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(57) ABSTRACT

A magnetic resonance imaging system includes a processor.
The processor is configured to acquire a variation of a first
system state parameter during a scanning process of the
magnetic resonance imaging system, determine, according
to the variation of the first system state parameter, a variation
of'a second system state parameter on the basis of a function
relationship between the first system state parameter and the
second system state parameter, and correct the magnetic
resonance imaging system on the basis of the variation of at
least one of the first system state parameter and the second
system state parameter.
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MAGNETIC RESONANCE IMAGING
SYSTEM AND CORRECTION METHOD
THEREOF

CROSS REFERENCE

[0001] The present application claims priority and benefit
of Chinese Patent Application No. 202210465450.2 filed on
Apr. 29, 2022, which is incorporated herein by reference in
its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to medical imaging
technologies, and more specifically, to a magnetic resonance
imaging system and a correction method thereof, and a
non-transitory computer-readable storage medium.

BACKGROUND OF THE INVENTION

[0003] Magnetic resonance imaging (MRI), as a medical
imaging modality, can obtain images of the human body
without using X-rays or other ionizing radiation. MRI uti-
lizes a magnet having a strong magnetic field to generate a
main magnetic field BO. When a part to be imaged in the
human body is positioned in the main magnetic field BO,
nuclear spins associated with hydrogen nuclei in human
tissue are polarized, so that the tissue of the part to be
imaged generates a longitudinal magnetization vector at a
macroscopic level. After a radio-frequency field B1 inter-
secting the direction of the main magnetic field BO is
applied, the direction of rotation of protons changes so that
the tissue of the part to be imaged generates a transverse
magnetization vector at a macroscopic level. After the
radio-frequency field B1 is removed, the transverse magne-
tization vector decays in a spiral manner until it is restored
to zero. A free induction decay signal is generated during
decay. The free induction decay signal can be acquired as a
magnetic resonance signal, and a tissue image of the part to
be imaged can be reconstructed based on the acquired signal.
A gradient system is configured to transmit a layer selection
gradient pulse, a phase-coded gradient pulse, and a fre-
quency-coded gradient pulse (also referred to as a read-out
gradient pulse) to provide three-dimensional position infor-
mation for the aforementioned magnetic resonance signal to
implement image reconstruction.

[0004] During magnetic resonance imaging scanning, par-
ticularly for a long scan sequence, the temperature of the
entire system significantly increases, which not only affects
the temperature in a scanner bore and further affects a
scanned subject, but also affects a change in an eddy current,
a change in a BO field, etc., in the magnetic resonance
imaging system, causing a large error in acquired data. As a
result, system performance gradually deteriorates over time
in the long scan sequence, and the quality of a reconstructed
image also degrades over time.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Provided in the present invention are a magnetic
resonance imaging system and a correction method thereof,
and a non-transitory computer-readable storage medium.

[0006] An exemplary embodiment of the present inven-
tion provides a magnetic resonance imaging system, com-
prising a processor. The processor is configured to acquire a
variation of a first system state parameter during a scanning
process of the magnetic resonance imaging system; deter-
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mine, according to the variation of the first system state
parameter, a variation of a second system state parameter on
the basis of a function relationship between the first system
state parameter and the second system state parameter; and
correct the magnetic resonance imaging system on the basis
of the variation of at least one of the first system state
parameter and the second system state parameter.

[0007] Specifically, the system state parameters comprise
an eddy current, a gradient delay, a phase shift, a gradient
temperature, a specific absorption rate, a main magnetic
field, and a center frequency, the first system state parameter
is any one of the system state parameters, and the second
system state parameter is another of the system state param-
eters.

[0008] Specifically, the first system state parameter com-
prises a center frequency, and the processor is further
configured to: acquire a variation of the center frequency
during the scanning process of the magnetic resonance
imaging system, and determine, according to function rela-
tionships between the other system state parameters and the
center frequency, variations of the other system state param-
eters.

[0009] Specifically, the acquiring a variation of the center
frequency comprises: acquiring a reference center fre-
quency, wherein the reference center frequency is a center
frequency during pre-scanning; acquiring a center frequency
of any layer during the scanning process of the magnetic
resonance imaging system; and acquiring the variation of the
center frequency based on the difference between the center
frequency of the any layer and the reference center fre-
quency.

[0010] Specifically, the function relationship between the
first system state parameter and the second system state
parameter is linear or non-linear.

[0011] Specifically, the function relationship is saved in
the magnetic resonance imaging system.

[0012] Specifically, the variation of at least one of the first
system state parameter and the second system state param-
eter is displayed on a display unit of the magnetic resonance
imaging system.

[0013] An exemplary embodiment of the present inven-
tion further provides a correction method of a magnetic
resonance imaging system. The method comprises acquiring
a variation of a first system state parameter during a scan-
ning process of the magnetic resonance imaging system;
determining, according to the variation of the first system
state parameter, a variation of a second system state param-
eter on the basis of a function relationship between the first
system state parameter and the second system state param-
eter; and correcting the magnetic resonance imaging system
on the basis of the variation of at least one of the first system
state parameter and the second system state parameter.
[0014] Specifically, the acquiring a variation of a first
system state parameter comprises acquiring a variation of a
center frequency and determining, according to function
relationships between the other system state parameters and
the center frequency, variations of the other system state
parameters.

[0015] An exemplary embodiment of the present inven-
tion further provides a non-transitory computer-readable
storage medium for storing a computer program. When
executed by a computer, the computer program causes the
computer to perform an instruction of the correction method
of a magnetic resonance imaging system described above.
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[0016] Other features and aspects will become apparent
from the following detailed description, accompanying
drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention can be better understood
through the description of exemplary embodiments of the
present invention in conjunction with the accompanying
drawings, in which:

[0018] FIG. 1 is a schematic diagram of a magnetic
resonance imaging system according to some embodiments
of the present invention;

[0019] FIG. 2 is a diagram of a fitted curve between a
phase shift and a center frequency according to some
embodiments of the present invention;

[0020] FIG. 3 is a flowchart of a correction method of a
magnetic resonance imaging system according to some
embodiments of the present invention; and

[0021] FIG. 4 is a flowchart of a method for acquiring a
center frequency according to some embodiments of the
present invention.

DETAILED DESCRIPTION

[0022] Specific embodiments of the present invention will
be described below. It should be noted that in the specific
description of these embodiments, for the sake of brevity
and conciseness, this specification may not describe all
features of the actual embodiments in detail. It should be
understood that in the actual implementation process of any
embodiments, just as in the process of any engineering
project or design project, a variety of specific decisions are
often made to achieve specific goals of the developer and to
meet system-related or business-related constraints, which
may also vary from one embodiment to another. Further-
more, it should also be understood that although efforts
made in such development processes may be complex and
tedious, for those of ordinary skill in the art related to the
content disclosed in the present invention, some design,
manufacture, or production changes based on the technical
content disclosed in the present disclosure are only common
technical means, and should not be construed as insufficient
content of the present disclosure.

[0023] Unless defined otherwise, technical terms or sci-
entific terms used in the claims and specification should
have usual meanings understood by those of ordinary skill in
the technical field to which the present invention belongs.
The terms “first,” “second,” and similar terms used in the
description and claims of the patent application of the
present invention do not denote any order, quantity, or
importance, but are merely intended to distinguish between
different constituents. The terms “one” or “a/an” and similar
terms do not denote a limitation of quantity, but rather the
presence of at least one. The terms “include” or “comprise”
and similar terms mean that an element or article preceding
the term “include” or “comprise” encompasses elements or
articles and their equivalent elements listed after “include”
or “comprise,” and does not exclude other elements or
articles. The terms “connect” or “connected” and similar
words are not limited to physical or mechanical connections,
and are not limited to direct or indirect connections.
[0024] FIG. 1 is a schematic diagram of an MRI system
100 according to some embodiments of the present inven-
tion. As shown in FIG. 1, the MRI system 100 includes a
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scanner 110, a processor 120, and a data processing unit 130.
The MRI system 100 is described only as an example. In
other embodiments, the MRI system 100 may have various
variations, as long as image data can be acquired from a
subject under examination.

[0025] The scanner 110 may be configured to acquire data
of the subject under examination 116. The processor 120 is
coupled to the scanner 110 to control an operation of the
scanner 110. The scanner 110 may include a main magnet
111, a radio frequency transmit coil 112, a radio frequency
transmit link (not shown in the figure), a gradient coil system
117, a gradient coil driver 118, and a radio frequency receive
coil 119.

[0026] The main magnet 111 generally includes, for
example, an annular superconducting magnet. The annular
superconducting magnet is mounted in an annular vacuum
container. The annular superconducting magnet defines a
cylindrical space surrounding the subject under examination
116, i.e., a scanner bore (bore). The main magnet 111 may
generate a constant main magnetic field such as a main
magnetic field BO in a Z direction of the cylindrical space.
The MRI system 100 uses the generated main magnetic field
BO to emit a magnetostatic pulse signal to the subject under
examination 116 who is placed in an imaging space, so that
precession of protons in the body of the subject under
examination 116 is ordered to generate a longitudinal mag-
netization vector.

[0027] The radio frequency transmit link includes a fre-
quency synthesizer 101, a radio-frequency amplifier 103,
and a transmit/receive (T/R) switch 105.

[0028] The frequency synthesizer 101 is configured to
generate a radio frequency pulse. The radio frequency pulse
may include a radio frequency excitation pulse. The radio
frequency excitation pulse is amplified by the radio-fre-
quency amplifier 103 and is then applied to the radio
frequency transmit coil 112 by the T/R switch 105, so that
the radio frequency transmit coil 112 emits to the subject
under examination 116 a radio frequency magnetic field B1
orthogonal to the main magnetic field BO so as to excite
nuclei in the body of the subject under examination 116, and
the longitudinal magnetization vector is converted into a
transverse magnetization vector. After the end of the radio
frequency excitation pulse, a free induction decay signal,
i.e., a magnetic resonance signal that can be acquired, is
generated during the process in which the transverse mag-
netization vector of the subject under examination 116
gradually returns to zero.

[0029] The radio frequency transmit coil 112 may be a
body coil, wherein the body coil may be connected to the
T/R switch 105. Through control of the T/R switch, the body
coil can be switched between a transmit mode and a receive
mode. In the receive mode, the body coil may be configured
to receive a magnetic resonance signal from the subject
under examination 116. In addition, the radio frequency
transmit coil 112 may also be a local coil, such as a head coil.
[0030] Insomeembodiments, the radio frequency transmit
coil is not limited to the body coil and local coil mentioned
in the present application, and may also include other
appropriate types of coils. The radio frequency receive coil
is also not limited to the body coil, local coil, and surface
coil mentioned in the present application, and may also
include other appropriate types of coils.

[0031] The gradient coil system 117 forms a magnetic
field gradient in the imaging space so as to provide three-



US 2023/0346244 Al

dimensional position information for the magnetic reso-
nance signal described above. The magnetic resonance sig-
nal may be received by the radio frequency receive coil 119,
or by the body coil or the local coil in the receive mode. The
data processing unit 130 may process the received magnetic
resonance signal so as to obtain a required image or image
data.

[0032] Specifically, the gradient coil system 117 may
include three gradient coils. Each of the three gradient coils
generates a gradient magnetic field inclined to one of three
spatial axes (e.g., X-axis, Y-axis, and Z-axis) which are
perpendicular to one another, and generates a gradient field
according to imaging conditions in each of a slice selection
direction, a phase-encoding direction, and a frequency-
encoding direction. More specifically, the gradient coil sys-
tem 117 applies a gradient field in the slice selection
direction of the subject under examination 116 so as to select
a slice. The radio frequency transmit coil 112 emits a radio
frequency excitation pulse to the slice selected for the
subject under examination 116 and excites the slice. The
gradient coil system 117 also applies a gradient field in the
phase-encoding direction of the subject under examination
116 so as to perform phase encoding on a magnetic reso-
nance signal of the excited slice. The gradient coil system
117 then applies a gradient field in the frequency-encoding
direction of the subject under examination 116 so as to
perform frequency encoding on the magnetic resonance
signal of the excited slice.

[0033] The gradient coil driver 118 is configured to pro-
vide suitable power signals for the aforementioned three
gradient coils, respectively, in response to a sequence con-
trol signal transmitted by the processor 120.

[0034] The scanner 110 may further include a data acqui-
sition unit 114. The data acquisition unit 114 is configured
to acquire the magnetic resonance signal received by the
radio frequency surface coil 119 or the body coil. The data
acquisition unit 114 may include, for example, a radio
frequency preamplifier (not shown), a phase detector (not
shown), and an analog-to-digital converter (not shown),
wherein the radio frequency preamplifier is configured to
amplify the magnetic resonance signal received by the radio
frequency surface coil 119 or the body coil. The phase
detector is configured to perform phase detection on the
amplified magnetic resonance signal. The analog-to-digital
converter is configured to convert the magnetic resonance
signal on which the phase detection has been performed
from an analog signal to a digital signal. The data processing
unit 130 can perform processing such as calculation and
reconstruction on the digitized magnetic resonance signal so
as to acquire a medical image.

[0035] The data processing unit 130 may include a com-
puter and a storage medium. A program of predetermined
data processing, the program being executable by the com-
puter, is recorded on the storage medium. The data process-
ing unit 130 may be connected to the processor 120 and
perform data processing based on a control signal received
from the processor 120. The data processing unit 130 may
also be connected to the data acquisition unit 114 to receive
a magnetic resonance signal outputted by the data acquisi-
tion unit 114, so as to perform the aforementioned data
processing.

[0036] The processor 120 may include a computer and a
storage medium, wherein the storage medium is used to
store a program executable by the computer, and when the
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computer executes the program, a plurality of components
of the scanner 110 are enabled to implement operations
corresponding to the aforementioned imaging sequence. The
data processing unit 130 may also be caused to perform
predetermined data processing. In some embodiments, the
processor 120 may acquire corresponding system state
parameters, for example, a center frequency and a variation
thereof, during a process of executing the imaging sequence.

[0037] The storage medium of the processor 120 and the
data processing unit 130 may include, for example, a ROM,
a floppy disk, a hard disk, an optical disk, a magneto-optical
disk, a CD-ROM,; or a non-volatile memory card.

[0038] The processor 120 may be set and/or arranged for
use in different manners. For example, in some implemen-
tations, a single processor 120 may be used. In other
implementations, a plurality of processors 120 are config-
ured to work together (e.g., based on distributed processing
configuration) or separately, where each processor 120 is
configured to handle a specific aspect and/or function,
and/or to process data used to generate a model used only for
a specific medical imaging system 100. In some implemen-
tations, the processor 120 may be local (e.g., in the same
place as one or a plurality of medical imaging systems 100,
for example, in the same facility and/or the same local
network). In other implementations, the processor 120 may
be remote and thus can only be accessed via a remote
connection (e.g., via the Internet or other available remote
access technologies). In a specific implementation, the pro-
cessor 120 may be configured in a manner similar to cloud
technology, and may be accessed and/or used in a manner
substantially similar to the manner of accessing and using
other cloud-based systems.

[0039] The MRI system 100 further includes an examina-
tion table 140 configured to hold and/or move the subject
under examination 116. The subject under examination 116
may be moved into or out of the imaging space by moving
the examination table 140 on the basis of a control signal
from the processor 120.

[0040] The MRI system 100 further includes an operation
console unit 150 which is connected to the processor 120.
The operation console unit 150 may send the acquired
operation signal to the processor 120 so as to control
operating states of the aforementioned components, for
example, the examination table 140 and the scanner 110. The
operation signal may include, for example, a scanning
protocol and a parameter that are selected manually or
automatically. The scanning protocol may include the afore-
mentioned imaging sequence. In addition, the operation
console unit 150 may transmit the acquired operation signal
to the processor 120 to control the data processing unit 130,
0 as to obtain a desired image.

[0041] The operation console unit 150 may include a user
input device such as a keyboard, a mouse, a voice-activated
controller, or any other suitable input devices, by which an
operator may input an operation signal/control signal to the
processor 120.

[0042] The MRI system 100 may further include a display
unit 160 that may be connected to the operation console unit
150 to display an operation interface and may further be
connected to the data processing unit 130 to display the
image. In some embodiments, the display unit 160 is used to
display a variation of one or a plurality of system state
parameters and a corresponding correction parameter.
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[0043] In some embodiments, the system 100 may be
connected, via one or more configurable wired and/or wire-
less networks such as the Internet and/or a virtual private
network, to one or more display units, cloud networks,
printers, workstations, and/or similar apparatuses located
locally or remotely.

[0044] During a scanning process of a magnetic resonance
imaging system, particularly for long scanning, the tempera-
ture of the magnetic resonance imaging system, especially
the temperature of a gradient system, greatly rises as scan-
ning time increases. The system temperature rise results in
a series of impacts, which further leads to quality degrada-
tion of a reconstructed image, such as the appearance of
artifacts. Even if image optimization or image processing
can be performed to remove artifacts or perform other
operations, the image optimization operation increases the
calculation amount of a processor, and has a limited opti-
mization effect. The foregoing operation does not address
the problem at the source.

[0045] The system temperature rise causes many param-
eters to change during the scanning process, for example,
causes an eddy current, leading to problems such as a
gradient delay. However, for the magnetic resonance imag-
ing system, it is difficult to directly acquire a change of the
eddy current and a variation of the gradient delay or other
parameters through an existing system component and/or
processor. Therefore, real-time acquisition or real-time
monitoring of system state parameters is also a problem to
be solved.

[0046] The present invention proposes a system, and a
method for acquiring a variation of a system state parameter
and correcting a system on the basis of the variation, to solve
problems caused by a system temperature rise, such as
system instability and image artifacts.

[0047] In some embodiments, system state parameters
include an eddy current (Eddy Current), a gradient delay, a
phase shift, a gradient temperature, a specific absorption rate
(Specific Absorption Rate, SAR), a main magnetic field (a
BO field), and a center frequency.

[0048] The system state parameters described above may
each be represented by a function relationship related to a
gradient activity (G). For example, the center frequency is
represented by cf=F,(G), that is, the center frequency may
be represented by a function F, related to the gradient
activity G, the main magnetic field is represented by BO=F,
(G), the eddy current is represented by EddyCurrent=F,(G),
the gradient delay is represented by GradDelay=F;(G), the
phase shift is represented by PhaseShift=F,(G), the gradient
temperature is represented by Temperature=F(G), and a
value of the SAR is represented by SAR=F6 (G). Certainly,
the system state parameters may further include other
parameters, and the relationships between the other param-
eters and the gradient activity may also be represented by
other function relationships. The term “gradient activity”
refers to a performance metric of a gradient system, includ-
ing parameters such as gradient intensity.

[0049] Specifically, taking the center frequency as an
example, function relationships between the system state
parameters and the center frequency can be obtained by
using the function relationships described above. For
example, by using the function relationships of cf=F,(G)
and BO=F,(G), a function relationship between the BO field
and the center frequency, namely, BO=F,(F,™*(cf)), can be
obtained. Likewise, EddyCurrent=F,(F,~!(cf)) for the eddy
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current, GradDelay=F,(F,'(cf)) for the gradient delay,
PhaseShift=F ,(F,~*(cf)) for the phase shift, Temperature=F s
(F,~'(ch)) for the gradient temperature, and SAR=F4(F,!
(cf)) for the value of the SAR can be obtained. Therefore, a
function relationship between any two system state param-
eters can be obtained. The foregoing function relationship
may be linear or non-linear. For example, the function
relationship may be an exponential relationship, a logarith-
mic relationship, or a triangular function relationship.
[0050] One of the system state parameters may be selected
as an indicator, and the other system state parameters may be
monitored based on function relationships between the indi-
cator and the other parameters. For example, for any system
state parameter, if a real-time variation of the system state
parameter is known, variations of the other parameters can
be calculated based on corresponding function relationships.
[0051] The present invention proposes a magnetic reso-
nance imaging system, including a processor. The processor
is configured to acquire a variation of a first system state
parameter during a scanning process of the magnetic reso-
nance imaging system, determine, according to the variation
of the first system state parameter, a variation of a second
system state parameter on the basis of a function relationship
between the first system state parameter and the second
system state parameter, and correct the magnetic resonance
imaging system on the basis of the variation of at least one
of the first system state parameter and the second system
state parameter.

[0052] Specifically, the first system state parameter is any
one of an eddy current, a gradient delay, a phase shift, a
gradient temperature, a specific absorption rate, a main
magnetic field, and a center frequency, and the second
system state parameter is another of the eddy current, the
gradient delay, the phase shift, the gradient temperature, the
specific absorption rate, the main magnetic field, and the
central frequency, except the first system state parameter.
[0053] Insome embodiments, the first system state param-
eter is the center frequency, and the second system state
parameter is one of the eddy current, the gradient delay, the
phase shift, the gradient temperature, the specific absorption
rate, and the main magnetic field. In some embodiments, the
center frequency in the system state parameters is selected as
an indicator to obtain variations of the other state param-
eters. Specifically, in the system state parameters described
above, the value of the center frequency and a change of the
center frequency are comparatively easily obtained and
monitored. Therefore, the variations of the other state
parameters may be obtained by acquiring function relation-
ships between the other state parameters and the center
frequency. Specifically, the processor is configured to
acquire a variation of the center frequency during the
scanning process of the magnetic resonance imaging system,
and determine variations of the other system state param-
eters according to function relationships between the other
system state parameters and the center frequency.

[0054] In some non-limiting embodiments, the variation
of the center frequency can be obtained by using the
difference between a center frequency acquired at any layer
and a reference center frequency. Specifically, the reference
center frequency is acquired, the reference center frequency
being a center frequency during pre-scanning. The center
frequency of the any layer during the scanning process of the
magnetic resonance imaging system is acquired. The varia-
tion of the center frequency is acquired based on the



US 2023/0346244 Al

difference between the center frequency of the any layer and
the reference center frequency. Specifically, Fourier trans-
form can be performed on a radio frequency signal received
by the system, and further, a value of a current center
frequency is obtained.

[0055] Specifically, the gradient system applies a gradient
field in a slice selection direction to select a slice, and a radio
frequency excitation pulse is transmitted to the slice to
excite the slice. When a center frequency of the transmitted
radio frequency pulse is equal to a precession frequency of
protons, a layer position at which a subject under examina-
tion is excited is a midpoint of the gradient field. A radio
frequency receive coil may receive a signal of the slice,
perform Fourier transform on the received signal, and fur-
ther obtain a value of a center frequency of the current slice.
The center frequency of the any layer refers to a center
frequency of received image data of any slice.

[0056] Certainly, the variation of the center frequency may
alternatively be acquired by other means, and is not limited
to the means described above.

[0057] FIG. 2 is a diagram of a fitted curve between a
phase shift and a center frequency according to some
embodiments of the present invention. As shown in FIG. 2,
a horizontal coordinate is the variation of the center fre-
quency, and a vertical coordinate is a variation of the phase
shift. A plurality of points 210 show actually-measured
variations of the corresponding phase shift at the variation of
the center frequency. A curve 220 is a phase fitted curve.
Points 230 show differences between fitted results and actual
variations. It can be learned from the points 230 that the
differences between the fitted variations of the phase shift
and the actually-measured variations are very small. In other
words, the variation of the phase shift obtained by using the
function relationship is comparatively accurate.

[0058] In some non-limiting embodiments, a function
relationship between the phase shift and the center fre-
quency may be expressed as an exponential relationship,
which is a non-linear function relationship.

[0059] The function relationship may be obtained by
monitoring or acquiring and further fitting real-time values
of the various system state parameters by using a particular
scan sequence (a long scan sequence) in a development
phase and/or a testing phase and/or a device installation
phase. The real-time values of the various system state
parameters may be directly measured by using external
hardware, or may be obtained by calculation, or may be
obtained by using a combination of other software and
hardware.

[0060] In some embodiments, the function relationship
may be acquired and stored in the magnetic resonance
imaging system in the development phase and/or the testing
phase and/or the device installation phase. The function
relationship may be stored in the processor, or may be stored
in another storage unit in the system. Specifically, the
function relationship may be stored in the magnetic reso-
nance imaging system in a form of a lookup table (LLook Up
Table, LUT).

[0061] In some embodiments, the variation of at least one
of the first system state parameter and the second system
state parameter is displayed on a display unit of the magnetic
resonance imaging system. Specifically, the variation of the
center frequency is displayed on the display unit 160.
Certainly, variations of other system state parameters may
also be displayed on the display unit. One or a plurality of
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the variations of the system state parameters can be dis-
played on the display unit in a variety of manners, such as
a pop-up window or a parameter change indication. Further,
the magnetic resonance imaging system can inform a user in
another manner, for example, by using a sound or a voice
indication.

[0062] In some non-limiting embodiments, the correcting
the magnetic resonance imaging system may include com-
pensating for a phase on the basis of the variation of the
phase shift, or correcting the center frequency of the radio
frequency pulse on the basis of the variation of the center
frequency, or compensating for or correcting a scan param-
eter (or sequence) or an imaging parameter on the basis of
the variation of another state parameter, etc.

[0063] FIG. 3 is a flowchart of a correction method 300 of
a magnetic resonance imaging system according to some
embodiments of the present invention. As shown in FIG. 3,
the correction method 300 includes step 310, step 320, and
step 330.

[0064] In step 310, a variation of a first system state
parameter is acquired during a scanning process of the
magnetic resonance imaging system.

[0065] In some embodiments, the system state parameters
include an eddy current, a gradient delay, a phase shift, a
gradient temperature, a specific absorption rate, a main
magnetic field, and a center frequency.

[0066] In some embodiments, the center frequency is
selected as an indicator to obtain variations of the other state
parameters. Acquiring a variation of any one of the system
state parameters includes acquiring a variation of the center
frequency and determining, according to function relation-
ships between the other system state parameters and the
center frequency, variations of the other system state param-
eters.

[0067] In some embodiments, the variation of the center
frequency can be obtained by using the difference between
a center frequency acquired at any layer and a reference
center frequency. Specifically, FIG. 4 is a flowchart of a
method 400 for acquiring a center frequency according to
some embodiments of the present invention. As shown in
FIG. 4, the acquisition method 400 includes step 410, step
420, and step 430.

[0068] In step 410, the reference center frequency is
acquired, the reference center frequency being a center
frequency during pre-scanning. Specifically, the center fre-
quency may be obtained by performing Fourier transform on
a received MR signal.

[0069] In step 420, the center frequency of the any layer
during the scanning process of the magnetic resonance
imaging system is acquired.

[0070] In step 430, the variation of the center frequency is
acquired based on the difference between the center fre-
quency of the any layer and the reference center frequency.
[0071] Returning to FIG. 3, in step 320, a variation of a
second system state parameter is determined according to
the variation of the first system state parameter on the basis
of a function relationship between the first system state
parameter and the second system state parameter.

[0072] In some embodiments, the function relationship
between the first system state parameter and the second
system state parameter is linear or non-linear. The function
relationship may be acquired and stored in the magnetic
resonance imaging system in a development phase and/or a
testing phase and/or a device installation phase. The function
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relationship may be stored in a processor, or may be stored
in another storage unit in the system. Specifically, the
function relationship may be stored in the magnetic reso-
nance imaging system in a form of a lookup table.

[0073] The function relationship may be acquired by
monitoring or acquiring and further fitting real-time values
of the various system state parameters by means of using a
specific scan sequence (a long scan sequence) in the devel-
opment phase and/or the testing phase and/or the device
installation phase. The real-time values of the various sys-
tem state parameters may be directly measured by using
external hardware, or may be obtained by calculation, or
may be obtained by using a combination of other software
and hardware. The function relationship may alternatively
be obtained based on other suitable manners.

[0074] In step 330, the magnetic resonance imaging sys-
tem is corrected based on the variation of at least one of the
first system state parameter and the second system state
parameter.

[0075] In some embodiments, correcting the magnetic
resonance imaging system may include compensating for a
phase on the basis of a variation of the phase shift, or
correcting a center frequency of a radio frequency pulse on
the basis of the variation of the center frequency, etc.
[0076] Variations of the system state parameters are dis-
played on a display unit of the magnetic resonance imaging
system. One or a plurality of the variations of the system
state parameters can be displayed on the display unit in a
variety of manners, such as a pop-up window or a parameter
change indication. Further, the magnetic resonance imaging
system can inform a user in another manner, for example, by
using a sound or a voice indication.

[0077] In conclusion, according to the correction method
of' a magnetic resonance imaging system in some embodi-
ments of the present invention, a function relationship
between system state parameters is acquired in the devel-
opment phase or the testing phase or the device installation
phase, and is stored in the magnetic resonance imaging
system. During an actual imaging scanning process, one of
the system state parameters is selected and monitored, and
a variation of each of the other system state parameters can
be calculated based on the function relationship which is
saved in the system, so that the system can be corrected
based on the variations. In this way, not only is the problem
of changes and variations of some system state parameters
being difficult to monitor solved, but also problems caused
by a temperature rise resulting from long scanning, such as
image artifacts, can be solved. In addition, the user can be
promptly informed by means of displaying or indication, in
real time on the display unit, that one or a plurality of the
system state parameters have changed.

[0078] The present invention may further provide a non-
transitory computer-readable storage medium, for storing an
instruction set and/or a computer program. When executed
by a computer, the instruction set and/or computer program
causes the computer to perform the aforementioned method
for acquiring a predicted image of a truncated portion. The
computer executing the instruction set and/or computer
program may be a computer of an MRI system, or may be
other devices/modules of the MRI system. In one embodi-
ment, the instruction set and/or computer program may be
programmed into a processor/controller of the computer.
[0079] Specifically, when executed by the computer, the
instruction set and/or computer program causes the com-
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puter to: acquire a variation of a first system state parameter
during a scanning process of the magnetic resonance imag-
ing system; determine, according to the variation of the first
system state parameter, a variation of a second system state
parameter on the basis of a function relationship between the
first system state parameter and the second system state
parameter; and correct the magnetic resonance imaging
system on the basis of the variation of at least one of the first
system state parameter and the second system state param-
eter.
[0080] The instructions described above may be combined
into one instruction for execution, and any of the instructions
may also be split into a plurality of instructions for execu-
tion. Moreover, the present invention is not limited to the
instruction execution order described above.
[0081] As used herein, the term “computer” may include
any processor-based or microprocessor-based system that
includes a system using a microcontroller, a reduced instruc-
tion set computer (RISC), an application-specific integrated
circuit (ASIC), a logic circuit, and any other circuit or
processor capable of performing the functions described
herein. The examples above are exemplary only and are not
intended to limit the definition and/or meaning of the term
“computer” in any way.
[0082] The instruction set may include various commands
used to instruct the computer serving as a processing
machine or the processor to perform specific operations, for
example, methods and processes of various embodiments.
The instruction set may be in the form of a software program
that may form part of one or more tangible, non-transitory
computer readable media. The software may be in various
forms of, for example, system software or application soft-
ware. Furthermore, the software may be in the form of a
standalone program or a collection of modules, a program
module within a larger program, or part of a program
module. The software may also include modular program-
ming in the form of object-oriented programming. Process-
ing of input data by the processing machine may be in
response to an operator command, or in response to a
previous processing result, or in response to a request made
by another processing machine.
[0083] Some exemplary embodiments have been
described above, however, it should be understood that
various modifications may be made. For example, suitable
results can be achieved if the described techniques are
performed in different orders and/or if components in the
described systems, architectures, devices, or circuits are
combined in different ways and/or replaced or supplemented
by additional components or equivalents thereof. Accord-
ingly, other implementations also fall within the protection
scope of the claims.
1. A magnetic resonance imaging system, comprising a
processor, wherein the processor is configured to:
acquire a variation of a first system state parameter during
a scanning process of the magnetic resonance imaging
system,
determine, according to the variation of the first system
state parameter, a variation of a second system state
parameter on the basis of a function relationship
between the first system state parameter and the second
system state parameter; and
correct the magnetic resonance imaging system on the
basis of the variation of at least one of the first system
state parameter and the second system state parameter.
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2. The system according to claim 1, wherein system state
parameters comprises an eddy current, a gradient delay, a
phase shift, a gradient temperature, a specific absorption
rate, a main magnetic field, and a center frequency, the first
system state parameter being any one of the system state
parameters, and the second system state parameter being
another of the system state parameters.

3. The system according to claim 1, wherein when the first
system state parameter comprises the center frequency, the
processor is further configured to: acquire a variation of the
center frequency during the scanning process of the mag-
netic resonance imaging system, and determine, according
to function relationships between the other system state
parameters and the center frequency, variations of the other
system state parameters.

4. The system according to claim 3, wherein the acquiring
a variation of the center frequency comprises:

acquiring a reference center frequency, the reference

center frequency being a center frequency during pre-
scanning;

acquiring a center frequency of any layer during the

scanning process of the magnetic resonance imaging
system; and

acquiring the variation of the center frequency based on

the difference between the center frequency of the any
layer and the reference center frequency.

5. The system according to claim 1, wherein the function
relationship between the first system state parameter and the
second system state parameter is a linear or a non-linear
relationship.

6. The system according to claim 1, wherein the function
relationship is saved in the magnetic resonance imaging
system.

7. The system according to claim 1, wherein the variation
of at least one of the first system state parameter and the
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second system state parameter is displayed on a display unit
of the magnetic resonance imaging system.

8. A correction method of a magnetic resonance imaging
system, comprising:

acquiring a variation of a first system state parameter

during a scanning process of the magnetic resonance
imaging system;

determining, according to the variation of the first system

state parameter, a variation of a second system state
parameter on the basis of a function relationship
between the first system state parameter and the second
system state parameter; and

correcting the magnetic resonance imaging system on the

basis of the variation of at least one of the first system
state parameter and the second system state parameter.

9. The correction method according to claim 8, wherein
the acquiring the variation of the first system state parameter
comprises acquiring a variation of a center frequency and
determining, according to function relationships between the
other system state parameters and the center frequency,
variations of the other system state parameters.

10. A non-transitory computer-readable storage medium,
configured to store a computer program, wherein when the
computer program is executed by a computer, the computer
program causes the computer to perform the correction
method of a magnetic resonance imaging system according
to claim 9.

11. A non-transitory computer-readable storage medium,
configured to store a computer program, wherein when the
computer program is executed by a computer, the computer
program causes the computer to perform the correction
method of a magnetic resonance imaging system according
to claim 8.



