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(57) Abstract: Disclosed herein are an apparatus, method, and system for measuring the uniformity of a main magnetic field in a
magnetic resonance imaging system and a recording medium thereof and, more particularly, to a method of obtaining quantitative in -
formation using measurement equipment that may be implemented in response to automatic and semi-automatic type user-selective
movements so as to measure a magnetic field within a three-dimensional (3D) space using a gauss meter and a flux meter and of
automatically inputting and displaying the obtained quantitative information through software in order to measure the uniformity of
a main magnetic field in a magnetic resonance imaging system which greatly influences the picture quality of a magnetic resonance
medical image, thereby enabling efficient performance tests, follow-up management, and establishment of a measurement standard
for a magnetic resonance imaging system.
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Description

Title of Invention: APPARATUS, METHOD, AND SYSTEM FOR
MEASURING UNIFORMITY OF MAIN MAGNETIC FIELD IN

[1]

[2]

[3]

MAGNETIC RESONANCE IMAGING SYSTEM AND

RECORDING METHOD THEREFOR
Technical Field

The present invention relates to an apparatus, method, and system for measuring the
uniformity of a main magnetic field in a magnetic resonance imaging system and a
recording medium thereof and, more particularly, to a method of obtaining quantitative
information using measurement equipment that may be implemented in response to
automatic and semi-automatic type user-selective movements so as to measure a
magnetic field within a three-dimensional (3D) space using a gauss meter and a flux
meter and of automatically inputting and displaying the obtained quantitative in-
formation through software in order to measure the uniformity of a main magnetic
field in a magnetic resonance imaging system which greatly influences the picture
quality of a magnetic resonance medical image, thereby enabling efficient performance
tests, follow-up management, and establishment of a measurement standard for a
magnetic resonance imaging system.

Background Art

A superconducting magnetic resonance imaging system is widely used for disease
diagnosis purposes in the medical field. The acquisition of images using the super-
conducting magnetic resonance imaging system has been settled as an essential factor
for providing patients or doctors with precise information about diseases. Recently, the
superconducting magnetic resonance imaging system has been in the spotlight as an
excellent medical imaging system for presenting an anatomically accurate guideline
through convergence with several medical imaging apparatuses based on the diagnostic
field using a magnetic resonance imaging system that has been continuously
developed. Accordingly, the excellence of the original image in a qualitative aspect has
been highlighted, and the importance of a scheme for securing clinical significance by
preventing the aging of a system and providing follow-up management is increased.

FIG. 1 is a diagrammatic block diagram showing the construction of a known
magnetic resonance imaging system 10. As shown in FIG. 1, the magnetic resonance
imaging system 10 is configured to include a workstation unit 1, a pulse sequence
control unit 2, a gradient magnetic field control unit 4, a radio frequency (RF) pulse

driving unit 8, a data reconfiguration unit 13, a display unit 14, etc.
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The workstation unit 1 is implemented using a computer, including the pulse
sequence control unit 2, the gradient magnetic field control unit 4, the RF pulse driving
unit 8, the data reconfiguration unit 13, and the display unit 13 required to obtain a
magnetic resonance image and a pulse sequence memory 3 necessary for corre-
sponding control and operation.

The pulse sequence control unit 2 drives the gradient magnetic field control unit 4
and the RF pulse driving unit 8, controls the output of a pulse sequence required to
obtain a magnetic resonance image, and includes the pulse sequence memory 3 for
pulse sequences.

The gradient magnetic field control unit 4 controls the driving of an X-axis gradient
magnetic field driving unit 5, a Y-axis gradient magnetic field driving unit 6, and a Z-
axis gradient magnetic field driving unit 7. The driving units 5, 6, and 7 generate three
vertical gradient magnetic fields in the X axis, the Y axis, and the Z axis in a 3D space.
To this end, the driving units 5, 6, and 7 include three gradient coils corresponding to
the respective axes. The gradient coils are classified into a slice selection gradient
magnetic field, a phase encoding gradient, and a frequency encoding gradient magnetic
field depending on the cross section of an image that is obtained in a process of
obtaining a magnetic resonance image.

The RF pulse driving unit 8 controls an RF pulse transmission unit 9 configured to
excite the spin of an area to be imaged in order to obtain a magnetic resonance image
and an RF pulse reception unit 11 configured to receive a signal generated by the
excited spin. The RF pulse reception unit 11 includes an input/output (I/0) data storage
unit 12 for storing images in a digital data form.

The data reconfiguration unit 13 obtains a magnetic resonance image by performing
operation, that is, two-dimensional (2D) and 3D Fourier transform, on digital data
stored in the memory.

The display unit 14 sends reconfigured data so that the data is displayed through an
imaging and output device.

The acquisition of the uniformity of a main magnetic field, that is, one of the most
important factors in order to obtain an image using such a magnetic resonance imaging
system, is directly related to the qualitative aspect of an obtained image, and the
uniformity of a main magnetic field needs to be managed. A non-uniform main
magnetic field results in problems, such as the distortion of a magnetic resonance
image, artifacts, and low contrast resolution.

In general, after a magnetic resonance imaging system is initially installed, the
uniformity of a main magnetic field in the magnetic resonance imaging system is not
minutely checked. Corresponding problems overlapped with the aging of the system

become causes to generate problems in obtaining an image of a diagnostic object. Ac-
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cordingly, a method for measuring the aging of a magnetic resonance imaging system
and the non-uniformity of a main magnetic field and precisely measuring the
uniformity of a main magnetic field for solving the aging and non-uniformity is very
important.

Disclosure of Invention
Technical Problem

Accordingly, the present invention has been made in view of the above problems,
and it is an object of the present invention to provide a method for the follow-up
management and magnetic resonance image quality management of a magnetic
resonance imaging system through the measurement of the uniformity of a main
magnetic field by providing a scheme for designing equipment for measuring the
uniformity of a main magnetic field of the magnetic resonance imaging system and a
method of configuring environments for elements and association software.

Another object of the present invention is to provide a method capable of measuring
a magnetic field in order to measure the uniformity of a main magnetic field of a
magnetic resonance imaging system. To this end, the present invention provides a
method for measuring a distribution of magnetic fields within a 3D space using a gauss
meter and a flux meter capable of measuring the magnetic fields.

Yet another object of the present invention is to provide a measurement method
through association with automatic and semi-automatic type-selective 3-axis
movement equipment in order to efficiently measure a quantitative distribution and the
degree of a change of magnetic fields within a 3D space. Furthermore, the present
invention may provide user convenience through an association process with software
for the operation and display of measured information.

Furthermore, an embodiment of the present invention provides a method of
improving the quality of a medical image and proposing the degree of follow-up
management, which is capable of securing a diagnostic significance by measuring the
uniformity and degree of a change of magnetic fields in the 3D space distribution of a

main magnetic field of the magnetic resonance imaging system.

Solution to Problem

In accordance with an aspect of the present invention, there is provided an apparatus
for measuring the uniformity of a main magnetic field in a magnetic resonance
imaging system including a gantry and a patient table moving in the internal space of
the gantry, including a probe configured to measure a magnetic field at each of a
plurality of specific points in the internal space of the gantry; a driving unit configured
to move the probe in a multi-axis direction in the internal space of the gantry; a bar

disposed in a central axis in the length direction of the gantry; and a measurement plate
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configured to have the bar inserted into the center of the measurement plate and re-
ciprocally moved in the length direction of the bar, a plurality of measurement holes
into each of which the probe is inserted being formed in the measurement plate,
wherein the probe measures the uniformity of the magnetic fields in the internal space
of the gantry by.

The bar may be placed at the center of the magnetic fields within the gantry.

The driving unit may include a Z-axis driving unit configured to reciprocally move
the probe in a Z axis parallel to the length direction of the gantry; an X-axis driving
unit configured to reciprocally move the probe in an X axis vertical to the Z axis; and a
Y-axis driving unit configured to reciprocally move the probe in the Z axis and a Y
axis vertical to the Z axis.

The apparatus may further include a probe holder provided between the driving unit
and the probe and configured to fix the probe.

The measurement plate may be configured in a circular plate form having a specific
thickness, the center hole into which the bar is inserted may be formed at the center of
the measurement plate, and a plurality of the measurement holes may be arranged
around the center hole in a radial form.

The apparatus may further include a plate driving unit configured to move the mea-
surement plate based on an axis in the length direction of the bar.

The apparatus may further include a phantom plate disposed in the rear of the mea-
surement plate and configured in a circular plate form, wherein the center hole into
which the bar is inserted is formed at the center of the phantom plate, and an inside of
the phantom plate is filled with a phantom solution.

The apparatus may further include a driving control unit configured to control the
location of the probe by controlling the driving unit and to control the location of the
measurement plate by controlling the plate driving unit.

The probe may include at least one of a flux meter and a gauss meter.

A plurality of the probes may be disposed in a radial form.

The measurement plate may be formed by combining a plurality of separated
members, and the members may be assembled and dissembled.

In accordance with another aspect of the present invention, there is provided a
method for measuring the uniformity of a main magnetic field in a magnetic resonance
imaging system including a gantry and a patient table moving in the internal space of
the gantry, including entering, by a driving unit, a probe configured to measure a
magnetic field in the internal space of the gantry into the internal space of the gantry;
moving, by the driving unit, the probe and inserting the probe into at least one of a
plurality of measurement holes formed in a measurement plate of a circular plate form

which has been inserted into a bar disposed in a central axis in the length direction of
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the gantry; and measuring, by the probe, a magnetic field in the measurement hole.

The method may further include inserting, by the driving unit, the probe into the
measurement hole at a different location and measuring a magnetic field, after
measuring, by the probe, the magnetic field in the measurement hole and moving, by a
plate driving unit, the measurement plate in an axis in the length direction of the bar.

In accordance with yet another aspect of the present invention, there is provided a
computer-readable recording medium on which program code capable of executing the
aforementioned method for measuring the uniformity of a main magnetic field in a
magnetic resonance imaging system has been recorded.

In accordance with yet another aspect of the present invention, there is provided a
system for analyzing the uniformity of a main magnetic field in a magnetic resonance
imaging system including a gantry and a patient table moving in the internal space of
the gantry and, including the aforementioned apparatus configured to measure the
uniformity of a main magnetic field in the magnetic resonance imaging system; a data
reception and storage unit configured to receive and store magnetic field data measured
in a plurality of respective measurement holes formed in a measurement plate of the
apparatus; display means configured to display the density of magnetic fields in the
internal space of the gantry in a 3D image data form based on the received magnetic
field data measured in the plurality of measurement holes; and analysis means
configured to analyze the uniformity of a main magnetic field within the gantry based
on the received magnetic field data measured in the plurality of measurement holes.

In accordance with further yet another aspect of the present invention, there is
provided a method for measuring the uniformity of a main magnetic field in a magnetic
resonance imaging system including a gantry and a patient table moving in the internal
space of the gantry, including a first step of entering, by a driving unit, a probe
configured to measure a magnetic field in the internal space of the gantry into the
internal space of the gantry; a second step of moving, by the driving unit, the probe and
inserting the probe into at least one of a plurality of measurement holes formed in a
measurement plate of a circular plate form which has been inserted into a bar disposed
in a central axis in the length direction of the gantry; a third step of measuring, by the
probe, a magnetic field in the measurement hole; a fourth step of inserting, by the
driving unit, the probe into the measurement hole at a different location and measuring
a magnetic field in the measurement hole; a fifth step of repeating the fourth step; a
sixth step of moving, by a plate driving unit, the measurement plate in an axis in the
length direction of the bar; a seventh step of repeating the third step and the fourth
step; an eighth step of receiving and storing, by a data reception and storage unit,
magnetic field data measured in a plurality of respective measurement holes; a ninth

step of displaying, by display means, the density of the magnetic fields in the internal
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space of the gantry in a 3D image data form based on the received magnetic field data
measured in the plurality of measurement holes; and a tenth step of analyzing, by
analysis means, the uniformity of a main magnetic field within the gantry based on the

received magnetic field data measured in the plurality of measurement holes.
In accordance with further yet another aspect of the present invention, there is

provided the aforementioned computer-readable recording medium on which program
code capable of executing a method of analyzing the uniformity of a main magnetic
field in a magnetic resonance imaging system has been recorded.

Advantageous Effects of Invention

In accordance with the present invention, a method for measuring the uniformity of a
main magnetic field in obtaining an image using a magnetic resonance imaging system
is an important part in determining the picture quality of an obtained image, which cor-
responds to an important factor directly related to the aspects of image quality
management and system management. In accordance with an embodiment of the
present invention, quantitative information about a 3D space distribution of a main
magnetic field can be measured more precisely. Accordingly, there is an advantage
from a viewpoint of the management of the magnetic resonance imaging system or
from a viewpoint of quality management in a qualitative aspect in obtaining a magnetic
resonance image using the magnetic resonance imaging system.

Furthermore, the present invention for measuring the uniformity and degree of a
change of a main magnetic field from a viewpoint of quality management in obtaining
an image using the magnetic resonance imaging system and from a viewpoint of
securing clinical significance and reliability needs to be essentially used in clinical/
research centers where magnetic resonance medical imaging equipment is widely used,
and thus the present invention is very useful.

Furthermore, follow-up management through the precise and systematic mea-
surement of the uniformity of a main magnetic field in accordance with an em-
bodiment of the present invention has an advantage in that the hardware/software per-
formance of a magnetic resonance imaging system can be improved.

Brief Description of Drawings

FIG. 1 is a diagrammatic block diagram showing the construction of a known
magnetic resonance imaging system;

FIG. 2 is a partial perspective view showing the front part of an apparatus for
measuring the uniformity of a main magnetic field in a magnetic resonance imaging
system in accordance with an embodiment of the present invention;

FIG. 3 is a partial perspective view showing the rear part of the apparatus for

measuring the uniformity of a main magnetic field in a magnetic resonance imaging
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system in accordance with an embodiment of the present invention;
FIG. 4 is a perspective view of a probe in accordance with an embodiment of the

present invention;

FIG. 5 is a partial perspective view of the apparatus for measuring the uniformity of a
main magnetic field in a magnetic resonance imaging system in the state in which mea-
surement plates and phantom plates have been inserted into a bar in accordance with an
embodiment of the present invention;

FIG. 6 is a partial front view of the apparatus for measuring the uniformity of a main
magnetic field in a magnetic resonance imaging system in the state in which the mea-
surement plates and the phantom plates have been inserted into the bar in accordance
with an embodiment of the present invention;

FIG. 7 is a front view of the measurement plate in accordance with an embodiment of
the present invention;

FIG. 8 is a perspective view of the measurement plate in accordance with an em-
bodiment of the present invention;

FIG. 9 is an exploded front view of the measurement plate in accordance with an em-
bodiment of the present invention;

FIG. 10 is a front view of the phantom plate in accordance with an embodiment of
the present invention;

FIG. 11 is a perspective view of the phantom plate in accordance with an em-
bodiment of the present invention; and

FIG. 12 is an exploded front view of the phantom plate in accordance with an em-
bodiment of the present invention.

Best Mode for Carrying out the Invention

Hereinafter, the constructions and functions of an apparatus 100 and system for
measuring the uniformity of a main magnetic field in the magnetic resonance imaging
system 10 (refer to FIG. 1) in accordance with embodiments of the present invention
are described in detail. First, the construction of an apparatus 100 for measuring the
uniformity of a main magnetic field in the magnetic resonance imaging system 10 is
described.

First, FIG. 2 is a partial perspective view showing the front part of the apparatus 100
for measuring the uniformity of a main magnetic field in the magnetic resonance
imaging system 10 in accordance with an embodiment of the present invention. The
apparatus 100 measures the uniformity of a main magnetic field within a gantry 15,
that is, a part along which a patient table 16 connected to the magnetic resonance
imaging system 10 moves.

From FIG. 2, it can be seen that a 3D space distribution of a main magnetic field is
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measured using a driving apparatus that gradually moves to a specific distance from
the entrance in the internal space of the gantry 15 of the magnetic resonance imaging
system 10.

As shown in FIG. 2, it can be seen that a probe 110 in accordance with an em-
bodiment of the present invention enters the internal space of the gantry 15 and the
probe 110 may be moved in a 3-axis direction by means of a driving unit 130. Fur-
thermore, a probe holder 120 is provided between the driving unit 130 and the probe
110. The driving unit 130 is configured to integrally move the probe 110 and the probe
holder 120 in the 3-axis direction.

More particularly, the driving unit 130 in accordance with an embodiment of the
present invention may be configured to include an X-axis driving unit, a Y-axis driving
unit, and a Z-axis driving unit. The Z-axis driving unit is configured to reciprocally
move the probe 110 in the Z axis, that is, an axis in the length direction (i.e., front and
rear directions) of the gantry 15. The X-axis driving unit is configured to move the
probe 110 in the left and right direction that is vertical to the Z axis. Furthermore, the
Y-axis driving unit is configured to move the probe 110 in the up and down direction
that is vertical to the Z axis and the X axis.

Accordingly, the probe 110 may be moved in a 3D way in the internal space of the
gantry 15 by means of the driving unit 130. The driving unit 130 of FIG. 2 is only an
embodiment, and the scope of the present invention should not be interpreted as being
limited to the driving unit 130 of FIG. 2. It should be understood that the scope of the
present invention may include any construction that may move the probe 110 in the 3D
space.

The probe 110 of FIG. 2 in accordance with an embodiment of the present invention
is configured to include a gauss meter or a flux meter and to measure a magnetic field
value within the gantry 15. As described above, it can be seen that the probe holder
120 is connected to the driving unit 130 configured to move in the 3-axis directions
(i.e., up/down, left/right, and front/rear) in order to measure a 3D space distribution so
that it may move the probe 110 to a specific distance.

In another embodiment, instead of the single semi-automatic probe 110, equipment
in which multiple probes 110 (i.e., non-magnetic optical fiber probes) placed in a radial
form are stretched out in a radial form at specific intervals and configured to rapidly
measure a 3D space distribution may be used to form a full automatic type mea-
surement system 10.

All the elements of the apparatus for measuring the uniformity of a main magnetic
field shown in FIG. 2 in accordance with an embodiment of the present invention may
be configured in a form using magnetic materials so that there is no change in the main

magnetic field. The 3-direction driving unit 130 configured to move the probe holder
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120 of FIG. 2 in the 3-axis direction needs to be placed in a gauss line in which the
influence of a main magnetic field is minimized.

FIG. 3 is a partial perspective view showing the rear part of the apparatus 100 for
measuring the uniformity of a main magnetic field in the magnetic resonance imaging
system 10 in accordance with an embodiment of the present invention. As shown in
FIG. 3, the apparatus includes a data reception and storage unit 180 configured to
collect signal information measured by the probe 110. The collected signals and data
are moved to the data reception and storage unit 180 (e.g., a workstation) through
cables 181 and automatically inputted to software. In order to minimize the influence
of a signal loss and noise when collecting signal information in each section, the cable
181 made of an optical fiber is used to connect the sections.

FIG. 4 is a perspective view of the probe 110 in accordance with an embodiment of
the present invention. As shown in FIG. 4, the probe 110 is basically classified into a
detector 111 for detecting a signal, a body 112, and a cable connector 113. The
detector 111 installed at the front of the probe 110 is used to measure a gauss or flux.
All of the detector 111, the body 112, and the cable connector 113 are made of non-
magnetic materials in order to prevent a change in the quantitative measurement of a
main magnetic field. The cable connector 112 is made of an optical fiber in order to
minimize a loss of a transfer signal and noise.

FIG. 5 is a partial perspective view of the apparatus 100 for measuring the uniformity
of a main magnetic field in the magnetic resonance imaging system 10 in the state in
which measurement plates 150 and phantom plates 160 have been inserted into bars
140 in accordance with an embodiment of the present invention. That is, FIG. 5 shows
the main magnet and the outside of the gantry 15 of the magnetic resonance imaging
system 10. In general, the gantry 15 is configured to have a cylindrical form and to
include a space therein in which the patient table 16 may move. Furthermore, a shroud
17 is provided on the outside surface of the gantry 15, and a magnet bore 18 is
provided on the inside surface of the gantry 15.

The apparatus 100 for measuring the uniformity of a main magnetic field in ac-
cordance with an embodiment of the present invention includes the measurement
plates 150 and the phantom plates 160 provided in the internal space of the gantry 15.
As shown in FIG. 5, center holes 151 and 161 are formed at the center of the mea-
surement plate 150 and the phantom plate 160, and the measurement plate 150 and the
phantom plate 160 are inserted into and connected to the bar 140. The central axis of
the bar 140 is placed at the center of a magnetic field within a magnet, and the bar 140
is configured to pass through the gantry 15 from the entrance of the gantry 15 to the
exit. The measurement plate 150 and the phantom plate 160 are connected to the bar

140 by means of the center holes 151 and 161 and are moved in an arrow direction
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from the entrance of the gantry 15 to the exit by means of the plate driving unit 130.

Furthermore, the measurement plate 150 includes a plurality of measurement holes
152 (refer to FIG. 7) configured to have the respective probes 110 placed therein and
arranged around the center hole 151 in a radial form. The inside of the phantom plate
160 is filled with a phantom solution for obtaining a magnetic resonance image. The
phantom plate 160 functions to measure the uniformity of a main magnetic field,
obtain a magnetic resonance image, and show a correlation relationship between the
uniformity of the main magnetic fields and an actual magnetic resonance image. For
example, the phantom plate 160 may be configured to visually display the low signal
to noise ratio, contrast to noise ratio, and distortion of an actually obtained magnetic
resonance image in the form of an actual image when main magnetic fields measured
out of the center are not uniform.

FIG. 6 shows the gantry 15 of the magnetic resonance imaging system 10 at the front
part. The bar 140 is placed on the basis of the center hole, that is, the center of a main
magnetic field. Bar fixtures 141 are fixed to the shroud 17 on the outside surface of the
gantry 15 and are configured to fix the bar 140 so that the bar 140 may be fixed to the
central location of magnetic fields.

FIG. 7 is a front view of the measurement plate 150 in accordance with an em-
bodiment of the present invention, and FIG. 8 is a perspective view of the mea-
surement plate 150 (the measurement holes 152 are not shown) in accordance with an
embodiment of the present invention. That is, as shown in FIG. 7, the plurality of mea-
surement holes 152 that become points where the probes 110 may be placed is dia-
grammatically shown in the measurement plate 150. The bar 140 placed from the
entrance of the gantry 15 to the exit is placed in the center hole 151, and the mea-
surement plate 150 has a diameter 2r’ in which the measurement plate 150 may move
within the gantry 15.

A greater number of measurement holes 152 are distributed outward around the
center of the measurement plate 150. A space distribution of uniformity from the
center of a main magnetic field to the outside may be measured by the measurement
holes 152. The measurement plate 150 is configured to have a specific thickness ‘t1’
by taking the disposition of the probes 110 and a movement at specific intervals within
the gantry 15 into consideration. The measurement plate 150 may have a thickness of
about 10 ~ 20 mm, and the circular plate itself of the measurement plate 150 is made of
non-magnetic materials. Measurement may be performed using a single probe 10 in
relation to the measurement hole 152 for measuring a magnetic field, the plurality of
probes 110 is disposed around the center hole and stretched out in a radial form, and
measurement in a 3D space distribution may be automatically performed rapidly.

FIG. 9 is an exploded front view of the measurement plate 150 in accordance with an
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embodiment of the present invention. As shown in FIG. 9, the measurement plate 150
including measurement holes 152 where the probes 110 may be placed may be
separated and assembled. The measurement plate 150 in accordance with an em-
bodiment of the present invention may be configured to be separated into four and
assembled. As shown in FIG. 9, the circular plate is configured to be separated and
assembled for convenience of portability and easiness of coupling, and matching parts
between the separated plates are configured to be detachable in the form of a block
structure. Projections 153 or insertion grooves 154 are formed in the side of each of the
blocks such that the insertion grooves 154 and the projections 153 belonging to

different blocks may be assembled and disassembled.
FIG. 10 is a front view of the phantom plate 160 in accordance with an embodiment

of the present invention, and FIG. 11 is a perspective view of the phantom plate 160 in
accordance with an embodiment of the present invention. That is, FIGS. 10 and 11
show the phantom plate 160 placed in the rear, belonging to the two circular plates
placed within the gantry 15 of the magnetic resonance imaging system 10 and show a
phantom form for obtaining a magnetic resonance image. The bar 140 placed from the
entrance of the gantry 15 to the exit may be placed in the center hole 161 of the
phantom plate 160, and the phantom plate 160 has a diameter in which the phantom
plate 160 may move within the gantry 15. The inside of the phantom plate 160 is
configured to be filled with a phantom solution so that a magnetic resonance image
may be obtained. The phantom plate 160 is configured to have a specific thickness t2
so that it may move at a specific interval within the gantry 15 and may have a
thickness of about 5 ~ 10 mm. The phantom plate 160 itself may be made of non-
magnetic materials.

FIG. 12 is an exploded front view of the phantom plate 160 in accordance with an
embodiment of the present invention. As shown in FIG. 12, the circular plate of the
phantom plate 160 in accordance with an embodiment of the present invention is filled
with a phantom solution and may be configured to be separated and assembled. The
circular plate is configured to be separated and assembled for convenience of
portability and easiness of coupling, and matching parts between the separated plates
are configured to be detachable in the form of a block structure. Projections 162 or
insertion grooves 163 are formed in the side of each of the blocks such that the
insertion grooves 162 and the projections 163 belonging to different blocks may be

assembled and disassembled.
Mode for the Invention

Hereinafter, a system and method for analyzing the uniformity of a main magnetic

field using the apparatus 100 for measuring the uniformity of a main magnetic field of
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[71]

[72]

the magnetic resonance imaging system 10 are described. The system for analyzing the
uniformity of a main magnetic field in accordance with an embodiment of the present
invention is configured to include the apparatus 100 for measuring the uniformity of a
main magnetic field, the data reception and storage unit 180 for receiving and storing
magnetic field data measured in the plurality of measurement holes 152 formed in the
measurement plate 150 of the apparatus 100 for measuring the uniformity of a main
magnetic field, display means for displaying the density of magnetic fields in the
internal space of the gantry 15 in the form of 3D image data based on the magnetic
field data measured in the plurality of measurement holes 152, and analysis means for
analyzing the uniformity of a main magnetic field within the gantry 15 based on the
magnetic field data measured in the plurality of measurement holes 152.

That is, the data reception and storage unit 180 receives magnetic field data,
measured by the probes 110 placed in the respective measurement holes 152, in real
time and stores the received magnetic field data. Furthermore, the display means is
connected to the data reception and storage unit 180 which has received the magnetic
field data measured in the plurality of measurement holes 152, synthesizes the
magnetic field data at the respective points, and displays the density of the magnetic
fields in the internal space of the gantry 15 in the form of 3D image data.

The analysis means analyzes the uniformity of a main magnetic field within the
gantry 15 based on the magnetic field data at the respective points and the displayed
3D image data.

In a method of analyzing the uniformity of a main magnetic field, first, the driving
unit 130 is driven to enter the probes 110 into the internal space of the gantry 15. Fur-
thermore, the X-axis driving unit, the Y-axis driving unit, and the Z-axis driving unit
of the driving unit 130 are driven so that the probes 110 are inserted into specific mea-
surement holes of the plurality of measurement holes 152. Furthermore, the probes 110
measure magnetic fields in the respective measurement holes, and the measured signals
are transmitted to and stored in the data reception and storage unit 180 in real time.
Thereafter, the driving unit 130 is driven so that the probes 110 are inserted into the
measurement holes at different locations, the probes 110 measure magnetic fields in
the respective measurement holes, and the measured magnetic field data are
transmitted to and stored in the data reception and storage unit 180. After obtaining a
plurality of magnetic field data through the repetition of the above process, the plate
driving unit 130 moves the measurement plate 150 to a specific distance in the length
direction of the bar 140.

After moving the measurement plate 150, the driving unit 130 is driven again so that
the probes 110 are inserted into the respective measurement holes 152 formed in the

measurement plate 150 that has been moved. Thereafter, as described above, the
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[73]

[74]

probes 110 measure magnetic fields in specific measurement holes 152, and the
measured magnetic field data is transmitted to and stored in the data reception and
storage unit 180. Through such a process, the data reception and storage unit 180
obtains the magnetic field data of the entire 3D space in the internal space of the gantry
15.

Furthermore, the display means displays the density of the magnetic fields in the
internal space of the gantry 15 in the form of 3D image data based on the magnetic
field data measured in the plurality of measurement holes 152.

Furthermore, the analysis means analyzes the uniformity of a main magnetic field
within the gantry 15 based on the magnetic field data measured in the plurality of mea-

surement holes 152 and the displayed 3D image data.
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Claims

An apparatus for measuring a uniformity of a main magnetic field in a
magnetic resonance imaging system comprising a gantry and a patient
table moving in an internal space of the gantry, the apparatus
comprising:

a probe configured to measure a magnetic field at each of a plurality of
specific points in the internal space of the gantry;

a driving unit configured to move the probe in a multi-axis direction in
the internal space of the gantry;

a bar disposed in a central axis in a length direction of the gantry; and
a measurement plate configured to have the bar inserted into a center of
the measurement plate and reciprocally moved in a length direction of
the bar, a plurality of measurement holes into each of which the probe
is inserted being formed in the measurement plate,

wherein the probe measures the uniformity of the magnetic fields in the
internal space of the gantry by measuring the magnetic field in each of
the measurement holes.

The apparatus of claim 1, wherein the bar is placed at a center of the
magnetic fields within the gantry.

The apparatus of claim 1, wherein the driving unit comprises:

a Z-axis driving unit configured to reciprocally move the probe in a Z
axis parallel to the length direction of the gantry;

an X-axis driving unit configured to reciprocally move the probe in an
X axis vertical to the Z axis; and

a Y-axis driving unit configured to reciprocally move the probe in the Z
axis and a Y axis vertical to the Z axis.

The apparatus of claim 1, further comprising a probe holder provided
between the driving unit and the probe and configured to fix the probe.
The apparatus of claim 1, wherein:

the measurement plate is configured in a circular plate form having a
specific thickness,

a center hole into which the bar is inserted is formed at a center of the
measurement plate, and

a plurality of the measurement holes is arranged around the center hole
in a radial form.

The apparatus of claim 5, further comprising a plate driving unit

configured to move the measurement plate based on an axis in the
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length direction of the bar.

The apparatus of claim 5, further comprising a phantom plate disposed
in a rear of the measurement plate and configured in a circular plate
form, wherein a center hole into which the bar is inserted is formed at a
center of the phantom plate, and an inside of the phantom plate is filled
with a phantom solution.

The apparatus of claim 6, further comprising a driving control unit
configured to control a location of the probe by controlling the driving
unit and to control a location of the measurement plate by controlling
the plate driving unit.

The apparatus of claim 1, wherein the probe comprises at least one of a
flux meter and a gauss meter.

The apparatus of claim 1, wherein a plurality of the probes is disposed
in a radial form.

The apparatus of claim 5, wherein:

the measurement plate is formed by combining a plurality of separated
members, and

the members are capable of being assembled and dissembled.

A method for measuring a uniformity of a main magnetic field in a
magnetic resonance imaging system comprising a gantry and a patient
table moving in an internal space of the gantry, the method comprising:
entering, by a driving unit, a probe configured to measure a magnetic
field in the internal space of the gantry into the internal space of the
gantry;

moving, by the driving unit, the probe and inserting the probe into at
least one of a plurality of measurement holes formed in a measurement
plate of a circular plate form which has been inserted into a bar
disposed in a central axis in a length direction of the gantry; and
measuring, by the probe, a magnetic field in the measurement hole.
The method of claim 12, further comprising:

inserting, by the driving unit, the probe into the measurement hole at a
different location and measuring a magnetic field, after measuring, by
the probe, the magnetic field in the measurement hole; and

moving, by a plate driving unit, the measurement plate in an axis in a
length direction of the bar.

A computer-readable recording medium on which program code
capable of executing a method for measuring a uniformity of a main

magnetic field in a magnetic resonance imaging system according to
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claim 12 or 13 has been recorded.

A system for analyzing a uniformity of a main magnetic field in a
magnetic resonance imaging system comprising a gantry and a patient
table moving in an internal space of the gantry, the system comprising:
an apparatus configured to measure the uniformity of a main magnetic
field in the magnetic resonance imaging system according to claims 1
to11;

a data reception and storage unit configured to receive and store
magnetic field data measured in a plurality of respective measurement
holes formed in a measurement plate of the apparatus;

display means configured to display a density of magnetic fields in the
internal space of the gantry in a 3D image data form based on the
received magnetic field data measured in the plurality of measurement
holes; and

analysis means configured to analyze a uniformity of a main magnetic
field within the gantry based on the received magnetic field data
measured in the plurality of measurement holes.

A method for measuring a uniformity of a main magnetic field in a
magnetic resonance imaging system comprising a gantry and a patient
table moving in an internal space of the gantry and, the method
comprising:

a first step of entering, by a driving unit, a probe configured to measure
a magnetic field in the internal space of the gantry into the internal
space of the gantry;

a second step of moving, by the driving unit, the probe and inserting the
probe into at least one of a plurality of measurement holes formed in a
measurement plate of a circular plate form which has been inserted into
a bar disposed in a central axis in a length direction of the gantry;

a third step of measuring, by the probe, a magnetic field in the mea-
surement hole;

a fourth step of inserting, by the driving unit, the probe into the mea-
surement hole at a different location and measuring a magnetic field in
the measurement hole;

a fifth step of repeating the fourth step;

a sixth step of moving, by a plate driving unit, the measurement plate in
an axis in a length direction of the bar;

a seventh step of repeating the third step and the fourth step;

an eighth step of receiving and storing, by a data reception and storage
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unit, magnetic field data measured in a plurality of respective mea-
surement holes;

a ninth step of displaying, by display means, a density of the magnetic
fields in the internal space of the gantry in a 3D image data form based
on the received magnetic field data measured in the plurality of mea-
surement holes; and

a tenth step of analyzing, by analysis means, a uniformity of a main
magnetic field within the gantry based on the received magnetic field
data measured in the plurality of measurement holes.

A computer-readable recording medium on which program code
capable of executing a method of analyzing a uniformity of a main
magnetic field in a magnetic resonance imaging system according to

claim 16 has been recorded.
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