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ULTRASONIC IMAGE PROCESSING
APPARATUS AND A METHOD FOR
PROCESSING AN ULTRASONIC IMAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic image
processing apparatus that obtains the motion state ofa subject
by using an ultrasonic image of the subject acquired with
ultrasonic waves, and also relates to a method for processing
an ultrasonic image.

[0003] 2. Description of the Related Art

[0004] Objective and quantitative evaluation of functions
of body tissues such as the myocardium of a heart is very
important for diagnosis of the body tissues. For example, a
method of acquiring image data of a heart with an ultrasonic
imaging apparatus and quantitatively evaluating based on the
image data has been proposed.

[0005] Forexample, amethod of executing a pattern match-
ing process on images and obtaining motion information such
as displacement and strain of tissues has been proposed. As a
specific example, for evaluation of the myocardium of aheart,
ultrasonic waves are transmitted to the heart, and volume data
that represents the heart is acquired in each cardiac phase.
Then, the pattern matching process is executed on the volume
data, whereby the position of a local site of the myocardium
is obtained in each cardiac phase and the motion of the myo-
cardium is tracked. Based on the result of the tracking, wall
motion information such as the motion vector of the myocar-
dium and strain of the myocardium can be obtained. Then, on
an MPR image generated from the volume data of the heart,
the wall motion information is superimposed and displayed.
In conventional techniques, a short-axis image in a short-axis
cross-section of a heart is generated, and a color correspond-
ing to the magnitude of wall motion information is assigned
onto the short-axis image and displayed thereon. For
example, on the short-axis image, motion information in the
wall-thickness direction of the myocardium is superimposed
and displayed.

[0006] Further, in the conventional techniques, a central
axis is set for the myocardium represented in the volume data,
a desired point is designated on the central axis by an opera-
tor, a plane is set from the designated point toward the myo-
cardium, and an image with the plane expanded is generated
and displayed (US Serial No. 2006/0291705). By this
method, a plane that intersects the myocardium is set and, by
generating animage on the plane, an image that represents the
cross-section of the myocardium is generated.

[0007] However, the short-axis image according to the con-
ventional technique is an image on a plane that obliquely
intersects the myocardium. Thus, the short-axis image repre-
sents not the actual morphology of the myocardium but a
tissue on the plane that obliquely intersects the myocardium.
To be specific, a heart is a 3-dimensional object with curva-
tures changing spatially, so that when an arbitrary plane inter-
secting the heart is set, the plane is set obliquely with respect
to the wall-thickness direction of the myocardium. Therefore,
the short-axis image on the arbitrary plane represents the
tissue on the plane set obliquely with respect to the wall-
thickness direction of the myocardium.

[0008] Thus, the thickness direction of the myocardium
represented in the short-axis image of the conventional tech-
nique does not necessarily coincide with the direction of a
vector in the actual wall-thickness direction of the myocar-
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dium, and the thickness of the myocardium represented in the
short-axis image is represented larger than the actual wall
thickness. Wall motion information is motion information in
the actual wall-thickness direction obtained from the volume
data.

[0009] Therefore, when the wall motion information is
superimposed and displayed on the myocardium represented
in the short-axis image according to the conventional tech-
nique, a problem arises in which the thickness direction of the
myocardium represented in the short-axis image does not
coincide with the direction of the vector in the actual wall-
thickness direction of the myocardium. As a result, the short-
axis image with the wall motion information superimposed
does not represent the actual wall motion information of the
myocardium represented in the short-axis image. Therefore,
in the conventional technique, it is difficult to properly evalu-
ate a wall motion at each part of the myocardium, even if
observing the morphology and wall motion information of
the myocardium represented in the short-axis image.

[0010] Further, according to the method of setting a plane
from the central axis toward the myocardium, there is a prob-
lem that, depending on the angle of the plane set from the
central axis toward the myocardium, the shape of the cardiac
cavity represented in an image on the plane significantly
differs from the actual shape. For example, there is a problem
in which the size of the cardiac cavity represented in the
image significantly differs from the size of the actual cardiac
cavity.

[0011] Furthermore, in setting of the plane from the central
axis toward the myocardium, a plane intersecting the myo-
cardium is set with reference to a point on the central axis.
Thus, since the plane intersecting the myocardium is set with
reference to only the point set on the central axis, it is difficult
to set the plane to a desired position of the myocardium.
Accordingly, it is difficult to observe a desired cross-section
of the myocardium. That is to say, despite observation of a
desired cross-section of the myocardium, the plane is set with
reference to a point on the central axis set in the cardiac cavity
away from the myocardium, and therefore, it is difficult to set
the plane to a desired position of the myocardium.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide an
ultrasonic image processing apparatus capable of generating
and displaying an image along the wall-thickness direction of
the myocardium, and a method for processing an ultrasonic
image.

[0013] In a first aspect of the present invention, an ultra-
sonic image processing apparatus comprises: a contour speci-
fying part configured to receive volume data representing a
subject acquired by transmission of ultrasonic waves to the
subject and specify a 3-dimensional contour of a myocardium
based on the volume data; a forming part configured to set a
reference point on the contour of the myocardium and form an
image generation plane including a plane substantially
orthogonal to the contour of the myocardium at the reference
point; an image generator configured to generate image data
on the image generation plane based on the volume data; and
adisplay controller configured to control a display to display
an image based on the image data.

[0014] According to the first aspect, it is possible to gener-
ate and display an image along the wall-thickness direction of
the myocardium, by forming an image generation plane
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extending in a direction substantially orthogonal to the con-
tour of the myocardium and generating image data on the
image generation plane.

[0015] Moreover, since the image generation plane is
formed by setting a reference point on the contour of the
myocardium, itis possible to set the image generation plane at
a desired position of the myocardium and observe a desired
cross-section. That is to say, since the image generation plane
is set with reference to the myocardium of an observation
target, it is possible to set the image generation plane at a
desired position of the myocardium and observe a desired
cross-section.

[0016] Further, in a second aspect of the present invention,
a method for processing an ultrasonic image comprises:
receiving volume data indicating a subject acquired by trans-
mission of ultrasonic waves to the subject, and specifying a
3-dimensional contour of a myocardium based on the volume
data; setting a reference point on the contour of the myocar-
dium, and forming an image generation plane including a
plane substantially orthogonal to the contour of the myocar-
dium at the reference point; generating image data on the
image generation plane based on the volume data; and dis-
playing an image based on the image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1is a block diagram illustrating an ultrasonic
imaging apparatus according to an embodiment of the present
invention.

[0018] FIG. 2 is a view of a screen illustrating an example
of an image displayed on a display.

[0019] FIG.3isa schematic view illustrating the contour of
amyocardium in a cross-section along the long-axis direction
of the myocardium.

[0020] FIG.4isaschematic view illustrating the contour of
a myocardium in a cross-section along the short-axis direc-
tion of the myocardium.

[0021] FIG. 5is a view schematically illustrating a short-
axis image.
[0022] FIG. 6 is a flow chart for describing a series of

operations of the ultrasonic imaging apparatus according to
the embodiment of the present invention.

[0023] FIG. 7 is a view of a screen illustrating an example
of an image displayed on the display in a first modification.
[0024] FIG. 8A is a schematic view illustrating the contour
of amyocardium in a cross-section along the long-axis direc-
tion of the myocardium.

[0025] FIG. 8B is a schematic view illustrating the contour
of a myocardium in a cross-section along the long-axis direc-
tion of the myocardium.

[0026] FIG. 9 is a flow chart for describing a series of
operations of the ultrasonic imaging apparatus according to
the first modification.

[0027] FIG. 10A is a schematic view illustrating the con-
tour of a myocardium in a cross-section along the short-axis
direction of the myocardium.

[0028] FIG. 10B is a schematic view illustrating the con-
tour of a myocardium in a cross-section along the short-axis
direction of the myocardium.
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[0029] FIG. 11 is a flow chart for describing a series of
operations of an ultrasonic imaging apparatus according to a
second modification.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] An ultrasonic imaging apparatus according to an
embodiment of the present invention will be described with
reference to FIG. 1. FIG. 1 is a block diagram illustrating the
ultrasonic imaging apparatus according to the embodiment of
the present invention.

[0031] An ultrasonic imaging apparatus 1 comprises an
ultrasonic probe 2, a transmitter/receiver 3, a signal processor
4, a storage 5, an image generator 6, an image processor 7, a
computing part 8, a display controller 9, a user interface (UI)
10, and a controller 13. Moreover, an ultrasonic image pro-
cessing apparatus is composed of the storage 5, the image
processor 7, the computing part 8, the display controller 9, the
user interface (UI) 10, and the controller 13.

[0032] As theultrasonic probe 2, a 1D array probe in which
aplurality of ultrasonic transducers are aligned in a specified
direction (a scanning direction), or a 2D array probe in which
a plurality of ultrasonic transducers are 2-dimensionally
arranged is used.

[0033] Alternatively, a 1D array probe in which ultrasonic
transducers are aligned in a specified direction (a scanning
direction) and the ultrasonic transducers can be mechanically
oscillated in a direction (an oscillation direction) orthogonal
to the scanning direction may be used.

[0034] Thetransmitter/receiver 3 includes a transmitter and
a receiver.
[0035] Thetransmitter/receiver 3 supplies electrical signals

to the ultrasonic probe 2 to generate ultrasonic waves and
receives echo signals received by the ultrasonic probe 2.
[0036] The transmitter of the transmitter/receiver 3
includes a clock generation circuit, a transmission delay cir-
cuit, and a pulsar circuit (not shown). The clock generation
circuit generates a clock signal that determines the transmis-
sion timing and transmission frequency of ultrasonic waves.
The transmission delay circuit delays at the time of transmis-
sion of ultrasonic waves to execute transmission focus. The
pulsar circuit has the same number of pulsars as individual
channels corresponding to the respective ultrasonic transduc-
ers, and generates a driving pulse at the delayed transmission
timing to supply an electrical signal to each of the ultrasonic
transducers of the ultrasonic probe 2.

[0037] The receiver of the transmitter/receiver 3 includes a
preamplifier circuit, an A/D conversion circuit, a reception
delay circuit, and an adder circuit. The preamplifier circuit
amplifies the echo signal outputted from each of the ultra-
sonic transducers of the ultrasonic probe 2 at each reception
channel. The A/D conversion circuit executes A/D conversion
of the amplified echo signal. The reception delay circuit gives
a delay time necessary for determination of the transmission
directionality to the echo signal after the A/D conversion. The
adder circuit adds the delayed echo signals. A reflection com-
ponent from a direction according to the transmission direc-
tionality is emphasized by the addition. Signals after execu-
tion of the adding process by the transmitter/receiver 3 may
be referred to as “RF data (raw data).” The transmitter/re-
ceiver 3 outputs the RF data to the signal processor 4.
[0038] Theultrasonic probe 2 and the transmitter/receiver 3
compose an example of an imaging part.
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[0039] The signal processor 4 includes a B-mode proces-
sor, a CFM processor, etc. The B-mode processor images
amplitude information ofthe echo. To be specific, the B-mode
processor executes a band pass filter process on the received
signals outputted from the transmitter/receiver 3, and there-
after, detects the envelope of the outputted signals. Then, the
B-mode processor executes a compression process by loga-
rithmic conversion on the detected data, thereby imaging the
amplitude information of the echo. Moreover, the CFM pro-
cessor images moving blood-flow information. The blood-
flow information is information such as the velocity, disper-
sion and power, and is obtained as binary information.
[0040] The signal processor 4 outputs data after execution
of signal processing to the storage 5 and the image processor
7. The storage 5 receives the data from the signal processor 4
and stores the data.

[0041] Moreover, when volume scan is executed by the
ultrasonic probe 2 and the transmitter/receiver 3, the signal
processor 4 outputs the volume data acquired by the volume
scan to the storage 5 and the image processor 7. The storage
5 receives the volume data from the signal processor 4 and
stores the volume data.

[0042] Theimage generator 6 converts the data after signal
processing into data of coordinates based on space coordi-
nates (digital scan conversion). For example, the image gen-
erator 6 executes a scan conversion process on the data after
signal processing outputted from the B-mode processor,
thereby generating B-mode image data representing the
shape of the tissue of a subject.

[0043] When the volume scan is executed by the ultrasonic
probe 2 and the transmitter/receiver 3, the image generator 6
receives the volume data from the signal processor 4 and
executes volume rendering on the volume data, thereby gen-
erating 3-dimensional image data that sterically represents
the tissues. Moreover, the image generator 6 may execute the
MPR (Multi Planar Reconstruction) process on the volume
data to generate image data (MPR image data) in an arbitrary
cross-section. Then, the image generator 6 outputs ultrasonic
image data such as 3-dimensional image data and MPR image
data to the display controller 9.

[0044] When an ECG (electrocardiogram) signal of a sub-
ject is already acquired, the controller 13 receives the ECG
signal from outside the ultrasonic imaging apparatus 1, cor-
relates a cardiac phase received at the timing of acquisition of
volume data to the volume data, and controls the storage 5 to
store.

[0045] Theultrasonic imaging apparatus 1 according to the
present embodiment scans the heart of the subject with ultra-
sonic waves, thereby acquiring volume data representing the
heart in each cardiac phase. Specifically, the ultrasonic imag-
ing apparatus 1 acquires moving image data of the heart. For
example, the ultrasonic imaging apparatus 1 scans the heart of
the subject with ultrasonic waves for one cardiac cycle or
more, thereby acquiring a plurality of volume data (moving
image data) for one cardiac cycle or more. Moreover, when
the ECG signal is already acquired, the controller 13 relates a
cardiac phase received at the timing of acquisition of each
volume data to the volume data, and controls the storage 5
store. Consequently, a cardiac phase in which each of the
plurality of volume data has been acquired is related to the
volume data and stored in the storage 5.

[0046] The display controller 9 receives the MPR image
data or 3-dimensional image data from the image generator 6,
and controls a display 11 to display an MPR image or a
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3-dimensional image. For example, when the operator desig-
nates an arbitrary cardiac phase by using the operation part
12, the image generator 6 generates MPR image data or
3-dimensional image data based on volume data correlated to
the designated cardiac phase, and the display controller 9
controls the display 11 to display an MPR image or 3-dimen-
sional image in the cardiac phase.

[0047] For example, the image generator 6 generates MPR
image data (hereinafter may be referred to as “long-axis
image data”)in a cross-section (hereinafter may be referred to
as “long-axis cross-section”) along the cardiac long-axis
direction, or MPR image data (hereinafter may be referred to
as “short-axis image data”) in a cross-section (hereinafter
may be referred to as “short-axis cross-section”) along the
cardiac short-axis direction. Then, the display controller 9
controls the display 11 to display a long-axis image based on
the long-axis image data or a short-axis image based on the
short-axis image data.

[0048] The image processor 7 includes a contour tracking
part 71, a marker generator 72, and a forming part 73. The
contour tracking part 71 specifies the contour of a myocar-
dium based on volume data that shows the heart. Specifically,
the contour tracking part 71 specifies the position of the
endocardium and the position of the epicardium of the heart.
Then, the contour tracking part 71 executes pattern matching
on the two volume data acquired in different cardiac phases,
thereby obtaining the position of the contour of the myocar-
dium in each cardiac phase. Specifically, the contour tracking
part 71 obtains the position of the endocardium and the posi-
tion of the epicardium by pattern matching.

[0049] For example, the contour tracking part 71 reads out
volume data from the storage 5, and detects the boundary
between a tissue area and a blood area based on the luminance
value of each of pixels composing the volume data. In the
present embodiment, the contour tracking part 71 detects a
3-dimensional contour of the endocardium and a 3-dimen-
sional contour of the epicardium of the heart. The contour
tracking part 71 reads out volume data acquired in a preset
cardiac phase from the storage 5, and detects the 3-dimen-
sional contour of the myocardium based on the luminance
distribution of the volume data.

[0050] Specifically, the contour tracking part 71 detects the
3-dimensional contour of the endocardium and the 3-dimen-
sional contour of the epicardium based on the luminance
values of the volume data. This preset cardiac phase can be
changed to any cardiac phase by the operator. For example,
the contour tracking part 71 reads out volume data acquired
during the end diastole (a cardiac phase in which R-waves
have been detected) or volume data acquired during the end
systole (a cardiac phase after a lapse of a specified time from
the cardiac phase in which the R-waves have been detected)
from the storage 5. Then, the contour tracking part 71 detects
the 3-dimensional contour of the endocardium and the 3-di-
mensional contour of the epicardium based on the read-out
volume data. Volume data is correlated to a cardiac phase in
which the volume data has been acquired, and stored in the
storage 5. Thus, the contour tracking part 71 reads out volume
data acquired in a cardiac phase such as the end diastole and
the end systole, and detects the 3-dimensional contour of the
endocardium and the 3-dimensional contour of the epicar-
dium in the cardiac phase. This detected 3-dimensional con-
tour of the myocardium is set in the contour tracking part 71
as an initial contour of the myocardium of a tracking target.
For example, a 3-dimensional contour of the myocardium in
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the cardiac phase in which the R-waves have been detected is
set in the contour tracking part 71 as the initial contour.
[0051] Further, the contour tracking part 71 may obtain a
normal vector at each position on the detected endocardium
and define a position that is a certain distance outside from
each position on the endocardium in the direction of the
normal vector, as the 3-dimensional contour of the epicar-
dium of the heart. For example, the contour tracking part 71
defines a position 8 mm outside from the position on the
endocardium, as the contour of the epicardium. This certain
distance can be changed to any value by the operator. When
the 3-dimensional contour of the epicardium is thus detected,
the contour is set in the contour tracking part 71 as the initial
contour of the epicardium to track. For example, the 3-dimen-
sional contour of the epicardium in a cardiac phase when
R-wave has been detected is set in the contour tracking part 71
as the initial contour.

[0052] As described above, when the 3-dimensional con-
tour of the myocardium in a specific cardiac phase (the initial
contour) is detected, the contour tracking part 71 executes
pattern matching using a speckle pattern on two images.
Through this pattern matching, the contour tracking part 71
obtains the position of each of the points composing the
3-dimensional contour of the myocardium set as the initial
contour, for each volume data generated in each cardiac
phase. That is, the contour tracking part 71 obtains the posi-
tion of each point on the 3-dimensional contour of the
endocardium and the position of each point on the 3-dimen-
sional contour of the epicardium, for each volume data
acquired in each cardiac phase. Then, the contour tracking
part 71 temporally tracks each of the points composing the
3-dimensional contour of the endocardium and each of the
points composing the 3-dimensional contour of the epicar-
dium.

[0053] For example, the contour tracking part 71 receives
coordinate information of each of the points composing the
contour of the endocardium set as the initial contour, and
coordinate information of each of the points composing the
contour of the epicardium. In addition, the contour tracking
part 71 reads out volume data (hereinafter referred to as the
“volume data B”) acquired in a cardiac phase following the
volume data (hereinafter referred to as the “volume data A™)
from which the initial contour has been detected, from the
storage 5. Then, the contour tracking part 71 executes pattern
matching using a speckle pattern on the two volume data that
are temporally consecutive.

[0054] Through this pattern matching, the contour tracking
part 71 obtains a motion vector of each of the points compos-
ing the contour of the myocardium set as the initial contour.
That is, the contour tracking part 71 obtains the motion vector
of each of the points on the contour of the endocardium and
the motion vector of each of the points on the contour of the
epicardium through this pattern matching. To be specific, the
contour tracking part 71 executes pattern matching using a
speckle pattern on the volume data A and the volume data B,
thereby obtaining the motion vector of each of the points
composing the contour of the endocardium and the motion
vector of each of the points composing the contour of the
epicardium. This motion vector represents the displacement
of each of the points composing the contour and the move-
ment direction in which each of the points has been displaced.
In short, the contour tracking part 71 executes pattern match-
ing on the two volume data and calculates the movement
amount of the speckle, thereby obtaining the motion vector of
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each of the points composing the contour. By obtaining the
motion vector of each of the points composing the contour in
this manner, the position of each of the points composing the
contour of the myocardium in the cardiac phase in which the
volume data B has been generated is obtained.

[0055] In addition, the contour tracking part 71 reads out
volume data (hereinafter referred to as the “volume data C”)
acquired in a cardiac phase following the volume data B, from
the storage 5. Then, the contour tracking part 71 executes
pattern matching using a speckle pattern on the two volume
data (volume data B and volume data C) that are temporally
consecutive, thereby obtaining a motion vector of each of the
points composing the contour of the myocardium. Conse-
quently, the position of each of the points composing the
contour of the myocardium in the cardiac phase in which the
volume data C has been acquired is obtained.

[0056] Thus, the contour tracking part 71 executes pattern
matching using a speckle pattern, thereby obtaining the
motion vector of each of the points composing the contour of
the myocardium set as the initial contour, in each cardiac
phase in which each volume data has been acquired. Conse-
quently, the contour tracking part 71 temporally tracks the
motion vector of each of the points composing the contour of
the myocardium. As a result, it becomes possible to tempo-
rally track each of the points composing the 3-dimensional
contour of the myocardium.

[0057] For example, the contour tracking part 71 obtains
the position of each of the points composing the 3-dimen-
sional contour of the myocardium in each cardiac phase, for
all volume data acquired in one cardiac cycle. Consequently,
the position of each of the points composing the 3-dimen-
sional contour of the myocardium in each cardiac phase is
obtained for one cardiac cycle. The contour tracking part 71 is
equivalent to an example of the “contour specifying part” of
the present invention.

[0058] The contour tracking part 71 outputs coordinate
information of each of the points composing the 3-dimen-
sional contour of the endocardium in each cardiac phase, and
coordinate information of each of the points composing the
3-dimensional contour of the epicardium in each cardiac
phase, to the forming part 73 and the computing part 8.
[0059] Below, the forming part 73 and the computing part 8
will be described.

[0060] Firstly, the processing by the forming part 73 will be
described referring to FIGS. 2 through 4. FIG. 2 is a view of
a screen showing an example of an image displayed on the
display. FIG. 3 is a schematic view showing the contour of a
myocardium in a cross-section along the long-axis direction
of the myocardium. FIG. 4 is a schematic view showing the
contour of a myocardium in a cross-section along the short-
axis direction of the myocardium.

[0061] The forming part 73 includes a first-plane forming
part 74, a reference-point setting part 75, a second-plane
forming part 76, and an image-generation-plane forming part
77. The forming part 73 obtains a plane orthogonal to the
myocardium based on the 3-dimensional contour of the myo-
cardium obtained by the contour tracking part 71.

[0062] Theimage generator 6 generates MPR image data of
the plane.
[0063] The processing by the forming part 73 will be

described below in detail.

[0064] Theimage generator 6 generates MPR image data in
an arbitrary cross-section based on volume data acquired in
an arbitrary cardiac phase. For example, the operator desig-
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nates an arbitrary cardiac phase by using the operation part
12, and further designates an arbitrary cross-section for the
volume data. The cardiac phase designated with the operation
part 12 and coordinate information of the cross-section in the
3-dimensional space are outputted from the user interface 10
(U1) to the controller 13. The controller 13 then outputs the
cardiac phase and the coordinate information in the cross-
section to the image generator 6.

[0065] As an example, the operator designates a cross-
section along the long-axis direction of a heart by using the
operation part 12. The image generator 6 reads out the volume
data correlated with the designated cardiac phase from the
storage 5. The image generator 6 then generates MPR image
data (long-axis image data) in the cross-section in the long-
axis direction of the heart, based on the read-out volume data.
[0066] The display controller 9 receives the long-axis
image data from the image generator 6, and controls the
display 11 to display a long-axis image based on the long-axis
image data. The image generator 6 may generate MPR image
data (long-axis image data) in a cross-section in the long-axis
direction that is a cross-section orthogonal to the cross-sec-
tion designated by the operator.

[0067] An example of the long-axis image displayed on the
display 11 is shown in FIG. 2. The display controller 9 con-
trols the display 11 to display a long-axis image 100 of the
heart, and a long-axis image 200 in a cross-section orthogonal
to the long-axis image 100. In the long-axis image 100, a
myocardium 110 on a long-axis cross-section is shown. Simi-
larly, in the long-axis image 200, a myocardium 210 on a
long-axis cross-section is shown. In the example shown in
FIG. 2, the long-axis image 100 and the long-axis image 200
are displayed on the display 11, but it is also possible to
display only one long-axis image.

[0068] Then, the operator designates a reference axis for
the long-axis image 100 by using the operation part 12. The
display controller 9 controls the display 11 to display a ref-
erence axis 120 designated by the operator. For example, a
central axis that passes through the center of the long-axis
image 100 along the long-axis direction of the long-axis
image 100 is designated as the reference axis 120. In addition,
the operator designates an arbitrary point on the reference
axis 120 by using the operation part 12. For example, as
shown in FIGS. 2 and 3, the operator designates a point 130 on
the reference axis 120 by using the operation part 12.

[0069] Then, coordinate information of the reference axis
120 on the long-axis image 100 is outputted from the user
interface (UT) 10 to the controller 13. In addition, coordinate
information of the point 130 on the long-axis image 100 is
outputted from the user interface (UT) 10 to the controller 13.
Since the coordinate information in the 3-dimensional space
of the long-axis cross-section in which the long-axis image
100 has been generated is already outputted to the controller
13, the coordinates of the reference axis 120 and the point 130
in the 3-dimensional space are specified in the controller 13.
The controller 13 outputs the coordinate information of the
reference axis 120 and the coordinate information of the point
130 in the 3-dimensional space, to the forming part 73.
[0070] The first-plane forming part 74 receives the coordi-
nate information of each of the points composing the contour
of the myocardium in the cardiac phase designated by the
operator, from the contour tracking part 71, and sets the
reference axis 120 and the point 130 on the contour of the
myocardium. The first-plane forming part 74 then forms a
first plane 140 passing through the point 130 and orthogonal
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to the reference axis 120, as shown in FIG. 4. Then, the
first-plane forming part 74 outputs coordinate information of
the first plane 140 in the 3-dimensional space, to the refer-
ence-point setting part 75.

[0071] The reference-point setting part 75 receives the
coordinate information of the first plane 140 from the first-
plane forming part 74 and obtains points where the contour of
the myocardium intersects the first plane 140. For example, as
shown in FIG. 4, the reference-point setting part 75 obtains
points where the contour of an endocardium 111 and the first
plane 140 intersect each other, and sets the intersecting points
as reference points. At this moment, the reference-point set-
ting part 75 obtains points that intersect the contour of the
endocardium 111 in a 360-degree periphery within the first
plane 140. In the example shown in FIG. 4, the reference-
point setting part 75 obtains a plurality of reference points
150A, 150B . . . 150N . . . where the first plane 140 and the
contour of the endocardium 111 intersect each other. The
reference-point setting part 75 then outputs coordinate infor-
mation of the reference points to the second-plane forming
part 76.

[0072] The reference-point setting part 75 may obtain
points where the first plane 140 and the contour of not the
endocardium 111 but an epicardium 112 intersect each other,
and sets the points as the reference points.

[0073] The second-plane forming part 76 receives the coor-
dinate information of the reference points from the reference-
point setting part 75, and forms a second plane extending in a
direction orthogonal to the contour of the endocardium 111
within the long-axis cross-section with reference to each of
the reference points. This second plane has a specified width
in the circumferential direction of the endocardium. For
example, as shown in FIG. 3 and FIG. 4, the second-plane
forming part 76 forms a second plane 160A extending in a
direction orthogonal to the contour of the endocardium 111
within the long-axis cross-section with reference to the point
150A. Similarly, the second-plane forming part 76 forms a
second plane 160B extending in a direction orthogonal to the
contour of the endocardium 111 within the long-axis cross-
section with reference to the reference point 150B. As shown
in FIG. 4, the second-plane forming part 76 then forms second
planes 160A .. . 160N ... extending in a direction orthogonal
to the contour of the endocardium 111 for the respective
reference points 150A .. . 150N . . . obtained in a 360-degree
periphery within the first plane 140. The second plane is
orthogonal to the contour of the endocardium 111, and there-
fore, is parallel to the wall-thickness direction of the myocar-
dium 110. The second-plane forming part 76 then outputs the
coordinate information of the second planes to the image-
generation-plane forming part 77.

[0074] The image-generation-plane forming part 77
receives the coordinate information of the first plane from the
first-plane forming part 74, receives the coordinate informa-
tion of the second planes from the second-plane forming part
76, and connects the first plane with the second planes at the
reference points where the first plane and the contour of the
endocardium intersect each other. The image-generation-
plane forming part 77 forms an image generation plane
through this connection. To be specific, the image-genera-
tion-plane forming part 77 forms an image generation plane
by connecting the first plane formed inside the endocardium
111 (in the cardiac cavity) with the second planes formed
outside theendocardium 111 at the reference points where the
first plane and the contour of the endocardium intersect each
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other. Consequently, the image generation plane is composed
of the first plane inside the endocardium 111 (in the cardiac
cavity) and the second planes outside the endocardium 111.
In the example shown in FIG. 4, the image-generation-plane
forming part 77 forms one image generation plane by con-
necting the first plane 140 formed inside the endocardium 111
(in the cardiac cavity) with the second planes 160A . . . 160N
. . . formed outside the endocardium 111 at the reference
points 150A . .. 150N . . ., respectively. The image-genera-
tion-plane forming part 77 then outputs coordinate informa-
tion of the image generation plane to the image generator 6.
[0075] The image generator 6 reads out the volume data
acquired in the cardiac phase designated by the operator, from
the storage 5. The image generator 6 then generates MPR
image data on the image generation plane formed by the
image-generation-plane forming part 77 by executing the
MPR process on the volume data. Consequently, MPR image
data on the image generation plane composed of the first
plane 140 and the second planes 160A . . . 160N . . . is
generated. The image generator 6 outputs the MPR image
data on the image generation plane to the display controller 9.
[0076] Upon receiving the MPR image data on the image
generation plane from the image generator 6, the display
controller 9 controls the display 11 to display an MPR image
based on the MPR image data.

[0077] This MPR image represents a short-axis image of
the heart.
[0078] The image generator 6 may generate MPR image

data on the image generation plane formed by the image-
generation-plane forming part 77 in each cardiac phase by
reading out the volume data acquired in each cardiac phase
from the storage 5 and executing the MPR process on the
volume data acquired in each cardiac phase. In this case, upon
receiving the MPR image data in each cardiac phase from the
image generator 6, the display controller 9 controls the dis-
play 11 to display an MPR image in each cardiac phase
sequentially in each cardiac phase.

[0079] Here, a difference between the ultrasonic imaging
apparatus 1 according to the present embodiment and the
conventional technique will be described with reference to
FIG. 3. In the conventional technique, MPR image data on a
plane in which the myocardium 110 is cut by the first plane
140 is generated. In other words, a plane intersecting the
myocardium 110 is obtained by extending the first plane 140,
and MPR image data is generated on the intersecting plane.
[0080] Therefore, in the myocardium 110, MPR image data
on a plane 141 along a direction different from the wall-
thickness direction of the myocardium 110 is generated. On
the other hand, in the present embodiment, in the myocar-
dium 110, a plane such as the second plane 160A orthogonal
to the myocardium 110 is obtained, and MPR image data on
the plane such as the second plane 160A is generated. Thus, in
the myocardium 110, MPR image data on the plane along the
wall-thickness direction of the myocardium is generated.
Consequently, according to the present embodiment, it
becomes possible to observe a cross-section along the wall-
thickness direction in the myocardium 110.

[0081] Furthermore, short-axis image data along the wall-
thickness direction can be obtained just by the operator des-
ignating an arbitrary point on the long-axis image. Thus, it
becomes possible to observe a cross-section having a desired
wall thickness with a simple operation.

[0082] Moreover, in the cardiac cavity, short-axis image
data on the first plane orthogonal to the reference axis 120 is
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generated. Thus, the shape of the cardiac cavity represented in
the short-axis image does not differ significantly from the
actual shape of the cardiac cavity. For example, the size of the
cardiac cavity represented in the short-axis image does not
differ significantly from the actual size of the cardiac cavity.
[0083] Furthermore, since the first plane passing through
the point set on the reference axis and orthogonal to the
reference axis is set, and the second planes orthogonal to the
myocardium are set with reference to positions where the first
plane and the myocardium intersect each other, it is possible
to easily set the second planes to desired positions of the
myocardium. That 1s, since the second planes are set with
reference to the myocardium to be observed, it becomes pos-
sible to set the second planes to desired positions of the
myocardium to observe the desired cross-section. In the con-
ventional technique, a plane orthogonal to the myocardium is
set with reference to a point set on the reference axis to
generate image data of the plane, so that it is difficult to set the
plane to a desired position of the myocardium. On the other
hand, in the present embodiment, points where the first plane
and the myocardium intersect each other are obtained and
second planes orthogonal to the myocardium are set with
reference to points to generate image data of those second
planes. Accordingly, it becomes possible to easily observethe
desired cross-section of the myocardium.

[0084] Next, the computing part 8 will be described. The
computing part 8 receives the coordinate information of each
of the points composing the 3-dimensional contour of the
myocardium in each cardiac phase from the contour tracking
part 71, and obtains wall motion information of the myocar-
dium. For example, the computing part 8 obtains displace-
ment of the endocardium and displacement of the epicardium
in each cardiac phase and obtains the strain of the myocar-
dium in each cardiac phase based on these displacements. In
addition, the computing part 8 may obtain a strain rate that
indicates the temporal change rate of the strain. Thus, it is
possible to perform evaluation of the heart by obtaining wall
motion information such as displacement, strain or a strain
rate. Since the contour of the myocardium is tracked 3-di-
mensionally by the contour tracking part 71, the contour of
the myocardium is defined by 3-dimensional coordinates.
[0085] Therefore, the wall motion information obtained by
the computing part 8 is also defined by 3-dimensional coor-
dinates.

[0086] Consequently, the wall motion information on an
arbitrary plane of the heart can be obtained. Below, the func-
tion of each of parts composing the computing part 8 will be
described. The computing part 8 includes a motion-informa-
tion calculator 81 and a color determining part 82.

[0087] For example, the motion-information calculator 81
obtains displacement of the endocardium and displacement
of the epicardium in each cardiac phase, based on the coor-
dinate information of each of the points composing the 3-di-
mensional contour of the myocardium in each cardiac phase.
As an example, the motion-information calculator 81 obtains
displacement of the endocardium and displacement of the
epicardium with respect to the long-axis direction and the
short-axis direction of the heart.

[0088] Then, the motion-information calculator 81 obtains
the strain of the myocardium with respect to the long-axis
direction and the short-axis direction of the heart in each
cardiac phase, based on the displacement of the myocardium
in each cardiac phase. For example, a cardiac phase in which
R-wave has been detected is set as the initial time phase. The
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motion-information calculator 81 compares the 3-dimen-
sional contour of the endocardium in the initial time phase
with the 3-dimensional contour of the endocardium in
another cardiac phase, and obtains the displacement of the
endocardium with respect to the long-axis direction and the
short-axis direction of the heart in each cardiac phase. Simi-
larly, the motion-information calculator 81 compares the
3-dimensional contour of the epicardium in the initial time
phase with the 3-dimensional contour of the epicardium in
another cardiac phase, and obtains the displacement of the
epicardium with respect to the long-axis direction and the
short-axis direction of the heart in each cardiac phase. Then,
the motion-information calculator 81 obtains the strain in
each cardiac phase based on the displacement in each cardiac
phase.

[0089] Here, as an example of the strain, a case of obtaining
the strain in the thickness direction (wall-thickness direction)
between the endocardium and the epicardium will be
described. As described above, when the 3-dimensional con-
tour of the endocardium and the 3-dimensional contour of the
epicardium in each cardiac phase is already obtained, the
motion-information calculator 81 obtains the strain in the
wall-thickness direction in each cardiac phase, based on the
coordinate information of each of the points composing the
3-dimensional contour of the endocardium in each cardiac
phase and the coordinate information of each of the points
composing the 3-dimensional contour of the contour of the
epicardium in each cardiac phase. Here, the strain in the
wall-thickness direction is defined as the strain in the thick-
ness direction between the endocardium and the epicardium.
[0090] For example, the motion-information calculator 81
obtains a line orthogonal to the contour of the endocardium at
a point on the contour of the endocardium. Then, the motion-
information calculator 81 obtains a point where the orthogo-
nal line intersects the contour of the epicardium. The motion-
information calculator 81 obtains the strain (strain in the
wall-thickness direction) between the endocardium and the
epicardium in each cardiac phase based on the distance
between the point on the contour of the endocardium and the
point on the contour of the epicardium in each cardiac phase.
[0091] For example, a cardiac phase in which the initial
contours of the endocardium and epicardium have been set is
set as the initial time phase. A distance between a point on the
endocardium and a point on the epicardium in the initial time
phase will be a distance L(0). To be specific, in a case where
the initial contours of the endocardium and epicardium are
designated in a cardiac phase in which R-waves have been
detected, the cardiac phase in which the R-waves have been
detected is the initial time phase. Moreover, a distance
between a point on the endocardium and a point on the epi-
cardium in an arbitrary cardiac phase will be a distance L(t).
[0092] Then, the motion-information calculator 81
receives the coordinate information of each of the points
composing the 3-dimensional contour of the endocardium
and the coordinate information of each of the points compos-
ing the 3-dimensional contour of the epicardium in each
cardiac phase from the contour tracking part 71, and obtains
a difference AL(t) between the distance L(t) in an arbitrary
cardiac phase and the distance 1.(0) in the initial time phase.
[0093] This difference AL(t) is equivalent to the displace-
ment of the membrane thickness. Next, the motion-informa-
tion calculator 81 obtains strain S(t) in the wall-thickness
direction in an arbitrary cardiac phase by dividing the differ-
ence AL(t) by the distance [(0) in the initial time phase.
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[0094] The motion-information calculator 81 obtains the
strain S(t) in the wall-thickness direction at specified intervals
at the contour of the endocardium and the contour of the
epicardium. That is, the motion-information calculator 81
obtains the strain S(t) at a plurality of sites of the endocardium
and the epicardium. Thus, the motion-information calculator
81 obtains the strain S(t) in the wall-thickness direction at
each site of the myocardium in each cardiac phase.

[0095] The motion-information calculator 81 may obtain a
strain rate (velocity) SR(t) that indicates the temporal change
rate of the strain S(t) in each cardiac phase, by temporally
differentiating the strain S(t) in the wall-thickness direction at
each site in each cardiac phase.

[0096] The motion-information calculator 81 may obtain
the displacement and strain (change rate of displacement) in
the circumferential direction (tangential direction of the con-
tour) of the myocardium in each cardiac phase, based on the
coordinate information of each of the points composing the
3-dimensional contours of the myocardium in each cardiac
phase.

[0097] The color determining part 82 determines a color
corresponding to the magnitude of the strain S(t) at each site
obtained by the motion-information calculator 81. The color
determining part 82 then assigns a color that differs depend-
ing on the magnitude of the strain S(t), to each site. For
example, a color to be assigned to each magnitude of the
strain S(t) is previously determined. Subsequently, a table in
which the magnitude of the strain S(t) is correlated with a
color is previously created and stored in a storage (not
shown). In this table, different colors are assigned according
to the magnitude of the strain S(t). The color determining part
82 determines a color corresponding to the magnitude of the
strain S(t) at each site in each cardiac phase with reference to
the table. The color determining part 82 then outputs coordi-
nate information at each site in each cardiac phase and infor-
mation that indicates the color assigned to the site (color
information) to the display controller 9.

[0098] In the present embodiment, the image-generation-
plane forming part 77 outputs the coordinate information of
the image generation plane composed of the first plane and
the second planes, to the color determining part 82. The color
determining part 82 receives the coordinate information of
the image generation plane from the image-generation-plane
forming part 77, and determines a color corresponding to the
magnitude of the wall motion information at each site on the
image generation plane. For example, the color determining
part 82 determines a color corresponding to the magnitude of
the strain S(t) at each site on the image generation plane, and
assigns the color to each site. The color determining part 82
then outputs coordinate information at each site on the image
generation plane and information that indicates the color
assigned to the site (color information), to the display con-
troller 9.

[0099] The display controller 9 receives the coordinate
information at each site on the image generation plane in the
designated cardiac phase and the information that indicates
the color assigned to the site (color information), from the
color determining part 82. Then, the display controller 9
controls the display 11 to display in a state that the color
assigned by the color determining part 82 is superimposed on
each site of the myocardium on the MPR image generated by
the image generator 6. At this moment, the display controller
9 controls the display 11 to display in a state that the color
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assigned to each site is superimposed within a range having a
specified width around each site.

[0100] Here, the MPR image (short-axis image) generated
by the image generator 6 and an example of coloring for the
short-axis image will be described with reference to FIG. 2.
For example, the display controller 9 controls the display 11
to display a short-axis image 300 on the image generation
plane formed with the first plane 140 passing through the
point 130 on the reference axis 120 and the second planes
160A ...160N ... orthogonal to the myocardium. The display
controller 9 then controls the display 11 to display in a state
that a color according to the magnitude of the wall motion
information at each site on the image generation plane is
superimposed on each site of the short-axis image 300. In the
example shown in FIG. 2, colors according to the magnitude
of the wall motion information are represented with different
types of hatching for descriptive purposes.

[0101] Moreover, when the operator designates another
point 131 on the reference axis 120 by using the operation part
12, the forming part 73 forms an image generation plane
corresponding to point 131. The image generator 6 then gen-
erates short-axis image data on the image generation plane
corresponding to the point 131. The computing part 8 deter-
mines a color according to the magnitude of the wall motion
information at each site on the image generation plane, and
assigns the color to each site. Then, the display controller 9
controls the display 11 to display a short-axis image 310 on
the image generation plane corresponding to the point 131,
and controls the display 11 to display in a state that the color
according to the magnitude of the wall motion information is
superimposed on the short-axis image 310. Moreover, when
the point 132 is designated, similarly to the point 130 and
point 131, the display controller 9 controls the display 11 to
display a short-axis image 320 on the image generation plane
corresponding to the point 132. In addition, the display con-
troller 9 controls the display 11 to display in a state that the
color according to the magnitude of the wall motion informa-
tion on the image generation plane is superimposed on the
short-axis image 320.

[0102] As described above, the ultrasonic imaging appara-
tus 1 according to the present embodiment generates, in the
myocardium 110, MPR image data (short-axis image data) on
a plane toward the wall-thickness direction of the myocar-
dium. Therefore, the orientation of the vector of the wall
motion information coincides with the wall-thickness direc-
tion of the myocardium represented in the short-axis image.
Consequently, the actual wall motion information in the
short-axis image 300 is displayed in the short-axis image 300.
As a result, it is possible to more properly evaluate the wall
motion at each part of the myocardium.

[0103] A difference between the ultrasonic imaging appa-
ratus 1 according to the present embodiment and the conven-
tional technique will be described with reference to FIG. 5.
FIG. 5 is a view schematically showing a short-axis image. In
the short-axis image 300 according to the present embodi-
ment, the endocardium 111 and the epicardium 112 of the
myocardium 110 are represented. On the other hand, in the
short-axis image according to the conventional technique, the
endocardium 111 and an epicardium 113 of the myocardium
110 are represented. The epicardium 113 according to the
conventional technique is represented outside the epicardium
112 according to the short-axis image 300. In the conven-
tional technique, as shown in FIG. 3, MPR image data (short-
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axis image data) on the plane 141 obtained by cutting the
myocardium 110 by the first plane 140 is generated.

[0104] Therefore, the thickness of the myocardium (thick-
ness between the endocardium 111 and the epicardium 113)
represented in the short-axis image according to the conven-
tional technique is thicker than the thickness in the wall-
thickness direction of the myocardium 110. On the other
hand, in the present embodiment, as shown in FIGS. 2
through 4, MPR image data (short-axis image data) on a plane
obtained by cutting the myocardium 110 by the second plane
160A etc. orthogonal to the myocardium 110 is generated.
Therefore, the thickness of the myocardium (thickness
between the endocardium 111 and the epicardium 112) rep-
resented in the short-axis image 300 coincides with the thick-
ness in the wall-thickness direction of the myocardium 110.
Then, the color corresponding to the wall motion information
is assigned to each site of the myocardium 110. In the present
embodiment, the thickness of the myocardium (thickness
between the endocardium 111 and the epicardium 112) rep-
resented in the short-axis image 300 coincides with the thick-
ness in the wall-thickness direction of the myocardium 110,
and thus, the colors corresponding to the wall motion infor-
mation are properly assigned to the short-axis image 300 and
displayed.

[0105] In addition, since different colors are assigned
according to the magnitude of the wall motion information
and displayed on the display 11, it is possible to easily grasp
the decrease or increase in the diastolic function at each site
by observing the colors.

[0106] The marker generator 72 of the image processor 7
generates markers that indicate 2-dimensional contours of the
endocardium and epicardium on the image generation plane
formed by the image-generation-plane forming part 77. The
display controller 9 then controls the display 11 to display in
a state that the markers are superimposed on the short-axis
image. This marker generator 72 may be omitted in the ultra-
sonic imaging apparatus 1 according to the present embodi-
ment.

[0107] The user interface (UI) 10 includes the display 11
and the operation part 12. The display 11 is composed of a
monitor such as a CRT or liquid crystal display, and an MPR
image, a 3-dimensional image, etc. are displayed on the
screen. The operation part 12 is composed of a keyboard, a
mouse, a trackball, a TCS (Touch Command Screen), etc.,
and various instructions are given through operation by the
operator.

[0108] The controller 13 is connected to each part of the
ultrasonic imaging apparatus 1, and controls the operation of
each part.

[0109] Theimage genetator 6 is provided witha CPU (Cen-
tral Processing Unit) and a storage (not shown) such as a
ROM (Read Only Memory), a RAM (Random Access
Memory) and an HDD (Hard Disk Drive). An image-genet-
ating program for executing the function of the image gen-
erator 6 is stored in the storage. By the CPU executing the
image-generating program, image processing such as an
MPR process and volume rendering is executed on the vol-
ume data. Consequently, ultrasonic image data such as MPR
image data and 3-dimensional image data is generated.
[0110] The image processor 7 is provided with a CPU and
a storage (not shown) such as a ROM, a RAM and an HDD.
An image processing program for executing the function of
each part of the image processor 7 is stored in the storage. The
image processing program includes a contour-tracking pro-
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gram for executing the function of the contour tracking part
71, a marker-generating program for executing the function
of the marker generator 72, and a forming program for execut-
ing the function of the forming part 73. The forming program
includes a first-plane forming program for executing the func-
tion of the first-plane forming part 74, a reference-point set-
ting program for executing the function of the reference-point
setting part 75, a second-plane forming program for execut-
ing the function of the second-plane forming part 76, and an
image-generation-plane forming program for executing the
function of the image-generation-plane forming part 77. By
the CPU executing the contour-tracking program, the contour
of the myocardium (endocardium and epicardium) in each
cardiac phase is obtained. By the CPU executing the marker-
generating program, the markers that indicate the contours of
the endocardium and epicardium are generated. By the CPU
executing the first-plane forming program, the first plane
orthogonal to the reference line set for the myocardium is
formed. By the CPU executing the reference-point setting
program, the reference point where the first plane and the
myocardium intersect each other is obtained. By the CPU
executing the second-plane forming program, the second
planes that extend in a direction orthogonal to the myocar-
dium at the reference points are formed. By the CPU execut-
ing the image-generation-plane forming program, the first
plane and the second planes are connected to form the image
generation plane.

[0111] The computing part 8 is provided with a CPU and a
storage (not shown) such as a ROM, a RAM and an HDD. A
computing program for executing the function of the comput-
ing part is stored in the storage. A motion-information calcu-
lating program for executing the function of the motion-
information calculator 81 and a color determining program
for executing the function of the color determining part 82 are
included in the computing program. By the CPU executing
the motion-information calculating program, the wall motion
information such as the strain and the strain rate of the myo-
cardium in each cardiac phase is obtained. Moreover, by the
CPU executing the color determining program, the colors
according to the magnitude of the wall motion information
are determined.

[0112] Thedisplay controller 9 is provided with a CPU and
astorage (not shown) such as aROM, a RAM and an HDD. A
display controlling program for executing the function of the
display controller 9 is stored in the storage. By the CPU
executing the display controlling program, the display 11
displays the MPR image and the wall motion information.
[0113] Moreover, the controller 13 is provided with a CPU
and a storage (not shown) such as a ROM, a RAM, and an
HDD. A controlling program for executing the function of the
controller 13 is stored in the storage. By the CPU executing
the controlling program, the operation of each part of the
ultrasonic imaging apparatus 1 is controlled.

[0114] Theimage processing program and the display con-
trolling program of the present embodiment compose an
example of an ultrasonic image processing program.

[0115] The image generation plane may be formed in each
cardiac phase. Firstly, as described above, the first-plane
forming part 74 forms the first plane 140 that passes through
the designated point 130 on the reference axis 120 and is
orthogonal to the reference axis 120.

[0116] As described above, the contour tracking part 71
obtains the position of each of the points composing the
3-dimensional contour of the endocardium and the position of
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each of the points composing the 3-dimensional contour of
the epicardium in each cardiac phase.

[0117] The reference-point setting part 75 receives the
coordinate information of the first plane 140 from the first-
plane forming part 74 and obtains points where the contour of
the myocardium and the first plane 140 intersect each other in
each cardiac phase. For example, the reference-point setting
part 75 obtains points where the contour of the endocardium
111 and the first plane 140 intersect each other in each cardiac
phase and sets the intersecting points as the reference points.
[0118] That is, the reference-point setting part 75 obtains
the positions of the reference points in each cardiac phase.
[0119] The second-plane forming part 76 receives the coor-
dinate information of the reference points in each cardiac
phase from the reference-point setting part 75 and obtains
second planes that extend in a direction orthogonal to the
contour of the endocardium 111 in each cardiac phase for
each cardiac phase. That is, the second-plane forming part 76
forms second planes in each cardiac phase based on the
endocardium 111 and the reference points in the same cardiac
phase.

[0120] The image-generation-plane forming part 77
receives the coordinate information of the first plane from the
first-plane forming part 74 and the coordinate information of
the second planes in each cardiac phase from the second-
plane forming part 76, and connects the first plane and the
second planes in each cardiac phase at the reference points in
each cardiac phase. The image-generation-plane forming part
77 forms an image generation plane in each cardiac phase
through this connection.

[0121] The image-generation-plane forming part 77 then
outputs the coordinate information of the image generation
plane in each cardiac phase to the image generator 6. The
image generator 6 generates MPR image data on the image
generation plane in each cardiac phase, based on the volume
data in each cardiac phase. That is, the image generator 6
generates MPR image data on the image generation plane in
each cardiac phase, based on the volume data and the image
generation plane in the same cardiac phase.

[0122] Thedisplay controller 9 then controls the display 11
to display an MPR image based on the MPR image data in
each cardiac phase sequentially in each cardiac phase. In
addition, the display controller 9 controls the display 11 to
display in a state that a color assigned by the color determin-
ing part 82 is superimposed on each site of the myocardium
on the MPR image in each cardiac phase. At this moment, the
display controller 9 controls the display 11 to display in a state
that the color assigned to each site of the myocardium on the
image generation plane in the same cardiac phase is superim-
posed on the MPR image in each cardiac phase.

(Ultrasonic Image Processing Apparatus)

[0123] An ultrasonic image processing apparatus that gen-
erates MPR image data along the wall-thickness direction of
the myocardium may be provided outside the ultrasonic
imaging apparatus. This ultrasonic image processing appara-
tus comprises the abovementioned storage 5, image generator
6, image processor 7, computing part 8, display controller 9,
user interface (UT) 10, and controller 13. The ultrasonic image
processing apparatus acquires a plurality of volume data
whose acquisition times are consecutive from the ultrasonic
imaging apparatus, and generates MPR image data along the
wall-thickness direction of the myocardium based on the
plurality of volume data. In addition, the ultrasonic image
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processing apparatus obtains wall motion information by
tracking the contour of the myocardium.

[0124] Volume data is acquired for each cardiac phase by
scanning a heart with ultrasonic waves by using the ultrasonic
imaging apparatus provided outside the ultrasonic image pro-
cessing apparatus. Then, the ultrasonic image processing
apparatus receives a plurality of volume data acquired by the
ultrasonic imaging apparatus, and stores the plurality of vol-
ume data in the storage 5. The contour tracking part 71 of the
ultrasonic image processing apparatus tracks the contour of
the endocardium (epicardium) by obtaining the position of
each of the points composing the 3-dimensional contour of
the endocardium (epicardium) in each cardiac phase. The
forming part 73 of the ultrasonic image processing apparatus
obtains the second planes parallel to the wall-thickness direc-
tion of the myocardium, based on the position of each of the
points composing the 3-dimensional contour.

[0125] Moreover, the computing part 8 of the ultrasonic
image processing apparatus obtains wall motion information
of the myocardium based on the position of each of the points
composing the 3-dimensional contour and assigns a color
according to the magnitude of the wall motion information to
each site of the myocardium.

[0126] Asdescribed above, the ultrasonic image processing
apparatus provided outside the ultrasonic imaging apparatus,
similarly to the abovementioned ultrasonic imaging appara-
tus 1, also generates MPR image data on the plane toward the
wall-thickness direction of the myocardium, in the myocar-
dium. Consequently, it is possible to observe a cross-section
of the myocardium along the wall-thickness direction. Addi-
tionally, since the orientation of the vector of the wall motion
information and the wall-thickness direction of the myocar-
dium represented in the MPR image coincide with each other,
so it is possible to evaluate wall motion of the myocardium
more properly.

(Operation)

[0127] Next, the operation of the ultrasonic imaging appa-
ratus 1 (ultrasonic image processing apparatus) according to
the embodiment of the present invention will be described
with reference to FIG. 6. FIG. 6 is a flow chart for describing
a series of operations of the ultrasonic imaging apparatus
according to the embodiment of the present invention. In the
present embodiment, a heartis a diagnosis site, and a plurality
of volume data (moving image data) acquired at sequential
times are acquired. Then, MPR image data on a plane along
the wall-thickness direction of the myocardium is generated
based on the volume data. Furthermore, wall-motion infor-
mation used for evaluation of the cardiac function is obtained.

(Step S01)

[0128] First, the ultrasonic probe 2 is applied to the subject
to transmit ultrasonic waves to the heart, and volume data in
each cardiac phase (moving image data of the heart) is
acquired. For example, ultrasonic waves are transmitted and
received for one cardiac cycle or more, and volume data in
each cardiac phase is thereby acquired for one cardiac cycle
or more. The controller 13 receives ECG signals from outside
the ultrasonic imaging apparatus 1, correlates each generated
volume data and a time phase in which the volume data has
been acquired, and controls the storage 5 to store them.

(Step S02)

[0129] The contour tracking part 71 reads out volume data
from the storage 5, and executes pattern matching using a
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speckle pattern on two of the volume data. Through this
pattern matching, the contour tracking part 71 obtains the
position of each of the points composing the 3-dimensional
contour of the myocardium in each cardiac phase. Then, the
motion-information calculator 81 of the computing part 8
obtains wall-motion information such as the strain S(t) in the
wall-thickness direction at each site of the myocardium, in
each cardiac phase.

(Step S03)

[0130] On the other hand, the operator designates an arbi-
trary cardiac phase by using the operation part 12. Moreover,
the operator designates an arbitrary cross-section for the vol-
ume data by using the operation part 12. Here, as an example,
the operator designates a long-axis cross-section of the heart.
Information indicating the cardiac phase designated by the
operator and coordinate information of the long-axis cross-
section are outputted from the user interface (UT) to the image
generator 6 via the controller 13.

(Step S04)

[0131] The image generator 6 reads out the volume data
correlated with the designated cardiac phase from the storage
5, and generates MPR image data (long-axis image data) in
the long-axis cross-section of the heart based on the volume
data. Then, the display controller 9 controls the display 11 to
display a long-axis image based on the long-axis image data.
For example, as shown in FIG. 2, the display controller 9
controls the display 11 to display the long-axis image 100 of
the heart and the long-axis image 200 in a cross-section
orthogonal to the long-axis image 100.

(Step S05)

[0132] Next, the operator designates the reference axis 120
that passes through the center of the long-axis image 100
along the long-axis direction of the long-axis image 100, by
using the operation part 12, and further designates the arbi-
trary point 130 on the reference axis 120.

[0133] Coordinate information of the reference axis 120
and coordinate information of the point 130 on the long-axis
image 100 are outputted from the user interface (UT) 10 to the
controller 13. The controller 13 obtains coordinates of the
reference axis 120 and coordinates of the point 130 in the
3-dimensional space based on the coordinate information in
the 3-dimensional space of the long-axis cross-section of the
long-axis image 100, and outputs the coordinate information
to the forming part 73.

(Step S06)

[0134] The first-plane forming part 74 receives the coordi-
nate information of each of the points composing the contour
of the myocardium in the cardiac phase designated by the
operator, from the contour tracking part 71, and sets the
reference axis 120 and the point 130 for contour of the myo-
cardium. Then, as shown in FIG. 4, the first-plane forming
part 74 forms the first plane 140 passing through the point 130
and being orthogonal to the reference axis 120. Then, the
first-plane forming part 74 outputs coordinate information in
the 3-dimensional space of the formed first plane 140, to the
reference-point seftting part 75.

(Step S07)

[0135] The reference-point setting part 75 sets a reference
point where the contour of the endocardium 111 and the first
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plane 140 intersect each other, as shown in FIG. 4, for
example. At this moment, the reference-point setting part 75
obtains a plurality of reference points 150A . . . 150N . . .
intersecting the contour of the endocardium 111 in a 360-
degree periphery within the first plane 140. Then, the second-
plane forming part 76 forms the second planes 160A .. . 160N
... extending in a direction orthogonal to the contour of the
endocardium 111, for the respective reference points 150A .
.. 150N . . . obtained in the 360-degree periphery within the
first plane 140, as shown in FIGS. 3 and 4, for example. The
second planes are orthogonal to the contour of the endocar-
dium 111, and therefore, are parallel to the wall-thickness
direction of the myocardium 110.

(Step S08)

[0136] Next, the image-generation-plane forming part 77
connects the first plane 140 formed inside the endocardium
111 (in the cardiac cavity) with the second planes 160A . . .
160N . .. formed outside the endocardium 111 at the respec-
tive reference points 150A ... 150N . . . as shown in FIG. 4,
for example, thereby forming one image generation plane.

(Step S09)

[0137] The image generator 6 reads out the volume data
acquired in the designated cardiac phase from the storage 5.
Then, the image generator 6 executes the MPR process on the
read-out volume data, thereby generating MPR image data on
the image generation plane. Thus, the MPR image data on the
image generation plane composed of the first plane 140 and
the second planes 160A ... 160N .. . is generated. Then, the
image generator 6 outputs the MPR image data on the image
generation plane to the display controller 9.

(Step S10)

[0138] On the other hand, the color determining part 82
determines a color according to the magnitude of the wall
motion information such as the strain S(t) at each site on the
image generation plane, and assigns the color to each site. The
color determining part 82 then outputs coordinate informa-
tion of each site on the image generation plane and informa-
tion indicating the color assigned to the site (color informa-
tion), to the display controller 9. The display controller 9 then
controls the display 11 to display in a state where the color
assigned to each site of the myocardium by the color deter-
mining part 82 is superimposed on an MPR image generated
by the image generator 6.

[0139] For example, as shown in FIG. 2, the display con-
troller 9 controls the display 11 to display the short-axis
image 300 of the image generation plane formed by the first
plane 140 passing through point 130 on the reference axis 120
and the second planes 160A . . . 160N . . . orthogonal to the
myocardium. The display controller 9 then controls the dis-
play 11 to display by superimposing the color according to the
magnitude of the wall motion information at each site on the
image generation plane on each site of the short-axis image
300.

[0140] As described above, according to the present
embodiment, in the myocardium 110, the second planes
orthogonal to the myocardium 110 are obtained and MPR
image data (short-axis image data) on the second planes are
generated, so that it is possible to generate the MPR image
data along the wall-thickness direction of the myocardium.
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[0141] Consequently, it is possible to observe a cross-sec-
tion along the wall-thickness direction of the myocardium
110. Furthermore, the direction of the vector of the wall
motion information and the wall-thickness direction of the
myocardium represented in the short-axis image are equal, so
that the actual wall motion information in the short-axis
image is displayed in the short-axis image.

[0142] Consequently, it is possible to more appropriately
evaluate the wall motion at each site of the myocardium.

(First Modification)

[0143] Next, a first modification of the ultrasonic imaging
apparatus according to the abovementioned embodiment will
be described with reference to FIGS. 7, 8A and 8B. FIG. 7 is
a view of a screen illustrating an example of an image dis-
played on the display in the first modification. FIGS. 8A and
8B are schematic views illustrating the contour of the myo-
cardium on a cross-section along the long-axis direction of
the myocardium.

[0144] In the first modification, the image-generation-
plane forming part 77 forms an image generation plane by
executing a different process from that in the abovementioned
embodiment. Fach part other than the image-generation-
plane forming part 77 executes the same process as in the
abovementioned embodiment.

[0145] Similarly in the abovementioned embodiment, the
image generator 6 reads out volume data correlated with the
cardiac phase designated by the operator from the storage 5,
and generates long-axis image data of a long-axis cross-
section of the heart, based on the volume data. The display
controller 9 then, as shown in FIG. 7, controls the display 11
to display the long-axis image 100 of the heart. The display
controller 9 may control the display 11 to display the long-
axis image 200, which is a cross-section orthogonal to the
long-axis image 100.

[0146] The operator then designates the reference axis 120
by using the operation part 12, and further designates the
arbitrary point 130 on the reference axis 120. The controller
13 outputs coordinate information of the reference axis 120
and coordinate information of the point 130 in the 3-dimen-
sional space to the forming part 73.

[0147] The first-plane forming part 74, similarly in the
abovementioned embodiment, forms a first plane orthogonal
to the reference axis 120 through the point 130 designated by
the operator.

[0148] Thereference-point setting part 75 then, similarly in
the abovementioned embodiment, obtains reference points
where the contour of the myocardium and the first plane
intersect each other. At this moment, the reference-point set-
ting part 75 obtains the reference points orthogonal to the
contour of the endocardium 111 in a 360-degree periphery
within the first plane. For example, as shown in FIG. 8A, the
reference-point setting part 75 obtains a plurality of reference
points 150A, 150B . . . where the contour of the endocardium
111 and the first plane intersect each other. The reference-
point setting part 75 may obtain points where the first plane
and, instead of the contour of the endocardium 111, the con-
tour of the epicardium 112 intersect each other and set the
points as a reference points.

[0149] The second-plane forming part 76, similarly in the
abovementioned embodiment, forms second planes that
extend in adirection orthogonal to the contour of the endocar-
dium 111 within the long-axis cross-section, with reference to
the reference points set by the reference-point setting part 75.
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For example, as shown in FIG. 8A, the second-plane forming
part 76 forms second plane 160A that extends in a direction
orthogonal to the contour of the endocardium 111 within the
long-axis cross-section with reference to the reference point
150A.

[0150] The second-plane forming part 76 then forms sec-
ondplanes 160A, 160B . . . that extend in a direction orthogo-
nal to the contour of the endocardium 111, at the reference
points 150A, 150B . . . obtained in a 360-degree periphery
within the first plane. The second planes are orthogonal to the
contour of the endocardium 111, and therefore, are parallel to
the wall-thickness direction of the myocardium 110.

[0151] The image-generation-plane forming part 77 then
receives the coordinate information of the second planes from
the second-plane forming part 76, and extends the second
planes to the reference axis 120. For example, as shown in
FIG. 8B, the image-generation-plane forming part 77 extends
the second plane 160A to the reference axis 120, and extends
the second plane 160B to the reference axis 120. The image-
generation-plane forming part 77 then forms one image gen-
eration plane by connecting the surfaces formed by extending
the second planes 160A, 160B . . . to the reference axis 120.
Consequently, the image generation plane comprises the sec-
ond plane 160A, 160 . . . not only in the outside of the
endocardium 111 but also the inside (in the cardiac cavity).

[0152] The image generator 6 reads out the volume data
acquired in the cardiac phase designated by the operator from
the storage 5. The image generator 6 then executes the MPR
process on the read-out volume data, thereby generating MPR
image data of the image generation plane formed by the
image-generation-plane forming part 77. Consequently, the
MPR image data on the image generation plane composed of
the second planes 160A, 160B . . . is generated. The display
controller 9 then controls the display 11 to display an MPR
image based on the MPR image data of the image generation
plane.

[0153] Moreover, the image generator 6 reads out the vol-
ume data acquired in each cardiac phase from the storage 5
and executes the MPR process on the volume data acquired in
each cardiac phase, thereby generating the MPR image data
of the image generation plane formed by the image-genera-
tion-plane forming part 77, in each cardiac phase. Subse-
quently, upon receiving the MPR image data in each cardiac
phase from the image generator 6, the display controller 9
controls the display 11 to display the MPR image in each
cardiac phase sequentially for each cardiac phase.

[0154] As described above, according to the ultrasonic
imaging apparatus according to the first modification, for the
myocardium 110, the second planes 1604, etc., orthogonal to
the myocardium 110 are obtained and MPR image data on the
second planes 160A, etc., are generated. Therefore, it is pos-
sible to observe a cross-section of the myocardium 110 along
the wall-thickness direction. In addition, in the first modifi-
cation, the second planes 160A, etc., are extended to the
reference axis 120, so that there is no gap at the border
between the myocardium 110 and the cardiac cavity. Thus, it
is possible to generate a smooth image at the border. To be
more precise, there is no gap in the image, at the reference
points 150A, 150B . . . where the endocardium 111 and the
first plane intersect each other, and a smooth image is
obtained around the reference points 150A, etc. Moreover,
since it is possible to obtain short-axis image data along the
wall-thickness direction only by the operator’s designation of
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an arbitrary point on the long-axis image, it is possible to
observe a cross-section with a desired wall thickness by a
simple operation.

[0155] Similarly in the abovementioned embodiment, the
computing part 8 obtains wall motion information of the
myocardium and assigns a color according to the magnitude
of the wall motion information to each site of the myocar-
dium. In the first modification, the color determining part 82
determines a color according to the magnitude of the wall
motion information at each site on the image generation plane
formed by the image-generation-plane forming part 77. For
example, the color determining part 82 determines a color
according to the magnitude of the strain S(t) at each site on the
image generation plane, and assigns the color to each site.
[0156] Thedisplay controller9 then controls the display 11
to display the color assigned by the color determining part 82
in a superimposed manner on each site of the myocardium, on
the MPR image generated by the image generator 6.

[0157] For example, as shown in FIG. 7, the display con-
troller 9 controls the display 11 to display a short-axis image
400 of the image generation plane composed of the second
planes 160A, 160B . . . formed by designating the point 130
on the reference axis 120. The display controller 9 then con-
trols the display 11 to display a color according to the mag-
nitude of the wall motion information at each site on the
image generation planein a superimposed state on eachsite of
the short-axis image 400. Moreover, when the operator des-
ignates other points 131 and 132 on the reference axis 120 by
using the operation part 12, the forming part 73 forms an
image generation plane corresponding to each of the points.
Then, the image generator 6 generates short-axis image data
of the image generation plane corresponding to the point 131,
and generates short-axis image data of the image generation
plane corresponding to the point 132. The computing part 8
determines a color according to the magnitude of the wall
motion information at each site on each of the image genera-
tion planes. Then, the display controller 9 controls the display
11 to display a short-axis image 410 of the image generation
plane corresponding to the point 131 and a short-axis image
420 of the image generation plane corresponding to the point
132. Furthermore, the display controller 9 controls the dis-
play 11 to display the color according to the magnitude of the
wall motion information in a superimposed state on each of
the short-axis image 410 and the short-axis image 420.
[0158] As described above, according to the ultrasonic
imaging apparatus according to the first modification, simi-
larly in the abovementioned embodiment, the direction of the
vector of the wall motion information coincides with the
wall-thickness direction of the myocardium represented in
the short-axis image. Consequently, in the short-axis image,
the actual wall motion information of the short-axis image is
displayed, whereby it is possible to more properly evaluate
the wall motion at each site of the myocardium.

[0159] Moreover, similarly in the abovementioned
embodiment, the process in the first modification may be
executed by the ultrasonic image processing apparatus pro-
vided outside the ultrasonic imaging apparatus.

[0160] Moreover, similarly in the abovementioned
embodiment, the image generation plane may be formed for
each cardiac phase. Firstly, the first-plane forming part 74
forms the first plane orthogonal to the reference axis 120
through the point 130 designated on the reference axis 120.
The contour tracking part 71, as described above, obtains the
position of each of the points composing the 3-dimensional
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contour of the endocardium and the position of each of the
points composing the 3-dimensional contour of the epicar-
dium in each cardiac phase.

[0161] The reference-point setting part 75 receives the
coordinate information of the first plane from the first-plane
forming part 74, and obtains points where the contour of the
myocardium and the first plane intersect each other in each
cardiac phase. That is, the reference-point setting part 75
obtains the positions of the reference points in each cardiac
phase.

[0162] Thesecond-plane forming part 76 receives the coor-
dinate information of the reference points in each cardiac
phase from the reference-point setting part 75, and obtains
second planes that extend in a direction orthogonal to the
contour of the endocardium 111 in each cardiac phase, for
each cardiac phase. That is, the second-plane forming part 76
forms the second planes in each cardiac phase, based on the
endocardium 111 and the reference point in the same cardiac
phase.

[0163] The image-generation-plane forming part 77
receives the coordinate information of the second planes in
each cardiac phase from the second-plane forming part 76,
and extends the second planes to the reference axis 120. Then,
the image-generation-plane forming part 77 forms one image
generation plane for each cardiac phase, by connecting the
second planes in the same cardiac phase. Then, the image-
generation-plane forming part 77 outputs coordinate infor-
mation of the image generation plane in each cardiac phase to
the image generator 6.

[0164] Theimage generator 6 generates MPR image data of
the image generation plane in each cardiac phase based on the
volume data and the image generation plane in the same
cardiac phase. The display controller 9 controls the display 11
to sequentially display MPR images based on the MPR image
data in each cardiac phase. In addition, the display controller
9 controls the display 11 to display by superimposing a color
assigned by the color determining part 82 on each site of the
myocardium on the MPR image in each cardiac phase.
[0165] At this moment, the display controller 9 controls the
display 11 to display by superimposing the color assigned on
the image generation plane in the same cardiac phase, on each
site of the myocardium on the MPR image in each cardiac
phase.

(Operation)

[0166] Next, the operation of the ultrasonic imaging appa-
ratus (ultrasonic image processing apparatus) according to
the first modification will be described with reference to FIG.
9. FIG. 9is a flow chart for describing a series of actions of the
ultrasonic imaging apparatus according to the first modifica-
tion.

(Step S20)

[0167] First, the ultrasonic probe 2 is applied to the subject
to transmit ultrasonic waves to the heart, and volume data
(moving image data) in each cardiac phase is acquired.

(Step S21)

[0168] The contour tracking part 71 reads out volume data
from the storage 5, and executes pattern matching by using a
speckle pattern on two of the volume data. Through this
pattern matching, the contour tracking part 71 obtains the
position of each of the points composing a 3-dimensional
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contour of the myocardium in each cardiac phase. The
motion-information calculator 81 obtains wall motion infor-
mation at each site of the myocardium for each cardiac phase.

(Step S22)

[0169] On the other hand, the operator designates an arbi-
trary cardiac phase and a long-axis cross-section of the heart
by using the operation part 12.

(Step S23)

[0170] The image generator 6 reads out the volume data
related with the designated cardiac phase from the storage 5,
and generates MPR image data in the long-axis cross-section
of the heart (long-axis image data), based on the volume data.
As shown in FIG. 7, the display controller 9 controls the
display 11 to display the long-axis image 100 of the heart and
the long-axis image 200 in a cross-section orthogonal to the
long-axis image 100.

(Step S24)

[0171] The operator designates the reference axis 120 by
using the operation part 12, and further designates the arbi-
trary point 130 on the reference axis 120. The controller 13
outputs coordinate information of the reference axis 120 and
coordinate information of the point 130 in the 3-dimensional
space to the forming part 73.

(Step S25)

[0172] The first-plane forming part 74, as shown in FIG.
8A, forms a first plane orthogonal to the reference axis 120
through point 130.

(Step S26)

[0173] The reference-point setting part 75, as shown in
FIG. 8A, obtains reference points where the contour of the
endocardium 111 and the first plane intersect each other. At
this moment, the reference-point setting part 75 obtains a
plurality of reference points 1504, 150B . . . intersecting the
contour of the endocardium 111 in a 360-degree periphery
within the first plane. The second-plane forming part 76
forms second planes 160A, 160B . . . extending in a direction
orthogonal to the contour of the endocardium 111, at the
respective reference points 150A, 150B . . . obtained in a
360-degree periphery within the first plane.

(Step S27)

[0174] The image-generation-plane forming part 77, as
shown in FIG. 8B, extends the respective second planes
160A, 160B . . . to the reference axis 120, and connects the
second planes of the respective directions, thereby forming
one image generation plane.

(Step S28)

[0175] The image generator 6 reads out the volume data
acquired in the designated cardiac phase from the storage 5,
and executes the MPR process on the volume data, thereby
generating MPR image data on the image generation plane.
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Consequently, the MPR image data on the image generation
plane composed of the second planes 160A, 160B . . . is
generated.

(Step S29)

[0176] On the other hand, the color determining part 82
determines a color according to the magnitude of wall motion
information at each site on the image generation plane, and
assigns the color to each site.

[0177] The display controller 9 controls the display 11 to
display the MPR image generated by the image generator 6
with the color assigned by the color determining part 82
superimposed on each site of the myocardium. For example,
as shown in FIG. 7, the display controller 9 controls the
display 11 to display the short-axis image 400 on the image
generation plane composed of the second planes 160A, 160B
... formed by designating the point 130. The display control-
ler 9 then controls the display 11 to display while superim-
posing the color according to the magnitude of the wall
motion information at each site on the image generation
plane, on each site of the short-axis image 400.

(Second Modification)

[0178] Next, a second modification of the ultrasonic imag-
ing apparatus 1 according to the abovementioned embodi-
ment will be described with reference to FIG. 10A and FIG.
10B. FIG. 10A and FIG. 10B are schematic views illustrating
the contour of the myocardium in a cross-section along the
short-axis direction of the myocardium.

[0179] In this modification 2, the second-plane forming
part 76 executes a process different from that in the above-
mentioned embodiment, thereby forming second planes
orthogonal to the myocardium.

[0180] First, the operator designates an arbitrary cardiac
phase by using the operation part 12. The cardiac phase des-
ignated by the operator is set as the initial time phase. Further,
the operator designates an arbitrary cross-section for the vol-
ume data by using the operation part 12. In this second modi-
fication, the operator designates a short-axis cross-section of
the heart. Information showing the initial time phase desig-
nated by the operator and coordinate information of the short-
axis cross-section are outputted from the user interface (UI)
10 to the contour tracking part 71 via the controller 13.

[0181] When receiving the information showing the initial
time phase and the coordinate information of the short-axis
cross-section from the controller 13, the contour tracking part
71 sets tracking points on the contour of the myocardium in
the short-axis cross-section in the initial time phase. For
example, as shown in FIG. 10A, the contour tracking part 71
sets tracking points 400A, 400B . .. 400N . . . on the contour
of the endocardium 111 of the myocardium 110 in the initial
time phase.

[0182] That is, the contour tracking part 71 sets the tracking
points 400A, etc., on the contour of the endocardium 111 ina
360-degree periphery in the designated short-axis cross-sec-
tion. These tracking points 400A, etc., are set in the same
short-axis cross-section. The contour tracking part 71 may set
tracking points 410A, 410B . . . 410N on the contour of the
epicardium 112 of the myocardium 110 in the initial time
phase. The tracking points 410A, etc. set for the epicardium
112 are set also in the same short-axis cross-section.

Mar. 5, 2009

[0183] The contour tracking part 71 executes pattern
matching using a speckle pattern on two of the volume data,
thereby obtaining the positions of the set tracking points for
each cardiac phase.

[0184] Consequently, the positions of the tracking points
are tracked for each cardiac phase. For example, the contour
tracking part 71 obtains the positions of the tracking points
400A, etc. seton the contour of the endocardium 111, for each
cardiac phase. The contour tracking part 71 may obtain the
positions of the tracking point 410 A, etc. set on the contour of
the epicardium 112, for each cardiac phase.

[0185] Here, the positions of the tracking points 400A, etc.
in an arbitrary cardiac phase will be shown in FIG. 10B. In
FIG. 10B, a myocardium 510 corresponds to the myocardium
110 in the initial time phase. Moreover, the contour of an
endocardium 511 corresponds to the contour of the endocar-
dium 111 in the initial time phase. In addition, the contour of
an epicardium 512 corresponds to the contour of the epicar-
dium 112 in the initial time phase. Moreover, tracking points
420A,420B...420N correspond to the tracking points 400 A,
400B . .. 400N . . . set in the initial time phase. In addition,
tracking points 430A, 430B ... 430N . . . correspond to the
tracking points 410A,410B ... 410N . . . set in the initial time
phase.

[0186] The tracking points 400A, etc. set within the same
short-axis cross-section in the initial time phase do not exist
within the same short-axis cross-section in the arbitrary car-
diac phase after tracking.

[0187] This is because the heart moves not only in the
wall-thickness direction of the myocardium but also in the
long-axis direction of the heart when the heart contracts and
dilates. In the second modification, regarding the tracking
points set in the initial time phase, the positions in the arbi-
trary cardiac phase are obtained, and short-axis image data in
a cross-section parallel to the wall-thickness direction of the
myocardium is generated based on the positions of the track-
ing points in the arbitrary cardiac phase.

[0188] The contour tracking part 71 outputs coordinate
information of the respective tracking points in each cardiac
phase to the forming part 73.

[0189] The second-plane forming part 76 forms second
planes extending in a direction orthogonal to the contour of
the endocardium, within the long-axis cross-section, with
reference to the tracking points in the arbitrary cardiac phase.
For example, as shown in FIG. 10B, the second-plane form-
ing part 76 forms a second plane extending in a direction
orthogonal to the contour of the endocardium 511 for each of
the tracking points, within the long-axis cross-section, with
reference to each of the tracking points 420A, 4208 .. . 420N
... onthe contour of the endocardium 511 in a certain cardiac
phase. The second planes are orthogonal to the contour of the
endocardium 511 in the certain cardiac phase, and therefore,
are parallel to the wall-thickness direction of the myocardium
510 in the cardiac phase. The second-plane forming part 76
then forms the second planes in each cardiac phase, with
reference to each of the tracking points in each cardiac phase.
The second-plane forming part 76 outputs coordinate infor-
mation of the second planes in each cardiac phase to the
image-generation-plane forming part 77.

[0190] For example, similarly in the modification 1, the
image-generation-plane forming part 77 extends each of the
second planes in a certain cardiac phase to the central axis of
the myocardium, and connects the second planes, thereby
forming an image generation plane in the cardiac phase.
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Alternatively, the image-generation-plane forming part 77
may obtain a plane orthogonal to the central axis of the
myocardium through the tracking points in a cardiac phase,
and connect each of the second planes to the orthogonal
plane, thereby forming an image generation plane in the
cardiac phase. The image-generation-plane forming part 77
then forms an image generation plane in each cardiac phase,
based on the second planes formed for each cardiac phase.
[0191] The image generator 6 reads out volume data
acquired in an arbitrary cardiac phase from the storage 5.
Then, the image generator 6 executes the MPR process on the
read-out volume data, thereby generating MPR image data
(short-axis image data) on the image generation plane in the
same cardiac phase formed by the image-generation-plane
forming part 77.

[0192] Then, the image generator 6 executes the MPR pro-
cess on the volume data in each cardiac phase, thereby gen-
erating short-axis image data of the image generation plane in
each cardiac phase. The display controller 9 controls the
display 11 to sequentially display a short-axis image based on
the short-axis image data in each of the cardiac phases, in
accordance with the order of the cardiac phases.

[0193] As described above, the ultrasonic imaging appara-
tus according to the second modification tracks, for each
cardiac phase, the positions of the tracking points set in the
initial time phase, obtains second planes orthogonal to the
myocardium in an arbitrary cardiac phase, and generates the
MPR image data of the second planes. Therefore, it is pos-
sible to observe a cross-section along the wall-thickness
direction of the myocardium in an arbitrary cardiac phase.
Thus, it is possible to cause the display 11 to display a short-
axis image in each of the cardiac phases in accordance with
the order of the cardiac phases, thereby consecutively observe
the shape of the cross-section along the wall-thickness direc-
tion in each of the cardiac phases.

[0194] Similarly in the abovementioned embodiment, the
computing part 8 obtains wall motion information of the
myocardium, and assigns a color according to the magnitude
of the wall motion information at each site of the myocar-
dium. In the second modification, the color determining part
82 determines a color corresponding to the magnitude of the
wall motion information at each site on the image generation
plane in each cardiac phase, and assigns the color to each site
on the image generation plane in each cardiac phase.

[0195] The display controller 9 controls the display 11 to
display in a manner that the color assigned on the image
generation plane in the same cardiac phase is superimposed
on each site of the myocardium on the short-axis image in the
arbitrary cardiac phase generated by the image generator 6.
Then, the display controller 9 controls the display 11 to dis-
play the short-axis image in each of the cardiac phases in
accordance with the order of the cardiac phases, and further
controls the display 11 to display in a manner that the color
assigned on the image generation plane in each cardiac phase
is superimposed on the short-axis image in the same cardiac
phase.

[0196] As described above, according to the ultrasonic
imaging apparatus according to this second modification, the
direction of the vector of the wall motion information in each
cardiac phase coincides with the wall-thickness direction of
the myocardium represented in the short-axis image in each
cardiac phase. Consequently, actual wall motion information
of the short-axis image in each cardiac phase is displayed in
the short-axis image in each cardiac phase, and it becomes
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possible to evaluate the wall motion at each part of the myo-
cardium more properly for each cardiac phase. Then, by
causing the display 11 to display the short-axis image and the
wall motion information in each of the cardiac phases in
accordance with the order of the cardiac phases, it becomes
possible to consecutively observe the shape of a cross-section
along the wall-thickness direction in each of the cardiac
phases and the wall motion information in the cross-section.
[0197] Moreover, as in the aforementioned embodiment,
the process in the second modification may be executed by an
ultrasonic image processing apparatus provided outside the
ultrasonic imaging apparatus.

(Operation)

[0198] Next, the Operation of the Ultrasonic Imaging
Apparatus (ultrasonic image processing apparatus) according
to the second modification will be described with reference to
FIG. 11. FIG. 11 is a flow chart for describing a series of
operations of the ultrasonic imaging apparatus according to
the second modification.

(Step S30)

[0199] The ultrasonic probe 2 is applied to a subject to
transmit ultrasonic waves to the heart of the subject, and
volume data (moving image data) in each cardiac phase is
acquired.

(Step S31)

[0200] The contour tracking part 71 reads out the volume
data from the storage 5, and executes pattern matching using
a speckle pattern on two of the volume data. Through this
pattern matching, the contour tracking part 71 obtains the
position of each of the points composing a 3-dimensional
contour of the myocardium in each cardiac phase. The
motion-information calculator 81 then obtains wall motion
information at each site of the myocardium, for each cardiac
phase.

(Step S32)

[0201] On the other hand, the operator designates an arbi-
trary cardiac phase (initial time phase) and a short-axis cross-
section of the heart by using the operation part 12.

(Step S33)

[0202] Thecontour tracking part 71, for example, as shown
in FIG. 10A, sets tracking points 400A,400B ... 400N . .. on
the contour of the endocardium 111 within the designated
short-axis cross-section in the initial time phase. Specifically,
the contour tracking part 71 sets the tracking points 400A,
etc., on the contour of the endocardium 111 in a 360-degree
periphery within the designated short-axis cross-section.

(Step S34)

[0203] Then, the contour tracking part 71 executes pattern
matching using a speckle pattern on two of the volume data,
thereby obtaining the positions ofthe set tracking point 400 A,
etc. for each cardiac phase.

[0204] For example, as shown in FIG. 10B, the contour
tracking part 71 obtains the positions of tracking points 420A,
etc. in a certain cardiac phase. The second-plane forming part
76 then forms second planes that extend in a direction
orthogonal to the contour of the endocardium, within a long-
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axis cross-section, with reference to the tracking points in the
arbitrary cardiac phase. For example, as shown in FIG. 10B,
the second-plane forming part 76 forms the second planes
that extend in a direction orthogonal to the contour of an
endocardium 511 within the long-axis cross-section, with
reference to each of the tracking points 420A 4208 . . . 420N
...on the contour of the endocardium 511 in the cardiac phase
as a reference. The second-plane forming part 76 then forms
the second planes in each cardiac phase with reference to each
tracking point in each cardiac phase.

(Step S35)

[0205] The image-generation-plane forming part 77
extends each second plane in the cardiac phase to the central
axis of the myocardium and connects the respective second
planes, thereby forming an image generation plane in the
cardiac phase.

(Step S36)

[0206] The image generator 6 then generates MPR image
data (short-axis image data) of the image generation plane in
an arbitrary cardiac phase by executing the MPR process on
the volume data acquired in the cardiac phase. The image
generator 6 generates short-axis image data of the image
generation plane in each cardiac phase by MPR processing of
the volume data in each cardiac phase.

(Step S37)

[0207] On the other hand, the color determining part 82
determines a color according to the size of wall motion infor-
mation at each site on the image generation plane in each
cardiac phase and assigns the color to each site on the image
generation plane in each cardiac phase. The display controller
9 then controls the display 11 to display the color assigned on
the image generation plane in the same cardiac phase in an
overlapping manner at each site of the myocardium in the
short-axis image in the arbitrary cardiac phase generated by
the image generator 6.

[0208] Thedisplay controller9 then controls the display 11
to display the color assigned to each site on the image gen-
eration plane in the same cardiac phase in an overlapping
manner in the short-axis image based on the short-axis image
data in each cardiac phase according to the order of the
cardiac phases.

What is claimed is:

1. An ultrasonic image processing apparatus, comprising:

acontour specifying part configured to receive volume data
representing a subject acquired by transmission of ultra-
sonic waves to the subject and specify a 3-dimensional
contour of a myocardium based on the volume data;

a forming part configured to set a reference point on the
contour of the myocardium and form an image genera-
tion plane including a plane substantially orthogonal to
the contour of the myocardium at the reference point;

an image generator configured to generate image data on
the image generation plane based on the volume data;
and

a display controller configured to control a display to dis-
play an image based on the image data.
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2. The ultrasonic image processing apparatus according to
claim 1, wherein:
the forming part sets a first plane intersecting the contour of
the myocardium, obtains a point where the first plane
intersects the contour of the myocardium, sets the point
as the reference point, and forms the image generation
plane including a second plane substantially orthogonal
to the myocardium at the reference point; and
the image generator generates image data on the image
generation plane including the second plane based on
the volume data.
3. The ultrasonic image processing apparatus according to
claim 2, wherein:
the forming part sets a reference axis piercing the contour
of the myocardium, receives a designation of an arbi-
trary point on the reference axis, obtains a point where
the first plane passing through the designated point inter-
sects the contour of the myocardium, sets the pointas the
reference point, and forms the image generation plane
including the second plane substantially orthogonal to
the myocardium at the reference point.
4. The ultrasonic image processing apparatus according to
claim 3, wherein:
the image generator generates long-axis image data in a
cross-section along a long-axis direction ofa heart based
on the volume data;
the display controller controls the display to display a
long-axis image based on the long-axis image data;
the forming part sets the reference axis piercing the long-
axis image along the long-axis direction, receives the
designation of the arbitrary point on the reference axis,
obtains a point where the first plane passing through the
designated point and substantially orthogonal to the ref-
erence axis intersects the contour of the myocardium,
sets the point as the reference point, and forms the image
generation plane including the second plane substan-
tially orthogonal to the myocardium at the reference
point;
the image generator further generates short-axis image
data on the image generation plane including the second
plane based on the volume data; and
the display controller further controls the display to display
a short-axis image based on the short-axis image data.
5. The ultrasonic image processing apparatus according to
claim 2, wherein:
the forming part connects the first plane with the second
plane at the reference point, thereby forming the image
generation plane; and
the image generator generates image data on the image
generation plane formed by connecting the first plane
with the second plane, based on the volume data.
6. The ultrasonic image processing apparatus according to
claim 2, wherein:
the forming part extends the second plane to the reference
axis, thereby forming the image generation plane; and
the image generator generates image data on the image
generation plane formed by extending the second plane
to the reference axis, based on the volume data.
7. The ultrasonic image processing apparatus according to
claim 2, wherein:
the forming part obtains a point where the first plane inter-
sects the contour of an endocardium or epicardium of the
myocardium specified by the contour specifying part,
and sets the point as the reference point.
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8. The ultrasonic image processing apparatus according to

claim 1, further comprising:

a storage configured to store the volume data acquired for
each time phase by transmission of ultrasonic waves to
the subject; and

a computing part, wherein:

the contour specifying part obtains a position of each of
points composing the 3-dimensional contour of the
myocardium in the volume data acquired in each time
phase, for each time phase, by pattern matching;

the computing part obtains motion information indicating a
motion state of the myocardium in the each time phase,
based on the position of each of the points composing the
contour in the each time phase;

the forming part sets a reference point on the contour of the
myocardium in an arbitrary time phase, and forms the
image generation plane for the myocardium in the arbi-
trary time phase;

the image generator generates image data on the image
generation plane in the arbitrary time phase, based on
volume data acquired in the arbitrary time phase; and

the display controller controls the display to display in a
state where motion information indicating a motion state
ontheimage generation plane in the arbitrary time phase
is superimposed on an image based on the image data in
the arbitrary time phase.

9. The ultrasonic image processing apparatus according to

claim 1, further comprising:

a storage configured to store the volume data acquired for
each time phase by transmission of ultrasonic waves to
the subject, wherein:

the contour specifying part obtains a position of each of
points composing the 3-dimensional contour of the
myocardium in the volume data acquired in each time
phase, for each time phase, by pattern matching;

the forming part receives a designation of an arbitrary
plane intersecting volume data acquired in a specified
time phase, obtains a point where the arbitrary plane
intersects the contour of the myocardium, sets a position
of the intersecting point in an arbitrary time phase
obtained by the contour specifying part as the reference
point, and forms the image generation plane including a
plane substantially orthogonal to the myocardium at the
reference point in the arbitrary time phase;

the image generator generates image data on the image
generation plane in the arbitrary time phase based on the
volume data acquired in the arbitrary time phase; and

the display controller controls the display to display an
image based on the image data in the arbitrary time
phase.

10. The ultrasonic image processing apparatus according

to claim 9, further comprising:

a computing part configured to obtain motion information
indicating a motion state of the myocardium in the each
time phase, based on the position of each of the points
composing the contour of the each time phase, wherein:

the forming part forms the image generation plane for each
time phase;

the image generator generates image data on the image
generation plane in the each time phase, for each time
phasebased on the volume data acquired inthe each time
phase; and

the display controller controls the display to display an
image based on the image data in the each time phase
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and further controls the display to display in a state
where motion information indicating a motion state on
the image generation plane in the each time phase is
superimposed on the image for each time phase.

11. A method for processing an ultrasonic image, compris-

ing:

receiving volume data indicating a subject acquired by
transmission of ultrasonic waves to the subject, and
specifying a 3-dimensional contour of a myocardium
based on the volume data;

setting a reference point on the contour of the myocardium,
and forming an image generation plane including a
plane substantially orthogonal to the contour of the myo-
cardium at the reference point;

generating image data on the image generation plane based
on the volume data; and

displaying an image based on the image data.

12. The method for processing an ultrasonic image accord-

ing to claim 11, wherein:

a first plane intersecting the contour of the myocardium is
set, a point where the first plane intersects the contour of
the myocardium is obtained, the point is set as the ref-
erence point, and the image generation plane including a
second plane substantially orthogonal to the myocar-
dium at the reference point is formed; and

image data on the image generation plane including the
second plane is generated based on the volume data.

13. The method for processing an ultrasonic image accord-

ing to claim 12, wherein:

a reference axis piercing the contour of the myocardium is
set, a designation of an arbitrary point on the reference
axis is received, a point where the first plane passing
through the designated point intersects the contour of the
myocardium is obtained, the point is set as the reference
point, and the image generation plane including the sec-
ond plane substantially orthogonal to the myocardium at
the reference point is generated.

14. The method for processing an ultrasonic image accord-

ing to claim 13, wherein:

long-axis image data in a cross-section along a long-axis
direction of a heart is generated based on the volume
data;

a long-axis image based on the long-axis image data is
displayed;

the reference axis piercing the long-axis image along the
long-axis direction is set, a designation of an arbitrary
point on the reference axis is received, a point where the
first plane passing through the designated point and sub-
stantially orthogonal to the reference axis intersects the
contour of the myocardium is obtained, the point is set as
the reference point, and the image generation plane
including the second plane substantially orthogonal to
the myocardium at the reference points is formed,;

short-axis image data on the image generation plane
including the second plane is generated based on the
volume data; and

a short-axis image is displayed based on the short-axis
image data.

15. The method for processing an ultrasonic image accord-

ing to claim 12, wherein:

the image generation plane is formed by connecting the
first plane with the second plane at the reference point;
and
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image data on the image generation plane formed by con-
necting the first plane with the second plane is generated
based on the volume data.
16. The method for processing an ultrasonic image accord-
ing to claim 12, wherein:
the image generation plane is formed by extending the
second plane to the reference axis; and
image data on the image generation plane formed by the
second plane extended to the reference axis is generated
based on the volume data.
17. The method for processing an ultrasonic image accord-
ing to claim 12, wherein:
apoint where the first plane intersects the specified contour
of the endocardium or epicardium of the myocardium is
obtained, and the point is set as the reference point.
18. The method for processing an ultrasonic image accord-
ing to claim 11, wherein:
the volume data acquired for each time phase by transmis-
sion of ultrasonic waves to the subject is received, and a
position of each of points composing the 3-dimensional
contour of the myocardium in the volume data acquired
in each time phase is obtained for each time phase by
pattern matching;
motion information indicating a motion state of the myo-
cardium in the each time phase is obtained based on the
position of each of the points composing the contour in
the each time phase;
areference point is set on the contour of the myocardium in
an arbitrary time phase, and the image generation plane
is formed for the myocardium in the arbitrary time
phase;
image data on the image generation plane in the arbitrary
time phase is generated based on the volume data
acquired in the arbitrary time phase; and
the motion information indicating a motion state on the
image generation plane in the arbitrary time phase is
displayed in a superimposed state on an image based on
the image data in the arbitrary time phase.
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19. The method for processing an ultrasonic image accord-
ing to claim 11, wherein:

the volume data acquired for each time phase by transmis-
sion of ultrasonic waves to the subject is received, and a
position of each of points composing the 3-dimensional
contour of the myocardium in the volume data acquired
in each time phase is obtained for each time phase by
pattern matching;

adesignation of an arbitrary plane intersecting volume data
acquired in a specified time phase is received, a point
where the arbitrary plane intersects the contour of the
myocardium is obtained, a position of the intersecting
point in the arbitrary time phase is set as the reference
point, and the image generation plane including a plane
substantially orthogonal to the myocardium at the refer-
ence point in the arbitrary time phase is formed;

image data on the image generation plane in the arbitrary
time phase is generated based on the volume data
acquired in the arbitrary time phase; and

an image based on the image data in the arbitrary time
phase is displayed;

20. The method for processing an ultrasonic image accord-

ing to claim 19, wherein:

motion information indicating a motion state of the myo-
cardium in the each time phase is obtained based on the
position of each of the points composing the contour in
the each time phase;

the image generation plane is formed for each time phase;

image data on the image generation plane in the each time
phase is generated based on the volume data acquired in
the each time phase; and

an image based on the image data in the each time phase is
displayed for each time phase, and further motion infor-
mation indicating a motion state on the image generation
plane in the each time phase is displayed in a superim-
posed state on the image for each time phase.
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