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MAGNETIC RESONANCE IMAGING
SYSTEM AND MAGNETIC RESONANCE
IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 11/812,303 filed Jun. 18, 2007, which claims the
benefit of priority from prior Japanese Patent Applications
No. 2006-170458, filed Jun. 20, 2006; and No. 2007-
030869, filed Feb. 9, 2007, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a magnetic reso-
nance imaging system and a magnetic resonance imaging
method for imaging a subject to be examined by using an
electrocardiography-synchronized imaging method (also
known as “ECG-gating imaging method”) such as an FBI
(Fresh Blood Imaging) method, or particularly a Flow-
Spoiled FBI method.

[0004] 2. Description of the Related Art

[0005] Examples of an FBI method and a Flow-Spoiled
FBI (FS-FBI) method that are one of the angiographic
methods used in the magnetic resonance imaging (MRI) are
disclosed in Japanese Unexamined Patent Application Pub-
lication Nos. 2000-005144 and 2002-200054, respectively.
[0006] The FBI method is a non-contrast MRA method
capable of virtually displaying images of the blood flow as
if a contrast medium were injected. In the FBI method, a
subject to be examined (hereinafter, it is simply referred to
as a subject) is scanned in synchronization with the cardiac
time phase of the subject, the phase being measured on the
basis of ECG (electrocardiogram), PPG (photoplethysmo-
gram), or the like, so as to capture high-speed blood flow
pumped out from the heart and thus to satisfactorily depict
blood vessels. Specifically, in the FBI, a 3-dimensional
scanning is performed using different delay times in the
diastolic period and the systolic period, the delay time being
set between the reception time of an ECG trigger signal (for
example, R-wave) and a data acquisition start time, and an
arterial blood flow image is generated by differentiating two
data components acquired in different periods from each
other. As demands arise, a venous blood flow image may be
obtained by differentiating the arterial blood flow image
from a diastolic image (the arterial and venous blood flow
images). The data differentiating process is typically con-
figured to differentiate the blood flow images converted into
the actual space from each other, but may be configured such
that echo data components are differentiated from each other
on a k-space having the same matrix size and the blood flow
image is reconstructed on the basis of the differentiated echo
data.

[0007] However, it may be difficult to distinguish the
artery and the vein of the legs from each other in the MRA
image captured using the FBI method, since the flow speed
in the artery and vein of the legs is relatively low. Accord-
ingly, in the imaging process of the FS-FBI method, a
gradient magpetic field having a spoiler pulse (flow spoiled
pulse) appended thereto is used in the systolic period. In this
way, an arterial signal is suppressed in the systolic period,
and the artery and the vein can be distinguished. The spoiler
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pulse is typically appended to the front and rear ends of a
readout gradient magnetic field waveform, but may be
appended to a phase encoded gradient magnetic field wave-
form. The arterial signal can be further suppressed by a
flow-dephasing effect when a readout and encoding direc-
tion is set in a blood vessel running direction, but the readout
and encoding direction may be set in other directions. The
important thing is that when a phase encoding direction is set
in the same direction as the blood flowing direction (blood
vessel running direction), artifacts may be superimposed on
the blood vessel and it is thus difficult to extract flow-voids.
However, when the phase encoding direction is set in a
direction different from the blood flowing direction, it is
possible to attain the arterial signal suppressing effect. These
imaging methods have a delay time as a parameter of
imaging condition. The delay time is set by an operator.
Specifically, by comparing images captured by an ECG-prep
scan at a plurality of time phases, the operator calculates a
time difference between the time phase at which the best
image was obtained and a reference time phase (for
example, the time phase at which R-wave is generated) and
sets the time difference as the delay time. The ECG-prep
scan is a preparation scan that executes a preparatory pulse
sequence to determine synchronization timings. Addition-
ally, in the ECG-prep scan, the subject is imaged at each of
a plurality of time phases with different delay times from the
reference time phase of the ECG signal.

[0008] According to the known techniques described
above, the operator has to determine a proper delay time on
the basis of the image obtained by the ECG-prep scan, which
imposes a large burden on the operator and makes it difficult
to say that the proper delay time determined by the operator
is always suitable for the imaging condition.

BRIEF SUMMARY OF THE INVENTION

[0009] It is therefore desirable to set the delay time in an
easy and precise manuer.

[0010] According to a first aspect of the invention, there is
provided a magnetic resonance imaging system which
includes a prep scan section for performing a prep scan
acquiring plural sets of echo signals at a plurality of cardiac
time phases which are mutually different from each other for
each slice; a prep image generating section for generating a
plurality of prep images corresponding to the plurality of
cardiac time phases on the basis of the plural sets of echo
signals, respectively; a reference information acquiring sec-
tion for acquiring reference information for determining a
first cardiac time phase and a second cardiac time phase on
the basis of the plurality of prep images; a reference infor-
mation display section for displaying the reference informa-
tion; a cardiac time phase setting section for setting the first
cardiac time phase and the second cardiac time phase in
response to an operator’s specification; an imaging scan
section for acquiring imaging echo signals by performing an
imaging scan upon each of the first cardiac time phase and
the second cardiac time phase which are set by the cardiac
time phase setting section; and an imaging image generating
section for generating a first image based on an echo signal
of the first cardiac time phase obtained by the imaging scan
section, generating a second image based on an echo signal
of the second cardiac time phase obtained by the imaging
scan section, and acquiring a differential image by calculat-
ing a difference between the first image and the second
image.
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[0011] According to a second aspect of the invention,
there is provided a magnetic resonance imaging system
which includes a prep scan section for performing a prep
scan acquiring plural sets of echo signals at a plurality of
cardiac time phases which are mutually different from each
other for each slice; a prep image generating section for
generating a plurality of prep images corresponding to the
plurality of cardiac time phases on the basis of the plural sets
of echo signals, respectively; a cardiac time phase deter-
mining section for determining a first cardiac time phase and
a second cardiac time phase on the basis of the plurality of
prep images; an imaging scan section for acquiring imaging
echo signals by performing an imaging scan upon each of
the first cardiac time phase and the second cardiac time
phase which are set by the cardiac time phase determining
section; and an imaging image generating section for gen-
erating a first image based on an echo signal of the first
cardiac time phase obtained by the imaging scan section,
generating a second image based on an echo signal of the
second cardiac time phase obtained by the imaging scan
section, and acquiring a differential image by calculating a
difference between the first image and the second image.

[0012] According to a third aspect of the invention, there
is provided a magnetic resonance imaging method which
includes steps of: performing a prep scan acquiring plural
sets of echo signals at a plurality of cardiac time phases
which are mutually different from each other for each slice;
generating a plurality of prep images corresponding to the
plurality of cardiac time phases on the basis of the plural sets
of echo signals, respectively; acquiring reference informa-
tion for determining a first cardiac time phase and a second
cardiac time phase on the basis of the plurality of prep
images; displaying the reference information; setting the
first cardiac time phase and the second cardiac time phase in
response to an operator’s specification; acquiring imaging
echo signals by performing an imaging scan upon each of
the first cardiac time phase and the second cardiac time
phase which are set in the cardiac time phase setting; and
generating a first image based on an echo signal of the first
cardiac time phase obtained by the imaging scan section,
generating a second image based on an echo signal of the
second cardiac time phase obtained in the imaging scanning,
and acquiring a differential image by calculating a difference
between the first image and the second image.

[0013] According to a fourth aspect of the invention, there
is provided a magnetic resonance imaging method which
includes steps of: performing a prep scan acquiring plural
sets of echo signals at a plurality of cardiac time phases
which are mutually different from each other for each slice;
generating a plurality of prep images corresponding to the
plurality of cardiac time phases on the basis of the plural sets
of echo signals, respectively; determining a first cardiac time
phase and a second cardiac time phase on the basis of the
plurality of prep images; acquiring imaging echo signals by
performing an imaging scan upon each of the first cardiac
time phase and the second cardiac time phase which are set
in the cardiac time phase determination; and generating a
first image based on an echo signal of the first cardiac time
phase obtained by the imaging scan section, generating a
second image based on an echo signal of the second cardiac
time phase obtained in the imaging scanning, and acquiring
a differential image by calculating a difference between the
first image and the second image.
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[0014] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0016] FIG. 1 is a schematic view illustrating a configu-
ration of a magnetic resonance imaging system (MRI sys-
tem) according to a first embodiment of the invention.
[0017] FIG. 2 is a flowchart illustrating the procedures of
a host computer shown in FIG. 1 for determining two delay
times.

[0018] FIG. 3 is a diagram illustrating an example of a
GUI displayed with ECG-prep images in accordance with
the first embodiment.

[0019] FIG. 41is a diagram illustrating a setting example of
one ROI.
[0020] FIG. 5is a diagram illustrating a setting example of

a plurality of ROIs.

[0021] FIG. 6 is a flowchart illustrating the procedures of
the host computer 6 for determining two delay times TDL1
and TDL2 according to a second embodiment.

[0022] FIG. 7 is a diagram illustrating an example of a
GUI displayed with the ECG-prep images in accordance
with the second embodiment.

[0023] FIG. 8 is a flowchart illustrating the procedures of
the host computer 6 for performing a first mask generating
operation shown in FIG. 7.

[0024] FIG. 9 is a flowchart illustrating the procedures of
the host computer for performing a second mask generating
operation shown in FIG. 7.

[0025] FIG. 10 is a diagram illustrating an example of a
mask image.
[0026] FIG. 11 is a flowchart illustrating the procedures of

the host computer when an imaging process is performed
using a Flow-Spoiled FBI method according to a third
embodiment.

[0027] FIG. 12 is a diagram illustrating an example of an
image in which the average pixel value is depicted so as to
correspond to the delay time of the time phase thereof.
[0028] FIG. 13 is a diagram illustrating another example
of an image, in which the average pixel value is depicted so
as to correspond to the delay time of the time phase thereof.
[0029] FIG. 14 is a diagram illustrating an example of an
image for depicting the temporal variations of a plurality of
average values obtained by using a plurality of thresholds.
[0030] FIG. 15 is a diagram illustrating an example of a
screen for displaying a processing result.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] Hereinafter, embodiments of the invention will be
described with reference to drawings.
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First Embodiment

[0032] FIG. 1 is a schematic view illustrating a configu-
ration of a magnetic resonance imaging system (MRI sys-
tem) 100 according to a first embodiment.

[0033] The MRI system 100 includes a couch section on
which a subject 200 lies down, a magnetostatic field gen-
erating section for generating a magnetostatic field, a gra-
dient magnetic field generating section for appending posi-
tional information to the magnetostatic field, a transmitting/
receiving section for transmitting and receiving a high
frequency signal, and a control and operation section
responsible for both control of the whole system and image
reconstruction. Additionally, the MRI system 100 includes,
as components of the sections, a magnet 1, a magnetostatic
field power supply 2, a gradient magnetic field coil unit 3, a
gradient magnetic field power supply 4, a sequencer (se-
quence controller) 5, a host computer 6, an RF coil 7, a
transmitter 8T, a receiver 8R, an operation unit 10, a storage
unit 11, a display unit 12, an input unit 13, a shim coil 14,
a shim coil power supply 15 and voice generator 16. In
addition, the MRI system 100 is connected to an electro-
cardiograph section for measuring an ECG signal being
employed as a signal indicative of cardiac time phases of the
subject 200.

[0034] The magnetostatic field generating section includes
the magnet 1 and the magnetostatic field power supply 2. For
example, a superconductor magnet or a normal conductor
magnet can be used as the magnet 1. The magnetostatic field
power supply 2 supplies electric current to the magnet 1.
With such a configuration, the magnetostatic field generating
section generates the magnetostatic field HO in an axial
direction (Z-axis direction) of a cylindrical bore (diagnostic
space) into which the subject 200 is inserted. The magne-
tostatic field generating section includes shim coils 14. The
shim coils 14 are supplied with a current from the shim coil
power supply 15 under the control of the host computer 6
and generate an offset magnetic field for homogenizing a
magnetostatic field.

[0035] The couch top of the couch section on which the
subject 200 lies down can be inserted into the diagnostic
space so that the couch top can be withdrawn.

[0036] The gradient magnetic field generating section
includes the gradient magnetic field coil unit 3 and the
gradient magnetic field power supply 4. The gradient mag-
netic field coil unit 3 is incorporated in the magnet 1. The
gradient magnetic field coil unit 3 includes three pairs of
coils 3x, 3y, and 3z used to generate gradient magnetic fields
changing in strength in X-axis, Y-axis, and Z-axis directions
that are mutually orthogonal. The gradient magnetic field
power supply 4 supplies pulsated currents used to generate
gradient magnetic fields to the coils 3x, 3y, and 3z under the
control of a sequencer 5. In the gradient magnetic field
generating section, the pulsated currents supplied from the
gradient magnetic field power supply 4 to the coils 3x, 3y,
and 3z are controlled, whereby gradient magnetic fields
changing in the three X-, Y-, and Z-directions (physical axis
directions) are synthesized. Thus, a slice-directional gradient
magnetic field GS, a phase-encoding directional gradient
magnetic field GE, and a read out directional (frequency-
encoding-directional) gradient magnetic field GR, which are
mutually orthogonal, can be specified and changed arbi-
trarily about each of their logic axis directions. The gradient
magnetic fields to be applied in the slice direction, the phase
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encoding direction, and the readout direction are superposed
on the static magnetic field HO.

[0037] The transmitting/receiving section includes the RF
coil 7, the transmitter 8T, and the receiver 8R. The RF coil
7 is located in the vicinity of a subject 200 in the diagnostic
space inside the magnet 1. The transmitter 8T and a receiver
8R are connected to the coil 7. The transmitter 8T and the
receiver 8R operate under the control of a sequencer 5. The
transmitter 8T supplies to the RF coil 7 RF current pulses of
the Larmor frequency, which are used to excite the nuclear
magnetic resonance (NMR). The receiver 8R receives MR
signals (high frequency signals) such as echo signals
received by the RF coil 7, carries out various kinds of signal
processing, such as pre-amplification, intermediate-fre-
quency conversion, phase detection, low-frequency ampli-
fication, and filtering, and A/D-converts them into digital
data (raw data) of the MR signals. Furthermore, the control
and operation section includes the sequencer 5, the host
computer 6, the operation unit 10, the storage unit 11, the
display unit 12, the input unit 13 and the voice generator 16.
[0038] The host computer 6 has various control functions
realized when a predetermined software procedure is
executed. One example of the control functions is a function
of providing pulse sequence information to the sequencer
and managing the entire operations of the system. Another
example of the control functions is a function of controlling
the respective sections mentioned above so as to perform a
MR scan based on the Flow-Spoiled FBI method. A still
another example of the control functions is a function of
automatically determining a delay time T,;, and Ty,
which is a parameter of an imaging condition in the MR scan
based on the Flow-Spoiled FBI method.

[0039] The sequencer 5 has a CPU and memories. The
sequencer 5 stores pulse-sequence information sent from the
host computer 6. The CPU of sequencer 5 controls the
operations of the gradient magnetic field power supply 4,
transmitter 8T, and receiver 8R according to the stored
information, and temporarily receives raw data correspond-
ing to MR signals outputted from the receiver 8R so as to
transmit them to the operation unit 10. The pulse-sequence
information includes all the information required for opetr-
ating the gradient magnetic field power supply 4, transmitter
8T, and 10 receiver 8R according to a seties of pulse
sequences. For example, such information includes infor-
mation about the strength, duration, and application timing
of pulsed currents applied to the coils 3x, 3y, and 3z
[0040] As to the pulse sequences, provided that a Fourier
transform method is adopted, a two-dimensional (2D) scan
or a three-dimensional (3D) scan can be used. As examples
of pulse trains available to those scans, preferable are pulse
trains on a fast SE (Spin Echo) method, FSE (Fast Spin
Echo) method, EPI (Echo Planar Imaging) method, EASE
(Fast asymmetric SE) method, or others.

[0041] The operation unit 10 receives the raw data sent
from the receiver 8R via the sequencer 5. The operation unit
10 maps the raw data in a Fourier space (also known as a
k-space or frequency space) formed in its incorporated
memory, and performs for each set of data a two-dimen-
sional or three-dimensional Fourier transform with the
mapped raw data so as to reconstruct an image in the real
space. Moreover, the operation unit 10 is able to perform
synthesizing processing and difference-calculation process-
ing (including weighted difference processing) with data of
images, if necessary. The synthesizing processing includes
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an addition processing for every corresponding pixel, a
maximum intensity projection (MIP) processing, or the like.
As another example of the above synthesizing processing,
available is a method by which raw data of a plurality of
frames are synthesized into a frame of raw data, as they are,
with the axes of the frames matched in the Fourier space.
Additionally, the addition processing includes simple addi-
tion, averaging, or weighted addition.

[0042] The storage unit 11 can preserve image data pro-
duced by the above synthesis processing or difference pro-
cessing as well as reconstructed image data.

[0043] The display unit 12 presents various images to
users under the control of the host computer 6.

[0044] The input unit 13 allows operators to input various
information sources desired by the operators such as param-
eter information for selecting synchronization timing, scan
conditions, a pulse sequence, or information about image
synthesis processing and difference calculation processing.
The input unit 13 sends the inputted information to the host
computer 6.

[0045] The voice generator 16 outputs, for example, voice
messages informing a subject of the start and end of breath
hold in response to instructions sent from the host computer
6.

[0046] The electrocardiograph section includes an ECG
sensor 17 and an ECG unit 18. The ECG sensor 17 is
attached to the body of the subject 200 so as to detect an
electric ECG signal hereinafter, it is referred to as a sensor
signal) of the subject 200. The ECG unit 18 performs various
processes including digitization with the sensor signal and
sends it to both the host computer 6 and the sequencer 5. A
vectorcardiograph can be used as the electrocardiograph
section, for example. The sequencer 5 to perform each of an
ECG-prep scan and an ECG-gating imaging scan uses this
sensor signal measured by the electrocardiograph section,
whenever necessary. This enables appropriate setting of
synchronous timing on the ECG gating method, and data
acquisition can be done by the ECG-gating imaging scan on
the set synchronous timing.

[0047] Next, an operation of the MRI system 100 config-
ured as mentioned above will be described.

[0048] The MRI system 100 can perform the MR scan
based on the Flow-Spoiled FBI method. As to the operation
for performing this MR scan, for example, the operation
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2002-200054 can be available. However, the
host computer 6 performs the processing to be described
below ahead of the MR scan in order to determine the delay
times T, and Tp,,.

[0049] FIG. 2 is a flowchart illustrating the procedures of
the host computer 6 for determining the delay times T,
and Tp,,.

[0050] In the step Sal, the host computer 6 instructs the
sequencer 5 to execute the ECG-prep scan. Then, according
to the instructions, the sequencer 5 executes the ECG-prep
scan in accordance with the procedures disclosed in Japa-
nese Unexamined Patent Application Publication No. 2002-
200054. By using this ECG-prep scan, a plurality of images
(hereinafter, referred to as an ECG-prep image) correspond-
ing to mutually different time phases can be obtained. For
example, it is possible to obtain ten ECG-prep images
corresponding to ten time phases having delay times in the
range of 0 to 900 msec from the reference time phase at
intervals of 100 msec.
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[0051] In the step Sa2, the host computer 6 causes the
display unit 12 to display ECG-prep image selected by an
operator from the plurality of ECG-prep image obtained by
the aforementioned ECG-prep scan. Additionally, the host
computer 6 causes the GUI (graphical user interface) illus-
trated in FIG. 3 to be displayed on the screen for displaying
the selected ECG-prep image.

[0052] Inthe steps Sa3 and Sad, the host computer 6 waits
until an operation of specifying ROI (region of interest) is
performed or a Run button B1 provided on the GUI illus-
trated in FIG. 3 is pressed.

[0053] Here, in the case where an operator executes the
operation of specifying the ROI by using the input unit 13,
the operation proceeds from the step Sa3 to the step Sa5, in
which in the step Sa8, the host computer 6 sets the ROI
depending on the manipulation of the operator. FIG. 4 is a
diagram illustrating a setting example of the ROI. When a
setting of the one ROI is finished, the host computer 6
returns to the waiting state of the steps Sa3 and Sa4. The host
computer 6 sets the plurality of ROIs by repeating the step
SaS when the operator repeats the manipulation of specify-
ing ROL FIG. 5 is a diagram illustrating a setting example
of a plurality of ROIs. In the FIG. 5, 20 five circular ROIs
are set.

[0054] Meanwhile, if the Run button B1 is pressed, the
operation proceeds from the step Sa4 to the step Sa6, in
which in the step Sa6, the host computer 6 judges whether
the setting of ROI is finished or not. When the setting of ROI
does not exist, the host computer 6 performs the step Sa7
after the step Sa6. In the step Sa7, the host computer 6 sets
the entire areas of the ECG-prep image to ROIL. Then, the
host computer 6 performs the step Sa8. When only one ROI
setting exists, the host computer 6 performs the operation of
the step Sa8 after the step Saé while bypassing the step Sa7.

[0055] In the step Sa8, the host computer 6 sets one of the
ECG-prep images to the standard image. Specifically, the
host computer 6 sets to the standard image the ECG-prep
image corresponding to the latest time phase of the time
phases having shorter delay time than predetermined time.
For example, when the predetermined time is 250 msec, the
ECG-prep image corresponding to the time phase of which
the delay time is 200 msec is set to the standard image.

[0056] By the way, when an operator sets the delay time,
the ECG-prep image corresponding to the time phase closest
to the systolic period is generally used as the standard image.
However, the standard image used in the first embodiment
needs not be the ECG-prep image corresponding to the time
phase closest to the systolic period. For this reason, the
predetermined time mentioned above needs not be set for
every imaging process, but can be set to a fixed value. By
setting the predetermined time to the fixed value, the stan-
dard image can be automatically determined, and thus it is
possible to reduce the burden imposed on the operator. The
predetermined time is a default value, which may be set in
the process of production of the MRI system 100 and may
be set arbitrarily by an operator. Additionally, the predeter-
mined time can be specified by an operator whenever the
imaging process is performed. Alternately, the predeter-
mined time may be set to an initial value. When the initial
value is changed and specified by an operator, the specified
value may be used as the predetermined time. When the
initial value is not changed and specified by the operator, the
initial value may be used as the predetermined time.
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[0057] 1In the step Sa9, the host computer 6 generates
differential images between the standard image and the
respective ECG-prep images other than the standard image.
When the ten ECG-prep images mentioned above and an
ECG-prep image corresponding to the time phase of which
the delay time is 200 msec is set to a standard image, by
respectively calculating the differences between the ECG-
prep image corresponding to the time phase of which the
delay time is 200 msec and the ECG-prep images corre-
sponding to the time phases of which the delay times are 0
msec, 100 msec, and 300 to 900 msec, nine differential
images are generated. The host computer 6 generates the
differential images corresponding to only ROIs. The differ-
ential images become the image having the pixel value
based on variation of blood flow relative to the standard
image.

[0058] In the step Sald, all differential images generated
from the step Sa9 are processed by a maximum-value
projection, whereby the host computer 6 generates one of the
maximum-value images. The maximum-value image is an
image of collecting only the image having the largest
variation in blood flow from the differential images.
[0059] In the step Sall, the host computer 6 converts the
maximum-value image into a binary image, thereby gener-
ating a mask image. The host computer 6 may use the
predetermined value which is a threshold for the binary
conversion described above, and may use a value calculated
by multiplying a factor by size of the maximum signal of the
maximum-value image. The factor is less than 1. With
respect to the factor, the predetermined value can be used,
and the value specified by an operator can be used. Alter-
nately, for example, assuming that an initial value is set to
0.7, when the initial value is changed and specified by an
operator, the specified value may be used as the factor, and
when the initial value is not changed and specified by an
operator, the initial value may be used as the factor. The
mask image is defined as an image formed in a way that the
pixel value of pixels having a signal intensity not less than
the threshold of the maximum-value image is set to 1 and the
pixel value of the other pixels is set to 0. That is, the mask
image is an image obtained by extracting blood vessel
features in a way that the pixel value corresponding to the
parts which are more likely to be blood vessels is set to 1,
and the pixel value corresponding to the parts which are less
likely to be blood vessels is set to 0.

[0060] In the step Sal2, the host computer 6 multiplies the
mask image and the respective images in the ROIs of all
ECG-prep images for every pixel, thereby generating a
plurality of masked images. When the ten ECG-prep images
mentioned above, ten masked images are generated. The
masked image is an image obtained by extracting the parts
which are more likely to be blood vessels from the images
in the ROIs of the ECG-prep images.

[0061] In the step Sal3, the host computer 6 calculates
average pixel values with respect to the all pixels in the
masked image for every masked image. With such a con-
figuration, each average value is calculated from each time
phase of the plurality of ECG-prep image which is the basis
of the masked images. When the ten ECG-prep images
mentioned above, total ten average values corresponding to
the respective ten time phase is obtained.

[0062] In the step Sal4, the host computer 6 determines
the delay times T, , and T, on the basis of the plurality
of average values described above. In detail, the host com-
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puter 6 determines that the delay time elapsed from the
reference time phase of the time phase corresponding to the
minimum value of the plurality of average values obtained
in the step Sal3 is the delay time T, ,. Additionally, the host
computer 6 determines that the delay time elapsed from the
reference time phase of the time phase corresponding to the
maximum value of the average values obtained in the step
Sal3 is the delay time T,,,. The blood flow generally
becomes the maximum after becoming the minimum. For
this reason, a retrieval of the maximum value described
above may be performed with respect to only the average
values based on the later time phase than the time phase
corresponding to the minimum value described above.
[0063] When setting the plurality of ROIs, plurality sets of
average values corresponding to the respective ROIs are
obtained. In this case, the maximum value and minimum
value of the sets in which the difference between the
minimum value and the maximum value of average values
becomes maximum are used for determining the delay times
Tppqand Tpp .

[0064] The delay times T,,, and T,;, (corresponding
respectively to minimum and maximum image pixel values)
determined in such a way may be used as the delay times
Ty, and T, to be used for a diagnostic MR scan in
accordance with the Flow-Spoiled FBI method disclosed in
the Japanese Unexamined Patent Application Publication
No. 2002-200054. In the host computer 6 of the case
mentioned above, the untouched (i.e., automatically deter-
mined) candidate delay times T, , and T, , may automati-
cally be set as the diagnostic imaging delay times T, , and
Ty Alternatively, the automatically determined candidate
delay times T, and T, may be presented to an operator
as a candidate for the delay times T, and T, ,, whereby
the delay times T, and Tp,;, (e.g., as displayed reference
information to the operator) may be set as the delay times
Ty, and T, under the modification and approval of an
operator.

[0065] Accordingly, the operator does not always need to
determine the diagnostic imaging delay times T,;, and
Ty, and thus the burden imposed on the operator can be
reduced. Additionally, the substituted value of the delay
times T,;, and T, can be automatically obtained on the
basis of characteristics of the ECG-prep image, and thus it
is possible to determine the value of proper delay times T,
and Tp;, in contrast with the case where an operator
necessarily determines the value.

[0066] When the operator can identify blood flow parts in
the ECG-prep image, delay times T,,, and T,,, that are
more suitable for the delay times T,;, and T,,;, can be
determined by setting ROIs on the parts. However, when the
operator does not need to set the ROI, the burden of the
operator can be reduced.

Second Embodiment

[0067] The configurations of the MRI system according to
a second embodiment are the same as those of the MRI
system 100.

[0068] The second embodiment and the first embodiment
are different in view of a process in the host computer 6 in
order to determine the delay times T,,;, and T, ,.

[0069] Accordingly, hereinafter, the process in the host
computer 6 according to the second embodiment for deter-
mining the delay times T,,;, and T,,, will be described in
detail.
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[0070] FIG. 6 is a flowchart illustrating the procedures of
the host computer 6 for determining two delay times 10 T,
and T, ,. The same step as FIG. 2 will be referenced by the
same reference numerals and detailed description thereof
will be omitted.

[0071] The host computer 6 becomes a waiting state after
processing the steps Sal and Sa2 in the same manner as the
first embodiment. In this waiting state, the host computer 6
performs a confirming in the step Sb1 in addition to the
confirming in the steps Sa3 and Sad.

[0072] In this step Sbl, the host computer 6 confirms
whether a command for changing the mask generation mode
is given or not. To perform the command for changing the
mask generation mode, in the host computer 6 according to
the second embodiment, the GUI displayed to match the
ECG-prep image with a screen in the step Sa2 is configured
as the same configuration illustrated in FIG. 7. Option
buttons B2 and B3 are disposed on the GUI illustrated in
FIG. 7. The option buttons B2 and B3 is, one is a selection
state, and the other one is a selection released state. The
option buttons B2 and B3 correspond to the first and second
modes, respectively.

[0073] When one of the option buttons B2 and B3 in the
selection released state is clicked, the host computer 6
judges that a change of the mask generation mode is
commanded, and the operations proceeds from the step Sh1
to the step Sb2. In the step Sb2, the host computer 6 changes
the mask generation mode so as to be effective of the mode
corresponding to the clicked option button. Thereafter, the
host computer 6 returns to the waiting state of the steps Sa3,
Sad, and Sb1.

[0074] When the Run button B1 is pressed, the host
computer 6 performs the operation of the step Sb3 after
performing the steps Sa6 and Sa7 in a manner similar to the
first embodiment. In the step Sb3, the host computer 6
confirms that the mask generation mode corresponds to
which mode of the first mode or the second mode.

[0075] When the mask generation mode is in the first
mode, the host computer 6 performs the operation of the step
Sh8 after the step Sb3. Additionally, in the step Sa8, the host
computer 6 determines the standard image in the same
manner as the first embodiment, and then, in the step Shd,
executes the first mask generating process.

[0076] FIG. 8 is a flowchart illustrating a first mask
generating procedure performed by the host computer 6.

[0077] In the processing loop of the steps Scl to Sc4, the
host computer 6 repeats the process of the steps Sc2 and Sc3
while increasing a variable P from “1” to “n,” one by one.
“n” is defined as the number of the ECG-prep image capable
of being obtained in the step Sal.

[0078] In the step Sc2, the host computer 6 generates a
differential image between a P-th ECG-prep image and the
standard image determined in the step Sa9. Next, in the step
Sc3, the host computer 6 performs the maximum-value
projection process on the maximum-value image previously
generated in this first mask generating process and the
differential image generated in the step Sc2, thereby gener-
ating one maximum-value image. When the variable P is
“1,” the first maximum-value projection is executed in this
first mask generating process, the maximum-value image is
not generated yet, and thus the differential image between
the first ECG-prep image and the standard image just
becomes the maximum-value image.
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[0079] With such a configuration, when the processing
loop of the step Scl to Sc4 is finished, one maximum-value
image can be obtained. Consequently, the process in the
processing loop of the step Scl to Sc4 is different in view of
a detail procedure, but can obtain the same result as the
process of the steps Sa9 and Sal0 according to the first
embodiment.

[0080] Thereafter, in the processing loop of the steps Sc5
to Sc9, the host computer 6 repeats the process of the steps
Scé6 to Sc8, while sequentially performing the process on the
respective entire pixels of the maximum-value image.

[0081] In the step Sc6, the host computer 6 confirms
whether the pixel value of the pixel subjected to the process
is greater than the threshold or not. The threshold used in this
step is the same as the threshold used in the step Sall
according to the first embodiment. In addition, when the host
computer 6 judges that the pixel value is greater than the
threshold, the operation proceeds from the step Scé to the
step Sc7, in which the host computer 6 sets a mask value
corresponding to the pixel subjected to the process to “1.” As
compared therewith, when the host computer 6 judges that
the pixel value is the threshold or less, the operation pro-
ceeds from the step Sc6 to the step Sc8, and a mask value
corresponding to the pixel subjected to the process is set to
6(0.”

[0082] With such a configuration, when the processing
loop of the steps Sc5 to Sc9 is finished, a mask image in
which the entire pixels of the maximum-value image are
converted into binary values by the threshold can be
obtained. Consequently, the process in the processing loop
of the step Sc5 to Sc9 is different in view of a detail
procedure, but can obtain the same result as the process of
the step Sall according to the first embodiment.

[0083] Meanwhile, when the mask generation mode is in
the second mode, the host computer 6 performs the step Sb5
after the step Sb3 in FIG. 6. Additionally, in the step Sb5, the
host computer 6 executes a second mask generating process.

[0084] FIG. 9 is a flowchart illustrating the procedures of
the host computer 6 in the second mask generating process.

[0085] In the processing loop of the steps Sdl to Sd6, the
host computer 6 repeats the process of the steps Sd2 to Sd5
while incrementing the variable P1 from “1” to “n-1,” one
by one.

[0086] In the processing loop of the steps Sd2 to Sd5, the
host computer 6 repeats the process of the steps Sd3 and Sd4
while increasing a variable P2 from “P1+1” to “n,” one by
one.

[0087] In the step Sd3, the host computer 6 generates a
differential image between a P1-th ECG-prep image and a
P2-th ECG-prep image. Next, in the step Sd4, the host
computer 6 performs the maximum-value projection process
on the maximum-value image previously generated in this
second mask generating process and the differential image
generated in the step Sd3, thereby generating one maximum-
value image. When the variable P1 is “1,” the first maxi-
mum-value projection is executed in this second mask
generating process, the maximum-value image is not gen-
erated yet, and thus the differential image between the first
ECG-prep image and the second ECG-prep image just
becomes the maximum-value image. The host computer 6
memorizes the differential images corresponding to the pixel
values selected in the maximum-value projection process
performed on each pixel of the maximum-value image.
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[0088] With such a configuration, when the processing
loop of the step Sd1 to Sdé is finished, one maximum-value
image can be obtained. The maximum-value image is
obtained by executing the maximum-value projection pro-
cess upon all differential images which are generated by all
combinations (size nC2) of selecting the two images from
the n ECG-prep images, respectively.

[0089] Thereafter, in the processing loop of the steps Sd7
to Sd10, the host computer 6 repeats the process of the steps
Sd8 and Sd9. while sequentially performing the process on
the respective entire pixels of the maximum-value image.
[0090] In the step Sd8, the host computer 6 confirms
whether the pixel value of the pixel subjected to the process
is greater than the threshold or not. The threshold used in this
step is the same as the threshold used in the step Sall
according to the first embodiment. When it is judged that the
pixel value is greater than the threshold, the operation
proceeds from the step Sd8 to the step Sd9, and the host
computer 6 increments one frequency value F (P1, P2) of the
differential images corresponding to the pixel values of the
pixels subjected to the process. Specifically, for example,
when the pixel value of the pixel subjected to the process is
selected from the differential image between the 3rd and 8th
ECG-prep images, a frequency value F (3, 8) increases one.
An initial value of the frequency value F (P1, P2) is set to
a common value such as “0.” As compared therewith, when
the host computer 6 judges that the pixel value is the
threshold or less, the operation proceeds from the step Sd8
to the step Sd10, and the frequency value F (P1, P2) is not
entirely changed.

[0091] When the processing loop of the steps Sd7 to Sd10
is finished, the frequency value F (P1, P2) indicative of a
frequency of selecting the pixel from the current differential
image among the plurality of differential images in the
maximum value comntrol process.

[0092] Next, in the processing loop of the steps Sd11 to
Sd16, the host computer 6 repeats the process of the steps
Sd12 to Sd15 while sequentially executing the respective
entire pixels of the maximum-value image. In the steps Sd12
and Sd13, the host computer 6 confirms whether the pixel
value of the pixel subjected to the process is selected from
the maximum-frequency image and greater than the thresh-
old or not. The maximum-frequency image used in this step
is a differential image of which the frequency value F (P1,
P2) is the largest value. Additionally, the threshold is the
same as the threshold used in the step Sd8.

[0093] When it is judged that the aforementioned condi-
tion is satisfied, the operation proceeds from the step Sd13
to the step Sd14, in which the host computer 6 sets a mask
value corresponding to the pixel 10 subjected to the process
to “1.” On the other hand, when it is judged that the
aforementioned condition is not satisfied, the operation
proceeds from the steps Sd12 or Sd13 to the step Sd15, in
which the host computer 6 sets a mask value corresponding
to the pixel subjected to the process to “0.”

[0094] When the processing loop of the steps Sd11 to
Sd16 is finished, a mask image converted into binary values
can be obtained in which only the mask values correspond-
ing to the pixel selected from the maximum-frequency
image and having a pixel value larger than the threshold are
set to “1” and the mask values corresponding to the other
pixels are set to “0.”

[0095]  After finishing the first mask generating process or
the second mask generating process described above, the

Feb. 23,2017

host computer 6 executes the steps Sal2 to Sal4 in the same
manner as the first embodiment.

[0096] With such a configuration, the delay times T,
and T, are practically determined in the same manner as
the first embodiment, when the mask generation mode is in
the first mode. However, the mask image is generated on the
basis of the maximum-value image obtained by generating
differential images with respect to respective all combina-
tions of n* which is the number of cases capable of selecting
two images from n ECG-prep images, and by executing a
maximum-value projection process upon the plurality of
generated differential images, when the mask generation
mode is in the second mode. For this reason, the mask image
can be generated in consideration of the case where the
larger signal variation occurs between the ECG-prep images
other than the ECG-prep image of the standard image in the
first embodiment. In the first embodiment, precision of the
mask image can be easy to vary, since pixel value intensity
of the maximum-value image varies with a time phase
belonging to the ECG-prep image which is selected as a
standard image. However, in the manner of second mode
according to the second embodiment, the large signal varia-
tion as described above can be surely reflected on the pixel
value of the maximum-value image, and the mask image
having a good precision can be stably generated.

[0097] Occasionally, the intensity of the signal is greatly
fluctuated by some influences such as intestinal peristalsis
other than the blood vessel. In the second mode, such a
signal variation is occasionally reflected on the pixel value
of the maximum-value image. However, since the intestinal
peristalsis has no relation with heart motion, such a pixel
value has a low possibility to be selected as a differential
image between an ECG-prep image based on the time phase
in the vicinity of a systolic period and an ECG-prep image
based on a time phase in the vicinity of a diastolic period.
Meanwhile, the difference between signals from the blood
vessel mostly becomes the maximum between the systolic
period and the diastolic period. For this reason, a pixel value
representing large variation in the signal intensity from the
blood vessel has a high possibility to be selected as a
differential image between an ECG-prep image based on the
time phase in the vicinity of a systolic period and an
ECG-prep image based on a time phase in the vicinity of a
diastolic period, and these pixel values mostly belong to the
maximum-value image. In the second mode, though a pixel
value is greater than a threshold, if the pixel value is not
selected from the maximum-frequency image, a mask value
is set to “0.” As a result, it is possible to generate a high
precision mask image without influence of intestinal peri-
stalsis and the like.

[0098] FIG. 10 is a diagram illustrating an example of a
mask image. FI1G. 10 represents the pixel of which a mask
value in a mask image is “1” in white color. The maximum-
value image is represented as a background image of the
mask image by applying the pixel value in the maximum-
value image to the pixel of which a mask value in a mask
image is “0.” When the pixel value in the maximum-value
image is threshold or more but the pixel value is not selected
from the maximum-frequency image, the pixel of which a
mask value in a mask image is “0” is represented as reducing
brightness thereof. Accordingly, for example, the uneven
part denoted as the reference numeral 50 corresponds to the
region in which signal intensity has been greatly varied by
influences such as intestinal peristalsis.
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Third Embodiment

[0099] The outlined configuration of the MRI system
according to a third embodiment is the same as the MRI
system 100.

[0100] The third embodiment and the first embodiment are
different in that the host computer 6 has an additional
function of generating a reference image for determining a
position to be described later on the basis of an ECG-prep
image in addition to the various kinds of control functions
executed by software procedures memorized.

[0101] Hereinafter, an operation of the case of performing
an imaging in the Flow-Spoiled FBI method will be
described in the third embodiment. An operation of the case
of performing an imaging to obtain a coronal image in the
Flow-Spoiled FBI method upon the legs of the subject 200
will be described in this section.

[0102] FIG. 11 is a flowchart illustrating a procedure
performed by a host computer 6 when an imaging process is
performed by a Flow-Spoiled FBI method.

[0103] In the processing loop of the steps Sel to Sell, the
host computer 6 repeats the process of the steps Se2 to Sel0
while increasing a variable ST from “1” to “Nst,” one by
one. “Nst” is defined as the number of divisions in case
where the region subjected to the MR scan of the Flow
Spoiled FBI method is divided plural times, that is so-called
stage number.

[0104] In the step Se2, the host computer 6 causes the
couch top to move so as to move the subject 200 to the
position suitable for imaging a ST-th stage.

[0105] In the step Se3, the host computer 6 instructs the
sequencer 5 to execute a pilot scan upon a coronal surface
with respect to the center of stage. The sequencer 5 executes
the pilot scan to obtain the pilot image in the known
procedure in accordance with the instruction.

[0106] In the step Sed, the host computer 6 executes a
positioning for ECG-prep scan upon the sagittal surface, by
using the aforementioned pilot image employed as a refer-
ence image. This positioning may be automatically per-
formed by the host computer 6, and may be performed by
inputting information of the position specified by an opera-
tor. In the case of the latter, the pilot image is presented to
an operator in such a manner of displaying the image
employed as the reference image on the display unit 12.
[0107] In the step Se5, the host computer 6 instructs the
sequencer 5 so as to execute the ECG-prep scan upon the
sagittal surface positioned in the step Sed. Then, according
to the instruction, the sequencer 5 executes the ECG-prep
scan upon the specified sagittal surface in the procedure
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2002-200054.

[0108] In the step Se6, the host computer 6 executes a
maximum differential intensity projection process (MDIP
process) upon the plurality of ECG-prep images acquired in
the step Se5. As for the maximum differential intensity
projection process, it can be applied that one of the processes
such as the processes of the steps Sa8 to Sall in FIG. 2, the
processes of the steps Sa8 and Sb4 in FIG. 6, and the process
of the step Sb5. Consequently, the host computer 6 generates
the mask image generated in the same manner in the first or
second embodiment on the basis of the plurality of ECG-
prep images acquired from the step Se5, in this step Se6.
[0109] In the step Se7, the host computer 6 executes a
positioning for ECG-prep scan upon the coronal surface, by
using the aforementioned pilot image and mask image
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generated in the step Se3 so as to be used as reference
images, respectively. Since the aforementioned mask image
is an image in which features of blood vessels are extracted
as described in the first embodiment and the second embodi-
ment, it is able to easily perform a positioning suitable for
imaging the blood vessels by using the mask image
employed as a reference image. Moreover, since the afore-
mentioned mask image is a sagittal image, the legs of subject
can be suitably depicted when the subject stretches his legs
in a straight shape. Accordingly, the aforementioned mask
image is used as a reference image, and thus it is possible to
easily perform the positioning suitable for imaging bent
legs. This positioning may be automatically performed by
the host computer 6, and may be performed by inputting
information of the position specified by an operator. In the
case of the latter, the pilot image is presented to an operator
in such a manner of displaying the image employed as the
reference image on the display unit 12.

[0110] In the step Se8, the host computer 6 instructs the
sequencer 5 so as to execute the ECG-prep scan upon the
coronal surface positioned in the step Se7. Then, according
to the instruction, the sequencer 5 executes the ECG-prep
scan upon the specified coronal surface in the procedure
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2002-200054.

[0111] In the step Se9, the host computer 6 executes a
delay time determining process upon a plurality of ECG-
prep images acquired in the step Se8. As for the longest
delay time determining process, for example, processes of
the steps Sa2 to Sal4 in FIG. 2 can be applied. In the step
Se9, the host computer 6 determines the delay times T,
and T, as a substitution for the delay times T,,;, and T,,;,
in the MR scan (hereinafter, it is referred to as a FS-FBI
scan) of the Flow-Spoiled FBI method disclosed in the
Japanese Unexamined Patent Application Publication No.
2002-200054, on the basis of the plurality of ECG-prep
images acquired in the step Se8. In the host computer 6, the
untouched delay times T,,;,, and T, may automatically be
set as the delay times Tj;, and Tj,,, but the delay times
Ty, and T, , are also presented (e.g., to an operator) as a
proposed substitution (e.g., reference information) for the
delay times T,;, and T, ,, whereby the delay times T,
and T, may be set as the delay times T, and T, under
the modification and approval of an operator.

[0112] In the step Sel0, the host computer 6 executes a
positioning upon 3-dimensional region subjected to the
FS-FBI scan, by using the aforementioned pilot image
generated in the step Se3 and mask image generated in the
step Se6 so as to be used as reference images, respectively.
In this positioning, it is able to easily and properly perform
the positioning in the same manner of the step Se7 by using
the mask image employed as a reference image. This posi-
tioning may be automatically performed by the host com-
puter 6, and may be performed by inputting information of
the position specified by an operator. In the case of the latter,
the pilot image is presented to an operator in such a marner
of displaying the mask image generated in the step Se6 as
the reference image on the display unit 12. Instead of the
pilot image, the mask image generated in the step Se9 can
be used as a reference image.

[0113] With such a configuration, when the processing
loop of the steps Sel to Sell is finished, the positioning for
the FS-FBI scan with respect to the Nst stage is finished.
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[0114] In the step Sel2, the host computer 6 causes the
couch top to move so as to return the subject 200 to the
standard position.

[0115] Thereafter, the host computer 6 executes the pro-
cessing loop of the steps Sel to Sell. In the processing loop
of the steps Sel to Sell, the host computer 6 repeats the
process of the steps Seld4 and Sel5 while increasing a
variable ST from “1” to “Nst,” one by one.

[0116] In the step Seld, the host computer 6 causes the
couch top to move so as to move the subject 200 to the
position suitable for imaging a ST-th stage.

[0117] In the step Sel5, the host computer 6 instructs the
sequencer 5 to execute the FS-FBI scan upon a coronal
surface of the position determined with respect to the ST-th
stage in the step Sel0. At that time, the host computer 6
notifies the sequencer 5 of the delay times TDL1 and TDL2
determined with respect to the ST-th stage in the step Se9.
The sequencer 5 executes the FS-FBI scan for the specified
3-dimensional region, for example, in the procedure dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2002-200054, in accordance with the instruction.
[0118] With such a configuration, when the processing
loop of the steps Sel3 to Sel6 is finished, the FS-FBI scan
with respect to the Nst stage is finished.

[0119] According to the third embodiment, it is possible to
properly and easily perform the positioning based on run-
ning of blood flow as mentioned above, since the mask
image generated by the maximum differential intensity
projection process is used as a reference image for position-
ing of ECG-prep scan and FS-FBI scan upon the coronal
surface.

[0120] The embodiments may be modified to various
forms as follows.

[0121] (1) The determination of the delay times T, and
Ty, may not be performed in the system, but rather the
determining may be performed by an operator. In this case,
generating the reference information as a graphical image
which is represented by making the average pixel value
(ordinate) calculated in the step Sal3 correspond to the
delay time of the time phase (abscissa). As illustrated in
FIGS. 12 and 13, for example, the graphical image is
presented to an operator as additional reference information
by displaying the graphical image on the display unit 12.
With such a configuration, the operator can determine the
delay times T, and Tjp;, by simply comparing between
numerical values. This method is very simple in comparison
with subjectively determining the delay times T, and Ty,
on the basis of only the ECG-prep images. FIG. 12 is an
example in the case of just one ROI, and FIG. 13 is an
example in the case of five ROIs.

[0122] Compared with the case where the delay times
TDLa and TDLb determined by an operator are inputted as
the numerical values, the burden imposed on the operator
can be reduced when cursors CL and CH are displayed as
illustrated in FIG. 12, the cursors CL and CH are shifted in
a time direction in accordance with instructions of the
operator, the delay time corresponding to a position of the
cursor CL is set to delay time T, and the delay time
corresponding to a position of the cursor CL is set to delay
time Tpy,.

[0123] The image presented to the operator may have an

expression form, such as a table form, that is different from
those shown in FIGS. 12 and 13.
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[0124] The automatic determination result may be con-
firmed by an operator in such a manner that the display unit
12 displays the image as shown in FIG. 12 in which the
cursors CL and CH are shifted so as to correspond to the
automatically determined delay times T, and T,,, in a
manner similar to the aforementioned embodiment. In this
case, the cursors CL, and CH may be shifted in a time
direction in accordance with instructions of the operator, and
the delay times T,,,, and T,,;, may be manually adjusted.
When the display unit 12 displays the differential image
between the ECG-prep image and the standard image cor-
responding to the positions of the cursors CL and CH, the
operator can confirm whether the current time phase is
suitable for the determination of the delay times T, , and
Tpzs-

[0125] (2) The step Sall may be configured to generate a
plurality of mask images using a plurality of mutually
different thresholds, and the steps Sal2 and Sal3 may be
configured to perform corresponding operations on the basis
of the plurality of mask images, so that a plurality of average
values can be obtained for one time phase. In this case, the
process of the step Sal4 is not performed, and the image as
illustrated in FIG. 8 is presented to an operator, in which the
aforementioned average values are depicted as temporal
variation for each threshold. In FIG. 14, the curve 1 corre-
sponds to the case of setting a threshold to “0.8”; the curve
2 corresponds to the case of setting a threshold to “0.5”; and
the curve 3 corresponds to the case of setting a threshold to
“0.2.”

[0126] As shown in FIG. 14, the time phases correspond-
ing to the maximum and minimum average values do not
change greatly with the change in the thresholds, but the
difference between the maximum average value and the
minimum average value decrease with the decrease in the
threshold. When a larger threshold is used, it is likely to find
the parts having a large variation in flow rate, that is, the
parts having a high possibility of being the blood flow.
However, when a smaller threshold is used, it is likely to
erroneously extract parts other than the blood vessels and
thus deteriorate reliability of the result. On the other hand,
the smaller threshold is useful for acquiring a wide range of
information about the blood vessels.

[0127] For this reason, by presenting the image as illus-
trated in FIG. 14 to an operator, it is possible to provide more
information to the operator for judgment ground. For
example, if there are a case where a time phase A is extracted
as the maximum signal time phase (diastolic period) using a
larger threshold and a case where a time phase B is extracted
as the maximum signal time phase (diastolic period) using a
smaller threshold, the operator can select better one based on
the difference between the extraction results by comparing
the images obtained from the time phase A and the time
phase B.

[0128] (3) The invention may be applied not only to the
Flow-Spoiled FBI method but also to FBI method and other
methods such as the ECG-gating imaging method.

[0129] (4) Instead of the ECG signal, a pulse wave signal
may be used. For example, the MR scan may be performed
in synchronization with the pulse wave signal which can be
obtained by a sphygmograph attached to the finger edge of
a subject. It is difficult to detect a systolic period on the basis
of the pulse wave signal compared with the case of detecting
the systolic period on the basis of the electrocardio signal.
However, in the embodiments of the present application,
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even when the pulse wave signal is used instead of the ECG
signal, it is possible to generate the image in which feature
of blood vessels is properly extracted. Accordingly, the
positioning or determination of the delay time can be
properly performed. In this case, since the blood flow
change from the maximum to the minimum and the pulse
wave changes from the minimum to the maximum, a syn-
chronous imaging is performed in consideration of this
feature. The image of the initial time phase of both electro-
cardio signal and pulse wave signal is occasionally shaken,
and thus the image may be configured to be removed from
analysis.

[0130] (5) A processing result may be displayed on a
screen as illustrated in FIG. 15 by the display unit 12, for
example. On the screen illustrated in FIG. 15, the images 61
to 64 and a GUI 65 are arranged with the image 66
superimposed thereon. The image 61 is of the same kinds as
the image illustrated in FIG. 4 or FIG. 5, and is used for
setting the ROI. The image 62 is of the same kinds as the
image illustrated in FIG. 10, and represents the mask image.
The images 63 and 64 represent a differential image of two
time phases that are selected by the use of the GUT 65. When
the images of the two time phases selected by the use of the
GUI 65 are set to the first image and the second image, the
differential image obtained by subtracting the second image
from the first image corresponds to the image 63, and the
differential image obtained by subtracting the first image
from the second image corresponds to the image 64. The
image 66 is of the same kinds as the image illustrated in FIG.
12 or FIG. 13, and is a graph used for judging the optimum
time phase.

[0131] (6) In the second embodiment, the steps Sb3, Sa8,
and Sb4 may be omitted, and the second mask generating
process may be performed in any cases.

[0132] (7) In the third embodiment, a slice plane of the
pilot scan in the step Se3 or the ECG-prep scan in the steps
Se5 and Se8 may vary with a slice plane of the FS-FBI scan.
That is, the slice plane of the ECG-prep scan in the step Se8
may correspond to the slice plane of the FS-FBI scan. The
slice plane of the ECG-prep scan in the step SeS may be
orthogonal to the slice plane of the FS-FBI scan. The slice
plane of the pilot scan in the step Se3 may be orthogonal to
the slice plane of the ECG-prep scan in the step Se5.

[0133] (8) In the third embodiment, the delay time deter-
mining process may be configured to receive specifications
from an operator in a similar manner to the conventional
one.

[0134] The invention is not limited to the embodiments
described above, but may be embodied and modified in
various forms without departing from the spirit of the
invention in implementation steps. A plurality of compo-
nents disclosed in the embodiments may be suitably com-
bined with each other to produce various aspects of the
invention. For example, several components may be
removed from the entire components disclosed in the
embodiments. The components of one embodiment may be
properly combined with components of the other embodi-
ments.

[0135] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications maybe made without
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departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

1-21. (canceled)

22. A magnetic resonance imaging system comprising: a
prep scan section configured to perform a prep scan acquir-
ing plural sets of echo signals at a plurality of cardiac time
phases which are mutually different from each other for each
slice;

a prep image generating section configured to generate a
plurality of prep images respectively corresponding to
the plurality of cardiac time phases on the basis of the
plural sets of echo signals;

a cardiac time phase determining section configured to
automatically determine a first cardiac time phase and
a second cardiac time phase on the basis of a functional
relationship between cardiac time phases and pixel
values derived from the plurality of prep images;

a diagnostic imaging scan section configured to acquire
diagnostic imaging echo signals by performing a diag-
nostic imaging scan upon each of the first cardiac time
phase and the second cardiac time phase which are
automatically set by the cardiac time phase determining
section; and

imaging diagnostic image generating section configured
to generate a first image based on an echo signal of the
first cardiac time phase obtained by the imaging scan
section, to generate a second image based on an echo
signal of the second cardiac time phase obtained by the
imaging scan section, and to acquire a differential
diagnostic image by calculating a difference between
the first image and the second image.

23. The magnetic resonance imaging system according to
claim 22, wherein the cardiac time phase determining sec-
tion generates a mask image on the basis of the plurality of
prep images and calculates a feature quantity of the plurality
of cardiac time phase on the basis of the mask image and the
plurality of prep images.

24. The magnetic resonance imaging system according to
claim 23, wherein the mask image is a maximum-value
image obtained by performing a maximum-value projection
process on the plurality of prep images or a plurality of
differential images obtained by calculating a difference
between the plurality of prep images and a standard image
which is one of the plurality of prep images.

25. The magnetic resonance imaging system according to
claim 24, wherein the mask image is a binarized image
obtained by binarizing the maximum-value image.

26. The magnetic resonance imaging system according to
claim 23, wherein the cardiac time phase determining sec-
tion generates the mask image on the basis of partial data of
the respective prep images.

27. The magnetic resonance imaging system according to
claim 26, the system further comprises an ROI (region of
interest) setting section configured to set a part of the
respective prep images to an ROI,

wherein the cardiac time phase determining section gen-
erates the mask image on the basis of data of the ROIL.

28. The magnetic resonance imaging system according to
claim 23, further comprising a cardiac time phase determin-
ing section configured to determine the first cardiac time
phase and the second cardiac time phase on the basis of the
feature quantity.
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29. The magnetic resonance imaging system according to
claim 22, wherein the first cardiac time phase and the second
cardiac time phase are in a systolic period and a diastolic
period, respectively.

30. The magnetic resonance imaging system according to
claim 22, wherein the prep scan section or the imaging scan
section judges the cardiac time phases on the basis of a
signal obtained by a sphygmograph.

31. The magnetic resonance imaging system according to
claim 23,

wherein the prep scan section acquires plural sets of echo
signals of the respective plural cardiac time phases at
each slice position in a section orthogonal to a section
from which the diagnostic image should be acquired or
a section of a final diagnostic image obtained by
performing an image process, and

wherein the system further comprises a positioning sec-
tion configured to display the mask image as a posi-
tioning image on which the diagnostic imaging scan is
performed.
32. The magnetic resonance imaging system according to
claim 31, further comprising:

a pilot scan section configured to perform a pilot scan of
acquiring echo signals in a section parallel to a section
from which the diagnostic image or a section of the
final diagnostic image; and

a pilot image generating section configured to generate a
pilot image, on the basis of the echo signals acquired by
the pilot scan section,

wherein the positioning section uses the pilot image as a
reference image.

33. The magnetic resonance imaging system according to
claim 22, wherein the prep scan section acquires plural sets
of echo signals corresponding to a plurality of cardiac time
phases for each slice position in a plurality of sections
orthogonal to each other, and

wherein the cardiac time phase determining section gen-
erates a first mask image on the basis of the plurality of
prep images in a first section of the plurality of sections
orthogonal to each other, and generates a second mask
image on the basis of the plurality of prep images in a
second section.

34. The magnetic resonance imaging system according to
claim 22, further comprising a movable section configured
to move a subject to be examined by the diagnostic imaging
scan,

wherein the diagnostic imaging scan section performs the
diagnostic imaging scan upon a plurality of stages at
which the subject is moved or a plurality of photo-
graphing regions of the subject.

35. The magnetic resonance imaging system according to
claim 23, wherein the mask image is a maximum-value
image obtained by generating differential images in all
combinations of two images selected from the plurality of
prep images, and performing a maximum-value projection
process upon the generated differential images.

36. The magnetic resonance imaging system according to
claim 35, wherein the mask image is a binarized image
obtained by binarizing the maximum-value image.

37. The magnetic resonance imaging system according to
claim 25, further comprising:
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amasked image generating section configured to generate
a plurality of masked images by masking images of the
ROIs in the plurality of prep images by the use of the
binarized image; and

an average calculating section configured to calculate an
average intensity to be used as the feature quantity of
respective pixels in each masked image as the feature
quantity.

38. The magnetic resonance imaging system according to

claim 36, further comprising:

a mask image generating section configured to generate a
plurality of mask images by masking images of the
ROIs in the plurality of prep images by the use of the
binarized image; and

an average calculating section configured to calculate an
average intensity of pixels in each mask image as the
feature quantity.

39. The magnetic resonance imaging system according to

claim 25, further comprising:

a maximum-frequency image determining section config-
ured to determine which of the plurality of prep images
is the maximum-frequency image from which the larg-
est number of intensities are selected in the maximum-
value projection process; and

a replacing section configured to generate the binarized
image by replacing the intensity selected from the
maximum-frequency image and greater than a thresh-
old with a first value and replacing the other pixel
values with a second value different from the first
value.

40. The magnetic resonance imaging system according to

claim 36, further comprising:

a maximum-frequency image determining section config-
ured to determine which of the plurality of prep images
is the maximum-frequency image from which the larg-
est number of intensities are selected in the maximum-
value projection process; and

a replacing section configured to generate the binarized
image by replacing the intensity selected from the
maximum-frequency image and greater than a thresh-
old with a first value and replacing the other pixel
values with a second value different from the first
value.

41. The magnetic resonance imaging system according to
claim 22, wherein the prep scan section performs a plurality
of prep scans at each slice position plural times by changing
a delay time from a reference time phase of the cardiac time
phases of a subject to be examined by the imaging scan to
a start time of the prep scan.

42. (canceled)

43. A magnetic resonance imaging method comprising
steps of:

performing a prep scan acquiring plural sets of echo
signals at a plurality of cardiac time phases which are
mutually different from each other for each slice;

generating a plurality of prep images respectively corre-
sponding to the plurality of cardiac time phases on the
basis of the plural sets of echo signals;

automatically determining a first cardiac time phase and a
second cardiac time phase on the basis of a functional
relationship between cardiac time phases and pixel
values derived from the plurality of prep images;

acquiring diagnostic imaging echo signals by performing
a diagnostic imaging scan upon each of the first cardiac
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time phase and the second cardiac time phase which are
automatically set in the cardiac time phase determina-
tion; and

generating a first image based on an echo signal of the first
cardiac time phase obtained by the imaging scan sec-
tion, generating a second image based on an echo signal
of the second cardiac time phase obtained in the
imaging scanning, and acquiring a differential diagnos-
tic image by calculating a difference between the first
image and the second image.
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