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(57) ABSTRACT

A method may include obtaining scan data that is captured
by scanning a heart of a subject with the imaging device. The
method may include obtaining electrocardiogram (ECG)
data during the scans of the heart of the subject. The method
may include determining first scan data from the scan data.
The method may include reconstructing the cardiac image
based on the first scan data. The method may also include
performing one or more iterations. Each of the one or more
iterations may include determining whether there is a pul-
satile artifact in the reconstructed cardiac image, determin-
ing a second time period of at least one cardiac cycle based
on the pulsatile artifact, and reconstructing the cardiac image
based on the scan data and the second time period.
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SYSTEMS AND METHODS FOR MEDICAL
IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. 201711087639.8 filed on Nov. 6, 2017, and
Chinese Patent Application No. 201711459837.2 filed on
Dec. 28,2017, the contents of which are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to medical
imaging, and more particularly. systems and methods for
reconstructing a cardiac image using an imaging device.

BACKGROUND

[0003] A medical imaging device, such as a computed
tomography (CT), a magnetic resonance imaging (MRI), a
positron emission computed tomography (PET), is widely
used in a field of disease diagnosis. For example, the CT
may scan a heart of a subject, and generate scan data. The
CT may reconstruct a cardiac image of the subject based on
the scan data. In some occasions, due to a motion blur
caused by heart beats, there may be a pulsatile artifact in the
reconstructed cardiac image. The cardiac image with the
pulsatile artifact may not provide accurate information for
the disease diagnosis. It is desired to develop systems and
methods to provide high quality medical image in medical
imaging to benefit disease diagnosis.

SUMMARY

[0004] According to a first aspect of the present disclo-
sure, a method for reconstructing a medical image by using
an imaging device may include one or more operations. The
one or more operations may be implemented on a computing
device having one or more processors and one or more
storage devices. The one or more processors may obtain
scan data that is captured by scanning a heart of a subject
with the imaging device. The one or more processors may
obtain electrocardiogram (ECG) data that is captured during
the scans of the heart of the subject, the ECG data corre-
sponding to a plurality of cardiac cycles. The one or more
processors may determine first scan data from the scan data,
the first scan data corresponding to a first time period of each
of the plurality of cardiac cycles. The one or more processors
may reconstruct the cardiac image based on the first scan
data. For obtaining the reconstructed cardiac image that
satisfies a requirement of diagnose, the one or more proces-
sors may perform one or more iterations for the recon-
structed cardiac image. For each of the one or more itera-
tions, the one or more processors may determine whether
there is a pulsatile artifact in the reconstructed cardiac
image. The one or more processors may determine a second
time period of at least one cardiac cycle based on the
pulsatile artifact. The one or more processors may recon-
struct the cardiac image based on the scan data and the
second time period. The one or more processors may com-
plete the one or more iterations until there is no pulsatile
artifact substantially the reconstructed cardiac image.

[0005] In some embodiments, the one or more processors
may determine second scan data associated with the pulsa-
tile artifact, the second scan data being at least one portion
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of the first scan data. The one or more processors may
determine the at least one cardiac cycle corresponding to the
second scan data based on the ECG data and a capture time
of the second scan data. The one or more processors may
determine the second time period of the at least one cardiac
cycle.

[0006] In some embodiments, the one or more processors
may determine a first image sequence based on the first scan
data. The one or more processors may further reconstruct the
cardiac image based on the first image sequence.

[0007] In some embodiments, the one or more processors
may determine at least one first image with the pulsatile
artifact from the first image sequence. The one or more
processors may determine the second time period of the at
least one cardiac cycle corresponding to the at least one first
image with the pulsatile artifact.

[0008] In some embodiments, the one or more processors
may determine third scan data based on the scan data, the at
least one cardiac cycle corresponding to the at least one first
image with the pulsatile artifact, and the second time period.
The one or more processors may reconstruct at least one
second image, corresponding to the at least one cardiac cycle
corresponding to the at least one first image with the
pulsatile artifact, based on the third scan data. The one or
more processors may determine a second image sequence
based on the first image sequence and the at least one second
image. The one or more processors may reconstruct the
cardiac image based on the second image sequence.
[0009] In some embodiments, the one or more processors
may determine whether there is a pulsatile artifact in the
reconstructed cardiac image based on a first machine-
learned identification model. The first machine-learned iden-
tification model may be trained based on a plurality of
cardiac images with the pulsatile artifact.

[0010] According to another aspect of the present disclo-
sure, a system for reconstructing a medical image by using
an imaging device may include at least one storage device
including a set of instructions, and at least one processor in
communication with the at least one storage device. When
executing the set of instructions, the at least one processor
may obtain scan data that is captured by scanning a heart of
a subject with the imaging device. The at least one processor
may obtain electrocardiogram (ECG) data that is captured
during the scans of the heart of the subject, the ECG data
corresponding to a plurality of cardiac cycles. The at least
one processor may determine first scan data from the scan
data, the first scan data corresponding to a first time period
of each of the plurality of cardiac cycles. The at least one
processor may reconstruct the cardiac image based on the
first scan data. The at least one processor may perform one
or more iterations for the reconstructed cardiac image. For
each of the one or more iterations, the at least one processor
may determine whether there is a pulsatile artifact in the
reconstructed cardiac image. The at least one processor may
determine a second time period of at least one cardiac cycle
based on the pulsatile artifact. The at least one processor
may reconstruct the cardiac image based on the scan data
and the second time period. The at least one processor may
complete the one or more iterations until there is no pulsatile
artifact substantially the reconstructed cardiac image.
[0011] According to yet another aspect of the present
disclosure, a non-transitory computer readable medium may
comprise at least one set of instructions for reconstructing a
medical image. The at least one set of instructions may be
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executed by one or more processors of a computer device.
The one or more processors may obtain scan data that is
captured by scanning a heart of a subject with the imaging
device. The one or more processors may obtain electrocar-
diogram (ECG) data that is captured during the scans of the
heart of the subject, the ECG data corresponding to a
plurality of cardiac cycles. The one or more processors may
determine first scan data from the scan data, the first scan
data corresponding to a first time period of each of the
plurality of cardiac cycles. The one or more processors may
reconstruct the cardiac image based on the first scan data.
The one or more processors may perform one or more
iterations for the reconstructed cardiac image. For each of
the one or more iterations, the one or more processors may
determine whether there is a pulsatile artifact in the recon-
structed cardiac image. The one or more processors may
determine a second time period of at least one cardiac cycle
based on the pulsatile artifact. The one or more processors
may reconstruct the cardiac image based on the scan data
and the second time period. The one or more processors may
complete the one or more iterations until there is no pulsatile
artifact substantially the reconstructed cardiac image.
[0012] According to yet another aspect of the present
disclosure, a method for analyzing an R-wave of an elec-
trocardiogram (ECG) signal may include one or more opera-
tions. The one or more operations may be implemented on
a computing device having one or more processors and one
or more storage devices. The one or more processors may
obtain an original ECG signal of a subject. The one or more
processors may filter the original ECG signal. The one or
more processors may determine whether to trigger a search
gate based on the filtered ECG signal, wherein the search
gate being an instruction for detecting an R-wave on the
original ECG signal. The one or more processors may detect
the R-wave on the original ECG signal in response to a
determination of triggering the search gate.

[0013] In some embodiments, the one or more processors
may filter the original ECG signal based on an infinite
impulse response (IIR) low pass filter.

[0014] In some embodiments, the one or more processors
may determine a differential signal based on the filtered
ECG signal. The one or more processors may determine to
trigger the search gate if the differential signal is equal to or
greater than a gate threshold.

[0015] In some embodiments, the one or more processors
may determine a differential signal based on the filtered
ECG signal. The one or more processors may determine an
amplified signal based on the differential signal. The one or
more processors may determine to trigger the search gate if
the amplified signal is equal to or greater than the gate
threshold.

[0016] In some embodiments, the gate threshold may be
determined based on values of N samples of the filtered ECG
signal. The N samples may include a current sample and
N-1 previous samples, and N is an integer and equal to or
greater than 1.

[0017] In some embodiments, for each of a plurality of
samples of the original ECG signal, the one or more pro-
cessors may determine a difference between the sample and
asignal baseline. The one or more processors may determine
whether the difference is equal to or greater than an ampli-
tude threshold. In response to a determination that the
difference is equal to or greater than the amplitude threshold,
the one or more processors may determine a position of the

May 9, 2019

sample that has a maximum value among absolute values of
a plurality of the differences, as the position of the R-wave.
[0018] In some embodiments, the signal baseline may
associate with values of M samples of the original ECG
signal. The M samples may include the current sample and
M-1 previous samples, and M is an integer and equal to or
greater than 1.

[0019] In some embodiments, the amplitude threshold
may associate with the plurality of differences between the
plurality of samples and the signal baseline.

[0020] According to another aspect of the present disclo-
sure, a system for analyzing an R-wave of an electrocardio-
gram (ECG) signal may include at least one storage device
including a set of instructions, and at least one processor in
communication with the at least one storage device. When
executing the set of instructions, the at least one processor
may obtain an original ECG signal of a subject. The at least
one processor may filter the original ECG signal. The at least
one processor may determine whether to trigger a search
gate based on the filtered ECG signal, wherein the search
gate being an instruction for detecting an R-wave on the
original ECG signal. The at least one processor may detect
the R-wave on the original ECG signal in response to a
determination of triggering the search gate.

[0021] According to yet another aspect of the present
disclosure, a non-transitory computer readable medium may
comprise at least one set of instructions for analyzing an
R-wave of an electrocardiogram (ECG) signal. The at least
one set of instructions may be executed by one or more
processors of a computer device. The one or more proces-
sors may obtain an original ECG signal of a subject. The one
or more processors may filter the original ECG signal. The
one or more processors may determine whether to trigger a
search gate based on the filtered ECG signal, wherein the
search gate being an instruction for detecting an R-wave on
the original ECG signal. The one or more processors may
detect the R-wave on the original ECG signal in response to
a determination of triggering the search gate.

[0022] According to yet another aspect of the present
disclosure, a method for reconstructing a medical image by
using an imaging device may include one or more opera-
tions. The one or more operations may be implemented on
a computing device having one or more processors and one
or more storage devices. The one or more processors may
obtain an ECG signal of a heart of a subject. The one or more
processors may detect an R-wave of a cardiac cycle of the
ECG signal. In response to the detection of the R-wave, the
one or more processors may operate the imaging device to
perform scans of the heart to generate scan data, wherein a
starting time of each of the scans is determined based on the
R-wave of each cardiac cycle of the ECG signal. The one or
more processors may obtain ECG data that is captured
during the scans of the heart, the ECG data corresponding to
a plurality of cardiac cycles of the ECG signal. The one or
more processors may determine first scan data from the scan
data, the first scan data corresponding to a first time period
of each of the plurality of cardiac cycles. The one or more
processors may reconstruct the cardiac image based on the
first scan data. The one or more processors may perform one
or more iterations for the reconstructed cardiac image. For
each of the one or more iterations, the one or more proces-
sors may determine whether there is a pulsatile artifact in the
reconstructed cardiac image. The one or more processors
may determine a second time period of at least one cardiac
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cycle based on the pulsatile artifact. The one or more
processors may reconstruct the cardiac image based on the
scan data and the second time period. The one or more
processors may complete the one or more iterations until
there is no pulsatile artifact substantially the reconstructed
cardiac image.

[0023] According to yet another aspect of the present
disclosure, a system for reconstructing a medical image by
using an imaging device may include at least one storage
device including a set of instructions, and at least one
processor in communication with the at least one storage
device. The at least one processor may obtain an ECG signal
of a heart of a subject. The at least one processor may detect
an R-wave of a cardiac cycle of the ECG signal. In response
to the detection of the R-wave, the at least one processor
may operate the imaging device to perform scans of the heart
to generate scan data, wherein a starting time of each of the
scans is determined based on the R-wave of each cardiac
cycle of the ECG signal. The at least one processor may
obtain ECG data that is captured during the scans of the
heart, the ECG data corresponding to a plurality of cardiac
cycles of the ECG signal. The at least one processor may
determine first scan data from the scan data, the first scan
data corresponding to a first time period of each of the
plurality of cardiac cycles. The at least one processor may
reconstruct the cardiac image based on the first scan data.
The at least one processor may perform one or more
iterations for the reconstructed cardiac image. For each of
the one or more iterations, the at least one processor may
determine whether there is a pulsatile artifact in the recon-
structed cardiac image. The at least one processor may
determine a second time period of at least one cardiac cycle
based on the pulsatile artifact. The at least one processor
may reconstruct the cardiac image based on the scan data
and the second time period. The at least one processor may
complete the one or more iterations until there is no pulsatile
artifact substantially the reconstructed cardiac image.

[0024] According to yet another aspect of the present
disclosure, a non-transitory computer readable medium may
comprise at least one set of instructions for reconstructing a
medical image by using an imaging device. The at least one
set of instructions may be executed by one or more proces-
sors of a computer device. The at least one processor may
obtain an ECG signal of a heart of a subject. The at least one
processor may detect an R-wave of a cardiac cycle of the
ECG signal. In response to the detection of the R-wave, the
at least one processor may operate the imaging device to
perform scans of the heart to generate scan data, wherein a
starting time of each of the scans is determined based on the
R-wave of each cardiac cycle of the ECG signal. The at least
one processor may obtain ECG data that is captured during
the scans of the heart, the ECG data corresponding to a
plurality of cardiac cycles of the ECG signal. The at least
one processor may determine first scan data from the scan
data, the first scan data corresponding to a first time period
of each of the plurality of cardiac cycles. The at least one
processor may reconstruct the cardiac image based on the
first scan data. The at least one processor may perform one
or more iterations for the reconstructed cardiac image. For
each of the one or more iterations, the at least one processor
may determine whether there is a pulsatile artifact in the
reconstructed cardiac image. The at least one processor may
determine a second time period of at least one cardiac cycle
based on the pulsatile artifact. The at least one processor
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may reconstruct the cardiac image based on the scan data
and the second time period. The at least one processor may
complete the one or more iterations until there is no pulsatile
artifact substantially the reconstructed cardiac image.
[0025] Additional features will be set forth in part in the
description which follows, and in part will become apparent
to those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by
production or operation of the examples. The features of the
present disclosure may be realized and attained by practice
or use of various aspects of the methodologies, instrumen-
talities and combinations set forth in the detailed examples
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present disclosure is further described in terms
of exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, in
which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:
[0027] FIG. 11is a schematic diagram illustrating an exem-
plary imaging system according to some embodiments of the
present disclosure;

[0028] FIG. 2 is a block diagram illustrating hardware
and/or software components of an exemplary computing
device according to some embodiments of the present dis-
closure;

[0029] FIG. 3 is a schematic diagram illustrating hardware
and/or software components of an exemplary mobile device
according to some embodiments of the present disclosure;
[0030] FIGS. 4A and 4B are schematic diagrams illustrat-
ing exemplary electrocardiogram (ECG) according to some
embodiments of the present disclosure;

[0031] FIG. 5 is a block diagram illustrating an exemplary
processing device according to some embodiments of the
present disclosure;

[0032] FIG. 6 is a block diagram illustrating an exemplary
R-wave detection module according to some embodiments
of the present disclosure;

[0033] FIG. 7 is a flowchart illustrating an exemplary
process for reconstructing a cardiac image according to
some embodiments of the present disclosure;

[0034] FIGS. 8A and 8B are flowcharts illustrating an
exemplary process for reconstructing a medical image
according to some embodiments of the present disclosure;
[0035] FIG. 9 is a flowchart illustrating an exemplary
process for determining a second time period of at least one
cardiac cycle according to some embodiments of the present
disclosure;

[0036] FIG. 10 is a flowchart illustrating an exemplary
process for medical imaging according to some embodi-
ments of the present disclosure;

[0037] FIG. 11 is a flowchart illustrating an exemplary
process for analyzing a R-wave according to some embodi-
ments of the present disclosure;

[0038] FIG. 12 is a flowchart illustrating an exemplary
process for analyzing a R-wave according to some embodi-
ments of the present disclosure; and

[0039] FIG. 13 is a flowchart illustrating an exemplary
process for reconstructing a medical image according to
some embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0040] In the following detailed description, numerous
specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant disclosure.
However, it should be apparent to those skilled in the art that
the present disclosure may be practiced without such details.
In other instances, well-known methods, procedures, sys-
tems, components, and/or circuitry have been described at a
relatively high-level, without detail, in order to avoid unnec-
essarily obscuring aspects of the present disclosure. Various
modifications to the disclosed embodiments will be readily
apparent to those skilled in the art, and the general principles
defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of
the present disclosure. Thus, the present disclosure is not
limited to the embodiments shown, but to be accorded the
widest scope consistent with the claims.

[0041] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise,”
“comprises,” and/or “comprising,” “include,” “includes,”
and/or “including,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0042] It will be understood that the term “system,”
“engine,” “unit,” “module,” and/or “block” used herein are
one method to distinguish different components, elements,
parts, section or assembly of different level in ascending
order. However, the terms may be displaced by other expres-
sion if they achieve the same purpose.

[0043] Generally, the word “module,” “unit,” or “block,”
as used herein, refers to logic embodied in hardware or
firmware, or to a collection of software instructions. A
module, a unit, or a block described herein may be imple-
mented as software and/or hardware and may be stored in
any type of non-transitory computer-readable medium or
other storage device. In some embodiments, a software
module/unit/block may be compiled and linked into an
executable program. It will be appreciated that software
modules can be callable from other modules/units/blocks or
from themselves, and/or may be invoked in response to
detected events or interrupts. Software modules/units/blocks
configured for execution on computing devices (e.g., pro-
cessor 210 as illustrated in FIG. 2) may be provided on a
computer-readable medium, such as a compact disc, a digital
video disc, a flash drive, a magnetic disc, or any other
tangible medium, or as a digital download (and can be
originally stored in a compressed or installable format that
needs installation, decompression, or decryption prior to
execution). Such software code may be stored, partially or
fully, on a storage device of the executing computing device,
for execution by the computing device. Software instruc-
tions may be embedded in a firmware, such as an EPROM.
It will be further appreciated that hardware modules/units/
blocks may be included in connected logic components,
such as gates and flip-flops, and/or can be included of
programmable units, such as programmable gate arrays or
processors. The modules/units/blocks or computing device
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functionality described herein may be implemented as soft-
ware modules/units/blocks, but may be represented in hard-
ware or firmware. In general, the modules/units/blocks
described herein refer to logical modules/units/blocks that
may be combined with other modules/units/blocks or
divided into sub-modules/sub-units/sub-blocks despite their
physical organization or storage. The description may be
applicable to a system, an engine, or a portion thereof.
[0044] It will be understood that when a unit, engine,
module or block is referred to as being “on,” “connected to,”
or “coupled to,” another unit, engine, module, or block, it
may be directly on, connected or coupled to, or communi-
cate with the other unit, engine, module, or block, or an
intervening unit, engine, module, or block may be present,
unless the context clearly indicates otherwise. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0045] These and other features, and characteristics of the
present disclosure, as well as the methods of operation and
functions of the related elements of structure and the com-
bination of parts and economies of manufacture, may
become more apparent upon consideration of the following
description with reference to the accompanying drawings,
all of which form a part of this disclosure. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended to limit the scope of the present disclosure. It is
understood that the drawings are not to scale.

[0046] For illustration purposes, the following description
is provided to help better understanding an imaging process.
It is understood that this is not intended to limit the scope of
the present disclosure. For persons having ordinary skills in
the art, a certain amount of variations, changes and/or
modifications may be deducted under the guidance of the
present disclosure. Those variations, changes and/or modi-
fications do not depart from the scope of the present disclo-
sure.

[0047] The various embodiments of the present disclosure
may be provided as an imaging system configured to recon-
struct a medical image (e.g., a cardiac image). In some
embodiments, the system may detect an R-wave based on
the ECG data. The system may perform scans of a subject
based on the detected R-wave. The system may reconstruct
the cardiac image based on scan data and ECG data. If there
is a pulsatile artifact in the reconstructed cardiac image, the
system may perform one or more iterations for reconstruct-
ing a cardiac image to remove or eliminate the pulsatile
artifact based on the scan data and the ECG data.

[0048] FIG. 1is a schematic diagram illustrating an exem-
plary imaging system according to some embodiments of the
present disclosure. As illustrated in FIG. 1, the imaging
system 100 may include an imaging device 110, a network
120, one or more terminals 130, a processing device 140,
and a storage device 150. The components in the imaging
system 100 may be connected in one or more of various
ways. Merely by way of example, the imaging device 110
may be connected to the processing device 140 through the
network 120. As another example, the imaging device 110
may be connected to the processing device 140 directly as
indicated by the bi-directional arrow in dotted lines linking
the imaging device 110 and the processing device 140. As a
further example, the storage device 150 may be connected to
the processing device 140 directly or through the network
120. As still a further example, the terminal 130 may be
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connected to the processing device 140 directly (as indicated
by the bi-directional arrow in dotted lines linking the ter-
minal 130 and the processing device 140) or through the
network 120.

[0049] In some embodiments, the imaging device 110 may
include a computed tomography (CT) scanner, a positron
emission tomography (PET) scanner, a magnetic resonance
imaging (MRI) scanner, a multi-modality scanner, or the
like, or a combination thereof. Exemplary CT scanner may
include a Multi-detector computed tomography (MDCT), a
Multi-slice computed tomography (MSCT), or the like, or
any combination thereof. Exemplary multi-modality scan-
ners may include a computed tomography-positron emission
tomography (CT-PET) scanner, a computed tomography-
magnetic resonance imaging (CT-MRI) scanner, or the like,
or any combination thereof.

[0050] Insome embodiments, the imaging device 110 may
include a gantry 111, a detector 112, an X-ray generator 113,
and a scanning table 114. The detector 112 and the X-ray
generator 113 may be oppositely mounted on the gantry 111.
A scan object may be placed on the scanning table 114 and
moved into a detection tunnel (e.g., a space between the
detector 112 and the X-ray generator 113) of the imaging
device 110. The scan object may be biological or non-
biological. Merely by way of example, the scan object may
include a patient, a man-made object, etc. As another
example, the scan object may include a specific portion,
organ, and/or tissue of the patient. For example, the scan
object may include head, brain, neck, body, shoulder, arm,
thorax, cardiac, stomach, blood vessel, soft tissue, knee,
feet, or the like, or any combination thereof. In the present
disclosure, “subject”, “object” or “scan object” are used
interchangeably.

[0051] The X-ray generator 113 may emit radiation rays to
scan the scan object that is placed on the scanning table 114.
The radiation rays may include X-rays, y-rays, o-rays,
ultraviolet, laser, neutron, proton, or the like, or a combi-
nation thereof. The detector 112 may receive the radiation
rays passed through the scan object. In some embodiments,
the detector 112 may include a plurality of detector units,
which may be arranged in a channel direction and a row
direction. The detector 112 may include a scintillation
detector (e.g., a cesium iodide detector) or a gas detector.
[0052] The network 120 may facilitate exchange of infor-
mation and/or data. In some embodiments, one or more
components of the imaging system 100 (e.g., the imaging
device 110, the terminal 130, the processing device 140, or
the storage device 150) may send information and/or data to
another component(s) in the imaging system 100 via the
network 120. For example, the processing device 140 may
obtain, via the network 120, an image from the storage
device 150. In some embodiments, the network 120 may be
any type of wired or wireless network, or combination
thereof. The network 120 may be and/or include a public
network (e.g., the Internet), a private network (e.g., a local
area network (LAN), a wide area network (WAN)), etc.), a
wired network (e.g., an Ethemet network), a wireless net-
work (e.g., an 802.11 network, a Wi-Fi network), a cellular
network (e.g., a Long Term Evolution (LTE) network), a
frame relay network, a virtual private network (“VPN”), a
satellite network, a telephone network, routers, hubs,
switches, server computers, and/or any combination thereof.
Merely by way of example, the network 120 may include a
cable network, a wireline network, an optical fiber network,

May 9, 2019

a telecommunications network, an intranet, an Internet, a
local area network (LAN), a wide area network (WAN), a
wireless local area network (WL AN), a metropolitan area
network (MAN), a wide area network (WAN), a public
telephone switched network (PSTN), a Bluetooth™ net-
work, a ZigBee™ network, a near field communication
(NFC) network, or the like, or any combination thereof. In
some embodiments, the network 120 may include one or
more network access points. For example, the network 120
may include wired or wireless network access points such as
base stations and/or Internet exchange points through which
one or more components of the imaging system 100 may be
connected to the network 120 to exchange data and/or
information.

[0053] The terminal 130 include a mobile device 130-1, a
tablet computer 130-2, a laptop computer 130-3, or the like,
or any combination thereof. In some embodiments, the
mobile device 130-1 may include a smart home device, a
wearable device, a smart mobile device, a virtual reality
device, an augmented reality device, or the like, or any
combination thereof. In some embodiments, the smart home
device may include a smart lighting device, a control device
of an intelligent electrical apparatus, a smart monitoring
device, a smart television, a smart video camera, an inter-
phone, or the like, or any combination thereof. In some
embodiments, the wearable device may include a bracelet,
footgear, eyeglasses, a helmet, a watch, clothing, a back-
pack, an accessory, or the like, or any combination thereof.
In some embodiments, the smart mobile device may include
a smartphone, a personal digital assistant (FDA), a gaming
device, a navigation device, a point of sale (POS) device, or
the like, or any combination thereof. In some embodiments,
the virtual reality device and/or the augmented reality device
may include a virtual reality helmet, a virtual reality glass,
a virtual reality patch, an augmented reality helmet, an
augmented reality glass, an augmented reality patch, or the
like, or any combination thereof. For example, the virtual
reality device and/or the augmented reality device may
include a Google Glass, an Oculus Rift, a HoloLens, a Gear
VR, etc. In some embodiments, the terminal 130 may
remotely operate the imaging device 110. In some embodi-
ments, the terminal 130 may operate the imaging device 110
via a wireless connection. In some embodiments, the termi-
nal 130 may receive information and/or instructions inputted
by a user, and send the received information and/or instruc-
tions to the imaging device 110 or to the processing device
140 via the network 120. In some embodiments, the terminal
130 may receive data and/or information from the process-
ing device 140. In some embodiments, the terminal 130 may
be part of the processing device 140. In some embodiments,
the terminal 130 may be omitted.

[0054] In some embodiments, the processing device 140
may process data obtained from the imaging device 110, the
terminal 130, or the storage device 150. For example, the
processing device 140 may reconstruct a cardiac image
based on the scan data and/or the ECG data. As another
example, the processing device 140 may analyze the ECG
data, and detect an R-wave based on the ECG data. As a
further example, the processing device 140 may receive an
instruction for operating the imaging device 110 to perform
scans of a subject. The processing device 140 may be a
central processing unit (CPU), a digital signal processor
(DSP), a system on a chip (SoC), a microcontroller unit
(MCU), or the like, or any combination thereof.
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[0055] In some embodiments, the processing device 140
may be a single server or a server group. The server group
may be centralized or distributed. In some embodiments, the
processing device 140 may be local or remote. For example,
the processing device 140 may access information and/or
data stored in the imaging device 110, the terminal 130,
and/or the storage device 150 via the network 120. As
another example, the processing device 140 may be directly
connected to the imaging device 110, the terminal 130,
and/or the storage device 150, to access stored information
and/or data. In some embodiments, the processing device
140 may be implemented on a cloud platform. Merely by
way of example, the cloud platform may include a private
cloud, a public cloud, a hybrid cloud, a community cloud, a
distributed cloud, an inter-cloud, a multi-cloud, or the like,
or any combination thereof. In some embodiments, the
processing device 140 may be implemented on a computing
device 200 having one or more components illustrated in
FIG. 2 in the present disclosure.

[0056] The storage device 150 may store data and/or
instructions. In some embodiments, the storage device 150
may store data obtained from the terminal 130 and/or the
processing device 140. For example, the storage device 150
may store one or more images obtained from the processing
device 140. In some embodiments, the storage device 150
may store data and/or instructions that the processing device
140 may execute or use to perform exemplary methods
described in the present disclosure. For example, the storage
device 150 may store data and/or instructions that the
processing device 140 may execute or use to reconstruct a
medical image. In some embodiments, the storage device
150 may include a mass storage, removable storage, a
volatile read-and-write memory, a read-only memory
(ROM), or the like, or any combination thereof. Exemplary
mass storage may include a magnetic disk, an optical disk,
a solid-state drive, etc. Exemplary removable storage may
include a flash drive, a floppy disk, an optical disk, a
memory card, a zip disk, a magnetic tape, etc. Exemplary
volatile read-and-write memory may include a random-
access memory (RAM). Exemplary RAM may include a
dynamic RAM (DRAM), a double date rate synchronous
dynamic RAM (DDR SDRAM), a static RAM (SRAM), a
thyristor RAM (T-RAM), and a zero-capacitor RAM
(Z-RAM), etc. Exemplary ROM may include a mask ROM
(MROM), a programmable ROM (PROM), an erasable
programmable ROM (PEROM), an electrically erasable
programmable ROM (EEPROM), a compact disk ROM
(CD-ROM), and a digital versatile disk ROM, etc. In some
embodiments, the storage device 150 may be implemented
on a cloud platform. Merely by way of example, the cloud
platform may include a private cloud, a public cloud, a
hybrid cloud, a community cloud, a distributed cloud, an
inter-cloud, a multi-cloud, or the like, or any combination
thereof.

[0057] Insome embodiments, the storage device 150 may
be connected to the network 120 to communicate with one
or more components of the imaging system 100 (e.g., the
terminal 130, the processing device 140). One or more
components of the imaging system 100 may access the data
or instructions stored in the storage device 150 via the
network 120. In some embodiments, the storage device 150
may be directly connected to or communicate with one or
more components of the imaging system 100 (e.g., the

May 9, 2019

terminal 130, the processing device 140). In some embodi-
ments, the storage device 150 may be part of the processing
device 140.

[0058] FIG. 2 is a schematic diagram illustrating hardware
and/or software components of an exemplary computing
device according to some embodiments of the present dis-
closure. As illustrated in FIG. 2, the computing device 200
may include a processor 210, a storage 220, an input/output
(I/O) 230, and a communication port 240. In some embodi-
ments, the processing device 140 and/or the terminal 130
may be implemented on the computing device 200.

[0059] The processor 210 may execute computer instruc-
tions (program code) and, when executing the instructions,
cause the processing device 140 to perform functions of the
processing device 140 in accordance with techniques
described herein. The computer instructions may include,
for example, routines, programs, objects, components, sig-
nals, data structures, procedures, modules, and functions,
which perform particular functions described herein. In
some embodiments, the processor 210 may process data
and/or images obtained from the imaging device 110, the
terminal 130, the storage device 150, and/or any other
component of the imaging system 100. For example, the
processor 210 may obtain scan data and/or ECG data from
the storage device 150, detect an R-wave based on the ECG
data, and reconstruct a cardiac image based on the scan data
and the ECG data. In some embodiments, the processor 210
may include one or more hardware processors, such as a
microcontroller, a microprocessor, a reduced instruction set
computer (RISC), an application specific integrated circuits
(ASICs), an application-specific instruction-set processor
(ASIP), a central processing unit (CPU), a graphics process-
ing unit (GPU), a physics processing unit (PPU), a micro-
controller unit, a digital signal processor (DSP), a field
programmable gate array (FPGA), an advanced RISC
machine (ARM), a programmable logic device (PLD), any
circuit or processor capable of executing one or more
functions, or the like, or any combinations thereof.

[0060] Merely for illustration, only one processor is
described in the computing device 200. However, it should
be noted that the computing device 200 in the present
disclosure may also include multiple processors. Thus
operations and/or method steps that are performed by one
processor as described in the present disclosure may also be
jointly or separately performed by the multiple processors.
For example, if in the present disclosure the processor of the
computing device 200 executes both process A and process
B, it should be understood that process A and process B may
also be performed by two or more different processors
jointly or separately in the computing device 200 (e.g., a first
processor executes process A and a second processor
executes process B, or the first and second processors jointly
execute processes A and B).

[0061] The storage 220 may store data/information
obtained from the imaging device 110, the terminal 130, the
storage device 150, or any other component of the imaging
system 100. In some embodiments, the storage 220 may
include a mass storage device, removable storage device, a
volatile read-and-write memory, a read-only memory
(ROM), or the like, or any combination thereof. For
example, the mass storage may include a magnetic disk, an
optical disk, a solid-state drive, etc. The removable storage
may include a flash drive, a floppy disk, an optical disk, a
memory card, a zip disk, a magnetic tape, etc. The volatile
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read-and-write memory may include a random access
memory (RAM). The RAM may include a dynamic RAM
(DRAM), a double date rate synchronous dynamic RAM
(DDR SDRAM), a static RAM (SRAM), a thyristor RAM
(T-RAM), and a zero-capacitor RAM (Z-RAM), etc. The
ROM may include a mask ROM (MROM), a programmable
ROM (PROM), an erasable programmable ROM (PEROM),
an electrically erasable programmable ROM (EEPROM), a
compact disk ROM (CD-ROM), and a digital versatile disk
ROM. etc. In some embodiments, the storage 220 may store
one or more programs and/or instructions to perform exem-
plary methods described in the present disclosure. For
example, the storage 220 may store a program (e.g., in the
form of computer-executable instructions) for the processing
device 140 to analyze an ECG signal, and detect the R-wave
based on the ECG signal. As another example, the storage
220 may store a program (e.g., in the form of computer-
executable instructions) for the processing device 140 to
reconstruct a cardiac image that is without a pulsatile artifact
substantially.

[0062] The I/O 230 may input or output signals, data,
and/or information. In some embodiments, the I/O 230 may
enable user interaction with the processing device 140. In
some embodiments, the /0 230 may include an input device
and an output device. Exemplary input devices may include
a keyboard, a mouse, a touch screen, a microphone, or the
like, or a combination thereof. Exemplary output devices
may include a display device, a loudspeaker, a printer, a
projector, or the like, or a combination thereof. Exemplary
display devices may include a liquid crystal display (LCD),
a light-emitting diode (LED)-based display, a flat panel
display, a curved screen, a television device, a cathode ray
tube (CRT), or the like, or a combination thereof.

[0063] The communication port 240 may be connected to
a network (e.g., the network 120) to facilitate data commu-
nications. The communication port 240 may establish con-
nections between the processing device 140 and the imaging
device 110, the terminal 130, or the storage device 150. The
connection may be a wired connection, a wireless connec-
tion, or combination of both that enables data transmission
and reception. The wired connection may include an elec-
trical cable, an optical cable, a telephone wire, or the like, or
any combination thereof. The wireless connection may
include Bluetooth, Wi-Fi, WiMAX, WLAN, ZigBee, mobile
network (e.g., 3G, 4G, 5G, etc.), or the like, or a combination
thereof. In some embodiments, the communication port 240
may be a standardized communication port, such as RS232,
RS485, etc. In some embodiments, the communication port
240 may be a specially designed communication port. For
example, the communication port 240 may be designed in
accordance with the digital imaging and communications in
medicine (DICOM) protocol.

[0064] FIG. 3 is a schematic diagram illustrating hardware
and/or software components of a mobile device according to
some embodiments of the present disclosure. In some
embodiments, the processing device 140 and/or the terminal
130 may be implemented on the mobile device 300. As
illustrated in FIG. 3, the mobile device 300 may include a
communication platform 310, a display 320, a graphic
processing unit (GPU) 330, a central processing unit (CPU)
340, an 1/O 350, a memory 360, and a storage 390. In some
embodiments, any other suitable component, including but
not limited to a system bus or a controller (not shown), may
also be included in the mobile device 300. In some embodi-
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ments, a mobile operating system 370 (e.g., i0S, Android,
Windows Phone, etc.) and one or more applications 380 may
be loaded into the memory 360 from the storage 390 in order
to be executed by the CPU 340. The applications 380 may
include a browser or any other suitable mobile apps for
receiving and rendering information relating to image pro-
cessing or other information from the processing device 140.
User interactions with the information stream may be
achieved via the /0 350 and provided to the processing
device 140 and/or other components of the imaging system
100 via the network 120.

[0065] To implement various modules, units, and their
functionalities described in the present disclosure, computer
hardware platforms may be used as the hardware platform(s)
for one or more of the elements described herein. The
hardware elements, operating systems and programming
languages of such computers are conventional in nature, and
it is presumed that those skilled in the art are adequately
familiar therewith to adapt those technologies to generate
high-quality image of a scan object as described herein. A
computer with user interface elements may be used to
implement a personal computer (PC) or another type of
work station or terminal device, although a computer may
also act as a server if appropriately programmed. It is
believed that those skilled in the art are familiar with the
structure, programming and general operation of such com-
puter equipment and as a result, the drawings should be
self-explanatory.

[0066] FIG. 4A is a schematic diagram illustrating exem-
plary ECG indicating normal sinus rhythm for a human
heart. The ECG may include a plurality of cycles indicating
normal sinus rhythm. Generally, each cycle may include a
P-wave, a QRS complex, a T-wave, as shown in FIG. 4A.
The QRS complex may include a Q-wave, an R-wave and an
S-wave. As shown in FIG. 4A, for each cycle of the ECG,
a PR interval refers to a duration that extends from the
beginning of the P-wave to the beginning of the QRS
complex. A PR segment refers to a duration that extends
from the end of the P-wave to the beginning of the QRS
complex. AQT interval refers to a duration that extends from
the beginning of the QRS complex to the end of the T-wave.
An ST segment refers to a duration that extends from the end
of the QRS complex to the beginning of the T-wave. FIG. 4B
is similar to FIG. 4A, which represents an exemplary normal
ECG including a P-wave, a QRS complex, and a T-wave.
Seen from FIG. 4A and FIG. 4B, for the ECG, the R-wave
of the QRS complex may be the most significant wave
among the components of one cycle of the ECG (e.g., the
P-wave, the QRS complex, the T-wave). In some embodi-
ments the peak may appear as an upward peak or a down-
ward peak. As shown in FIG. 4A or FIG. 4B, the R-wave
appears as the upward peak. In some embodiments, the ECG
may be analyzed by dividing one or more cardiac cycles. For
example, the R-wave may be designated as a beginning
and/or an end of the cardiac cycle, which records the
performance of the human heart from the beginning of one
heartbeat to the end of the one heartbeat (or the beginning of
a next heartbeat). The cardiac cycle may refer to a duration
between two adjacent R-waves. As used herein, one cardiac
cycle may be denoted as an R-R interval, or an R-R for short.
An entire ECG of the subject may include a plurality of
cardiac cycles.

[0067] FIG. 5 is a schematic diagram illustrating an exem-
plary processing device according to some embodiments of
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the present disclosure. As illustrated in FIG. 5, the process-
ing device 140 may include an acquisition module 502, a
reconstruction module 504, a judgment module 506, a repair
module 508, a display module 510, and an R-wave detection
module 512. At least a portion of the processing device 140
may be implemented on the computing device 200 as
illustrated in FIG. 2 or the mobile device 300 as illustrated
in FIG. 3.

[0068] The acquisition module 502 may obtain scan data
that is captured by scanning a heart of a subject (e.g., a
patient) with the imaging device (e.g., the imaging device
110). The imaging device 110 may scan the heart of the
subject to generate the scan data. In some embodiments, the
scan data may be stored in a storage medium (e.g., the
storage device 150, and/or the storage 220). The acquisition
module 502 may obtain the scan data from the storage
medium. In some embodiments, the acquisition module 502
may directly obtain the scan data in real time from the
imaging device 110 during the scans.

[0069] The acquisition module 502 may obtain ECG data
that is captured during the scans of the heart of the subject.
The ECG data may include an ECG signal corresponding to
a plurality of cardiac cycles. In some embodiments, the ECG
data may be detected by a generic ECG acquisition collector
integrated in the imaging device 110 or separated from the
imaging device 110. The acquisition module 502 may obtain
the ECG data from the generic ECG acquisition collector
directly. In some embodiments, the ECG data may be stored
in a storage medium (e.g., the storage device 150, and/or the
storage 220) of the imaging system 100. The acquisition
module 502 may obtain the ECG data from the storage
medium. In some embodiments, during the scans, the acqui-
sition module 502 may obtain the ECG data and/or the scan
data synchronously in real time or substantially real time.

[0070] The reconstruction module 504 may reconstruct a
medical image (e.g., a cardiac image) based on the scan data
and/or the ECG data. In some embodiments, the reconstruc-
tion module 504 may determine first scan data from the scan
data. The first scan data may include scan data correspond-
ing to a first time period of each of the plurality of cardiac
cycles. The first time period refers to a certain phase of each
of the plurality of cardiac cycles. The first time period may
be given as percentage of a duration of the cardiac cycle. The
duration of the cardiac cycle may be the time interval
between two adjacent R-waves, that is, an R-R interval (i.e.,
an R-R for short). For example, the first time period may
predetermined as 10% R-R, 20% R-R, 30% R-R, 40% R-R,
50% R-R, 60% R-R, 70% R-R, 80% R-R, and so on. In some
embodiments, the reconstruction module 504 may determine
a first reconstruction phase based on the first time period and
an imaging window. The imaging window may indicate a
width of the first reconstruction phase, for example, the
width is equal to 10% R-R. In some embodiments, the first
reconstruction phase may be a sum of the first time period
and the imaging window. In some embodiments, the scan
data corresponding to the first reconstruction phase may be
used to reconstruct an image (e.g., a slice image). The
reconstruction module 504 may determine a plurality of first
reconstruction phases for the plurality of cardiac cycles. The
reconstruction module 504 may determine the first scan data
that includes the scan data corresponding to the plurality of
first reconstruction phases. The reconstruction module 504
may reconstruct the cardiac image based on the first scan
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data. The reconstructed cardiac image may include a first
image sequence or a three-dimensional (3D) image.

[0071] In some embodiments, the reconstruction module
504 may reconstruct each first image of the first image
sequence based on the scan data corresponding to the first
reconstruction phase that is associated with the first scan
data. Exemplary image reconstruction techniques may
include filtered back projection (FBP), an algebraic recon-
struction technology (ART), a statistical reconstruction (SR)
algorithm, or the like, or any combination thereof.

[0072] In some embodiments, the reconstruction module
504 may reconstruct the 3D cardiac image based on the first
image sequence by using a 3D reconstruction method.
Exemplary 3D reconstruction method may include a surface
rendering method, a volume rendering method, or the like,
or any combination thereof. Exemplary surface rendering
method may include the shortest diagonal method, a Cuber-
ille method, a Dividing Cubes method, a Marching Cubes
(MC) method, or the like, or any combination thereof.
Exemplary volume rendering method may include a ray
casting method, a splatting method, a shear-warp method, a
3D texture-mapping hardware, or the like, or any combina-
tion thereof.

[0073] The judgment module 506 may be configured to
perform judgmental functions. For example, the judgment
module 506 may determine whether there is a pulsatile
artifact in the reconstructed cardiac image. In some embodi-
ments, the judgment module 506 may use a first machine-
learned identification model to determine whether there is
the pulsatile artifact in the reconstructed 3D cardiac image.
For example, the reconstructed 3D cardiac image may be as
input of the first machine-learned identification model. If the
output value is greater than or equal to a threshold, it is
determined that there is the pulsatile artifact in the input
cardiac image. If the output value is less than the threshold,
it is determined that there is no pulsatile artifact in the input
cardiac image. In some embodiments, the judgment module
506 may determine whether there is a pulsatile artifact in the
reconstructed cardiac image based on whether one or more
vessels or tissues in the reconstructed cardiac image are
continuous. For example, if an experienced user judges that
the one or more vessels or tissues in the reconstructed
cardiac image are discontinuous, it is determined that there
is the pulsatile artifact in the reconstructed cardiac image. In
some embodiments, the judgment module 506 may deter-
mine whether there is a pulsatile artifact in the reconstructed
cardiac image based on one or more image quality param-
eters. The one or more image quality parameters may
include an image uniformity, a high contrast resolution, a
low contrast resolution, a signal noise ratio (SNR), a CT
number linearity, or the like, or any combination thereof. For
example, if at least one image quality parameter is less than
a predetermined quality threshold, the judgment module 506
may determine that there is the pulsatile artifact in the
reconstructed cardiac image. For those skilled in the art, the
pulsatile artifact may cause image degradation, and the
degraded image may not satisfy a requirement of diagnose.
The judgment module 506 may determine that the cardiac
image with the pulsatile artifact is an unqualified image.
Upon occurrence of the unqualified image, the repair mod-
ule 508 may repair the unqualified image as qualified image.
The term “qualified image” means that the image satisfy the
requirement of diagnose. Specifically, the qualified image
satisfies the one or more image quality parameters.
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[0074] The repair module 508 may reconstruct a cardiac
image that is without the pulsatile artifact substantially. In
some embodiments, in response to a determination that there
is the pulsatile artifact in the reconstructed cardiac image,
the repair module 508 may determine at least one first image
with the pulsatile artifact from the first image sequence. The
repair module 508 may determine a second time period of
the at least one cardiac cycle corresponding to the at least
one first image with the pulsatile artifact. The second time
period may be similar to the first time period, that is, a
certain phase of each cardiac cycle (e.g., 80% R-R). The
second time period may also be given as percentage of a
duration of the cardiac cycle. The repair module 508 may
adjust the first time period corresponding to the at least one
cardiac cycle to the second time period. The second time
period may be different than the first time period. The repair
module 508 may determine third scan data based on the scan
data, the at least one cardiac cycle corresponding to the at
least one first image with the pulsatile artifact, and the
second time period. For example, for each of the at least one
cardiac cycle corresponding to the at least one first image
with the pulsatile artifact, the repair module 508 may
determine a second reconstruction phase based on the sec-
ond time period and the imaging window. The second
reconstruction phase may be a sum of'the second time period
and the imaging window. The repair module 508 may
determine sub-third scan data that includes scan data corre-
sponding to the second reconstruction phase. The repair
module 508 may determine the third scan data that includes
each sub-third scan data corresponding to the second recon-
struction phase of each of the at least one cardiac cycle.
[0075] In some embodiments, the repair module 508 may
further reconstruct at least one second image, corresponding
to the at least one cardiac cycle corresponding to the at least
one first image with the pulsatile artifact, based on the third
scan data. In some embodiments, the repair module 508 may
determine a second image sequence based on the first image
sequence and the at least one second image, and reconstruct
the 3D cardiac image based on the second image sequence.
More descriptions of reconstructing the cardiac image that is
without the pulsatile artifact may be found elsewhere in the
present disclosure (e.g., FIG. 7, FIGS. 8A-8B, and the
descriptions thereof).

[0076] The display module 510 may display scan data,
ECG data, and/or the reconstructed image. In some embodi-
ments, the display module 510 may display information
associated with the reconstruction in various forms, such as
messages, images, videos, and so on.

[0077] The R-wave detection module 512 may be config-
ured to analyze an R-wave, in particular, to detect the
R-wave of each cardiac cycle based on the ECG data.
[0078] The R-wave detection module 512 may obtain an
original ECG signal of a subject. In some embodiments, the
obtained original ECG signal may be a digital ECG signal.
The original ECG signal may include a plurality of samples.
During the scans, the ECG acquisition collector may collect
a sample in a pre-determined sampling rate in real time.
[0079] As illustrated in FIG. 6, the R-wave detection
module 512 may further include a filter unit 602, a gate
trigger unit 604, an R-wave detection unit 606, and a scan
direction unit 608. In some embodiments, the filter unit 602
may filter the original ECG signal. For example, the filter
unit 602 may filter the original ECG signal based on a low
pass filter, such as an infinite impulse response (IIR) low
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pass filter. In some embodiments, the gate trigger unit 604
may determine whether to trigger a search gate based on the
filtered ECG signal. The search gate may provide an instruc-
tion for triggering detection of R-wave. In response to a
determination of triggering the search gate, the R-wave
detection unit 606 may detect the R-wave on the original
ECG signal. More descriptions of detecting the R-wave may
be found elsewhere in the present disclosure (e.g., FIGS.
10-12, and the descriptions thereof). In some embodiments,
the scan control unit 608 may operate an imaging device
(e.g., the imaging device 110) to perform scans of the subject
based on the detected R-wave. For example, the scan control
unit 608 may determine a starting time of each scan based
on the detected R-wave. Upon occurrence of the R-wave, the
scan control unit 608 may count a delay time. After the delay
time, the scan control unit 608 may send an instruction to the
CT device for operating the CT device to begin the scan.

[0080] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. However, those variations and modifi-
cations do not depart from the scope of the present disclo-
sure. For example, the processing device 140 may further
include a storage module (not shown in FIG. 5). The storage
module may be configured to store data generated during
any process performed by any component of in the process-
ing device 140. As another example, each of components of
the processing device 140 may include a storage device.
Additionally or alternatively, the components of the pro-
cessing device 140 may share a common storage device.

[0081] FIG. 7 is a flowchart illustrating an exemplary
process for reconstructing a cardiac image according to
some embodiments of the present disclosure. In some
embodiments, one or more operations of process 700 illus-
trated in FIG. 7 may be implemented in the imaging system
100 illustrated in FIG. 1. For example, the process 700 may
be stored in a storage medium (e.g., the storage device 150,
and/or the storage 220) of the imaging system 100 in the
form of instructions, and invoked and/or executed by the
processing device 140 (e.g., the processor 210 of the com-
puting device 200 as illustrated in FIG. 2, the CPU 340 of
the mobile device 300 as illustrated in F1G. 3, or one or more
modules/units/blocks of the processing device 140 illus-
trated in FIGS. 5-6). The operations of the illustrated process
presented below are intended to be illustrative. In some
embodiments, the process 700 may be accomplished with
one or more additional operations not described, and/or
without one or more of the operations discussed. Addition-
ally, the order in which the operations of the process 700 as
illustrated in FIG. 7 and described below is not intended to
be limiting.

[0082] In some embodiments, coronary computed tomog-
raphy angiography (CCTA) may be a significant imaging
technique for diagnosing cardiac or coronary artery disease
by using a Multi-slice computed tomography (MSCT).
Merely for illustration, in some embodiments, the process
700 may be implemented in connection with the CCTA.

[0083] In 702, the processor (e.g., the acquisition module
502 of the processing device 140) may obtain scan data that
is captured by scanning a heart of a subject (e.g., a patient)
with the imaging device (e.g., the imaging device 110).
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[0084] The imaging device 110 may scan the heart of the
subject to generate the scan data. In some embodiments, the
scan data may be stored in a storage medium (e.g., the
storage device 150, and/or the storage 220). The acquisition
module 502 may obtain the scan data from the storage
medium. In some embodiments, the acquisition module 502
may directly obtain the scan data in real time from the
imaging device 110 during the scans.

[0085] Insomeembodiments, the imaging device 110 may
include the CT scanner. The CT scanner may scan the heart
of the subject, and generate corresponding scan data. For
those skilled in the art, the heart of the subject always beats
continuously during the scans. The heart beats may need to
be considered in a process of reconstructing the cardiac
image. In some embodiments, the ECG may be used to
indicate and/or record the heart beats during the scans. The
ECG data may indicate information related to the heart beats
during the scans, for example, a cardiac cycle, a heart rate,
an activation condition of atrium and/or ventricle, and so on.
[0086] In 704, the processor (e.g., the acquisition module
502 of the processing device 140) may obtain ECG data that
is captured during the scans of the heart of the subject. The
ECG data may include an ECG signal corresponding to a
plurality of cardiac cycles. As used herein, each cardiac
cycle may refer to a duration between two adjacent R-waves
on the ECG. The cardiac cycle may be denoted as an R-R
interval (i.e., an R-R for short).

[0087] In some embodiments, the processor may obtain
the ECG data from a storage medium (e.g., the storage
device 150, and/or the storage 220) of the imaging system
100. In some embodiments, the processor may obtain the
ECG data from the imaging device 110 in real time or
substantially real time during the scans. For example, the
imaging device 110 may capture the ECG data in real time
during the scans. As another example, a generic ECG
acquisition collector, separated from the imaging device
110, may be configured to capture the ECG data, and send
the captured ECG data to the imaging device 110 in real
time, substantially real time, or periodically. The acquisition
module 502 may obtain the ECG data from the imaging
device 110. Exemplary ECG acquisition collector may
include one or more sensors (e.g., electrons), one or more
amplifying circuits, one or more filtering circuits, or the like,
or any combination therefore. In some embodiments, the
ECG acquisition collector may be integrated in the imaging
device 110. During the scans, the imaging device 110 may
generate the scan data and the ECG data synchronously. For
example, the CCTA may apply a retrospectively electrocar-
diogram-gated spiral acquisition mode to scan the heart.
During the scans by using the CCTA, the imaging device 110
may capture the scan data and the ECG data synchronously.
[0088] In 706, the processor (e.g., the reconstruction mod-
ule 504 of the processing device 140) may determine first
scan data from the scan data. The first scan data may include
scan data corresponding to a first time period of each of the
plurality of cardiac cycles.

[0089] The first time period refers to a certain phase of
each of the plurality of cardiac cycles. The certain phase of
each cardiac cycle is specified by using the imaging device
100. The first time period may be given as percentage of a
duration of the cardiac cycle. In some embodiments, the
duration of the cardiac cycle may be the time interval
between two adjacent R-waves, that is, an R-R interval (i.e.,
an R-R for short). In some embodiments, the processor may
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predetermine the first time period by the imaging system
100. For example, the first time period may predetermined
as 10% R-R, 20% R-R, 30% R-R, 40% R-R, 50% R-R, 60%
R-R, 70% R-R, 80% R-R, and so on. In some embodiments,
the first time period may be a default value predetermined by
the imaging system 100. In some embodiments, the first time
period may be adjusted according to different scenarios. For
example, the first time period may be adjusted higher or
lower when the imaging device 110 scans different subjects.
As another example, the first time period may be adjusted to
a second time period when the imaging system 100 detects
that there is a pulsatile artifact in the reconstructed cardiac
image. Note that the first time periods for a plurality of
cardiac cycles may be in equal length or unequal length for
each of the plurality of cardiac cycles. For example, assum-
ing that the ECG includes three cardiac cycles, that is A, B,
and C, the first time periods corresponding to A, B, and C
respectively may be in equal length. As another example, the
first time period corresponding to A may be in equal length
to the first time period corresponding to B, however, in
unequal length to the first time period corresponding to C. In
some embodiments, the first time period may be configured
as equal length for each cardiac cycle.

[0090] In some embodiments, for each cardiac cycle, the
processor may determine a first reconstruction phase based
on the first time period and an imaging window. The imaging
window may indicate a width of the first reconstruction
phase, for example, the width is equal to 10% R-R. In some
embodiments, the first reconstruction phase may be a sum of
the first time period and the imaging window. In other
words, the first time period may be designated as the
beginning of the first reconstruction phase, and the imaging
window may be a width of the first reconstruction phase. For
example, assuming that the first time period is 60% R-R, the
width of the imaging window is 10% R-R, then the first
reconstruction phase may include 60%-70% R-R. The
beginning of the first reconstruction phase is 60% R-R, and
the end of the reconstruction phase is 70% R-R. In some
embodiments, the scan data corresponding to the first recon-
struction phase may be used to reconstruct an image (e.g., a
slice image). The processor may determine a plurality of first
reconstruction phases for the plurality of cardiac cycles.
Therefore, the processor may determine the first scan data
that includes the scan data corresponding to the plurality of
first reconstruction phases.

[0091] 1In 708, the processor (e.g., the reconstruction mod-
ule 504 of the processing device 140) may reconstruct the
cardiac image based on the first scan data. The reconstructed
cardiac image may include a first image sequence or a
three-dimensional (3D) image. The first image sequence
may include one or more first images (e.g., slice images).
The processor may reconstruct the 3D cardiac image based
on the first image sequence.

[0092] In some embodiments, the processor may recon-
struct each first image based on at least one part of the first
scan data. For example, as the first scan data includes the
scan data corresponding to the plurality of first reconstruc-
tion phases, each first image may be reconstructed based on
part of the first scan data corresponding to the first recon-
struction phase. Exemplary image reconstruction techniques
may include filtered back projection (FBP), an algebraic
reconstruction technology (ART), a statistical reconstruction
(SR) algorithm, or the like, or any combination thereof.
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More descriptions of reconstructing the cardiac image may
be found elsewhere in the present disclosure (e.g., FIG. 8,
and the descriptions thereof).

[0093] In some embodiments, the processor may perform
one or more iterations until the reconstructed cardiac image
satisfies the requirement of qualified image. Specifically, the
reconstructed cardiac image satisfies one or more image
quality parameters. The one or more image quality param-
eters may include an image uniformity, a high contrast
resolution, a low contrast resolution, a signal noise ratio
(SNR), a CT number linearity, or the like, or any combina-
tion thereof. In some embodiments, the processor may
perform the one or more iterations for reconstructing the
cardiac image that is without the pulsatile substantially. For
example, each iteration may include operations 710-714. As
used herein, it is mention that the cardiac image is without
the pulsatile artifact substantially, which means there is no
completely or an almost negligible pulsatile artifact in the
cardiac image. For example, if an area of pulsatile artifact is
less than a value, the pulsatile artifact may be negligible.
[0094] For each iteration, the processor (e.g., the judgment
module 506 of the processing device 140) may determine
whether there is a pulsatile artifact in the reconstructed
cardiac image, as illustrated in 710.

[0095] In some embodiments, the judgment module 506
may use a first machine-learned identification model to
determine whether there is the pulsatile artifact in the
reconstructed 3D cardiac image. For example, the recon-
structed 3D cardiac image may be as input of the first
machine-learned identification model. Accordingly, the first
machine-learned identification model may output a value
that indicates whether there is a pulsatile artifact in the
reconstructed cardiac image. For example, if the output
value is greater than or equal to a threshold, it is determined
that there is the pulsatile artifact in the input cardiac image.
If the output value is less than the threshold, it is determined
that there is no pulsatile artifact in the input cardiac image.
[0096] Exemplary first machine-learned identification
model may include an Extreme Gradient Boosting (Xg-
boost) model, a decision tree model, a Gradient Boosted
Decision Tree (GBDT) model, a neural network model, or
the like, or any combination thereof. It should be understood
by those skilled in the art that the machine-learned identi-
fication model may be varied. All such variations are within
the protection scope of the present disclosure.

[0097] In some embodiments, the judgment module 506
may determine whether there is a pulsatile artifact in the
reconstructed cardiac image based on whether one or more
vessels or tissues in the reconstructed cardiac image are
continuous. If the one or more vessels or tissues in the
reconstructed cardiac image are continuous, the judgment
module 506 may determine that there is the pulsatile artifact
in the reconstructed cardiac image. Otherwise, the judgment
module 506 may determine that there is no pulsatile artifact
substantially in the reconstructed cardiac image. In some
embodiment, whether the one or more vessels or tissues in
the reconstructed cardiac image are continuous may be
determined by an experienced user (e.g., a doctor, a tech-
nician). The judgment module 506 may obtain the result
judged by the experienced user, and further determine
whether there is the pulsatile artifact in the reconstructed
cardiac image. For example, if the experienced user judges
that the one or more vessels or tissues in the reconstructed
cardiac image are discontinuous, it is determined that there
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is the pulsatile artifact in the reconstructed cardiac image. In
some embodiments, the judgment result may be represented
by a character, a string, a binary value, etc. For example, the
result, which indicates there is the pulsatile artifact in the
reconstructed cardiac image, is represented by “0”. The
result, which indicates there is no pulsatile artifact substan-
tially in the reconstructed cardiac image, is represented by
“17.

[0098] In some embodiments, the judgment module 506
may determine whether there is a pulsatile artifact in the
reconstructed cardiac image based on one or more image
quality parameters. The one or more image quality param-
eters may include an image uniformity, a high contrast
resolution, a low contrast resolution, a signal noise ratio
(SNR), a CT number linearity, or the like, or any combina-
tion thereof. For example, if at least one image quality
parameter is less than a predetermined quality threshold, the
judgment module 506 may determine that there is the
pulsatile artifact in the reconstructed cardiac image. Other-
wise, the judgment module 506 may determine that there is
no pulsatile artifact substantially in the reconstructed cardiac
image.

[0099] In some embodiments, in response to the determi-
nation that there is no pulsatile artifact substantially in the
reconstructed cardiac image, the processor may terminate
the current iteration. The reconstructed cardiac image that is
without the pulsatile artifact may be provided for medical
diagnosis. In some embodiments, in response to the deter-
mination that there is the pulsatile artifact in the recon-
structed cardiac image, the processor may proceed to opera-
tion 712.

[0100] In 712, the processor (e.g., the repair module 508
of the processing device 140) may determine a second time
period of at least one cardiac cycle based on the pulsatile
artifact. The second time period may be similar to the first
time period, that is, a certain phase of each cardiac cycle
(e.g., 80% R-R). The second time period may be given as
percentage of a duration of the cardiac cycle.

[0101] In some embodiments, the processor may deter-
mine at least one first image with the pulsatile artifact from
the first image sequence. The first image sequence may be
generated based on the first scan data. The first image
sequence may include one or more first images. Each of the
one or more first images may be generated based on corre-
sponding sub-first scan data. Each sub-first scan data may
correspond to a cardiac cycle. The processor may determine
the at least one cardiac cycle corresponding to the at least
one first image having the pulsatile artifact based on capture
time of the sub-first scan data. The processor may determine
the second time period for the determined at least one
cardiac cycle.

[0102] The processor may adjust the first time period
corresponding to the at least one cardiac cycle to the second
time period. The second time period may be different than
the first time period. In some embodiments, a difference
between the second time period and the first time period may
be very small. In other words, the second time period may
be obtained by adjusting the first time period slightly, which
aims at avoiding generating new pulsatile artifact during
reconstructing the cardiac image. For example, assuming
that, for each of the at least one cardiac cycle, the first time
period is 75% R-R. The processor may adjust the first time
period (i.e., 75% R-R) to the second time period (e.g., 80%
R-R, or 70% R-R). More descriptions of determining the
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second time period may be found elsewhere in the present
disclosure (e.g., FIGS. 8-9, FIG. 13, and the descriptions
thereof).

[0103] In 714, the processor (e.g., the repair module 508
of the processing device 150) may reconstruct the cardiac
image based on the scan data and the second time period.
[0104] In some embodiments, the processor may deter-
mine third scan data based on the scan data, the at least one
cardiac cycle corresponding to the at least one first image
with the pulsatile artifact, and the second time period. The
third scan data may be at least portion of the scan data. The
third scan data may include scan data corresponding to the
second time period. The processor may reconstruct at least
one second image based on the third scan data. The at least
one second image may correspond to the at least one cardiac
cycle corresponding to the at least one first image with the
pulsatile artifact. The processor may determine a second
image sequence based on the first image sequence and the at
least one second image. At least one second image of the
second image sequence may replace the at least one first
image with the pulsatile artifact. The second image sequence
may include the first image sequence excluding the at least
one first image with the pulsatile artifact, and the at least one
second image. In some embodiments, the processor may
reconstruct the cardiac image based on the second image
sequence. More descriptions of reconstruct the cardiac
image based on the scan data and the second time period
may be found elsewhere in the present disclosure (e.g., FIG.
8, FIG. 13, and the descriptions thereof).

[0105] In some embodiments, the processor may deter-
mine whether there is the pulsatile artifact in the recon-
structed image as illustrated in 710. If there is no pulsatile
artifact substantially in the reconstructed cardiac image, the
processor may terminate the current iteration. If there is the
pulsatile artifact in the reconstructed cardiac image, the
processor may perform a next iteration that includes the
operations 710-714. The processor may complete the pro-
cess 700 until there is no pulsatile artifact substantially in the
reconstructed cardiac image. In other words, the processor
may complete the process 700 until the reconstructed car-
diac image satisfies the requirement of qualified image.
[0106] It should be noted that the description of the
process 700 is provided for the purposes of illustration, and
not intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, various variations
and modifications may be conducted under the teaching of
the present disclosure. For example, the operations 712 and
714 may be integrated into a single operation. However,
those variations and modifications may not depart from the
protecting of the present disclosure.

[0107] FIGS. 8A and 8B are flowcharts illustrating exem-
plary process for reconstructing a medical image according
to some embodiments of the present disclosure. In some
embodiments, one or more operations of the process 800
illustrated in FIG. 8 may be implemented in the imaging
system 100 illustrated in FIG. 1. For example, the process
800 illustrated in FIG. 8 may be stored in a storage medium
(e.g., the storage device 150, and/or the storage 220) of the
imaging system 100 in the form of instructions, and invoked
and/or executed by the processing device 140 (e.g., the
processor 210 of the computing device 200 as illustrated in
FIG. 2, the CPU 340 of the mobile device 300 as illustrated
in FIG. 3, or one or more modules/units/blocks of the
processing device 140 illustrated in FIGS. 5-6). The opera-
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tions of the illustrated process presented below are intended
to be illustrative. In some embodiments, the process 800
may be accomplished with one or more additional opera-
tions not described, and/or without one or more of the
operations discussed. Additionally, the order in which the
operations of the process 8§00 as illustrated in FIG. 8 and
described below is not intended to be limiting.

[0108] In 802, the processor (e.g., the acquisition module
502 of the processing device 140) may obtain scan data and
ECG data. In some embodiments, the imaging device 110
may scan a heart of a subject to generate the scan data. In
some embodiments, the scan data may be stored in a storage
medium (e.g., the storage device 150, and/or the storage
220). The acquisition module 502 may obtain the scan data
from the storage medium. In some embodiments, the acqui-
sition module 502 may obtain the scan data in real time or
substantially real time from the imaging device 110 during
the scans.

[0109] During the scans, the scan data and the ECG data
of the heart of the subject may be captured synchronously.
The ECG data may indicate information related to heart
beats during the scans, for example, a cardiac cycle, a heart
rate, an activation condition of atrium and/or ventricle, and
so on. In some embodiments, the ECG data may be stored
in the storage medium (e.g., the storage device 150, and/or
the storage 220) of the imaging device 110, the acquisition
module 502 may obtain the ECG data from the storage
medium.

[0110] In 804, the processor (e.g., the reconstruction mod-
ule 504 of the processing device 140) may determine first
scan data from the scan data. The first scan data may include
scan data corresponding to a first time period of each of a
plurality of cardiac cycles included in the ECG data.
[0111] The first time period refers to a certain phase of
each of the plurality of cardiac cycles, e.g., 75% R-R. The
certain phase of each cardiac cycle is specified by using the
imaging device 100. The first time period may be given as
percentage of a duration of the cardiac cycle. In some
embodiments, the duration of the cardiac cycle may be the
time interval between two adjacent R-waves, that is, an R-R
interval (i.e., an R-R for short). In some embodiments, the
processor may predetermine the first time period by the
imaging system 100. For example, the first time period may
predetermined as 10% R-R. 20% R-R, 30% R-R, 40% R-R,
50% R-R, 60% R-R, 70% R-R, 80% R-R, and so on. In some
embodiments, the first time period may be a default value
(e.g., 75% R-R). In some embodiments, the first time period
may be adjusted according to different scenarios. For
example, the first time period may be adjusted higher or
lower when the imaging device 110 scans different subjects.
As another example, the first time period may be adjusted to
a second time period when the imaging system 100 detects
that there is a pulsatile artifact in the reconstructed cardiac
image. Note that the first time periods may be in equal length
or unequal length for each of the plurality of cardiac cycles.
In some embodiments, the first time period may be in equal
length for each cardiac cycle.

[0112] In some embodiments, for each cardiac cycle, the
processor may determine a first reconstruction phase based
on the first time period and an imaging window. The imaging
window may be a width of the first reconstruction phase, for
example, the width is equal to 10% R-R. In some embodi-
ments, the first reconstruction phase may be a sum of the first
time period and the imaging window. In other words, the
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first time period may be designated as the beginning of the
first reconstruction phase, and the imaging window may be
a width of the reconstruction phase. For example, assuming
that the first time period is 60% R-R, the width of the
imaging window is 10% R-R, then the first reconstruction
phase may include 60%-70% R-R. The beginning of the first
reconstruction phase is 60% R-R, and the end of the recon-
struction phase is 70% R-R. In some embodiments, the scan
data corresponding to the first reconstruction phase may be
used to reconstruct an image. The processor may determine
a plurality of first reconstruction phases for the plurality of
cardiac cycles. Therefore, the processor may determine the
first scan data that includes the scan data corresponding to
the plurality of first reconstruction phases.

[0113] 1In 806, the processor (e.g., the reconstruction mod-
ule 504 of the processing device 140) may determine a first
image sequence based on the first scan data. The first image
sequence may include one or more first images. Each of the
one or more first images may be a slice image. In some
embodiments, the processor may reconstruct the one or
more first images based on the first scan data. For example,
for each cardiac cycle, a sub-first scan data may correspond
to the first time period in the cardiac cycle. More particu-
larly, the capture time of the sub-first scan data may be
consistence with the time corresponding to the first recon-
struction phase. The first reconstruction phase may be deter-
mined based on the first time period. The sub-first scan data
may be a part of the first scan data. The reconstruction
module 504 may reconstruct one first image based on the
corresponding sub-first scan data. Similarly, the reconstruc-
tion module 504 may reconstruct the one or more first
images based on the corresponding sub-first scan data.

[0114] Exemplary image reconstruction techniques may
include filtered back projection (FBP), an algebraic recon-
struction technology (ART), a statistical reconstruction (SR)
algorithm, or the like, or any combination thereof. It should
be understood by those skilled in the art that the image
reconstruction technique may be varied. All such variations
are within the protection scope of the present disclosure.

[0115] 1In 808, the processor (e.g., the reconstruction mod-
ule 504 of the processing device 140) may reconstruct the
cardiac image based on the first image sequence. In some
embodiments, the cardiac image may include a three-dimen-
sional (3D) image. For example, the reconstruction module
504 may utilize a three dimensional (3D) reconstruction
method to generate the 3D cardiac image based on the first
image sequence. Exemplary 3D reconstruction method may
include a surface rendering method, a volume rendering
method, or the like, or any combination thereof. Exemplary
surface rendering method may include the shortest diagonal
method, a Cuberille method, a Dividing Cubes method, a
Marching Cubes (MC) method, or the like, or any combi-
nation thereof. Exemplary volume rendering method may
include a ray casting method, a splatting method, a shear-
warp method, a 3D texture-mapping hardware, or the like, or
any combination thereof. In some embodiments, the recon-
struction module 504 may access a commercial rendering
tool (e.g., an OpenGL) by an application program interface
(API) connected to the imaging system 100. The reconstruc-
tion module 504 may render the 3D cardiac image by using
the commercial rendering tool.
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[0116] In 810, the processor (e.g., the judgment module
506 of the processing device 140) may determine whether
there is a pulsatile artifact in the reconstructed cardiac
image.

[0117] In some embodiments, the judgment module 506
may use a first machine-learned identification model to
determine whether there is the pulsatile artifact in the
reconstructed 3D cardiac image. In some embodiments, the
first machine-learned identification model may be stored in
the storage medium (e.g., the storage device 150). The
judgment module 506 may obtain the first machine-learned
identification model from the storage medium. The recon-
structed 3D cardiac image may be as input of the first
machine-learned identification model. Accordingly, the first
machine-learned identification model may output a value
that indicates whether there is a pulsatile artifact in the
reconstructed cardiac image. For example, if the output
value is greater than or equal to a threshold, it is determined
that there is the pulsatile artifact in the input cardiac image.
If the output value is less than the threshold, it is determined
that there is no pulsatile artifact in the input cardiac image.

[0118] Exemplary first machine-learned identification
model may include an Extreme Gradient Boosting (Xg-
boost) model, a decision tree model, a Gradient Boosted
Decision Tree (GBDT) model, a neural network model, or
the like, or any combination thereof. The first machine-
learned identification model may be trained based on a
plurality of cardiac images. The plurality of cardiac images
may include the cardiac images with the pulsatile artifact,
and/or the cardiac images without the pulsatile artifact. A
plurality of features associated with the plurality of cardiac
images may be extracted. A plurality of parameters of the
first machine-learned identification model may be deter-
mined by training the plurality of features. In some embodi-
ments, the trained first machine-learned identification may
be stored in the storage medium (e.g., the storage device
150, and or the storage 220). The judgment module 506 may
invoke the first identification model from the storage
medium, and determine whether there is the pulsatile artifact
in the reconstructed cardiac image.

[0119] In some embodiments, the judgment module 506
may determine whether there is the pulsatile artifact in the
reconstructed cardiac image based on a result indicating
whether one or more vessels or tissues in the reconstructed
cardiac image are continuous. If the one or more vessels or
tissues in the reconstructed cardiac image are continuous,
the judgment module 506 may determine that there is the
pulsatile artifact in the reconstructed cardiac image. Other-
wise, the judgment module 506 may determine that there is
no pulsatile artifact substantially in the reconstructed cardiac
image. In some embodiment, the result, indicating whether
one or more vessels or tissues in the reconstructed cardiac
image are continuous, may be determined by an experienced
user (e.g., a doctor, a technician). The judgment module 506
may obtain the result judged by the experienced user, and
further determine whether there is the pulsatile artifact in the
reconstructed cardiac image. In some embodiments, the
judgment result may be represented by a character, a string,
a binary value, etc. For example, the result, which indicates
there is the pulsatile artifact in the reconstructed cardiac
image, is represented by “0”. The result, which indicates
there is no pulsatile artifact substantially in the reconstructed
cardiac image, is represented by “1”.
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[0120] In some embodiments, the judgment module 506
may determine whether there is the pulsatile artifact in the
reconstructed cardiac image based on one or more image
quality parameters. The one or more image quality param-
eters may include an image uniformity, a high contrast
resolution, a low contrast resolution, a signal noise ratio
(SNR), a CT number linearity, or the like, or any combina-
tion thereof. For example, if at least one image quality
parameter is less than a predetermined quality threshold, the
judgment module 506 may determine that there is the
pulsatile artifact in the reconstructed cardiac image.

[0121] In some embodiments, if there is the pulsatile
artifact in the reconstructed cardiac image, in 812, the
processor (e.g., the repair module 508 of the processing
device 140) may determine at least one first image with the
pulsatile artifact from the first image sequence.

[0122] In some embodiments, the processor may obtain
coordinates (x,y,z) of the pulsatile artifact, and determine the
at least one first image with the pulsatile artifact based on the
coordinates. For example, assuming that the first image
sequence includes five first images, A, B, C, D and E, and
each first image may have its own coordinates. The repair
module 508 may determine the at least one first image with
the pulsatile artifact based on a relation of the coordinates of
the pulsatile artifact and each slice image. For example, if
the z-axis coordinate of the pulsatile artifact is consistence
with the z-axis coordinate of image A, the image A may be
the image with the pulsatile artifact. In some embodiments,
the pulsatile artifact may be a region, the coordinates of the
pulsatile artifact may include a plurality of coordinates of
edges of the region.

[0123] In some embodiments, the repair module 508 may
use the first machine-learned identification model to deter-
mine the at least one first image with the pulsatile artifact.
The first machine-learned identification model may also be
used to determine a position of the pulsatile artifact, for
example, which images included in the first image sequence
cause the pulsatile artifact of the 3D cardiac image.

[0124] In 814, the processor (e.g., the repair module 508
of the processing device 140) may determine the second
time period of the at least one cardiac cycle corresponding
to the at least one first image with the pulsatile artifact. The
second time period may be similar to the first time period,
that is, a certain phase of each cardiac cycle (e.g., 80% R-R).
The certain phase of each cardiac cycle is specified by using
the imaging device 100. The second time period may be
given as percentage of a duration of the cardiac cycle.
[0125] Each of the at least one first image may be recon-
structed based on corresponding sub-first scan data. Each
sub-first scan data may correspond to a cardiac cycle. For
example, the capture time of the sub-first scan data may fall
in the corresponding cardiac cycle. The processor may
determine the at least one cardiac cycle corresponding to the
at least one first image with the pulsatile artifact based on the
capture time of the sub-first scan data. The processor may
determine the second time period for the determined at least
one cardiac cycle. The processor may adjust the first time
period corresponding to the at least one cardiac cycle to the
second time period. The second time period may be different
than the first time period. In some embodiments, a difference
between the second time period and the first time period may
be very small. In other words, the second time period may
be determined by adjusting the first time period slightly. For
example, assuming that, for each of the at least one cardiac
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cycle, the first time period is 75% R-R. The processor may
adjust the first time period (i.e., 75% R-R) to the second time
period (e.g., 80% R-R, or 70% R-R). Note that the adjusted
second time period(s) may be in equal length or unequal
length for the at least one cardiac cycle.

[0126] In 816, the processor (e.g., the repair module 508
of the processing device 140) may determine third scan data
based on the scan data, the at least one cardiac cycle
corresponding to the at least one first image with the
pulsatile artifact, and the second time period.

[0127] In some embodiments, for each of the at least one
cardiac cycle corresponding to the at least one first image
with the pulsatile artifact, the processor may determine a
second reconstruction phase based on the second time period
and the imaging window (as illustrated in operation 804).
The second reconstruction phase may be a sum of the second
time period and the imaging window. For example, assum-
ing that the second time period is determined as 75% R-R,
the width of the imaging window is 10% R-R, the second
reconstruction phase may include 75%-85% R-R. The pro-
cessor may determine a sub-third scan data that includes
scan data corresponding to the second reconstruction phase.
More particularly, the processor may determine the sub-third
scan data that includes the scan data captured by the imaging
device 110 during the duration of the second reconstruction
phase. The processor may determine the third scan data that
includes each sub-third scan data corresponding to the
second reconstruction phase of each of the at least one
cardiac cycle.

[0128] In 818, the processor (e.g., the repair module 508
of the processing device 140) may reconstruct at least one
second image, corresponding to the at least one cardiac cycle
corresponding to the at least one first image with the
pulsatile artifact, based on the third scan data.

[0129] In some embodiments, for each of the at least one
cardiac cycle corresponding to the at least one first image
with the pulsatile artifact, the processor may reconstruct one
second image based on corresponding sub-third scan data. In
some embodiments, the number of the at least one second
image may be equal to the number of the at least one first
image. For example, assuming that there are three first
images with the pulsatile artifact in the first image sequence,
the processor may determine three second images that
correspond to the cardiac cycles corresponding to the three
first images.

[0130] In 820, the processor (e.g., the repair module 508
of the processing device 140) may determine a second image
sequence based on the first image sequence and the at least
one second image. For example, the at least one second
image may replace the at least one first image with the
pulsatile artifact. The second image sequence may include
the first image sequence excluding the at least one first
image with the pulsatile artifact, and the at least one second
image.

[0131] In 830, the processor (e.g., the repair module 508
of the processing device 140) may reconstruct the cardiac
image based on the second image sequence. The cardiac
image may be a 3D cardiac image. Similar to operation 8§08,
the repair module 508 may utilize the three dimensional
(3D) reconstruction method to generate the 3D cardiac
image based on the second image sequence.

[0132] It should be noted that the description of the
process 800 is provided for the purposes of illustration, and
not intended to limit the scope of the present disclosure. For



US 2019/0139275 Al

persons having ordinary skills in the art, various variations
and modifications may be conducted under the teaching of
the present disclosure. However, those variations and modi-
fications may not depart from the protecting of the present
disclosure. For example, the processor may further deter-
mine whether there is the pulsatile artifact in the cardiac
image reconstructed by the second image sequence. In
response to a determination that there is the pulsatile artifact
in the cardiac image, the processor may repeat at least one
portion of the operations 810-812.

[0133] FIG. 9 is a flowchart illustrating an exemplary
process for determining a second time period of at least one
cardiac cycle according to some embodiments of the present
disclosure. In some embodiments, one or more operations of
the process 900 illustrated in FIG. 9 may be implemented in
the imaging system 100 illustrated in FIG. 1. For example,
the process 900 illustrated in FIG. 9 may be stored in a
storage medium (e.g., the storage device 150, and/or the
storage 220) of the imaging system 100 in the form of
instructions, and invoked and/or executed by the processing
device 140 (e.g., the processor 210 of the computing device
200 as illustrated in FIG. 2, the CPU 340 of the mobile
device 300 as illustrated in FIG. 3, or one or more modules/
units/blocks of the processing device 140 illustrated in
FIGS. 5-6). The operations of the illustrated process pre-
sented below are intended to be illustrative. In some embodi-
ments, the process 900 may be accomplished with one or
more additional operations not described, and/or without
one or more of the operations discussed. Additionally, the
order in which the operations of the process 900 as illus-
trated in FIG. 9 and described below is not intended to be
limiting.

[0134] In 902, the processor (e.g., the repair module 508
of the processing device 140) may determine second scan
data associated with the pulsatile artifact.

[0135] In some embodiments, as illustrated in 812, the
processor may determine at least one first image with the
pulsatile artifact. Each of the at least one first image may be
reconstructed based on corresponding sub-first scan data. As
used herein, the sub-first scan data that is used to reconstruct
the at least one first image may be designated as the second
scan data. The second scan data may be at least one portion
of the first scan data. In some embodiments, the second scan
data may include each sub-first scan data related to each of
the at least one first image with the pulsatile artifact.
[0136] In 904, the processor (e.g., the repair module 508
of the processing device 140) may determine the at least one
cardiac cycle corresponding to the second scan data based
on the ECG data and a capture time of the second scan data.
[0137] In some embodiments, the processor may obtain
the capture time of the second scan data. Because the scan
data and the ECG data may be captured synchronously
during the scans, the processor may determine the at least
one cardiac cycle corresponding to the capture time of the
second scan data based on the ECG. For example, the second
scan data may include a first sub-first scan data and a second
sub-first scan data. The capture time of the first sub-first scan
data and the second sub-first scan data may be T1 and T2
respectively. Based on the ECG, the repair module 508 may
determine that the capture time T1 falls in the cardiac cycle
A and the capture time T2 falls in the cardiac cycle B.
[0138] In 906, the processor (e.g., the repair module 508
of the processing device 140) may determine second time
period of the at least one cardiac cycle. As illustrated in 814,
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the second time period may be similar to the first time
period, that is, a certain phase of each cardiac cycle (e.g,,
80% R-R). The second time period may be given as per-
centage of a duration of the cardiac cycle. More descriptions
about determining the second time period may be found
elsewhere in the present disclosure (e.g., FIGS. 7-8, and the
descriptions thereof)

[0139] It should be noted that the above description of the
process 900 is merely provided for the purposes of illustra-
tion, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. For example, the
operations 902 and 904 may be integrated in a single
operation. However, those variations and modifications do
not depart from the scope of the present disclosure.

[0140] Referring back to FIGS. 4A and 4B, the R-wave of
the QRS complex may be the most significant wave among
the components of one cycle of the ECG (i.e., the P-wave,
the QRS complex, the T-wave). The R-wave may be defined
as a beginning and/or an end of a cardiac cycle. During the
medical imaging, the processor may need to detect the
R-wave of each cardiac cycle based on the ECG data. In
some embodiments, the processor may trigger the scan
process based on the detected R-wave.

[0141] FIG. 10 is a flowchart illustrating an exemplary
process for medical imaging in one iteration according to
some embodiments of the present disclosure. In some
embodiments, one or more operations of the process 1000
illustrated in FIG. 10 may be implemented in the imaging
system 100 illustrated in FIG. 1. For example, the process
1000 illustrated in FIG. 10 may be stored in a storage
medium (e.g., the storage device 150, and/or the storage
220) of the imaging system 100 in the form of instructions,
and invoked and/or executed by the processing device 140
(e.g., the processor 210 of the computing device 200 as
illustrated in FIG. 2, the CPU 340 of the mobile device 300
as illustrated in FIG. 3, or one or more modules/units/blocks
of the processing device 140 illustrated in FIGS. 5-6). The
operations of the illustrated process presented below are
intended to be illustrative. In some embodiments, the pro-
cess 1000 may be accomplished with one or more additional
operations not described, and/or without one or more of the
operations discussed. Additionally, the order in which the
operations of the process 1000 as illustrated in FIG. 10 and
described below is not intended to be limiting.

[0142] In 1002, the processor (e.g., the R-wave detection
module 512 of the processing device 140) may obtain an
original ECG signal of a subject.

[0143] In some embodiments, the processor may obtain
the original ECG signal from a storage medium (e.g., the
storage device 150, and/or the storage 220) of the imaging
system 100. For example, a generic ECG acquisition col-
lector may be configured to obtain the original ECG signal,
and store the obtained ECG signal in the storage device 150.
The R-wave detection module 512 may obtain the original
ECG signal from the storage device 150. In some embodi-
ments, exemplary ECG acquisition collector may include
one or more sensors (e.g., electrons), one or more aniplify-
ing circuits, one or more filtering circuits, or the like, or any
combination therefore. In some embodiments, the ECG
acquisition collector may be integrated to the imaging
device 110 (e.g., the CT, the MRI, or the PET, etc.). The
imaging device 110 may directly collect the original ECG
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signal of the subject during the scans. In some embodiments,
the ECG acquisition collector may be separated from the
imaging device 110. The original ECG signal captured by
the ECG acquisition collector may be sent to the imaging
device 110. The R-wave detection module 512 may obtain
the original ECG signal from the imaging device 110.
[0144] In some embodiments, the obtained original ECG
signal may be a digital ECG signal. The original ECG signal
may include a plurality of samples. During the scans, the
ECG acquisition collector may collect a sample in a pre-
determined sampling rate in real time. The plurality of
samples may form an ECG wave including one or more
cycles, as illustrated in FIGS. 4A and 4B. There are one or
more features associated with the original ECG signal, for
example, a position, an amplitude, a peak width, a slope, etc.
In some embodiments, the original ECG signal may be the
ECG signal that is filtered and/or amplified by the ECG
acquisition collector.

[0145] In 1004, the processor (e.g., the filter unit 602 of
the R-wave detection module 512 of the processing device
140) may filter the original ECG signal.

[0146] In some embodiments, the processor may filter the
original ECG signal based on a low pass filter. The low pass
filter may filter out the signal whose frequency is greater
than a threshold frequency (e.g., a cut-off frequency), and
remain the signal whose frequency is no greater than a
threshold frequency (e.g., a cut-off frequency). It should be
understood that, the filtering for the original ECG signal
aims at reducing or avoiding high-frequency noise of the
original ECG signal.

[0147] Insome embodiments, the low pass filter may be an
infinite impulse response (IIR) low pass filter. For the IIR
low pass filter, if an order of the filter (also referred to herein
as filter order) is high, the computation may be more
complex and the delay of the filtered ECG signal may be
long. As used herein, the IIR filter having a low filter order
may be utilized, which may reduce the delay of the filtered
ECG signal. The filtering of the ECG signal may be pro-
cessed in real time or substantially real time. In some
embodiments, the filter order of the IIR low pass filter may
include a first order, a second order, a third order, a fourth
order, a fifth order, and so on. In some embodiments, the IIR
low pass filter may include an ellipse filter. In some embodi-
ments, the low pass filter may include a finite impulse
response (FIR) filter.

[0148] In 1006, the processor (e.g., the gate trigger unit
604 of the R-wave detection module 512 of the processing
device 140) may determine whether to trigger a search gate
based on the filtered ECG signal. The search gate may
provide an instruction for triggering detection of R-wave.
For example, if one or more features of the filtered ECG
signal are equal to or greater than a gate threshold, the search
gate may be triggered to detect the R-wave. During the open
of the search gate, the processor may detect the R-wave of
the original ECG signal. In some embodiments, the one or
more features may include but not limited to, a position of
the P-wave, the QRS complex and/or the T-wave on the
ECG, an amplitude of the P-wave, the QRS complex and/or
the T-wave on the ECG, a peak width of the P-wave, the
QRS complex and/or the T-wave on the ECG, a slope of the
P-wave, the QRS complex and/or the T-wave on the ECG.
[0149] In some embodiments, the processor may deter-
mine a differential signal based on the filtered ECG signal.
For example, the gate trigger unit 604 may use a first-order
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difference method to process the filtered ECG signal, and
determine the differential signal. In some embodiments, if
the differential signal is equal to or greater than the gate
threshold, the processor may determine to trigger the search
gate. Otherwise, the processor may determine not to trigger
the search gate. Noted that, for those skilled in the art, when
a signal is compared or calculated with other values in the
disclosure, which means that an amplitude of the signal is
used to compare or calculate with the other values.

[0150] In some embodiments, the processor may deter-
mine an amplified signal based on the differential signal. For
example, the gate trigger unit 604 may use a nonlinear
operation to process the differential signal, and determine
the amplified signal. The nonlinear operation may be used to
amplify the one or more features related to the high-
frequency QRS complex. In some embodiments, the non-
linear operation may include an exponent arithmetic. In
some embodiments, if the amplified signal is equal to or
greater than the gate threshold, the processor may determine
to trigger the search gate. Otherwise, the processor may
determine not to trigger the search gate.

[0151] In some embodiments, the gate threshold may be a
default value predetermined by the imaging system 100. In
some embodiments, the gate threshold may be a dynamic
value. For example, the gate trigger unit 604 may determine
the dynamic gate threshold based on values of N samples of
the filtered ECG signal. The N samples may include a
current sample and N-1 previous samples. N is an integer
and equal to or greater than 1.

[0152] In 1008, the processor (e.g., the R-wave detection
unit 606 of the R-wave detection module 512 of the pro-
cessing device 140) may detect the R-wave on the original
ECG signal in response to a determination of triggering the
search gate.

[0153] For example, in response to the determination of
triggering the search gate, for each of a plurality of samples
of the original ECG signal, the R-wave detection unit 606
may determine an amplitude difference between the sample
and a signal baseline. The R-wave detection unit 606 may
determine whether the amplitude difference is greater than
an amplitude threshold. If the amplitude difference is greater
than the amplitude threshold and the sample is above the
signal baseline, the R-wave detection unit 606 may deter-
mine that the R-wave is an upward peak. The R-wave
detection unit 606 may determine the first upward peak on
the original ECG signal as the R-wave. If the amplitude
difference is greater than the amplitude threshold and the
sample is below the signal baseline, the R-wave detection
unit 606 may determine that the R-wave is a downward
peak. The R-wave detection unit 606 may determine the first
downward peak on the original ECG signal as the R-wave.
[0154] In some embodiments, the processor may use a
second machine-learned identification model to identify the
R-wave. For example, the original ECG signal may be input
to the second machine-learned identification model. The
second machine-learned identification model may identify
the R-wave and determine a position of the R-wave. More
descriptions of the detecting the R-wave may be found
elsewhere in the present disclosure (e.g., FIGS. 11-12, and
the description thereof).

[0155] For those skilled in the art, each cardiac cycle may
include a refractory period. According to the refractory
period theory of an electrophysiological study, when a first
R-wave appears, a second R-wave may not appear in the



US 2019/0139275 Al

refractory period (e.g., 200 ms). In some embodiments, the
processor may skip the refractory period to detect the second
R-wave, which may reduce a false positive rate of the
R-wave detection. In this case, during the refractory period,
the processor may stop the operation of detecting R-wave
and/or the operation of determining whether to trigger the
search gate.

[0156] In 1010, the processor (e.g., the scan control unit
608 of the R-wave detection module 512 of the processing
device 140) may operate an imaging device (e.g., the imag-
ing device 110) to perform scans of the subject based on the
detected R-wave.

[0157] For example, when CT scans the subject, the scan
control unit 608 may need to consider the R-wave for
determining a starting time of each scan. Upon occurrence
of the R-wave, the scan control unit 608 may count a delay
time. After the delay time, the scan control unit 608 may
send an instruction to the CT device for operating the CT
device to begin the scan. The processor may obtain the scan
data from the CT device, and reconstruct a medical image
based on the scan data. Exemplary reconstruction technique
may include but not limit to a filter back projection (FBP),
a convolution back projection (CBP). a direct Fourier trans-
form algorithm, an algebraic reconstruction technique
(ART). For those skilled in the art, the reconstruction
technique may be various, any suitable reconstruction tech-
nique may be used to reconstruct the image.

[0158] In some embodiments, the delay time may be
determined based on an R-R interval. The delay time may
include a certain time (e.g., a certain phase of the R-R
interval). The certain phase of the R-R interval is specified
by using the imaging device system 100. For example, the
certain phase of the R-R interval may be 10% R-R, 20%
R-R, 30% R-R, 40% R-R, 50% R-R, 60% R-R, 70% R-R,
80% R-R, and so on. In some embodiments, the delay time
may be a default value predetermined by the imaging system
100. In some embodiments, the delay time may be adjusted
according to different scenarios. For example, during the
scan, the heart rate of the subject may accelerate due to short
breath holds, which shortens the R-R interval. If the delay
time is not adjusted, the scan may cross a cardiac systolic
period and a cardiac diastolic period, which causes the
motion blur. The motion blur may degrade the quality of the
reconstructed image. Therefore, the delay time may be
adjusted dynamically for sake of improving the quality of
the reconstructed image.

[0159] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. For example, operation 1004 may be
omitted. In 1006, the processor may determine whether to
trigger a search gate based on the original ECG signal.
However, those variations and modifications do not depart
from the scope of the present disclosure.

[0160] FIG. 11 is a flowchart illustrating an exemplary
process for analyzing an R-wave according to some embodi-
ments of the present disclosure. In some embodiments, one
or more operations of the process 1100 illustrated in FIG. 11
may be implemented in the imaging system 100 illustrated
in FIG. 1. For example, the process 1100 illustrated in FIG.
11 may be stored in a storage medium (e.g., the storage
device 150, and/or the storage 220) of the imaging system
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100 in the form of instructions, and invoked and/or executed
by the processing device 140 (e.g., the processor 210 of the
computing device 200 as illustrated in FIG. 2, the CPU 340
of the mobile device 300 as illustrated in FIG. 3, or one or
more modules/units/blocks of the processing device 140
illustrated in FIGS. 5-6). The operations of the illustrated
process presented below are intended to be illustrative. In
some embodiments, the process 1100 may be accomplished
with one or more additional operations not described, and/or
without one or more of the operations discussed. Addition-
ally, the order in which the operations of the process 1100 as
illustrated in FIG. 11 and described below is not intended to
be limiting.

[0161] Operations 1102-1104 may be similar to operations
1002-1004 of the process 1000 described above, the detailed
descriptions of which may be found in this disclosure in
connection with FIG. 10.

[0162] Insome embodiments, the processor (e.g., the filter
unit 602) may use a low pass filter to filter the original ECG
signal. For example, the low pass filter may include an IIR
filter. For those skilled in the art, the filter order of the low
pass filter may cause the delay of the filtered ECG signal. In
particular, if the filter order is high, the computation may be
more complex and the delay of the filtered ECG signal may
be long. Therefore, in some embodiments, by contrast with
an FIR filter, the TIR low pass filter may use a low filter order
to realize same or similar stop-band attenuation. In some
embodiments, the filter order of the IIR low pass filter may
include a first order, a second order, a third order, a fourth
order, a fifth order, and so on. In some embodiments, the
filter order may be determined according to parameters of
the HR low pass filter (e.g., a sample rate, a filtering
pass-band, a stop-band, etc.). For example, assuming that
the sample rate of the HR low pass filter is 1000 Hz, the
pass-band is 30-40 Hz, the stop-band attenuation is no less
than 20 dB, the pass-band ripple is no greater than 0.05 dB,
the IIR low pass filter may be designed as a fourth-order
ellipse filter.

[0163] In 1106, the processor (e.g., the gate trigger unit
604) may a differential signal based on the filtered ECG
signal. In some embodiments, the processor may use a
first-order difference method to process the filtered ECG
signal, and determine the differential signal. More particu-
larly, the first-order difference method may be expressed
according to Equation (1) as below:

Ya)=x(n)-x(n-1) (9%

wherein x(n) denotes an n-th sample of the filtered ECG
signal, x(n-1) denotes an (n-1)-th sample of the filtered
ECG signal, y_(n) denotes the differential signal.

[0164] In 1108, the processor (e.g., the gate trigger unit
604) may determine an amplified signal based on the dif-
ferential signal. For example, the gate trigger unit 604 may
use a nonlinear operation to process the differential signal,
and determine the amplified signal. In some embodiments,
the nonlinear operation may include an exponent arithmetic.
The nonlinear operation may be expressed according to
Equation (2) as below:

yan=lramt 2,
wherein y,(n) denote the amplified signal. In some embodi-

ments, the exponent m may be a non-negative numerical
value, for m=4.
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[0165] 1In 1110, the processor (e.g., the gate trigger unit
604) may determine whether the amplified signal is equal to
or greater than a gate threshold.

[0166] Ifthe amplified signal is equal to or greater than the
gate threshold, the processor may proceed to operation 1112.
Otherwise, the processor may return to the operation 1102
for continuing to obtain the original ECG signal in real time
or substantially real time. In some embodiments, the gate
threshold may be a default value predetermined by the
imaging system 100. In some embodiments, the gate thresh-
old may be a dynamic value.

[0167] For example, the dynamic gate threshold may be
determined based on values of N samples of the filtered ECG
signal. The N samples may include a current sample and
N-1 previous samples, and N is an integer and equal to or
greater than 1. In some embodiments, the dynamic gate
threshold may be a product of an average value of amplified
signals of the N samples and a first empirical factor. The
dynamic gate threshold may be expressed according to
Equation (3) as below:

1 N
fihreshold =F;x N,{Z; yr(k),

where f,, ..., denotes the dynamic gate threshold, F,
denotes the first empirical factor, y,(k) denotes the amplified
signal of k-th sample, k €{1,2, . . . , N}. In some embodi-
ments, the first empirical factor F, may be equal to 0.5.
[0168] In some embodiments, the operation 1108 may be
omitted. In the occasion, the processor may determine
whether the differential signal is equal to or greater than the
gate threshold. If the differential signal is equal to or greater
than the gate threshold, the processor may trigger the search
gate.

[0169] In 1112, in response to the determination of trig-
gering the search gate, for each of a plurality of samples of
the original ECG signal, the processor (e.g., the R-wave
detection unit 606) may determine a difference between the
sample and a signal baseline. In some embodiments, the
signal baseline may associate with values of M samples of
the original ECG signal. For example, the signal baseline
may be an average value of the M samples of the original
ECG signal. The signal baseline may be expressed according
to Equation (4) as below:

= 4

fbaseline(n) = M Z x(n— k),

where f,___,. (1) denotes the signal baseline, x(n-k) denotes
(n-k)-th sample of the original ECG signal, k € {0,1, .. .,
M-1}. In some embodiments, M may be equal to N.
[0170] In 1114, the processor (e.g., the R-wave detection
unit 606) may determine whether the difference is equal to
or greater than an amplitude threshold. If the difference is
equal to or greater than the amplitude threshold, the proces-
sor may proceed to operation 1116.

[0171] In some embodiments, the amplitude threshold
may associate with the plurality of differences between the
plurality of samples and the signal baseline. For example,
the amplitude threshold may be a product of a maximum

May 9, 2019

value, among the absolute values of the plurality of differ-
ences, and a second empirical factor. The amplitude thresh-
old may be expressed according to Equation (5) as below:

famprhrmhold =Fpx 0;{3\/}81 Je(n — k) - fbaxeline(n)lv ®
where . co0s denctes the amplitude threshold, F,

denotes the second empirical factor, x(n-k) denotes (n-k)-th
sample of the original ECG signal, k € {0.1, ..., N-1}, and
L) pserme() denotes the signal baseline. In some embodi-
ments, the second empirical factor F, may be equal to 0.3.
[0172] In 1116, in response to a determination that the
difference is equal to or greater than the amplitude threshold,
the processor (e.g., the R-wave detection unit 606) may
detect the R-wave on the original ECG signal.

[0173] In some embodiments, the processor may deter-
mine a position of the sample that has a maximum value
among absolute values of a plurality of the differences, as
the position of the R-wave. For example, if the difference is
greater than the amplitude threshold and the sample is above
the signal baseline, the R-wave detection unit 606 may
determine that the R-wave is an upward peak. The R-wave
detection unit 606 may determine the first upward peak or a
falling edge of the original ECG signal as the R-wave. As
another example, if the difference is greater than the ampli-
tude threshold and the sample is below the signal baseline,
the R-wave detection unit 606 may determine that the
R-wave is a downward peak. The R-wave detection unit 606
may determine the first downward peak or a rising edge of
the original ECG signal as the R-wave. It should be under-
stood, for each cardiac cycle indicated by the original ECG
signal, the absolute value of the difference between the
sample corresponding to the rising edge or the falling edge
and the signal baseline may be the maximum.

[0174] In 1118, the processor (e.g., the R-wave detection
unit 606) may skip the refractory period. In some embodi-
ments, each cardiac cycle may include the refractory period.
According to the refractory period theory of an electrophysi-
ological study, when a first R-wave appears, a second
R-wave may not appear in the refractory period (e.g., 200
ms). In some embodiments, upon occurrence of the first
R-wave, the processor may skip the refractory period to
detect the second R-wave.

[0175] Insome embodiments, the processor (e.g., the scan
control unit 608) may send an instruction to the imaging
device 110 for operating the imaging device 110 to perform
scans of the subject based on the detected R-wave.

[0176] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. However, those variations and modifi-
cations do not depart from the scope of the present disclo-
sure.

[0177] In some embodiments, during the open of the
search gate, the processor may use the second machine-
learned identification model to detect the R-wave on the
original ECG signal. The second machine-learned identifi-
cation model may include but not limited to a conventional
neural network (CNN), a Recurrent neural network (RNN),
a deep neural network (DNN), and so on. The second
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machine-learned identification model may be used to iden-
tify the R-wave and determine a position of the R-wave.
[0178] FIG. 12 is a flowchart illustrating an exemplary
process for analyzing an R-wave according to some embodi-
ments of the present disclosure. In some embodiments, one
or more operations of the process 1200 illustrated in FIG. 12
may be implemented in the imaging system 100 illustrated
in FIG. 1. For example, the process 1200 illustrated in FIG.
12 may be stored in a storage medium (e.g., the storage
device 150, and/or the storage 220) of the imaging system
100 in the form of instructions, and invoked and/or executed
by the processing device 140 (e.g., the processor 210 of the
computing device 200 as illustrated in FIG. 2, the CPU 340
of the mobile device 300 as illustrated in FIG. 3, or one or
more modules/units/blocks of the processing device 140
illustrated in FIGS. 5-6). The operations of the illustrated
process presented below are intended to be illustrative. In
some embodiments, the process 1200 may be accomplished
with one or more additional operations not described, and/or
without one or more of the operations discussed. Addition-
ally, the order in which the operations of the process 1200
as illustrated in FIG. 12 and described below is not intended
to be limiting.

[0179] In 1202, the processor may obtain training data
including a plurality of ECG signals. In some embodiments,
the processor may obtain the plurality of ECG signals from
a third-party database. For example, the third-party database
may include a database of a medical organization that
records a mass of ECG signals of the subjects. As another
example, the third-party database may include an open
source ECG database, such as a MIT-BIH database, an AHA
database, a CES database. In some embodiments, the train-
ing data may include the plurality of original ECG signals.
In some embodiments, the training data may include the
plurality of ECG signals that are filtered and/or amplified.
[0180] In 1204, the processor may extract one or more
features of the training data. The one or more features may
include a position of the P-wave, the QRS complex and/or
the T-wave on the ECG, an amplitude of the P-wave, the
QRS complex and/or the T-wave on the ECG, a peak width
of the P-wave, the QRS complex and/or the T-wave on the
ECG, a slope of the P-wave, the QRS complex and/or the
T-wave on the ECG, or the like, or any combination thereof.
[0181] In some embodiments, before extracting the one or
more features of the training data, the processor may filter
the training data (e.g., the plurality of ECG signals) for
reducing noise jamming. The filter method may include a
low pass filtering method, a band-pass filtering, a wavelet
filtering, or the like, or any combination thereof.

[0182] In 1206, the processor may train a second machine-
identification model based on the one or more features.
Merely for illustration, the second machine-learned identi-
fication model is the DNN. The DNN may include a deep
convolutional neural network (DCNN), a deep belief net-
work (DBN), a random boolean network (RBN), or the like.
The DNN may include a plurality of layers, for example, an
input layer, one or more hidden layers and an output layer.
For the plurality of layers, a latter layer may receive the
output of a previous layer. The training data may be input to
the input layer. The hidden layer may include a plurality of
neural units for processing data. The output layer may output
a prediction value. The processor may identify the R-wave
based on the prediction value. For those skilled in the art, the
second machine-learned identification model may be vari-

May 9, 2019

ous, any suitable model may be applied to identify the
R-wave, such variations may be within the scope of the
present disclosure.

[0183] During the training, a plurality of parameters of the
second machine-learned identification model may be deter-
mined by training the plurality of features. For example, the
plurality of parameters may be trained based on a stochastic
gradient descent (SGD). The parameters may include but not
limited to weight matrixes, and/or bias terms. In some
embodiments, the processor may train the plurality of
parameters by minimizing a loss function of the second
machine-learned model. When a loss value of the loss
function is the minimum value or less than a loss threshold,
the trained machine-learned identification may be desig-
nated as an optimal model for identifying the R-wave.
[0184] In 1208, the processor may an R-wave based on the
second machine-learned identification model. In some
embodiments, the trained second machine-learned identifi-
cation model may be stored in a storage medium (e.g., the
storage device 150). The processor may invoke the trained
second machine-learned identification model to detect the
R-wave. For example, the ECG signal may be as input of the
second machine-learned identification model, and the sec-
ond machine-learned identification model may identify the
R-wave of the ECG signal, and output the corresponding
position of the R-wave.

[0185] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. For example, the second machine-
learned identification model and the first machine-learned
identification model illustrated in FIGS. 7-8 may be inte-
grated into a single model. However, those variations and
modifications do not depart from the scope of the present
disclosure.

[0186] FIG. 13 is a flowchart illustrating an exemplary
process for reconstructing a medical image according to
some embodiments of the present disclosure. In some
embodiments, one or more operations of the process 1300
illustrated in FIG. 13 may be implemented in the imaging
system 100 illustrated in FIG. 1. For example, the process
1300 illustrated in FIG. 13 may be stored in a storage
medium (e.g., the storage device 150, and/or the storage
220) of the imaging system 100 in the form of instructions,
and invoked and/or executed by the processing device 140
(e.g., the processor 210 of the computing device 200 as
illustrated in FIG. 2, the CPU 340 of the mobile device 300
as illustrated in FIG. 3, or one or more modules/units/blocks
of the processing device 140 illustrated in FIGS. 5-6). The
operations of the illustrated process presented below are
intended to be illustrative. In some embodiments, the pro-
cess 1300 may be accomplished with one or more additional
operations not described, and/or without one or more of the
operations discussed. Additionally, the order in which the
operations of the process 1300 as illustrated in FIG. 13 and
described below is not intended to be limiting.

[0187] In 1302, the processor (e.g., the R-wave detection
module 512 of the processing device 140) may obtain an
ECG signal of a heart of a subject.

[0188] In some embodiments. the processor may obtain
the ECG signal from a storage medium (e.g., the storage
device 150, and/or the storage 220) of the imaging system
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100. For example, a generic ECG acquisition collector may
be configured to obtain the ECG signal, and store the
obtained ECG signal in the storage device 150. The R-wave
detection module 512 may obtain the original ECG signal
from the storage device 150. Exemplary ECG acquisition
collector may include one or more sensors (e.g., electrons),
one or more amplifying circuits, one or more filtering
circuits, or the like, or any combination therefore. In some
embodiments, the ECG acquisition collector may be inte-
grated to the imaging device 110 (e.g., the CT, the MR, or
the PET, etc.). The imaging device 110 may directly collect
the ECG signal of the subject in real time or substantially
real time during the scans. In some embodiments, the ECG
acquisition collector may be separated from the imaging
device 110. The ECG signal captured by the ECG acquisi-
tion collector may be sent to the imaging device 110. The
R-wave detection module 512 may obtain the ECG signal
from the imaging device 110.

[0189] In 1304, the processor (e.g., the R-wave detection
module 512 of the processing device 140) may detect an
R-wave of a cardiac cycle of the ECG signal.

[0190] In some embodiments, the processor may filter the
ECG signal based on a low pass filter. The processor may
determine whether to trigger a search gate based on the
filtered ECG signal. The search gate may provide an instruc-
tion for triggering detection of R-wave. Once the search gate
is triggered, the processor may determine to detect the
R-wave. For example, the R-wave detection module 512
may determine a differential signal based on the filtered
ECG signal. If the differential signal is equal to or greater
than a gate threshold, the processor may determine to trigger
the search gate. Otherwise, the processor may determine not
to trigger the search gate. As another example, the R-wave
detection module 512 may determine an amplified signal
based on the differential signal. In some embodiments, if the
amplified signal is equal to or greater than the gate threshold,
the processor may determine to trigger the search gate.
Otherwise, the processor may determine not to trigger the
search gate. More descriptions of the detection of the
R-wave may be found elsewhere in the present disclosure
(e.g., FIGS. 10-12, and the descriptions thereof), and not
repeated herein.

[0191] In 1306, inresponse to the detection of the R-wave,
the processor (e.g., the R-wave detection module 512 of the
processing device 140) may operate the imaging device
(e.g., the imaging device 110) to perform scans of the heart
to generate scan data. In some embodiments, a starting time
of each of the scans may be determined based on the R-wave
of each cardiac cycle of the ECG signal.

[0192] For each scan, the scan starting time may be a time
that is later than the time corresponding to the R-wave. Upon
occurrence of the R-wave, the scan control unit 608 of the
R-wave detection module 512 may hold to start the scan. For
example, upon occurrence of the R-wave, the scan control
unit 608 may hold a period of a delay time (e.g., 20 ms, 40
ms, 60 ms) before the scan. After the period of delay time,
the scan control unit 608 may send an instruction to the
imaging device 110 for operating the imaging device 110
device to begin the scan. During the scans, the imaging
device 110 may generate the scan data.

[0193] In 1308, the processor (e.g., the acquisition module
502 of the processing device 140) may obtain ECG data that
is captured during the scans of the heart. The ECG data may
correspond to a plurality of cardiac cycles of the ECG signal.
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For example, the processor may obtain the ECG data from
the R-wave detection module 512.

[0194] In 1310, the processor (e.g., the reconstruction
module 504 of the processing device 140) may determine
first scan data from the scan data. The first scan data may
include scan data corresponding to a first time period of each
of a plurality of cardiac cycles included in the ECG data. The
first time period refers to a certain phase of each of the
plurality of cardiac cycles. The certain phase of each cardiac
cycle is specified by using the imaging device 100. The first
time period may be given as percentage of a duration of the
cardiac cycle. For example, the first time period may pre-
determined as 10% R-R, 20% R-R, 30% R-R, 40% R-R,
50% R-R, 60% R-R, 70% R-R, 80% R-R, and so on. In some
embodiments, for each cardiac cycle, the processor may
determine a first reconstruction phase based on the first time
period and an imaging window. The processor may deter-
mine the first scan data that includes the scan data corre-
sponding to a plurality of first reconstruction phases. Opera-
tion 1310 may be similar to operation 706 illustrated in FIG.
7 or operation 804 illustrated in FIG. 8A described above,
the detailed descriptions of which may be found in this
disclosure in connection with FIG. 7, FIG. 8A or FIG. 8B.

[0195] In 1312, the processor (e.g., the reconstruction
module 504 of the processing device 140) may reconstruct
the cardiac image based on the first scan data. For example,
the reconstruction module 504 may reconstruct the cardiac
image based on the first scan data by using a reconstruction
method. Exemplary image reconstruction techniques may
include filtered back projection (FBP), an algebraic recon-
struction technology (ART), a statistical reconstruction (SR)
algorithm, or the like, or any combination thereof. Operation
1312 may be similar to operation 708 illustrated in FIG. 7 or
operation 808 illustrated in FIG. 8A described above, the
detailed descriptions of which may be found in this disclo-
sure in connection with FIG. 7, FIG. 8A or FIG. 8B.

[0196] In some embodiments, the processor may perform
one or more iterations until the reconstructed cardiac image
satisfies the requirement of qualified image. Specifically, the
reconstructed cardiac image satisfies one or more image
quality parameters. The one or more image quality param-
eters may include an image uniformity, a high contrast
resolution, a low contrast resolution, a signal noise ratio
(SNR), a CT number linearity, or the like, or any combina-
tion thereof. In some embodiments, the processor may
perform the one or more iterations for reconstructing the
cardiac image that is without the pulsatile substantially. Each
iteration may include operations 1314-1318.

[0197] For each iteration, the processor (e.g., the judgment
module 506 of the processing device 140) may determine
whether there is a pulsatile artifact in the reconstructed
cardiac image, as illustrated in 1314.

[0198] In some embodiments, the judgment module 506
may use a first machine-learned identification model to
determine whether there is the pulsatile artifact in the
reconstructed 3D cardiac image. The reconstructed 3D car-
diac image may be input to the first machine-learned iden-
tification model. Accordingly, the first machine-learned
identification model may output a value that indicates
whether there is a pulsatile artifact in the reconstructed
cardiac image. For example, if the output value is greater
than or equal to a threshold, there is the pulsatile artifact in
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the input cardiac image. If the output value is less than the
threshold, there is no pulsatile artifact in the input cardiac
image.

[0199] In some embodiments, the judgment module 506
may determine whether there is the pulsatile artifact in the
reconstructed cardiac image based on a result indicating
whether one or more vessels or tissues in the reconstructed
cardiac image are continuous. If the one or more vessels or
tissues in the reconstructed cardiac image are continuous,
the judgment module 506 may determine that there is the
pulsatile artifact in the reconstructed cardiac image. Other-
wise, the judgment module 506 may determine that there is
no pulsatile artifact substantially in the reconstructed cardiac
image. Operation 1314 may be similar to operation 710
illustrated in FIG. 7 or operation 810 illustrated in FIG. 8A
described above, the detailed descriptions of which may be
found in this disclosure in connection with FIG. 7, FIG. 8A
or FIG. 8B.

[0200] In some embodiments, in response to the determi-
nation that there is no pulsatile artifact substantially in the
reconstructed cardiac image, the processor may terminate
the current iteration. The reconstructed cardiac image with-
out the pulsatile artifact substantially may be provided for
diagnosing the heart. In some embodiments, in response to
the determination that there is the pulsatile artifact in the
reconstructed cardiac image, the processor may proceed to
operation 1316.

[0201] In 1316, the processor (e.g., the repair module 508
of the processing device 140) may determine a second time
period of at least one cardiac cycle based on the pulsatile
artifact. The second time period may be similar to the first
time period, that is, a certain phase of each cardiac cycle
(e.g., 80% R-R). The certain phase of each cardiac cycle is
specified by using the imaging device 100. The second time
period may also be given as percentage of a duration of the
cardiac cycle.

[0202] In some embodiments, the processor (e.g., the
repair module 508 of the processing device 140) may
determine at least one first image with the pulsatile artifact
from a first image sequence. The first image sequence may
be generated based on the first scan data. The first image
sequence may include one or more first images. Each of the
one or more first images may be generated based on corre-
sponding sub-first scan data. Each sub-first scan data may
correspond to a cardiac cycle. Therefore, the processor may
determine the at least one cardiac cycle corresponding to the
at least one first image with the pulsatile artifact. Further, the
processor may determine the second time period for the
determined at least one cardiac cycle.

[0203] The processor may adjust the first time period
corresponding to the at least one cardiac cycle to the second
time period. The second time period may be different from
the first time period. In some embodiments, a difference
between the second time period and the first time period may
be very small. In other words, the second time period may
be determined by adjusting the first time period slightly. For
example, assuming that, for each of the at least one cardiac
cycle, the first time period is 75% R-R. The processor may
adjust the first time period (i.e., 75% R-R) to the second time
period (e.g., 80% R-R, or 70% R-R).

[0204] Operation 1316 may be similar to operation 712
illustrated in FIG. 7, operation 814 illustrated in FIG. 8A, or
operations 902-906 illustrated in FIG. 9 described above, the
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detailed descriptions of which may be found in this disclo-
sure in connection with FIG. 7, FIG. 8A, FIG. 8B or FIG. 9.
[0205] In 1318, the processor (e.g., the repair module 508
of the processing device 150) may reconstruct the cardiac
image based on the scan data and the second time period.

[0206] In some embodiments, the processor may deter-
mine third scan data based on the scan data and the second
time period. For each of the at least one cardiac cycle
corresponding to the at least one first image with the
pulsatile artifact, the processor may determine a second
reconstruction phase based on the second time period and
the imaging window. The processor may determine a sub-
third scan data that includes scan data corresponding to the
second reconstruction phase. More particularly, the proces-
sor may determine the sub-third scan data that includes the
scan data captured by the imaging device 110 during the
duration of the second reconstruction phase. The processor
may determine the third scan data that includes each sub-
third scan data corresponding to the second reconstruction
phase of each of the at least one cardiac cycle.

[0207] In some embodiments, the processor may recon-
struct at least one second image, corresponding to the at least
one cardiac cycle corresponding to the at least one first
image with the pulsatile artifact, based on the third scan data.
For each of the at least one cardiac cycle, the processor may
reconstruct one second image based on corresponding sub-
third scan data. The processor may reconstruct a second
sequence based on the first image sequence and the at least
one second image. For example, the at least one second
image may replace the at least one first image with the
pulsatile artifact. The second image sequence may include
the first image sequence excluding the at least one first
image with the pulsatile artifact, and the at least one second
image. In some embodiments, the processor may reconstruct
the cardiac image based on the second image sequence. The
cardiac image may be a 3D cardiac image.

[0208] It should be noted that the above description is
merely provided for the purposes of illustration, and not
intended to limit the scope of the present disclosure. For
persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. For example, operations 1306 and 1308
may be integrated into a single operation. However, those
variations and modifications do not depart from the scope of
the present disclosure.

[0209] Having thus described the basic concepts, it may be
rather apparent to those skilled in the art after reading this
detailed disclosure that the foregoing detailed disclosure is
intended to be presented by way of example only and is not
limiting. Various alterations, improvements, and modifica-
tions may occur and are intended to those skilled in the art,
though not expressly stated herein. These alterations,
improvements, and modifications are intended to be sug-
gested by this disclosure, and are within the spirit and scope
of the exemplary embodiments of this disclosure.

[0210] Moreover, certain terminology has been used to
describe embodiments of the present disclosure. For
example, the terms “one embodiment,” “an embodiment,”
and/or “some embodiments” mean that a particular feature,
structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the
present disclosure. Therefore, it is emphasized and should be
appreciated that two or more references to “an embodiment”
or “one embodiment” or “an alternative embodiment” in
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various portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined as
suitable in one or more embodiments of the present disclo-
sure.

[0211] Further, it will be appreciated by one skilled in the
art, aspects of the present disclosure may be illustrated and
described herein in any of a number of patentable classes or
context including any new and useful process, machine,
manufacture, or composition of matter, or any new and
useful improvement thereof. Accordingly, aspects of the
present disclosure may be implemented entirely hardware,
entirely software (including firmware, resident software,
micro-code, etc.) or combining software and hardware
implementation that may all generally be referred to herein
as a “unit,” “module,” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer
program product embodied in one or more computer read-
able media having computer readable program code embod-
ied thereon.

[0212] A non-transitory computer readable signal medium
may include a propagated data signal with computer read-
able program code embodied therein, for example, in base-
band or as part of a carrier wave. Such a propagated signal
may take any of a variety of forms, including electro-
magnetic, optical, or the like, or any suitable combination
thereof. A computer readable signal medium may be any
computer readable medium that is not a computer readable
storage medium and that may communicate, propagate, or
transport a program for use by or in connection with an
instruction execution system, apparatus, or device. Program
code embodied on a computer readable signal medium may
be transmitted using any appropriate medium, including
wireless, wireline, optical fiber cable, RF, or the like, or any
suitable combination of the foregoing.

[0213] Computer program code for carrying out opera-
tions for aspects of the present disclosure may be written in
any combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB.
NET, Python or the like, conventional procedural program-
ming languages, such as the “C” programming language,
Visual Basic, Fortran 2003, Perl, COBOL 2002, PHP, ABAP,
dynamic programming languages such as Python, Ruby and
Groovy, or other programming languages. The program
code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider) or in a cloud computing environment or offered as
a service such as a Software as a Service (SaaS).

[0214] Furthermore, the recited order of processing ele-
ments or sequences, or the use of numbers, letters, or other
designations therefore, is not intended to limit the claimed
processes and methods to any order except as may be
specified in the claims. Although the above disclosure dis-
cusses through various examples what is currently consid-
ered to be a variety of useful embodiments of the disclosure,
it is to be understood that such detail is solely for that
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purpose, and that the appended claims are not limited to the
disclosed embodiments, but, on the contrary, are intended to
cover modifications and equivalent arrangements that are
within the spirit and scope of the disclosed embodiments.
For example, although the implementation of various com-
ponents described above may be embodied in a hardware
device, it may also be implemented as a software only
solution, e.g., an installation on an existing server or mobile
device.

[0215] Similarly, it should be appreciated that in the
foregoing description of embodiments of the present disclo-
sure, various features are sometimes grouped together in a
single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure aiding in the under-
standing of one or more of the various inventive embodi-
ments. This method of disclosure, however, is not to be
interpreted as reflecting an intention that the claimed subject
matter requires more features than are expressly recited in
each claim. Rather, inventive embodiments lie in less than
all features of a single foregoing disclosed embodiment.
[0216] In some embodiments, the numbers expressing
quantities, properties, and so forth, used to describe and
claim certain embodiments of the application are to be
understood as being modified in some instances by the term
“about,” “approximate,” or “substantially.” For example,
“about,” “approximate,” or “substantially” may indicate
220% variation of the value it describes, unless otherwise
stated. Accordingly, in some embodiments, the numerical
parameters set forth in the written description and attached
claims are approximations that may vary depending upon
the desired properties sought to be obtained by a particular
embodiment. In some embodiments, the numerical param-
eters should be construed in light of the number of reported
significant digits and by applying ordinary rounding tech-
niques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of some embodi-
ments of the application are approximations, the numerical
values set forth in the specific examples are reported as
precisely as practicable.

[0217] Each of the patents, patent applications, publica-
tions of patent applications, and other material, such as
articles, books, specifications, publications, documents,
things, and/or the like, referenced herein is hereby incorpo-
rated herein by this reference in its entirety for all purposes,
excepting any prosecution file history associated with same,
any of same that is inconsistent with or in conflict with the
present document, or any of same that may have a limiting
affect as to the broadest scope of the claims now or later
associated with the present document. By way of example,
should there be any inconsistency or conflict between the
description, definition, and/or the use of a term associated
with any of the incorporated material and that associated
with the present document, the description, definition, and/
or the use of the term in the present document shall prevail.
[0218] In closing, it is to be understood that the embodi-
ments of the application disclosed herein are illustrative of
the principles of the embodiments of the application. Other
modifications that may be employed may be within the
scope of the application. Thus, by way of example, but not
of limitation, alternative configurations of the embodiments
of the application may be utilized in accordance with the
teachings herein. Accordingly, embodiments of the present
application are not limited to that precisely as shown and
described.
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What is claimed is:

1. A method for reconstructing a medical image by using
an imaging device, comprising:

obtaining scan data that is captured by scanning a heart of

a subject with the imaging device;
obtaining electrocardiogram (ECG) data that is captured
during the scans of the heart of the subject, the ECG
data corresponding to a plurality of cardiac cycles;
determining first scan data from the scan data, the first
scan data corresponding to a first time period of each of
the plurality of cardiac cycles;

reconstructing the cardiac image based on the first scan

data; and

performing one or more iterations for the reconstructed

cardiac image, each of one or more iterations including:

determining whether there is a pulsatile artifact in the
reconstructed cardiac image;

determining a second time period of at least one cardiac
cycle based on the pulsatile artifact; and

reconstructing the cardiac image based on the scan data
and the second time period.

2. The method of claim 1, wherein the determining a
second time period of at least one cardiac cycle based on the
pulsatile artifact includes:

determining second scan data associated with the pulsatile

artifact, the second scan data being at least one portion
of the first scan data;
determining the at least one cardiac cycle corresponding
to the second scan data based on the ECG data and a
capture time of the second scan data; and

determining the second time period of the at least one
cardiac cycle.

3. The method of claim 1, wherein the reconstructing the
cardiac image based on the first can data includes:

determining a first image sequence based on the first scan

data; and

reconstructing the cardiac image based on the first image

sequence.
4. The method of claim 3, wherein the determining a
second time period of at least one cardiac cycle based on the
pulsatile artifact includes:
determining at least one first image with the pulsatile
artifact from the first image sequence; and

determining the second time period of the at least one
cardiac cycle corresponding to the at least one first
image with the pulsatile artifact.

5. The method of claim 1, wherein the reconstructing the
cardiac image based on the scan data and the second time
period includes:

determining third scan data based on the scan data, the at

least one cardiac cycle corresponding to the at least one
first image with the pulsatile artifact, and the second
time period;

reconstructing at least one second image, corresponding

to the at least one cardiac cycle corresponding to the at
least one first image with the pulsatile artifact, based on
the third scan data;

determining a second image sequence based on the first

image sequence and the at least one second image; and
reconstructing the cardiac image based on the second
image sequence.

6. The method of claim 1, wherein the determining
whether there is a pulsatile artifact in the reconstructed
cardiac image includes:
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determining whether there is a pulsatile artifact in the
reconstructed cardiac image based on a first machine-
learned identification model, wherein the first machine-
learned identification model is trained based on a
plurality of cardiac images with the pulsatile artifact.

7. A system o reconstructing a medical image by using an
imaging device, comprising:

at least one storage device including a set of instructions;

and

at least one processor in communication with the at least

one storage device, wherein when executing the set of
instructions, the at least one processor is directed to
cause the system to:
obtain scan data that is captured by scanning a heart of
a subject with the imaging device;
obtain electrocardiogram (ECG) data that is captured
during the scans of the heart of the subject, the ECG
data corresponding to a plurality of cardiac cycles;
determine first scan data from the scan data, the first
scan data corresponding to a first time period of each
of the plurality of cardiac cycles;
reconstruct the cardiac image based on the first scan
data; and
perform one or more iterations for the reconstructed
cardiac image, each of one or more iterations includ-
ing:
determining whether there is a pulsatile artifact in the
reconstructed cardiac image;
determining a second time period of at least one
cardiac cycle based on the pulsatile artifact; and
reconstructing the cardiac image based on the scan
data and the second time period.

8. A non-transitory computer readable medium, compris-
ing at least one set of instructions for reconstructing a
medical image, wherein when executed by one or more
processors of a computing device, the at least one set of
instructions causes the computing device to perform a
method, the method comprising;

obtaining scan data that is captured by scanning a heart of

a subject with the imaging device;
obtaining electrocardiogram (ECG) data that is captured
during the scans of the heart of the subject, the ECG
data corresponding to a plurality of cardiac cycles;
determining first scan data from the scan data, the first
scan data corresponding to a first time period of each of
the plurality of cardiac cycles;

reconstructing the cardiac image based on the first scan

data; and

performing one or more iterations for the reconstructed

cardiac image, each of one or more iterations including:

determining whether there is a pulsatile artifact in the
reconstructed cardiac image;

determining a second time period of at least one cardiac
cycle based on the pulsatile artifact; and

reconstructing the cardiac image based on the scan data
and the second time period.

9. A method for analyzing an R-wave of an electrocar-
diogram (ECG) signal implemented on a computing device
having one or more processors and one or more storage
devices, the method comprising:

obtaining an original ECG signal of a subject;

filtering the original ECG signal,
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determining whether to trigger a search gate based on the
filtered ECG signal, wherein the search gate being an
instruction for detecting an R-wave on the original
ECG signal; and

detecting the R-wave on the original ECG signal in
response to a determination of triggering the search
gate.

10. The method of claim 9, wherein the filtering the
original ECG signal includes:

filtering the original ECG signal based on an infinite

impulse response (IIR) low pass filter.

11. The method of claim 9, wherein the determining
whether to trigger a search gate based on the filtered ECG
signal includes:

determining a differential signal based on the filtered ECG

signal; and

determining to trigger the search gate if the differential

signal is equal to or greater than a gate threshold.

12. The method of claim 9, wherein the determining
whether to trigger a search gate based on the filtered ECG
signal includes:

determining a differential signal based on the filtered ECG

signal,

determining an amplified signal based on the differential

signal; and

determining to trigger the search gate if the amplified

signal is equal to or greater than the gate threshold.

13. The method of claim 11 or claim 12, wherein the gate
threshold is determined based on values of N samples of the
filtered ECG signal, wherein the N samples include a current
sample and N-1 previous samples, and N is an integer and
equal to or greater than 1.

14. The method of claim 9, wherein the detecting the
R-wave on the original ECG signal in response to the
determination of triggering the search gate includes:

for each of a plurality of samples of the original ECG

signal, determining a difference between the sample
and a signal baseline;

determining whether the difference is equal to or greater

than an amplitude threshold; and

in response to a determination that the difference is equal

to or greater than the amplitude threshold, determining
a position of the sample that has a maximum value
among absolute values of a plurality of the differences,
as the position of the R-wave.

15. The method of claim 14, wherein the signal baseline
associates with values of M samples of the original ECG
signal, wherein the M samples include the current sample
and M-1 previous samples, and M is an integer and equal to
or greater than 1.

16. The method of claim 14, wherein the amplitude
threshold associates with the plurality of differences
between the plurality of samples and the signal baseline.

17. A system for analyzing an R-wave of an electrocar-
diogram (ECQG) signal, comprising:

at least one storage device including a set of instructions;

and

at least one processor in communication with the at least

one storage device, wherein when executing the set of
instructions, the at least one processor is directed to
cause the system to:

obtain an original ECG signal of a subject;

filter the original ECG signal,
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determine whether to trigger a search gate based on the
filtered ECG signal, whetein the search gate being an
instruction for detecting an R-wave on the original
ECG signal; and

detect the R-wave on the original ECG signal in
response to a determination of triggering the search
gate.

18. A non-transitory computer readable medium, com-
prising at least one set of instructions for analyzing an
R-wave of an electrocardiogram (ECG) signal, wherein
when executed by one or more processors of a computing
device, the at least one set of instructions causes the com-
puting device to perform a method, the method comprising:

obtaining an original ECG signal of a subject;
filtering the original ECG signal,
determining whether to trigger a search gate based on the
filtered ECG signal, wherein the search gate being an
instruction for detecting an R-wave on the original
ECG signal; and

detecting the R-wave on the original ECG signal in
response to a determination of triggering the search
gate.

19. A method for reconstructing a medical image by using
an imaging device, comprising:

obtaining an ECG signal of a heart of a subject;

detecting an R-wave of a cardiac cycle of the ECG signal;

in response to the detection of the R-wave:
operating the imaging device to perform scans of the
heart to generate scan data, wherein a starting time of
each of the scans is determined based on the R-wave
of each cardiac cycle of the ECG signal,;
obtaining ECG data that is captured during the scans of
the heart, the ECG data corresponding to a plurality
of cardiac cycles of the ECG signal,
determining first scan data from the scan data, the first
scan data corresponding to a first time period of each
of the plurality of cardiac cycles;
reconstructing the cardiac image based on the first scan
data; and
performing one or more iterations for the reconstructed
cardiac image, each of one or more iterations includ-
ing:
determining whether there is a pulsatile artifact in the
reconstructed cardiac image;
determining a second time period of at least one
cardiac cycle based on the pulsatile artifact; and
reconstructing the cardiac image based on the scan
data and the second time period.

20. The method of claim 19, wherein the detecting an
R-wave of a cardiac cycle of the ECG signal includes:

filtering the ECG signal,

determining whether to trigger a search gate based on the

filtered ECG signal, wherein the search gate being an
instruction for detecting R-wave; and

detecting the R-wave on the ECG signal in response to the

determination of triggering the search gate.

21. The method of claim 20, wherein the determining
whether to trigger a search gate based on the filtered ECG
signal includes:

determining a differential signal based on the filtered ECG

signal;

determining an amplified signal based on the differential

signal; and
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determining to trigger the search gate if the amplified

signal is equal to or greater than the gate threshold.

22. The method of claim 20, wherein the detecting the
R-wave on the ECG signal in response to the determination
of triggering the search gate includes:

for each of a plurality of samples of the ECG signal,

determining a difference between the sample and a
signal baseline;

determining whether the difference is greater than an

amplitude threshold; and

in response to a determination of the difference is greater

than the amplitude threshold, determining a position of
the sample that has a maximum value among absolute
values of a plurality of the differences, as the position
of the R-wave.

23. The method of claim 19, wherein the determining a
second time period of at least one cardiac cycle based on the
pulsatile artifact includes:

determining second scan data associated with the pulsatile

artifact, the second scan data being at least one portion
of the first scan data;
determining the at least one cardiac cycle corresponding
to the second scan data based on the ECG data and a
capture time of the second scan data; and

determining the second time period of the at least one
cardiac cycle.

24. The method of claim 19, wherein the reconstructing
the cardiac image based on the first scan data includes:

determining a first image sequence based on the first scan

data; and

reconstructing the cardiac image based on the first image

sequence.
25. The method of claim 19, wherein the determining a
second time period of at least one cardiac cycle based on the
pulsatile artifact includes:
determining at least one first image with the pulsatile
artifact from the first image sequence; and

determining the second time period of the at least one
cardiac cycle corresponding to the at least one first
image with the pulsatile artifact.

26. The method of claim 19, wherein the reconstructing
the cardiac image based on the scan data and the second time
period includes:

determining third scan data based on the scan data, the at

least one cardiac cycle corresponding to the at least one
first image with the pulsatile artifact, and the second
time period;

reconstructing at least one second image, corresponding

to the at least one cardiac cycle corresponding to the at
least one first image with the pulsatile artifact, based on
the third scan data;

determining a second image sequence based on the first

image sequence and the at least one second image; and
reconstructing the cardiac image based on the second
image sequence.

27. A system for reconstructing a medical image by using
an imaging device, comprising:

at least one storage device including a set of instructions;

and
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at least one processor in communication with the at least
one storage device, wherein when executing the set of
instructions, the at least one processor is directed to
cause the system to:
obtain an ECG signal of a heart of a subject;
detect an R-wave of a cardiac cycle of the ECG signal;
in response to the detection of the R-wave:
operate the imaging device to perform scans of the
heart to generate scan data, wherein a starting time
of each of the scans is determined based on the
R-wave of each cardiac cycle of the ECG signal;
obtain ECG data that is captured during the scans of
the heart, the ECG data corresponding to a plu-
rality of cardiac cycles of the ECG signal;
determine first scan data from the scan data, the first
scan data corresponding to a first time period of
each of the plurality of cardiac cycles;
reconstruct the cardiac image based on the first scan
data; and
perform one or more iterations for the recon-
structed cardiac image, each of one or more
iterations including:
determining whether there is a pulsatile artifact in
the reconstructed cardiac image;
determining a second time period of at least one
cardiac cycle based on the pulsatile artifact; and
reconstructing the cardiac image based on the scan
data and the second time period.

28. A non-transitory computer readable medium, com-
prising at least one set of instructions for reconstructing a
medical image, wherein when executed by one or more
processors of a computing device, the at least one set of
instructions causes the computing device to perform a
method, the method comprising;

obtaining an ECG signal of a heart of a subject;

detecting an R-wave of a cardiac cycle of the ECG signal;

in response to the detection of the R-wave:
operating the imaging device to perform scans of the
heart to generate scan data, wherein a starting time of
each of the scans is determined based on the R-wave
of each cardiac cycle of the ECG signal,;
obtaining ECG data that is captured during the scans of
the heart, the ECG data corresponding to a plurality
of cardiac cycles of the ECG signal,
determining first scan data from the scan data, the first
scan data corresponding to a first time period of each
of the plurality of cardiac cycles;
reconstructing the cardiac image based on the first scan
data; and
performing one or more iterations for the reconstructed
cardiac image, each of one or more iterations includ-
ing:
determining whether there is a pulsatile artifact in the
reconstructed cardiac image;
determining a second time period of at least one
cardiac cycle based on the pulsatile artifact; and
reconstructing the cardiac image based on the scan
data and the second time period.
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