-term ECG signal processing
and timely make feedback; at the same time, the processing
needs to consume a larger amount of power of the device,
and the battery loss is larger for a mobile terminal with
limited battery capacity.

[0029] In view of the problem of slow feedback of the
ECG signal analysis method described above, the embodi-
ments of the present disclosure provide an ECG signal
parallel analysis apparatus, method and a mobile terminal.
The technology can be applied to wearable heart monitoring
devices, cell phones, tablet computers and the like mobile
terminals, and used in the scene of assisting the diagnosis of
intermittent cardiac arrhythmias and other heart diseases.
The technology can be implemented by related software or
hardware, and is described below by ways of embodiment.
[0030] Referring to a schematic structural diagram of an
ECG signal parallel analysis apparatus shown in FIG. 1, the
apparatus includes: an integrated memory 10, a CPU 11 and
a Graphic Processing Unit (GPU) 12. The integrated
memory 10 includes a first memory 101 for being used by
the CPU 11 and a second memory 102 for being used by the
GPU 12, and the CPU 11 can access the second memory
102. The CPU 11 and the GPU 12 transmit data via the
integrated memory 10.

[0031] The CPU 11 is used for performing primary noise
reduction processing on a received ECG original signal to
obtain a primary ECG signal; and used for performing
abnormal heartbeat classification preliminary screening on
characteristic data extracted from the GPU 12 to obtain
suspected abnormal heartbeat data.

[0032] The GPU 12 is used for performing characteristic
extraction on the primary ECG signal to obtain the charac-
teristic data; and used for performing secondary noise reduc-
tion processing on the primary ECG signal to obtain a
secondary ECG signal, and processing the suspected abnor-
mal heartbeat data and the secondary ECG signal by using
a template matching classification mode to obtain final
abnormal heartbeat data.

[0033] The above CPU and GPU are respectively used to
perform different tasks in ECG signal analysis, wherein
some tasks may be performed in parallel. For example, when
the CPU performs an abnormal heartbeat classification pre-
liminary screening process, the GPU may perform a sec-
ondary noise reduction process on the primary ECG signal.
Besides, due to the large amount of tasks undertaken by the
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CPU, the execution of tasks with complicated computations
of the CPU is weak, and the GPU, which adopts a multi-core
processing manner, can handle in parallel the computation-
ally complicated tasks such as image computation, etc. or
algorithms with inherent parallel features. According to the
attributes of the task, it can improve the efficiency of ECG
signal analysis by reasonably distributing the processors for
performing the task. For example, the above characteristic
extraction step, which usually requires image recognition,
calculation, etc. and requires a large amount of computation,
is performed by the GPU, which can greatly improve the
efficiency of ECG signal analysis.

[0034] Above integrated memory may be implemented by
using an memory chip, wherein the first memory and the
second memory may be divided in a form of software; the
first memory can be used to store an ECG original signal, a
primary ECG signal, and suspected abnormal heartbeat data
and other data; and the second memory can be used to store
a primary ECG signal, characteristic data, suspected abnor-
mal heartbeat data, and final abnormal heartbeat data and
other data.

[0035] Data transmission between the first memory and
the second memory may be performed by copying and
mapping. For example, the integrated memory may copy, to
the second memory, the data stored by the CPU in the first
memory and map, to the first memory, the memory location
information of the data stored by the GPU in the second
memory. Specifically, because the CPU can access both the
first memory and the second memory, when the CPU needs
to acquire the data in the second memory, only the storage
address of the data in the second memory needs to be
mapped to the first memory, the CPU accesses the second
memory according to the mapped storage address, and
obtains corresponding data. Since the GPU can only access
the second memory, when the GPU needs to acquire the data
in the first memory, the integrated chip needs to copy the
data from the first memory into the second memory and then
the data is read by the GPU.

[0036] According to an embodiment of the present disclo-
sure, there is provided an ECG signal parallel analysis
apparatus, wherein the integrated memory includes a first
memory for being used by the CPU and a second memory
for being used by the GPU. The final abnormal heartbeat
data is obtained by performing, by the CPU, primary noise
reduction processing on an ECG original signal and per-
forming abnormal heartbeat classification preliminary
screening on characteristic data extracted from the GPU,
performing, by the GPU, characteristic extraction on the
primary ECG signal obtained by the primary noise reduction
process, performing secondary noise reduction on the pri-
mary ECG signal, and processing suspected abnormal heart-
beat data obtained by the preliminary screening process and
the secondary ECG signal obtained by the secondary noise
reduction process by using a template matching classifica-
tion mode. In this manner, the CPU and GPU co-process
various tasks in the ECG signal analysis process, and the
GPU completes complicated calculation tasks in parallel
processing mode, improving the analysis efficiency for the
ECG signal and thereby improving the timeliness of the
analysis and feedback of the ECG signal. Meanwhile, equip-
ment power consumption is reduced and user experience is
improved.

[0037] Further, the above way of data replication and
mapping between memories can avoid a large amount of
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data transmission and reduce the data transmission time
from the CPU side to the GPU side, compared with the way
of data transmission through the buses and the communica-
tion lines, further improving the efficiency of ECG signal
analysis.

[0038] Referring to the schematic structural diagram of
another ECG signal parallel analysis apparatus shown in
FIG. 2, the apparatus is implemented on the basis of the
apparatus shown in FIG. 1. The apparatus includes an
integrated memory 10, a CPU 11 and a GPU 12. The
integrated memory 10 includes the first memory 101 for
being used by the CPU 11, and the second memory 102 for
being used by the GPU 12, and the CPU 11 can access the
second memory 102. The CPU 11 and the GPU 12 transmit
data via the integrated memory 10.

[0039] Mobile terminals such as smartphones have highly
integrated circuits that combine major components (such as
CPU, GPU, memory, etc.) into a single chip. This approach
enables high-bandwidth data transmission; and at the same
time, the ultra-bandwidth memory indicator accelerates the
speed of data transmission between the memory and the
CPU/GPU. In addition, the CPU and GPU memories are
integrated on the same chip, and separated by embedded
software. Tasks are transferred during task execution, so
memory-mapping techniques can be introduced to map the
same piece of physical memory into the memory spaces of
the CPU and GPU to reduce or even avoid data transmission.
[0040] The CPU specifically includes: an original signal
reception module 111 configured for receiving an ECG
original signal and storing the ECG original signal in the first
memory; a first pre-process module 112 configured for
performing primary noise reduction processing on the ECG
original signal loaded from the first memory for to obtain a
primary ECG signal, and storing the primary ECG signal in
the second memory; a first abnormal heartbeat classification
module 113 configured for acquiring characteristic data
according to storage location information, performing, in
accordance with a set rule decision mode, abnormal heart-
beat classification on characteristic data to obtain suspected
abnormal heartbeat data, and storing suspected abnormal
heartbeat data in the second memory.

[0041] The original signal reception module can be con-
nected with an electrocardiogram sensor; and the electro-
cardiogram sensor can sense the action potential waveform
of cells in different regions of the heart and convert it into
a signal that can be output, wherein the signal is the ECG
original signal.

[0042] The first pre-process module may include an Infi-
nite Impulse Response (1IR) filter configured for filter pro-
cessing the ECG original signal to obtain a primary ECG
signal. Of course, the filter processing may also be imple-
mented by other filters, such as a Finite Impulse Response
(FIR) filter. Due to the tightly coupled mode of the IIR filter,
parallelization is difficult to achieve, so the IIR filter is
implemented in the CPU. After the first pre-process module
processes and obtains the primary ECG signal, the primary
ECG signal is usually first stored in the first memory; and
because the subsequent characteristic extraction process is
performed by the GPU, the integrated memory copies the
primary ECG signal to the second memory, for acquisition
by the GPU.

[0043] The first abnormal heartbeat classification module
may acquire a predefined rule determination mode from the
first memory. The rule determination mode may be imple-
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mented as a parameter threshold. For example, if one or
more parameters in the characteristic data are greater than
corresponding threshold values, it can be initially deter-
mined that there is abnormality of the ECG signal; the type
of the abnormality may also be preliminarily classified
according to the threshold values to obtain the suspected
abnormal heartbeat data, and then the suspected abnormal
heartbeat data may be saved again. The suspected abnormal
heartbeat data processed and obtained by the first abnormal
heartbeat classification module is usually firstly stored into
the first memory; and since the subsequent re-confirmation
processing of the suspected abnormal heartbeat data is
performed by the GPU, the integrated memory copies the
classification results to the second memory for acquisition
by the GPU.

[0044] The GPU specifically includes: a characteristic
detection module 121 configured for performing character-
istic extraction on the primary ECG signal loaded from the
second memory to obtain characteristic data, and storing the
characteristic data in the second memory; a second pre-
process module 122 configured for performing secondary
noise reduction processing on the loaded primary ECG
signal to obtain a secondary ECG signal; a second abnormal
heartbeat classification module 123 configured for acquiring
the secondary ECG signal from the second pre-process
module, acquiring suspected abnormal heartbeat data from
the second memory, reconfirming, in accordance with a set
template matching mode and based on the secondary ECG
signal, the suspected abnormal heartbeat data to obtain final
abnormal heartbeat data, and storing the final abnormal
heartbeat data in the second memory.

[0045] The above-mentioned characteristic detection
module can be implemented by various characteristic extrac-
tion algorithms, such as machine learning, wavelet transfor-
mation, morphological transformation, etc. In view of the
particularity of the ECG signal, in order to balance the
accuracy and high efliciency of ECG signal characteristic
recognition, the present embodiment is specifically imple-
mented in the following manner: specifically, the character-
istic detection module includes: (1) a morphology transfor-
mation unit, configured for performing transformation on
the primary ECG signal, and outputting an ECG signal in
morphological form; (2) an R wave detection unit, config-
ured for performing R wave detection on the ECG signal in
a morphological form, and outputting a detection result; and
(3) a QRS complex detection unit, configured for perform-
ing QRS complex detection on the detection result, and
outputting characteristic data containing QRS complex.
[0046] In the ECG signal, an R wave is a positive wave
firstly appears in a signal period and located above a
reference horizontal line. The QRS complex includes an R
wave, a Q wave, an S wave, an R' wave, an S' wave and a
QS wave. By detecting parameters of width, time internal,
amplitude, shape and so on of these waveforms, a variety of
characteristic data may be obtained.

[0047] The characteristic data extracted by the character-
istic detection module is usually stored in the second
memory. Although the CPU can access the second memory,
position of the data stored in the second memory needs to be
mapped to the first memory. Based on this, the integrated
memory includes a mapping module 103 configured for
mapping storage location information of the characteristic
data and the final abnormal heartbeat data to the first
memory, so as to enable the CPU to acquire corresponding
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data according to a storage location information. This man-
ner makes the CPU be able to more quickly obtain the data
processed and obtained by the GPU, avoiding the time-
consuming data transmission, thereby improving the analy-
sis efficiency for the ECG signal.

[0048] The second pre-process module may include an
artifact removal unit configured for performing artifact
removal on a primary ECG signal to obtain a secondary
ECG signal. In general, the signal detected by a sensor from
a body surface electrode contains different types of inter-
ference, such as power frequency interference, baseline
drift, electrode contact noise, electromyography interfer-
ence, and movement interference and so on, these interfer-
ence forming artifacts in the ECG signal. In order to obtain
relatively pure ECG signals so as to improve the accuracy of
subsequent characteristic detection and heartbeat abnormity
recognition, the present embodiment adopts above artifact
removal unit to perform artifact removal processing on the
primary ECG signal.

[0049] The second abnormal heartbeat classification mod-
ule acquires the secondary ECG signal from the second
pre-process module on one hand and acquires the suspected
abnormal heartbeat data from the second memory on the
other hand, and the suspected abnormal heartbeat data is in
advance copied from the first memory to the second
memory; the second abnormal heartbeat classification mod-
ule generates a QRS standard template from a secondary
ECG signal of a noise-free signal, and then corrects the data
of erroneous determination of the suspected abnormal heart-
beat data according to the standard template to generate final
abnormal heartbeat data. The final abnormal heartbeat data
is saved to the second memory, and the address of the final
abnormal heartbeat data in the second memory is mapped to
the first memory for acquisition by the CPU. After the CPU
acquires the final abnormal heartbeat data, the data may be
pushed to a user terminal, uploaded to a cloud platform, or
subjected to other processing.

[0050] Besides, the ECG signal parallel analysis apparatus
may also be further optimized through workgroup size, data
vectorization operation and zero memory copy technology,
improving the efficiency of the analysis.

[0051] In the above manners, the CPU and the GPU
co-process various tasks in ECG signal analysis process, and
the GPU complete complex computing tasks in a parallel
processing manner, improving the efficiency of ECG signal
analysis, thereby improving the timeliness of ECG signal
analysis and feedback. Meanwhile, the device power con-
sumption is reduced, and user experience is improved.
[0052] Corresponding to the embodiments of the appara-
tuses, referring to a flow chart of an ECG signal parallel
analysis method shown in FIG. 3, the method is applied to
a mobile terminal. The mobile terminal includes: an inte-
grated memory, a CPU and a GPU, wherein the integrated
memory includes a first memory for being used by the CPU
and a second memory for being used by the GPU, and the
CPU may access the second memory; and the CPU and the
GPU transmit data via the integrated memory. The method
includes the following steps:

[0053] Step S302, the CPU performing primary noise
reduction processing on a received ECG original signal to
obtain a primary ECG signal;

[0054] Step S304, the GPU performing characteristic
extraction on the primary ECG signal to obtain characteristic
data;
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[0055] Step S306, the CPU performing abnormal heart-
beat classification preliminary screening on the characteris-
tic data to obtain suspected abnormal heartbeat data; and
[0056] Step S308, the GPU performing secondary noise
reduction processing on the primary ECG signal to obtain a
secondary ECG signal, and processing the suspected abnor-
mal heartbeat data and the secondary ECG signal by using
a template matching classification mode, to obtain final
abnormal heartbeat data.

[0057] Inthe ECG signal parallel analysis method accord-
ing to the embodiment of the present disclosure, the CPU
performs primary noise reduction processing on the ECG
original signal, and the GPU performs characteristic extrac-
tion on the primary ECG signal obtained by the primary
noise reduction processing; the CPU performs abnormal
heartbeat classification preliminary screening on extracted
characteristic data, and the GPU performs secondary noise
reduction processing on the primary ECG signal, and then
processes, by applying a template matching classification
mode, suspected abnormal heartbeat data obtained by the
preliminary screening and a secondary ECG signal obtained
by the secondary noise reduction, to obtain final abnormal
heartbeat data. In this manner, the CPU and the GPU
co-process various tasks in the ECG signal analysis process,
and the GPU completes complicated calculation tasks in
parallel processing mode, improving the analysis efliciency
of the ECG signal and thereby improving the timeliness of
the analysis and feedback of the ECG signal, and meanwhile
reducing equipment power consumption and improving user
experience.

[0058] Referring to a flow chart of another ECG signal
parallel analysis method shown in FIG. 4, this method is
implemented based on the method shown in FIG. 3. The
method is implemented by multi-party interaction between a
CPU of a mobile terminal, a first memory and a second
memory in an integrated memory, and a GPU, wherein the
second memory may also be referred to as a video memory.
The method includes the following steps:

[0059] Step S402, the CPU receives an ECG original
signal, and stores the ECG original signal in the first
memory;

[0060] Step S404, the CPU loads the ECG original signal
in the first memory for primary noise reduction processing
to obtain a primary ECG signal;

[0061] Step S406, the CPU stores the primary ECG signal
in the first memory;

[0062] Step S408, the integrated memory copies to a
second memory the primary ECG signal stored by the CPU
in the first memory;

[0063] Step S410, the GPU loads the primary ECG signal
from the second memory for characteristic extraction to
obtain characteristic data;

[0064] Step S412, the GPU stores the characteristic data in
the second memory:

[0065] Step S414, the integrated memory maps to the first
memory storage location information of the characteristic
data stored by the GPU in a second memory;

[0066] Step S416, the CPU acquires the characteristic data
according to the storage location information, and performs,
in accordance with a set rule decision mode, abnormal
heartbeat classification on the characteristic data to obtain
suspected abnormal heartbeat data;

[0067] Step S418, the CPU stores the suspected abnormal
heartbeat data in the first memory;
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[0068] Step S420, the integrated memory copies, to the
second memory, suspected abnormal heartbeat data stored
by the CPU in the first memory;

[0069] Step S422, the GPU loads the primary ECG signal
for secondary noise reduction processing, to obtain a sec-
ondary ECG signal; and in order to make full use of the
heterogeneous computing resources of the CPU and the
GPU, in this method, the secondary noise reduction process
for removing artifacts of the ECG signal is adjusted from
before the characteristic extraction to before the abnormal
heartbeat re-confirmation;

[0070] Step S424, the GPU acquires the suspected abnor-
mal heartbeat data from the second memory, and reconfirm-
ing, in accordance with a set template matching mode and
based on the secondary ECG signal, the suspected abnormal
heartbeat data, to obtain final abnormal heartbeat data;
[0071] Step S426, the GPU stores the final abnormal
heartbeat data in the second memory;

[0072] Step S428, the integrated memory maps, to the first
memory, storage location information of the final abnormal
heartbeat data stored by the GPU in the second memory;

[0073] Step S430, the CPU acquires the final abnormal
heartbeat data;
[0074] Step S432, the final abnormal heartbeat data is

uploaded to a remote medical platform, to enable the medi-
cal platform to generate a feedback report according to the
final abnormal heartbeat data; and

[0075] Step S434, the CPU receives the feedback report
based on the final abnormal heartbeat data from the medical
platform.

[0076] In the above manner, the CPU and the GPU co-
process various tasks in the ECG signal analysis process,
and the GPU completes complicated calculation tasks in
parallel processing mode, improving the analysis efliciency
for the ECG signal and thus improving the timeliness of the
analysis and feedback of the ECG signal, and meanwhile
reducing equipment power consumption and improving user
experience.

[0077] Corresponding to the above apparatus and method
embodiments, an embodiment of the present disclosure
further provides a mobile terminal, which includes the above
ECG signal parallel analysis apparatus.

[0078] The ECG signal parallel analysis apparatus,
method and mobile terminal provided by the embodiments
of the present disclosure propose a new automatic ECG
parallel analysis manner based on the Mobile Graphics
processing unit (GPU), wherein compared with the sequen-
tial analysis manner of ECG signals, in the parallel manner,
the whole program flow is reorganize and the CPU/GPU
heterogeneous computing resources are fully utilized. This
manner can significantly shorten the ECG data execution
time of 24 hours, wherein through optimization in aspects of
data vectorization, work group resizing and zero memory
copy and others, the above execution time is further reduced,
the feedback efliciency is improved, and the user experience
is improved. Besides, when a large amount of computation
is distributed to the GPU, the average power consumption of
the test mobile device is small, alleviating the problem of
limited battery working life of the mobile device.

[0079] In the several embodiments provided in the present
disclosure, it should be understood that the disclosed appa-
ratuses and methods may also be implemented in other
manners. The apparatus embodiments described above are
merely illustrative, for example, the flowchart and block
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diagrams in the figures illustrate the system structures,
functions, and operations of possible implementations of
apparatuses, methods and computer program products
according to various embodiments of the present disclosure.
In this regard, each block of the flowcharts or block dia-
grams may represent a module, a section of a program, or a
portion of a code, and the module, section of a program, or
portion of a code includes one or more executable instruc-
tions for implementing the specified logic functions. It
should also be noted that in some alternative implementa-
tions, the functions marked in the blocks may occur in an
order different from that marked in the figures. For example,
two consecutive blocks may in fact be executed substantially
in parallel, and sometimes they may be executed in the
reverse order, depending on the function involved. It is also
to be noted that each block of the block diagrams and/or
flowcharts, and combinations of blocks in the block dia-
grams and/or flowcharts can be implemented by special
hardware-based systems that perform the specified functions
or actions, or can be implemented by a combination of
dedicated hardware and computer instructions.

[0080] Besides, each function module or unit in the
embodiments of the present disclosure may be integrated
together to form an independent part, or the modules may
exist separately, or two or more modules may be integrated
to form an independent part.

[0081] The function, if implemented in the form of a
software functional unit and sold or used as a separate
product, may be stored in a computer-readable storage
medium. Based on this understanding, the technical solu-
tions of the present disclosure essentially, or the contributing
parts to the prior art, or part of the technical solutions may
be embodied as a software product, with the computer
software product stored in a storage medium and including
several instructions used to enable a computer device (may
be a personal computer, a server, or a network device, etc.)
to execute all or part of the steps of the method according to
the embodiments of the present disclosure. The foregoing
storage medium includes various media capable of storing
program codes, such as a USB flash disk, a removable hard
disk, a read-only memory (ROM), a random access memory
(RAM), a magnetic disk, or an optical disk, etc.

[0082] Finally it should be noted that the above embodi-
ments are merely specific implementations of the present
disclosure for illustrating the technical solutions of the
present disclosure rather than limiting the present disclosure,
the protection scope of the present disclosure is not limited
thereto, although the present disclosure has been described
in detail with reference to the foregoing embodiments, those
skilled in the art should understand: anyone skilled in the art
may still make modifications to the technical solutions
described in the foregoing embodiments or easily conceiv-
able variations within the technical scope disclosed in the
present disclosure, or replace some of the technical features
equivalently; yet these modifications, variations or substi-
tutions do not make the essence of the corresponding
technical solutions depart from the spirit and scope of the
technical solutions of the embodiments of the present dis-
closure, and should all fall within the protection scope of the
present disclosure. Therefore, the protection scope of the
present disclosure should be subject to the protection scope
of the claims.

1. An electrocardiogram signal parallel analysis appara-
tus, comprising:
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an integrated memory;

a central processing unit; and

a graphic processing unit;

wherein the integrated memory comprises a first memory
configured for being used by the central processing
unit, and a second memory configured for being used
by the graphic processing unit, and further wherein the
central processing unit is configured to be able to
access the second memory, and the central processing
unit and the graphic processing unit are configured to
transmit data via the integrated memory;

further wherein the central processing unit is configured
for performing primary noise reduction processing on a
received electrocardiogram original signal to obtain a
primary electrocardiogram signal, and configured for
performing abnormal heartbeat classification prelimi-
nary screening on characteristic data extracted by the
graphic processing unit to obtain suspected abnormal
heartbeat data; and

the graphic processing unit is configured for performing
characteristic extraction on the primary electrocardio-
gram signal to obtain the characteristic data, and con-
figured for performing secondary noise reduction pro-
cessing on the primary electrocardiogram signal to
obtain a secondary electrocardiogram signal, and pro-
cessing the suspected abnormal heartbeat data and the
secondary electrocardiogram signal by using a template
matching classification mode, to obtain final abnormal
heartbeat data.

2. The apparatus according to claim 1, wherein the central

processing unit comprises:

an original signal reception module configured for receiv-
ing the electrocardiogram original signal and storing
the electrocardiogram original signal in the first
memory;

a first pre-process module configured for performing
primary noise reduction processing on the ECG origi-
nal signal loaded from the first memory to obtain the
primary electrocardiogram signal, and storing the pri-
mary signal in the second memory; and

a first abnormal heartbeat classification module config-
ured for acquiring the characteristic data according to
storage location information, performing, in accor-
dance with a set rule decision mode, abnormal heart-
beat classification on the characteristic data to obtain
suspected abnormal heartbeat data, and storing the
suspected abnormal heartbeat data in the second
memory.

3. The apparatus according to claim 2, wherein the

graphic processing unit comprises:

a characteristic detection module configured for perform-
ing characteristic extraction on the primary electrocat-
diogram signal loaded from the second memory obtain
characteristic data, and storing the characteristic data in
the second memory;

a second pre-process module configured for performing
secondary noise reduction processing on the loaded
primary electrocardiogram signal to obtain the second-
ary electrocardiogram signal; and

a second abnormal heartbeat classification module con-
figured for acquiring the secondary electrocardiogram
signal from the second pre-process module to obtain
the suspected abnormal heartbeat data from the second
memory, reconfirming, in accordance with a set tem-
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plate matching mode and based on the secondary
electrocardiogram signal, the suspected abnormal
heartbeat data to obtain the final abnormal heartbeat
data, and storing the final abnormal heartbeat data in
the second memory.

4. The apparatus according to claim 3, wherein the
integrated memory comprises a mapping module configured
for mapping storage location information of the character-
istic data and the final abnormal heartbeat data to the first
memory, so as to enable the central processing unit to
acquire corresponding data according to the storage location
information.

5. The apparatus according to claim 3, wherein the first
pre-process module comprises an infinite impulse response
filter configured for performing filter processing on the
electrocardiogram original signal to obtain the primary
electrocardiogram signal; and

the second pre-process module comprises an artifact
removal unit configured for performing artifact
removal processing on the primary electrocardiogram
signal to obtain the secondary electrocardiogram sig-
nal.

6. The apparatus according to claim 3, wherein the

characteristic detection module comprises:

a morphology transformation unit configured for perform-
ing transformation on the primary electrocardiogram
signal, and outputting an electrocardiogram signal in a
morphological form;

an R wave detection unit configured for performing R
wave detection on the electrocardiogram signal in a
morphological form, and outputting a detection result;
and

a QRS complex detection configured for performing QRS
complex detection on the detection result, and output-
ting characteristic data containing QRS complex.

7. An electrocardiogram signal parallel analysis method,
wherein the method is applied to a mobile terminal com-
prising an integrated memory, a central processing unit and
a graphic processing unit, wherein the integrated memory
comprises a first memory configured for being used by the
central processing unit and a second memory configured for
being used by the graphic processing unit, the central
processing unit is configured to be able to access the second
memory, and the central processing unit and the graphic
processing unit are configured to transmit data via the
integrated memory; the method comprising the steps of:

the central processing unit performing primary noise
reduction processing on a received electrocardiogram
original signal to obtain a primary electrocardiogram
signal,

the graphic processing unit performing characteristic
extraction on the primary electrocardiogram signal to
obtain characteristic data;

the central processing unit performing abnormal heartbeat
classification preliminary screening on the characteris-
tic data to obtain suspected abnormal heartbeat data;
and

the graphic processing unit performing secondary noise
reduction processing on the primary electrocardiogram
signal to obtain a secondary electrocardiogram signal,
and processing the suspected abnormal heartbeat data
and the secondary electrocardiogram signal by using a
template matching classification mode to obtain final
abnormal heartbeat data.
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8. The method according to claim 7, wherein the method
further comprises:

the central processing unit acquiring the final abnormal

heartbeat data, and uploading the final abnormal heart-
beat data to a remote medical platform; and

the central processing unit receiving a report fed back by

the medical platform based on the final abnormal
heartbeat data.

9. The method according to claim 7, wherein a process of
the central processing unit and the graphic processing unit
transmitting data via the integrated memory comprises:

the integrated memory copying, to the second memory,

data stored by the central processing unit in first
memory, and mapping, to the first memory, storage
location information stored by the graphic processing
unit in the second memory.

10. The method according to claim 8, wherein a process
of the central processing unit and the graphic processing unit
transmitting data via the integrated memory comprises:

the integrated memory copying, to the second memory,

data stored by the central processing unit in first
memory, and mapping, to the first memory, storage
location information stored by the graphic processing
unit in the second memory.

11. A mobile terminal, comprising:

an electrocardiogram signal parallel analysis apparatus

comprising an integrated memory, a central processing
unit and a graphic processing unit, the integrated
memory comprising a first memory configured for
being used by the central processing unit and a second
memory configured for being used by the graphic
processing unit, the central processing unit is config-
ured to be able to access the second memory, and the
central processing unit and the graphic processing unit
are configured to transmit data via the integrated
memory;

wherein the central processing unit is configured for

performing primary noise reduction processing on a
received electrocardiogram original signal to obtain a
primary electrocardiogram signal, and configured for
performing abnormal heartbeat classification prelimi-
nary screening on characteristic data extracted by the
graphic processing unit to obtain suspected abnormal
heartbeat data; and

the graphic processing unit is configured for performing

characteristic extraction on the primary electrocardio-
gram signal to obtain the characteristic data, and con-
figured for performing secondary noise reduction pro-
cessing on the primary electrocardiogram signal to
obtain a secondary electrocardiogram signal, and pro-
cessing the suspected abnormal heartbeat data and the
secondary electrocardiogram signal by using a template
matching classification mode, to obtain final abnormal
heartbeat data.

12. The mobile terminal according to claim 11, wherein
the central processing unit comprises:

an original signal reception module configured for receiv-

ing the electrocardiogram original signal and storing
the electrocardiogram original signal in the first
memory;

a first pre-process module configured for performing

primary noise reduction processing on the electrocar-
diogram original signal loaded from the first memory,
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to obtain the primary electrocardiogram signal, and
storing the primary signal in the second memory; and

a first abnormal heartbeat classification module config-
ured for acquiring the characteristic data according to
storage location information, performing, in accor-
dance with a set rule decision mode, abnormal heart-
beat classification on the characteristic data to obtain
suspected abnormal heartbeat data, and storing the
suspected abnormal heartbeat data in the second
memory.

13. The mobile terminal according to claim 12, wherein

the graphic processing unit comprises:

a characteristic detection module configured for perform-
ing characteristic extraction on the primary electrocar-
diogram signal loaded from the second memory obtain
characteristic data, and storing the characteristic data in
the second memory;

a second pre-process module configured for performing
secondary noise reduction processing on the loaded
primary electrocardiogram signal to obtain the second-
ary electrocardiogram signal; and

a second abnormal heartbeat classification module con-
figured for acquiring the secondary electrocardiogram
signal from the second pre-process module to obtain
the suspected abnormal heartbeat data from the second
memory, reconfirming, in accordance with a set tem-
plate matching mode and based on the secondary
electrocardiogram signal, the suspected abnormal
heartbeat data to obtain the final abnormal heartbeat
data, and storing the final abnormal heartbeat data in
the second memory.

14. The mobile terminal according to claim 13, wherein
the integrated memory comprises a mapping module con-
figured for mapping storage location information of the
characteristic data and the final abnormal heartbeat data to
the first memory, so as to enable the central processing unit
to acquire corresponding data according to the storage
location information.

15. The mobile terminal according to claim 13, wherein
the first pre-process module comprises an infinite impulse
response filter configured for performing filter processing on
the electrocardiogram original signal to obtain the primary
electrocardiogram signal; and

the second pre-process module comprises an artifact
removal unit configured for performing artifact
removal processing on the primary electrocardiogram
signal to obtain the secondary electrocardiogram sig-
nal.

16. The mobile terminal according to claim 13, wherein

the characteristic detection module comprises:
amorphology transformation unit configured for perform-
ing transformation on the primary electrocardiogram
signal, and outputting an electrocardiogram signal in a
morphological form;

an R wave detection unit configured for performing R
wave detection on the electrocardiogram signal in a
morphological form, and outputting a detection result;
and

a QRS complex detection configured for performing QRS
complex detection on the detection result, and output-
ting characteristic data containing QRS complex
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