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(57) Abstract: For the purpose of effectively suppressing
shading generated in an image due to Bl inhomogeneity of
a surface coil, there are perfonned: an acquiring step of ac-
quiring magnetic resonance signals simultaneously re-
ceived at a body coil and a surface coil; a filtering step of
applying image-based filtering for suppressing shading due
to B 1 inhomogeneity to a first image according to re-
ceived signals from the body coil; a calculating step of cal-
culating a sensitivity of the surface coil based on the im-
age-based-filtered first image and a second image accord-
ing to received signals from the surface coil; and a correct-
ing step of correcting sensitivity unevenness in the second
image using the sensitivity.
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SURFACE COIL SENSITIVITY CORRECTION USING MAGNETIC RESONANGE DATA SIMULTANEOUSLY RECEIVED BY
THE SURFACE COIL AND A BODY COIL

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to a technique for processing

magnetic resonance signals.
BACKGROUND

[0002] One of known magnetic resonance imaging techniques is a method of obtaining an
intended image by applying sensitivity correction to an image according to received signals
from a surface coil acquired by a main scan while referring to an image according to received
signals from a body coil acquired by a calibration scan (see Abstract, etc. in Japanese Patent

Application KOKAI No. H08-056928).

[0003] A body coil generally has excellent spatial homogeneity of reception sensitivity
but a relatively low SNR (signal-to-noise ratio) of received signals. A surface coil, on the
other hand, exhibits excellent performance in receiving signals with high SNR but relatively

low homogeneity of reception sensitivity.

[0004] According to the aforementioned imaging technique, it is possible to obtain an
mtended image having a high SNR without sensitivity unevenness by applying sensitivity
correction to the image according to recetved signals from the surface coil having superiority
in improvement of the SNR while referring to the image according to received signals from

the body coil having superiority in spatial homogeneity of reception sensitivity.
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0005] Excitation RF (Radio Frequency) transmission pulses having a shorter wavelength
have the property that they attenuate more easily in a living body. Accordingly, a
distribution of the intensity of an RF magnetic field (B1) is somewhat inhomogeneous in a
living body. This is commonly referred to as Bl inhomogeneity or RF magnetic field
inhomogeneity. The Bl inhomogeneity is more significant in a higher magnetic field

apparatus having a higher resonance frequency. The significant Bl inhomogeneity
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substantially affects magnetic resonance signals as well, resulting in a phenomenon that
brightness is partially enhanced and/or diminished in a reconstructed image, which is
sometimes called shading. Such shading may possibly be suppressed by applying an image-
based filter. Moreover, a distribution of the intensity of the RF magnetic field in a living
body has a strong tendency to vary sensitively in response to misregistration of a subject

and/or a difference in scan conditions.

[0006] On the other hand, in the aforementioned imaging technique, a calibration scan
and a main scan are performed at separate times. Accordingly, misregistration due to body
motion of a subject may be often encountered, and scan conditions may frequently be
different between the scans. The misregistration of a subject and/or difference in scan
conditions result in different appearances of shading due to Bl inhomogeneity between an
tmage based on received signals from the body coil and that based on received signals from
the surface coil. This leads to improper sensitivity correction, and an additional error is
introduced from the difference in shading due to Bl inhomogeneity, which may sometimes
aggravate shading in a final intended image. In other words, even use of an image-based

filter cannot effectively suppress shading.

[0007] From such circumstances, there is a need for a technique of obtaining an intended
image by applying sensitivity correction to an image based on received signals from a surface
coil while referring to an image based on received signals from a body coil, wherein shading

in the intended image due to B1 inhomogeneity is effectively suppressed.
Means for Solving the Problem

[0008] The invention in its first aspect provides a magnetic resonance signal processing

method, comprising:
an acquiring step of acquiring magnetic resonance signals simultaneously received

at a body coil and a surface coil;

a filtering step of applying image-based filtering for suppressing shading due to

B1 inhomogeneity to a first image according to received signals from said body coil;

a calculating step of calculating a sensitivity of said surface coil based on said
image-based-filtered first image and a second image according to received signals from said

surface coil; and
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a correcting step of correcting sensitivity unevenness in said second image using

said sensitivity.

[0009] The invention in its second aspect provides a magnetic resonance signal

processing method, comprising:

an acquiring step of acquiring magnetic resonance signals simultaneously received

at a body coil and a surface coil;

a calculating step of calculating a sensitivity of said surface coil based on a first
image according to received signals from said body coil and a second image according to

received signals from said surface coil;

a correcting step of correcting sensittvity unevenness in said second image using
said sensitivity; and

a filtering step of applying image-based filtering for suppressing shading due to
B1 inhomogeneity to said corrected second image.
[0010} The mvention in its third aspect provides a magnetic resonance signal processing
apparatus, comprising:

acquiring means for acquiring magnetic resonance signals simultaneously

received at a body coil and a surface coil;

filtering means for applying image-based filtering for suppressing shading due to

B1 inhomogeneity to a first image according to received signals from said body coil;

calculating means for calculating a sensitivity of said surface coil based on said
image-based-filtered first image and a second image according to received signals from said

surface coil; and

correcting means for correcting sensitivity unevenness in said second image using
said sensitivity.
[0011] The invention in its fourth aspect provides a magnetic resonance signal processing

apparatus, comprising:

acquiring means for acquiring magnetic resonance signals simultaneously

received at a body coil and a surface coil;
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calculating means for calculating a sensitivity of said surface coil based on a first
image according to received signals from said body coil and a second image according to

received signals from said surface coil;

correcting means for correcting sensitivity unevenness in said second image using
said sensitivity; and

filtering means for applying image-based filtering for suppressing shading due to

B1 inhomogeneity to said corrected second image.

[0012] The mvention m its fifth aspect provides the magnetic resonance signal processing

apparatus in the third or fourth aspect, wherein:

said second image is a combined image of images from channels in said surface
coil,

said calculating means calculates a sensitivity with respect to a pixel value in said
combined image, and

said correcting means corrects sensitivity unevenness in said second image by
dividing said second image by said sensitivity.
[0013] The invention in its sixth aspect provides the magnetic resonance signal
processing apparatus in the third or fourth aspect, wherein:

said second image is a combined image of images from channels in said surface
coil,

said calculating means calculates a sensitivity with respect to a pixel value m said

tmages from channels by a complex expression,

said correcting means corrects sensitivity unevenness in said second image by
substituting said sensitivity for said images from channels by a complex expression into a

combination formula for said images from channels for obtaining said combined image.

[0014] The invention in its seventh aspect provides the magnetic resonance signal

processing apparatus in any one of the third through sixth aspects, wherein:

said image-based filter comprises any one of an SCIC (Surface Coil Intensity

Correction) filter, a homomorphic filter, and an ITK-N4 Bias Field Correction filter.
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[0015] The invention in its eighth aspect provides the magnetic resonance signal

processing apparatus in any one of the third through seventh aspects, wherein:

the intensity of a static magnetic field in simultaneously receiving said magnetic

resonance signals is substantially 3 teslas or more.

[0016] The invention in its ninth aspect provides a magnetic resonance apparatus,

comprising:

receiving means for simultaneously receiving magnetic resonance signals by a

body coil and a surface coil;

filtering means for applying image-based filtering for suppressing shading due to

B1 inhomogeneity to a first image according to received signals from said body coil;

calculating means for calculating a sensitivity of said surface coil based on said
image-based-filtered first image and a second image according to received signals from said

surface coil; and

correcting means for correcting sensitivity unevenness in said second image using
said sensitivity.
[0017] The invention in its tenth aspect provides a magnetic resonance apparatus,
comprising:

receiving means for simultaneously receiving magnetic resonance signals by a

body coil and a surface coil;

calculating means for calculating a sensitivity of said surface coil based on a first
image according to received signals from said body coil and a second image according to

received signals from said surface coil;

correcting means for correcting sensitivity unevenness in said second image using
said sensitivity; and
filtering means for applying image-based filtering for suppressing shading due to

B1 inhomogeneity to said corrected second image.

[0018] The mmvention m its eleventh aspect provides the magnetic resonance apparatus in

the ninth or tenth aspect, wherein:
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said second image is a combined image of images from channels in said surface

coil,

said calculating means calculates a sensitivity with respect to a pixel value 1n said

combined image, and

said correcting means corrects sensitivity unevenness in said second image by

dividing said second image by said sensitivity.

[0019] The mvention in its twelfth aspect provides the magnetic resonance apparatus in

the ninth or tenth aspect, wherein:

said second image is a combined image of images from channels in said surface

coil,

said calculating means calculates a sensitivity with respect to a pixel value in said

images from channels by a complex expression, and

satd correcting means corrects sensitivity unevenness in said second image by
substituting said sensitivity for said images from channels by a complex expression into a

combination formula for said images from channels for obtaining said combined image.

[0020] The invention in its thirteenth aspect provides the magnetic resonance apparatus in

any one of the ninth through twelfth aspects, wherein:

said image-based filter comprises any one of an SCIC (Surface Coil Intensity

Correction} filter, a homomorphic filter, and an ITK-N4 Bias Field Correction filter.

[0021} The mvention in its fourteenth aspect provides the magnetic resonance apparatus

in any one of the ninth through thirteenth aspects, wherein:

the intensity of a static magnetic field in simultaneously receiving said magnetic

resonance signals is substantially 3 teslas or more.

[0022] The invention in its fifteenth aspect provides a program for causing a computer to
function as the magnetic resonance signal processing apparatus in any one of the third

through eighth aspects.

[0023] The B1 inhomogeneity is sometimes referred to as RF magnetic field

mhomogeneity or transmission magnetic field inhomogeneity.
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[0024] The sensitivity by a complex expression as used herein is a sensitivity expressed

by a real part representing the magnitude and an imaginary part representing the phase.

[06025] The combination formula described above is disclosed in a Non-patent document,
for example, Roemer PB, Edelstein WA, Hayes CE, Souza SP, and Mueller OM, “"The NMR
phased array,” MRM 16:192-225 (1990).

Effect of the Invention

[0026] According to embodiments of the present invention, in obtaining an intended
image by applying sensitivity correction to an image based on received signals from a surface
coil while referring to an image based on received signals from a body coil, shading in the
mtended image due to Bl inhomogeneity may be effectively suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG 1 1s a diagram schematically showing a configuration of a magnetic
resonance imaging apparatus (magnetic resonance imaging system) in accordance with an

embodiment of the present invention;

[0028] FIG 2 is a functional block diagram functionally representing a main portion of

the magnetic resonance imaging apparatus;

[0029] FIG 3 is a flow chart of imaging processing in the magnetic resonance imaging

apparatus;

[0030}] FIG 4 depicts exemplary first images according to received signals from a body
coil section and exemplary second images according to received signals from a surface coil

section;
[0031] FIG. 5 is a conceptual diagram of processing of calculating a sensitivity;

[0032] FIG. 6 shows images representing exemplary results of shading suppression by a

technique of the present embodiment; and

[0033] FIG 7 is a flow chart of imaging processing in which an image-based filter is

applied to a sensitivity-corrected image.
DETAILED DESCRIPTION

[0034}] Now an embodiment of the present invention will be described hereinbelow. The
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present embodiment is a magnetic resonance imaging apparatus. The magnetic resonance
imaging apparatus in accordance with the present embodiment obtains an intended image by
applying sensitivity correction to an image based on magnetic resonance signals received at a
surface coil while referring to an image based on magnetic resonance signals received at a
body coil. In the magnetic resonance imaging apparatus in accordance with the present
embodiment, the magnetic resonance signals are simultaneously received by the body coil
and surface coil. Moreover, in the magnetic resonance imaging apparatus in accordance
with the present embodiment, in obtaining the intended image, an image-based filter is
applied to a reference image based on received signals from the body coil to suppress shading
due to Bl inhomogeneity, whereby shading is suppressed also in a sensitivity-corrected

intended image based on received signals from the surface coil.

[0035] First, a configuration of the magnetic resonance imaging apparatus in accordance

with the present embodiment will be described.

[0036] FIG. 1 is a diagram schematically showing a configuration of the magnetic

resonance imaging apparatus in accordance with the present embodiment.

[0037] As shown in FIG. 1, the magnetic resonance imaging apparatus 1 comprises a
static magnetic field coil section 11, a gradient coil section 12, a body coil section 13, a
surface coil section 14, a static magnetic field driving section 21, a gradient driving section
22, an RF driving section 23, a data collecting section 24, a subject carrying section 25, a
control section 30, a storage section 31, an operating section 32, an image reconstructing

section 33, and a display section 34.

[0038] The static magnetic field coil section 11 is a superconductive coil, for example, for
receiving supply of electric current, and generating a static magnetic field to create a static

magnetic field space.

[0039] The gradient coil section 12 recetves supply of electric current, and generates
gradient magnetic fields independently in three axis directions: a slice axis direction, a phase
encoding direction, and a frequency encoding direction. It should be noted that the
frequency encoding direction, phase encoding direction, and slice axis direction here

correspond to an x-direction, a y-direction, and a z-direction, respectively, shown in FIG. 1.

[0040] The body coil section 13 recetves supply of electric current, and generates a high-
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frequency magnetic field, i.e., RF (radio frequency) pulses, for exciting atomic nuclear spins
in a subject 40 in the static magnetic field space. The body coil section 13 also receives

magnetic resonance signals from the subject 40.

[0041] The surface coil section 14 is placed on a surface of a region to be imaged in the
subject 40, and it receives magnetic resonance signals from the region to be imaged. The

surface coil section 14 is comprised of a plurality of channel coils. The number of channel
coils, i.e., the number of channels, is of the order of 2 -- 10, for example. The channel coil

is sometimes referred to as coil element.

[0042] The static magnetic field driving section 21 drives the static magnetic field coil
section 11 based on a control signal from the control section 30 to generate a static magnetic
field. The intensity of the static magnetic field is assumed herein to be 3 teslas or more with

which B1 inhomogeneity is noticeable.

[0043] The gradient driving section 22 drives the gradient coil section 12 based on a
control signal from the control section 30 to generate (transmit) a gradient magnetic field in

the static magnetic field space.

[0044] The RF driving section 23 drives the body coil section 13 based on a control
signal from the control section 30 to generate (transmit) a high frequency magnetic field in

the static magnetic field space.

[0045] The data collecting section 24 applies phase detection to received signals received
by the body coil section 13 and surface coil section 14, and A-D (Analog-to-Digital) converts
the resulting signals to generate data for the received signals. The generated data for the

received signals is output to the storage section 31.

[0046] The subject carrying section 25 carries the subject 40 into/out of the static

magnetic field space based on a control signal from the control section 30.

[06047] The control section 30 sends a control signal to the gradient driving section 23 for
controlling it to perform gradient shimming for each subject 40 or for each region to be
mmaged. The control section 30 also sends control signals to the static magnetic field driving
section 21, gradient driving section 22, RF driving section 23, data collecting section 24, and
subject carrying section 25 for controlling them to perform a specified pulse sequence based

on an operation signal from the operating section 32.
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[0048] The storage section 31 stores therein the data for the received signals collected by
the data collecting section 24, image data obtained by applying image reconstruction

processing by the image reconstructing section 33, and the like.

[0049] The image reconstructing section 33 reads the data for the received signals from
the storage section 31 by control from the control section 30, and applies image
reconstruction processing to the data for the received signals to create image data. The

image data is output to the storage section 31.

[6050] The display section 34 displays information required in operation of the operating

section 32, an image represented by the image data, and the like.

[0051] It should be noted that the data collecting section 24, control section 30, storage
section 31, operating section 32, image reconstructing section 33, and display section 34 are

configured by a computer CP, for example.

[0052] Moreover, hardware measures for decoupling are applied to the body coil section
13 and surface coil section 14. For example, the impedance of preamplifiers (not shown)
connected to the respective coils in the data collecting section 24 is designed to be as low as

possible.

[0053] FIG 2 1s a functional block diagram functionally representing a main portion of
the magnetic resonance imaging apparatus 1. The magnetic resonance imaging apparatus 1
comprises a signal acquiring section 51, an image reconstructing section 52, an image-based
filtering section 53, a sensitivity calculating section 54, and a sensitivity correcting section 55.
It should be noted that these sections 51 -- 55 are implemented by, for example, causing a
computer to execute specified programs. The signal acquiring section 51 represents an
example of the acquiring means and receiving means in the invention. The image-based
filtering section 53 represents an example of the suppressing means in the invention. The
sensitivity calculating section 54 represents an example of the calculating means in the
invention. The sensitivity correcting section 55 represents an example of the reducing

means in the invention.

[0054}] The signal acquiring section 51 controls several sections to transmit an RF
magnetic field to the region to be imaged in the subject and acquire magnetic resonance

signals from the region to be imaged by simultaneously recetving them at the body coil

10
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section 13 and surface coil section 14.

0055} The image reconstructing section 52 reconstructs a first image based on the
received signals from the body coil section 13 and a second image based on the received
signals from the surface coil section 14. The images are reconstructed by, for example,
applying inverse Fourier transformation to data in k-space formed by the received signals

from the coils.

[0056} The image-based filtering section 53 applies an image-based filter to the first
tmage based on the received signals from the body coil section 13 to suppress shading due to
B1 inhomogeneity. Usable image-based filters include, for example, an SCIC filter, a
homomorphic filter, and an ITK-N4 Bias Field Correction filter, which are designed for

correction of an MR image.

[0057] The sensitivity calculating section 54 calculates a sensitivity S of the surface coil
section 14 based on a filtered image Gb' obtained by applying an image-based filter to the
first image Gb according to the received signals from the body coil section 13 and the second
image Gs according to the received signals from the surface coil section 14. The sensitivity
S 1s assumed herein to be determined in the form of a sensitivity map with respect to a pixel
value in the second image Gs according to the received signals from the surface coil section
14.  The sensitivity S(x, y) for each pixel (x, y) may be calculated by Gs'(x, y)/Gb"(x, v),
wherein Gs'(x, y) designates a pixel value of a pixel (X, y) in an image Gs', which is a
degraded version of the second image Gs, and Gb"(x, y) designates a pixel value of a pixel (x,
y) in an image Gb", which is a degraded version of the filtered image Gb'. A degraded
version of an image may be obtained by, for example, reconstructing the image using only
data in the vicinity of a center of k-space, or applying smoothing processing to the original

image.

[0058] The sensitivity correcting section 55 uses the calculated sensitivity S to apply
sensitivity correction to the second image Gs according to the received signals from the
surface coil section 14. The sensitivity correction is achieved by setting, for each pixel (x,

y), a value obtained by Gs(x, y)/S(x, y) to a pixel value of that pixel.

[0059] Now flow of imaging processing in the magnetic resonance imaging apparatus 1

im accordance with the present embodiment will be described.

11
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[0060] FIG 3 is a flow chart of imaging processing in the magnetic resonance imaging
apparatus 1. For convenience of explanation, let us assume a case in which a region of one
prespecified slice in the subject 40 is to be imaged and an image in that slice is to be

reconstructed.

[0061] At Step S1, an operator places the surface coil section 14 on the subject 40.

Then, in response to a command by the operator, the signal acquiring section 51 performs a
scan on a predefined slice region SR in a plurality of views so that a main portion in k-space
is almost completely filled, and simultaneously receives received signals by the body coil
section 13 and surface coil section 14 from the slice region SR in each view. Intermsofa
pulse sequence, a scan is performed while changing the intensity of the phase encoding pulse
to each of a plurality of levels, and received signals are simultaneousty received by the two

coils in each of the scans.

[0062] This gives received signals for the body coil section 13 and those for the channel

coils in the surface coil section 14.

[0063] At Step S2, the image reconstructing section 52 reconstructs a first image Gb
based on the received signals from the body coil section 13. The image reconstructing
section 52 also reconstructs a second image Gs based on the recetved signals from the surface
coil section 14. The second image Gs is a combined image formed by combining a plurality
of channel images based on the received signals from the channel coils constituting the

surface cotl section 14.

[0064] FIG 4 depicts exemplary first images according to received signals from the body
coil section and exemplary second images according to received signals from the surface coil
section. Images on the left side represent exemplary tomographic images of an abdomen by
a LAVA ASPIR (abdominal gradient echo) imaging technique. Images on the right side

represent exemplary tomographic images of a head by a T2 Flair imaging technique.

[0065] At Step S3, the image-based filtering section 53 applies an image-based filter to
the first image Gb by the body coil section 13 to suppress shading due to Bl inhomogeneity

in the first image Gb.

[0066] At Step S4, the sensitivity calculating section 54 calculates a sensitivity S

representing a sensitivity map with respect to a pixel value in the second image Gs by the

12
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surface coil section 14 based on the second image Gs and a filtered image Gb'.

[0067] A conceptual representation of the processing of calculating a sensitivity is shown
in FIG 5. The drawing conceptually shows the processing of calculating a sensitivity for a
channel image for a certain channel by dividing a degraded version of the channel image by a

degraded version of the filtered image.

[0068] At Step S5, the sensitivity correcting section 55 applies sensitivity correction to
the second image Gs by the surface coil section 14. In particular, the second image Gs is
divided by its sensitivity S. Thus, a combined image having homogeneous sensitivity may

be obtained as intended image.

[0069] FIG. 6 shows exemplary results of shading suppression by the technique in the
present embodiment. In FIG. 6, the upper row lists abdominal tomographic images by the
LAVA ASPIR imaging technique. The middle row lists head tomographic images by the T2
Flair imaging technique. The lower row lists head tomographic images by a 3D FGRE
(three-dimensional fast gradient echo) imaging technique. On the other hand, the left
column lists uncorrected original images based on received signals from the surface coil
section in a main scan. The central column lists first corrected images each obtained by
dividing an image according to received signals from the surface coil section in the main scan
by an image according to received signals from the body coil section in the calibration scan to
calculate a sensitivity, and using the sensitivity to apply sensitivity correction to the image
from the surface coil section. The right column lists second corrected images each obtained
by applying an image-based filter to an image according to recetved signals from the body
coil section from simultaneous reception in the main scan to obtain a shading-suppressed
image, dividing an image according to received signals from the surface coil section from the
simultaneous reception in the main scan by the shadig-suppressed image to calculate a
sensitivity, and using the sensitivity to apply sensitivity correction to an image by the surface

coil section.

[6070] For the images by the LAVA imaging technique, shading is noticeably observed in
the original image due to sensitivity unevenness in the surface coil section and
mhomogeneity in the transmission magnetic field. In the first corrected image, while
shading is improved as compared with the original image, shading resulting from a difference

in shading due to Bl inhomogeneity between the calibration scan and main scan is slightly
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observed (see an area surrounded by an ellipse). In the second corrected image, the shading
is moderately suppressed. For the images by the T2 Flair and 3D FGRE imaging techniques,
again, shading is noticeably observed in the original image due to sensitivity unevenness in
the surface coil section and Bl inhomogeneity. In the first corrected image, while shading is
improved as compared with the original image, shading resulting from a difference in shading
due to B1 inhomogeneity between the calibration scan and main scan appears as a difference
between the left and right (see an area surrounded by an ellipse). In the second corrected

image, the left-and-right difference is almost completely removed.

[0071] As described above, according to the present embodiment, since magnetic
resonance signals are simultaneously received by a body coil and a surface coil, subject
nusregistration between images based on received signals from these coils can be eliminated.
Moreover, scan conditions are the same between received signals from these coils.  Since
subject misregistration is eliminated, shading due to B1 inhomogeneity appears in
substantially the same manner between images based on received signals from these coils.
From these facts, sensitivity correction can be appropriately achieved and shading in an
intended tmage generated due to Bl mhomogeneity may be effectively suppressed by an

image-based filter.

[0072] Moreover, since a separate calibration scan is not needed, the imaging time may
be reduced. The need for care of subject misregistration between received signals from the
body coil section in the calibration scan and those from the surface coil section is also

eliminated.

[6073] Furthermore, since shading in an intended image may be robustly suppressed,
unlike in conventional techniques, a region to be imaged and/or an application to be used is
not limited by reason of generation of shading in an imaging technique of applying sensitivity

correction to an image from a surface coil while referring to an image from a body coil.

[0074] The present invention is not limited to the embodiment above, and several

modifications may be made without departing from the spirit and scope of the invention.

[0075] For example, while in this embodiment, an image-based filter is applied to the
first image Gb according to received signals from the body coil section 13, an tmage-based

filter may be applied to an image Gs' obtained by applying sensitivity correction to the
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second image Gs according to received signals from the surface coil section 14, as shown in

FIG. 7. Also by the process, shading in an intended image may be effectively suppressed.

[6076] Moreover, for example, a sensitivity-corrected image is obtained in this
embodiment by calculating a sensitivity with respect to a pixel value in the second image Gs,
which is a combined image of channel images for the surface coil section 14, as sensitivity S,
and dividing the second image Gs by the sensitivity S; however, the sensitivity-corrected
image may be obtained by calculating a sensitivity with respect to a pixel value in the channel
images for the surface coil section 14 as sensitivity S, and substituting the calculated
sensitivity for each channel image into a sensitivity term in a combination formula for
channel images for obtaining the combined image; for example, a combination formula
proposed by Roemer, etc. (see Non-Patent Document: Roemer PB, Edelstein WA, Hayes CE,
Souza SP, and Mueller OM, "The NMR phased array," MRM 16:192-225 (1990), etc.). In
this case, a sensitivity for each channel image can be obtained by dividing the channel image
according to received signals from each channel by a first image Gb according to received
signals from the body coil section 13. It should be noted that the sensitivity is represented
by a complex expression comprised of a real part representing the magnitude and an

imaginary part representing the phase.

[0077] While the embodiment above refers to a magnetic resonance imaging apparatus, a
magnetic resonance signal processing apparatus that conducts the processing on recetved
signals as described above, a program for causing a computer to function as such a magnetic
resonance signal processing apparatus, and a computer-readable recording medmm on which
the program is recorded also each constitute one embodiment of the present invention. The
recording media include non-transitory media such as a CD-ROM, a USB memory, and a

server in a network.

DESCRIPTION OF REFERENCE SYMBOLS

1 Magnetic resonance imaging apparatus
11 Static magnetic field coil section

12 Gradient coil section

13 Body coil section
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Surface coil section

Static magnetic field driving section

Gradient driving section

RF driving section

Data collecting section

Subject carrying section

Control section

Storage section

Operating section

Image reconstructing section

Display section

Subject

Signal acquiring section (acquiring means)
Image reconstructing section

Image-based filtering section (filtering means)
Sensitivity calculating section (calculating means)

Sensitivity correcting section (correcting means)
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CLAIMS
What Is Claimed Is:
1. A magnetic resonance signal processing method, comprising:

an acquiring step of acquiring magnetic resonance signals simultaneously received at

a body coil and a surface coil;

a filtering step of applying image-based filtering for suppressing shading due to Bl

inhomogeneity to a first image according to received signals from said body cotl;

a calculating step of calculating a sensitivity of said surface coil based on said image-
based-filtered first image and a second image according to received signals from said surface

coil; and

a correcting step of correcting sensitivity unevenness in said second image using said

sensitivity.

2. A magnetic resonance signal processing method, comprising:

an acquiring step of acquiring magnetic resonance signals simultaneously received at

a body coil and a surface coil;

a calculating step of calculating a sensitivity of said surface coil based on a first image
according to received signals from said body coil and a second image according to received

signals from said surface coil;

a correcting step of correcting sensitivity unevenness in said second image using said

sensitivity; and

a filtering step of applying image-based filtering for suppressing shading due to B!

mhomogeneity to said corrected second image.

3. A magnetic resonance signal processing apparatus, comprising:

acquiring means for acquiring magnetic resonance signals simultaneously recetved at

a body cotl and a surface coil;

17
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filtering means for applying image-based filtering for suppressing shading due to Bl

inhomogeneity to a first image according to received signals from said body coil;

calculating means for calculating a sensitivity of said surface coil based on said
image-based-filtered first image and a second image according to received signals from said

surface coil; and

correcting means for correcting sensitivity unevenness in said second image using

said sensitivity.

4. A magnetic resonance signal processing apparatus, comprising:

acquiring means for acquiring magnetic resonance signals simultaneously received at

a body coil and a surface coil;

calculating means for calculating a sensitivity of said surface coil based on a first
image according to received signals from said body coil and a second image according to

received signals from said surface coil;

correcting means for correcting sensitivity unevenness in said second image using

said sensitivity; and

filtering means for applying image-based filtering for suppressing shading due to Bl

inhomogeneity to said corrected second image.

5. The magnetic resonance signal processing apparatus as recited in claim 3 or 4,

wherein:
said second image is a combined image of images from channels in said surface coil,

said calculating means calculates a sensitivity with respect to a pixel value in said

combined image, and

said correcting means cotrects sensitivity unevenness in said second image by

dividing said second image by said sensitivity.

18
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6. The magnetic resonance signal processing apparatus as recited in claim 3 or 4,

wherein:
said second image is a combined image of images from channels in said surface coil,

said calculating means calculates a sensitivity with respect to a pixel value in said

images from channels by a complex expression,

said correcting means corrects sensitivity unevenness in said second image by
substituting said sensitivity for said images from channels by a complex expression into a

combination formula for said images from channels for obtaining said combined image.

7. The magnetic resonance signal processing apparatus as recited in any one of

claims 3 through 6, wherein:

said image-based filter comprises any one of an SCIC (Surface Coil Intensity

Correction) filter, a homomorphic filter, and an ITK-N4 Bias Field Correction filter.

8. The magnetic resonance signal processing apparatus as recited in any one of

claims 3 through 7, wherein:

the intensity of a static magnetic field in simultaneously receiving said magnetic

resonance signals is substantially 3 teslas or more.

9. A magnetic resonance apparatus, comprising;

recetving means for simultaneously receiving magnetic resonance signals by a body

coil and a surface coil;

filtering means for applying image-based filtering for suppressing shading due to Bl

immhomogeneity to a first image according to received signals from said body coil;

calculating means for calculating a sensitivity of said surface coil based on said
image-based-filtered first image and a second image according to received signals from said

surface coil; and
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correcting means for correcting sensitivity unevenness in said second image using

said sensitivity.

10. A magnetic resonance apparatus, comprising:

receiving means for simultaneously receiving magnetic resonance signals by a body

coil and a surface coil;

calculating means for calculating a sensitivity of said surface coil based on a first
image according to received signals from said body coil and a second image according to

received signals from said surface coil;

correcting means for correcting sensitivity unevenness in said second image using

said sensitivity; and

filtering means for applying image-based filtering for suppressing shading due to Bl

inhomogeneity to said corrected second image.

11. The magnetic resonance apparatus as recited in claim 9 or 10, wherein:
said second image is a combined image of images from channels in said surface coil,

said calculating means calculates a sensitivity with respect to a pixel value in said

combined image, and

sald correcting means corrects sensitivity unevenness in said second image by

dividing said second image by said sensitivity.

12.  The magnetic resonance apparatus as recited in claim 9 or 10, wherein:
said second image is a combined image of images from channels in said surface coil,

said calculating means calculates a sensitivity with respect to a pixel value in said

images from channels by a complex expression, and

sald correcting means corrects sensitivity unevenness in said second image by

substituting said sensitivity for said images from channels by a complex expression into a

20
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combination formula for said images from channels for obtaining said combined image.

13.  The magnetic resonance apparatus as recited in any one of claims 9 through 12,

wherein:

said image-based filter comprises any one of an SCIC (Surface Coil Intensity

Correction) filter, a homomorphic filter, and an ITK-N4 Bias Field Correction filter.

14.  The magnetic resonance apparatus as recited in any one of claims 9 through 13,

wherein:

the intensity of a static magnetic field in simultaneously receiving said magnetic

resonance signals is substantially 3 teslas or more.

15. A program for causing a computer to function as the magnetic resonance

signal processing apparatus as recited in any one of claims 3 through 8.
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