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ULTRASONIC IMAGE PROCESSING
APPARATUS AND METHOD FOR
PROCESSING ULTRASONIC IMAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to: an ultrasonic image
processing apparatus configured to obtain the motion state of
a subject by using an ultrasonic image of the subject having
been acquired with ultrasonic waves; and a method for pro-
cessing an ultrasonic image.

[0003] 2. Description of the Related Art

[0004] Itis extremely important to objectively and quanti-
tatively evaluate the functions of living body tissues such as
the myocardium of a heart, for diagnoses of these living body
tissues. For example, a quantitative evaluation method based
on image data by acquiring image data of a heart using an
ultrasonic imaging apparatus has been proposed.

[0005] For example, a method of obtaining motion infor-
mation such as displacement and strain of a tissue by tracking
the speckle pattern of images has been proposed (U.S. Pat.
No. 6,638,221). This method, in which pattern matching is
performed by using the speckle pattern of images, is referred
to as Speckle Tracking (ST). From hereon, this method is
sometimes referred to as the ST method.

[0006] For concrete example, in the case of evaluation of
the function of the myocardium of a heart, ultrasonic waves
are transmitted to the heart, whereby a plurality of tomo-
graphic image data acquired at different times are acquired.
Then, by performing pattern matching of the endocardium of
theheartby the ST method, it is possible to obtain wall motion
information such as displacement and strain of the endocar-
dium.

[0007] Further, a method of detecting the boundary
between a tissue region and a blood region based on lumi-
nance information of an image and detecting the position of
the boundary in real time has been proposed (Ultrasonic
Imaging 5, 300-307(1983)). This method is referred to as the
Acoustic Quantification (AQ) method. From hereon, this
method is sometimes referred to as the AQ method.

[0008] However, in the abovementioned method of detect-
ing the boundary in real time, only the contour of the tissue
region is detected, but, for example, the movement of each
point on the endocardium is not tracked. Therefore, vector
information indicating the movement of each point on the
endocardium cannot be obtained. As a result, it is impossible
to analyze the wall motion of the myocardium.

[0009] On the other hand, by the abovementioned ST
method, it is possible to acquire, for example, vector infor-
mation indicating the movement of each point on the endocar-
dium, and therefore, it is possible to analyze the wall motion
of the myocardium. However, an operator needs to designate
the boundary position of a region of interest (ROI) to be a
tracking object, in a specific time phase. Therefore, it is dif-
ficult to analyze the motion of the region of interest in real
time. For example, in a case where the contour of the endocar-
dium is tracked, a tomographic image (a still image) acquired
in a predetermined phase is displayed, and the operator needs
to designate the boundary position of the endocardium while
observing the tomographic image. Therefore, it is difficult to
analyze the wall motion of the endocardium in real time.

Dec. 11, 2008

[0010] Further, even the method stated in U.S. Pat. No.
6,638.221 has not been disclosed a concrete method for dis-
playing motion information of a region of interest by the ST
method.

[0011] As described above, in the conventional technique,
it is difficult to analyze and display the motion of a region of
interest in real time by using the vector information.

SUMMARY OF THE INVENTION

[0012] An object of the present information is to provide an
ultrasonic image processing apparatus and an ultrasonic
image processing method that can provide motion informa-
tion of a specific tissue in real time.

[0013] A firstmode of the present invention is an ultrasonic
image processing apparatus comprising: a contour detector
configured to receive ultrasonic image data acquired for each
time phase by scanning a subject with ultrasonic waves, and
detect a contour of a specific tissue based on the ultrasonic
image data acquired in a predetermined time phase; a contour
tracking part configured to obtain a position of each of points
composing the detected contour in the ultrasonic image data
acquired for the each time phase, by pattern matching for the
each time phase; a computing part configured to obtain
motion information indicating a motion state of the specific
tissue in the each time phase, based on the position of each of
the points composing the contour in the each time phase; and
adisplay controller configured to control a display to display
an ultrasonic image based on the ultrasonic image data
acquired in the each time phase, for the each time phase, and
moreover control the display to display the motion informa-
tion in the each time phase obtained by the computing part, on
each occasion of the each time phase.

[0014] According to the first mode, it becomes possible to
obtain and display motion information of a tissue in each time
phase in real time by detecting the contour of a specific tissue
based on the ultrasonic image data acquired in a predeter-
mined time phase and by obtaining the position of each of the
points composing the detected contour through pattern
matching for each time phase.

[0015] A second mode of the present invention is an ultra-
sonic image processing apparatus comprising: a contour
tracking part configured to receive ultrasonic image data
acquired for each time phase by scanning a subject with
ultrasonic waves, and moreover receive designation of a con-
tour of a specific tissue on an ultrasonic image based on the
ultrasonic image data acquired in a predetermined time phase,
thereby obtaining a position of each of points composing the
designated contour in the ultrasonic image data acquired for
the each time phase, by pattern matching for the each time
phase; a computing part configured to obtain motion infor-
mation indicating a motion state of the specific tissue in the
each time phase, based on the position of each of the points
composing the contour in the each time phase; and a display
controller configured to control a display to display an ultra-
sonic image based on the ultrasonic image data acquired in
the each time phase, for the each time phase, and moreover
control the display to display the motion information in the
each time phase obtained by the computing part, on each
occasion of the each time phase.

[0016] A third mode of the present invention is a method for
processing an ultrasonic image, comprising: receiving ultra-
sonic image data acquired for each time phase by scanning a
subject with ultrasonic waves, and detecting a contour of a
specific tissue based on the ultrasonic image data acquired in
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a predetermined time phase; obtaining a position of each of
points composing the detected contour in the ultrasonic
image data acquired in the each time phase, by pattern match-
ing for the each time phase; obtaining motion information
indicating a motion state of the specific tissue in the each time
phase, based on the position of each of the points composing
the contour in the each time phase; and displaying an ultra-
sonic image based on the ultrasonic image data acquired in
the each time phase, and moreover displaying the motion
information in the each time phase on each occasion of the
each time phase.

[0017] A fourth mode of the present invention is A method
for processing an ultrasonic image, comprising: receiving
ultrasonic image data acquired for each time phase by scan-
ning a subject with ultrasonic waves, and moreover receiving
designation of a contour of a specific tissue in an ultrasonic
image based on the ultrasonic image data acquired in a pre-
determined time phase, thereby obtaining a position of each
of points composing the designated contour in the ultrasonic
image data acquired in the each time phase, by pattern match-
ing for the each time phase; obtaining motion information
indicating a motion state of the specific tissue in the each time
phase, based on the position of each of the points composing
the contour of the each time phase; and displaying an ultra-
sonic image based on the ultrasonic image data acquired in
the each time phase, for the each time phase, and moreover
displaying the motion information in the each time phase, on
each occasion of the each time phase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus according to a first embodiment of the
present invention.

[0019] FIG. 2 is a view showing an image acquired by the
ultrasonic imaging apparatus according to the first embodi-
ment of the present invention and the result of evaluation of
heart function.

[0020] FIG. 3 is a flow chart showing a series of operations
of the ultrasonic imaging apparatus according to the first
embodiment of the present invention.

[0021] FIG. 4 is a view showing images acquired by an
ultrasonic imaging apparatus according to a modification.
[0022] FIG. 5 is a block diagram showing an ultrasonic
imaging apparatus according to a second embodiment of the
present invention.

[0023] FIG. 6A is a view showing images acquired by the
ultrasonic imaging apparatus according to the second
embodiment of the present invention.

[0024] FIG. 6B is a view showing images acquired by the
ultrasonic imaging apparatus according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

[0025] Anultrasonic imaging apparatus according to a first
embodiment of the present invention will be described with
reference to FIG. 1. FIG. 1 is a block diagram showing the
ultrasonic imaging apparatus according to the first embodi-
ment of the present invention.

[0026] An ultrasonic imaging apparatus 1 comprises: an
ultrasonic probe 2; atransmitter/receiver 3; a signal processor
4; an image generator 5; a storage 6; a display controller 7; a
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user interface (UT) 8; a controller 9; an image processor 10;
and a computing part 20. Further, the storage 6, the display
controller 7, the user interface (UI) 8, the image processor 10
and the computing part 20 configure an ultrasonic image
processing apparatus.

[0027] As the ultrasonic probe 2, a 1-dimensional array
probe (1D array probe) in which a plurality of ultrasonic
transducers are arranged in a row in a predetermined direction
(a scanning direction), or a 2-dimensional array probe (2D
array probe) in which a plurality of ultrasonic transducers are
arranged 2-dimensionally is used. It is also possible to use a
1-dimensional array probe in which ultrasonic transducers
are arranged in a predetermined direction (a scanning direc-
tion) and the ultrasonic transducers can be mechanically
swung in a direction (a swinging direction) orthogonal to the
scanning direction.

[0028] Thetransmitter/receiver 3 includes a transmitter and
areceiver. The transmitter/receiver 3 supplies electric signals
to the ultrasonic probe 2 to generate ultrasonic waves, and
receives echo signals received by the ultrasonic probe 2.

[0029] The transmitter of the transmitter/receiver 3 is pro-
vided with a clock-generating circuit, a transmission delay
circuit and a pulsar circuit, which are not illustrated. The
clock-generating circuit generates clock signals that deter-
mine the transmission timing or transmission frequency of
ultrasonic signals. The transmission delay circuit delays the
signals at the time of transmission of the ultrasonic waves to
execute transmission focus. The pulsar circuit has pulsars of
a number equal to the number of individual channels corre-
sponding to the respective ultrasonic transducers, and gener-
ates driving pulses at a delayed transmission timing to supply
electrical signals to the respective ultrasonic transducers of
the ultrasonic probe 2.

[0030] Thereceiver of the transmitter/receiver 3 is provided
with a preamplifier circuit, an A/D conversion circuit, a recep-
tion delay circuit, and an addition circuit. The preamplifier
circuit amplifies echo signals outputted from the respective
ultrasonic transducers of the ultrasonic probe 2, for each
reception channel. The A/D conversion circuit subjects the
amplified echo signals to A/D conversion. The reception
delay circuit provides a delay time necessary for determina-
tion of the reception directionality with respect to the echo
signals after the A/D conversion. The addition circuit adds the
delayed echo signals. Reflected components from the direc-
tion according to the reception directionality are intensified
by the addition. Signals subjected to the addition processing
by the transmitter/receiver 3 are sometimes referred to as “RF
data (raw data)” The transmitter/receiver 3 outputs the RF
data to the signal processor 4.

[0031] The signal processor 4 is provided with a B-mode
processor, a CFM processor, etc. The B-mode processor per-
forms imaging of the amplitude information of echoes. Spe-
cifically, the B-mode processor subjects the received signals
having been outputted from the transmitter/receiver 3 to Band
Pass Filter processing, and thereafter detects the envelope of
the outputted signals. Then, the B-mode processor subjects
the detected data to compression processing by logarithmic
conversion, thereby imaging the amplitude information of the
echoes. Further, the CFM processor conducts imaging of
moving blood flow information. This blood flow information
includes information such as speed, dispersion and power,
and the blood flow information is obtained as binary infor-
mation.
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[0032] Theimage generator 5 converts the data after signal
processing into data of a coordinate system based on spatial
coordinates (digital scan conversion). For example, the image
generator 5 conducts scan conversion processing to the data
after signal processing outputted by the B-mode processor to
generate B-mode image data (herein sometimes referred to as
“tomographic image data”) indicating the tissue shape of a
subject body. The image generator 5 outputs the ultrasonic
image data such as tomographic image data to the storage 6.
[0033] Further, in a case where volume scan is performed
by the ultrasonic probe 2 and the transmitter/receiver 3, the
image generator 5 may receive volume data from the signal
processor 4 and subject the volume data to volume rendering,
thereby generating 3-dimensional image data sterically rep-
resenting the tissue. Furthermore, the image generator 5 may
subject the volume data to MPR (Multi Plannar Reconstruc-
tion) processing, thereby generating image data (MPR image
data) at any cross section. The image generator 5 outputs
ultrasonic image data such as 3-dimensional image data and
MPR image data to the storage 6.

[0034] The ultrasonic image data, such as tomographic
image data and 3-dimensional image data, generated by the
image generator 5 is stored in the storage 6. In a case where an
ECG (Electrocardiogram) signal of a subject have been
acquired, the controller 9 receives the ECG signal from out-
side the ultrasonic imaging apparatus 1, and controls the
storage 6 to store ultrasonic image data in a state that the
cardiac time phase received at timing of generation of the
ultrasonic image data is associated thereto.

[0035] Theultrasonic imaging apparatus 1 according to the
first embodiment scans the heart of a subject with ultrasonic
waves, thereby acquiring tomographic image data represent-
ing the heart for each cardiac time phase. That is, the ultra-
sonic imaging apparatus 1 acquires moving image data of the
heart. For example, the ultrasonic imaging apparatus 1 scans
the heart of a subject with ultrasonic waves for one cardiac
cycle or more, thereby acquiring a plurality of tomographic
image data (moving image data) for one cardiac cycle or
more. Moreover, in a case where the ECG signal has been
acquired, the controller 9 controls the storage 6 to store each
of the tomographic image data in a state that the cardiac time
phase received at timing of generation of the tomographic
image data is associated thereto. Consequently, a cardiac time
phase at the time of generation of the tomographic image data
is associated to each of the plurality of tomographic image
data, and the tomographic image data is stored into the stor-
age 6.

[0036] Thedisplay controller 7 reads in tomographic image
data from the storage 6, and controls the display 81 to display
tomographic images based on the tomographic image data.
For example, when the operator designates any time phase by
using an operation part 82, information indicating the desig-
nated time phase is outputted to the display controller 7 from
the operation part 82. The display controller 7 reads in, from
the storage 6, the tomographic image data to which the des-
ignated time phase is associated, and controls the display 81
to display tomographic images based on the tomographic
image data.

[0037] Theimage processor 10 includes a contour detector
11, a contour tracking part 12, a marker generator 13, and a
correcting part 14. The image processor 10 detects the con-
tour of the endocardium of a heart based on the tomographic
images representing the heart. The image processor 10
obtains the position of the contour of the endocardium in each
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cardiac time phase, by executing pattern matching of two
tomographic images having been acquired with different car-
diac time phases.

[0038] The contour detector 11 reads in the tomographic
image data from the storage 6, and detects the boundary of the
tissue region and the blood region, based on the luminance
values of pixels composing the tomographic image data. In
the first embodiment, as an example, the contour detector 11
detects a 2-dimensional contour ofthe endocardium of a heart
by using the aforementioned AQ method, based on the tomo-
graphic image data. The contour detector 11 reads in, from the
storage 6, tomographic image data acquired in a preset car-
diac time phase, and detects the 2-dimensional contour of the
endocardium based on the luminance distribution of the
tomographic image data. The preset cardiac time phase may
be changed to any cardiac time phase by the operator. For
example, the contour detector 11 reads in, from the storage 6,
tomographic image data acquired in end diastole (a cardiac
time phase in which an R wave has been detected), or tomo-
graphic image data acquired in end systole (a cardiac time
phase after a lapse of a predetermined time from the cardiac
time phase in which the R wave has been detected), and
detects the 2-dimensional contour of the endocardium based
on the tomographic image data having been read in. The
tomographic image data, to which the cardiac time phase at
the time of generation of the tomographic image data is asso-
ciated, is stored into the storage 6. Therefore, the contour
detector 11 reads in, from the storage 6, tomographic image
data acquired in a cardiac time phase such as end diastole and
end systole, and detects the 2-dimensional contour of the
endocardium in the cardiac time phase. Then, the contour
detector 11 outputs coordinate information indicating the
position of the contour of the detected endocardium to the
contour tracking part 12. The 2-dimensional contour of the
endocardium detected by the contour detector 11 is set in the
contour tracking part 12 as an initial contour of the endocar-
dium to become a tracking object. For example, the 2-dimen-
sional contour of the endocardium in a cardiac time phase in
which an R wave has been detected is set in the contour
tracking part 12 as the initial contour.

[0039] Furthermore, the contour detector 11 may obtain a
normal vector at each of the positions on a detected endocar-
dium, and define a position existing outside by a fixed dis-
tance in the normal vector direction from each of the positions
on the endocardium, as a 2-dimensional contour of the epi-
cardium of a heart. For example, the contour detector 11
defines a position existing 8 mm outside from a position on
the endocardium, as the contour of the epicardium. The fixed
distance may be changed to any value by the operator. When
the 2-dimensional contour of the epicardium is thus detected,
the contour detector 11 outputs coordinate information of the
contour of the endocardium and coordinate information of the
contour of the epicardium to the contour tracking part 12. The
2-dimensional contour of the epicardium detected by the
contour detector 11 is set in the contour tracking part 12 as the
initial contour of the epicardium to become a tracking object.
For example, the contour of the epicardium in a cardiac time
phase in which an R wave has been detected is set in the
contour tracking part 12 as the initial contour.

[0040] Further, the contour detector 11 may detect the 2-di-
mensional contour of the endocardium and the 2-dimensional
contour ofthe epicardium by using, instead of the AQ method,
the ASM (Active Shape Model) method. The method of con-
tour detection by the ASM method is described in, for
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example, “Active shape models: Their training and applica-
tion” by Cooles, et al. (Comput. Vis. Image Understand., Vol.
61, No. 1, pp. 38-59, January 1995). In the ASM method,
general shapes of a desired tissue are previously registered in
a shape dictionary. The contour detector 11 detects the con-
tour of the desired tissue, based on luminance information of
tomographic image data and the shapes registered in the
shape dictionary. For example, general shapes of the endocar-
dium and epicardium of a heart are previously registered in
the shape dictionary. The contour detector 11 detects the
contour of the endocardium and the contour of the epicardium
based on the luminance information of the tomographic
image data and the general shapes of the endocardium and
epicardium.

[0041] Although the AQ method has an advantage that the
processing is relatively easy, it significantly depends on gain
setting in contour detection, whereby the result of the detec-
tion is easily affected by the gain. Moreover, in the AQ
method, there is the risk that not only the endocardium of a
heart but also tissues such as papillary muscles and chordae is
detected as the contour of the endocardium. On the other
hand, the ASM method requires more complicated process-
ing than the AQ method, butis less likely to be affected by the
gain setting than the AQ method, and is advantageous in that
itis possible to detect the contour of the endocardium exclud-
ing papillary muscles and chordae. In the first embodiment,
either the AQ method or the ASM method may be used to
detect a contour.

[0042] As described above, when the 2-dimensional con-
tour of the endocardium (the initial contour of the endocar-
dium) in a predetermined cardiac time phase is detected by
the contour detector 11, the contour tracking part 12 performs
pattern matching using speckle patterns for two images.
Through this pattern matching, the contour tracking part 12
obtains the position of each of points composing the 2-dimen-
sional contour of the endocardium having been set as the
initial contour, for each tomographic image data having been
generated in each cardiac time phase. That is, the contour
tracking part 12 obtains the position of each of the points on
the 2-dimensional contour of the endocardium, for each
tomographic image data having been generated in each car-
diac time phase. Then, the contour tracking part 12 tempo-
rally tracks each of the points composing the 2-dimensional
contour of the endocardium. In this embodiment, as an
example, the contour tracking part 12 temporally tracks each
of the points composing the 2-dimensional contour of the
endocardium, by using the aforementioned ST method.

[0043] For example, the contour tracking part 12 receives
coordinate information of each of the points composing the
contour of the endocardium having been set as the initial
contour, and further reads in, from the storage 6, tomographic
image data generated in the following cardiac time phase
(may be referred to as “tomographic image data B” hereinaf-
ter) after the tomographic image data in which the initial
contour has been detected (may be referred to as “tomo-
graphic image data A hereinafter). The contour tracking part
12 performs pattern matching using speckle patterns for two
temporally sequential tomographic images, thereby obtain-
ing a motion vector of each of the points composing the
contour of the endocardium having been set as the initial
contour. That is, the contour tracking part 12 obtains the
motion vector of each of the points on the contour of the
endocardium, through this pattern matching. To be specific,
the contour tracking part 12 performs pattern matching using
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speckle patterns for the tomographic image A and the tomo-
graphic image B, thereby obtaining the motion vector of each
of the points composing the contour of the endocardium. This
motion vector represents the displacement of each of the
points composing the contour and the shift direction in which
each of the points has been displaced. That is, the contour
tracking part 12 performs pattern matching for two tomo-
graphic images, and calculates the shift amount of speckle,
thereby obtaining the motion vector of each of the points
composing the contour. By obtaining the motion vector of
each of the points composing the contour, the position of each
of the points composing the contour of the endocardium in the
cardiac time phase at the time of generation of the tomo-
graphic image data B is obtained.

[0044] Furthermore, the contour tracking part 12 reads in,
from the storage 6, tomographic image data having been
generated in the following cardiac time phase after the tomo-
graphic image B (hereinafter, may be referred to as “tomo-
graphic image data C”). Then, the contour tracking part 12
performs pattern matching using speckle patterns for the tem-
porally sequential two tomographic images (tomographic
image B and tomographic image C), thereby obtaining the
motion vector of each of the points composing the contour of
the endocardium. Consequently, the position at each of the
points composing the contour of the endocardium in the car-
diac time phase at the time of generation of the tomographic
image C is obtained.

[0045] Thus, the contour tracking part 12 obtains the
motion vector at each of the points composing the endocar-
dium contour set as the initial contour, for each cardiac time
phase at the time of generation of each tomographic image
data, by pattern matching using speckles. Consequently, the
contour tracking part 12 temporally tracks the motion vector
at each of the points composing the contour of the endocar-
dium. As a result, it becomes possible to temporally track
each of the points conmposing the 2-dimensional contour of
the endocardium. For example, the contour tracking part 12
obtains the position of each of the points composing the
2-dimensional contour of the endocardium in each cardiac
time phase, with respect to all tomographic image data
acquired in one cardiac cycle. Consequently, in one cardiac
cycle, the position of each of the points composing the 2-di-
mensional contour of the endocardium in each cardiac time
phase is obtained.

[0046] Further, when the 2-dimensional contour of the epi-
cardium (the initial contour of the epicardium) in a predeter-
mined cardiac time phase is detected by the contour detector
11, the contour tracking part 12 performs pattern matching
using speckle patterns for two images, in the same way as in
the tracking of the endocardium. By this pattern matching, the
contour tracking part 12 obtains the position of each of the
points composing the 2-dimensional contour of the epicar-
dium, in each tomographic image data generated in each
cardiac time phase. Then, the contour tracking part 12 tem-
porally tracks each of the points composing the 2-dimen-
sional contour of the epicardium.

[0047] As described above, when each of the points com-
posing the 2-dimensional contour of the endocardium in each
cardiac time phase is tracked, the computing part 20 receives,
from the contour detector 11 and the contour tracking part 12,
coordinate information of each of the points composing the
2-dimensional contour of the endocardium in each cardiac
time phase, thereby obtaining wall motion information of the
endocardium. For example, the computing part 20 obtains the
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strain (the change ratio of displacement) in the circumferen-
tial direction of the endocardium (the tangential direction of
the contour) in each cardiac time phase, based on the coordi-
nate information of each of the points composing the 2-di-
mensional contour of the endocardium in each cardiac time
phase. For example, the computing part 20 assumes a cardiac
time phase in which an R wave has been detected as a refer-
ence time phase, and compares the 2-dimensional contour of
the endocardium in the reference time phase with the 2-di-
mensional contour of the endocardium in another cardiac
time phase, thereby obtaining strain in each cardiac time
phase. Then, in accordance with the passage of heartbeat, the
computing part 20 sets the cardiac time phase of the R wave
of the heartbeat to beanalyzed, as a new reference time phase,
and obtains strain in each cardiac time phase.

[0048] For example, the contour detector 11 detects the
2-dimensional contour (the initial contour) of the endocar-
dium in a cardiac time phase in which an R wave has been
detected, and outputs the coordinate information of the 2-di-
mensional contour of the endocardium to the computing part
20. The contour tracking part 12 also outputs the coordinate
information of each of the points composing the 2-dimen-
sional contour of the endocardium in each cardiac time phase,
to the computing part 20. The computing part 20 receives,
from the contour detector 11, the coordinate information of
the 2-dimensional contour (the initial contour) of the
endocardium in a cardiac time phase in which an R wave has
been detected, and further receives, from the contour tracking
part 12, the coordinate information of each of the points
composing the 2-dimensional contour of the endocardium in
each cardiac time phase. Then, the computing part 20 regards
the cardiac time phase in which the R wave has been detected
as a reference time phase, and obtains the strain in the cir-
cumferential direction of the endocardium in each cardiac
time phase.

[0049] In a case where the 2-dimensional contour of the
epicardium in each cardiac time phase has been obtained by
the contour detector 11 and the contour tracking part 12, the
computing part 20 may obtain the strain in a wall-thickness
direction in each cardiac time phase, based on coordinate
information of each of the points composing the 2-dimen-
sional contour of the endocardium and coordinate informa-
tion of each of the points composing the 2-dimensional con-
tour of the epicardium in each cardiac time phase. Herein, the
radial strain in the wall-thickness direction is defined as the
strainin the thickness direction between the endocardium and
the epicardium.

[0050] Then, the computing part 20 outputs wall motion
information such as strain of the endocardium, to the display
controller 7. The display controller 7 receives the wall motion
information from the computing part 20, and controls the
display 81 to display the wall motion information on each
occasion. When the wall motion information in each cardiac
time phase is obtained by the computing part 20, the display
controller 7 controls the display 81 to display, for each time
phase, the wall motion information in each cardiac time phase
on each occasion. Besides, for the purpose of enhancement of
result stability among heartbeats, the computing part 20 may
weight the calculation result for a few heartbeats in the past
(including the calculation result for a current heartbeat) to
calculate an average value, and the display controller 7 may
control the display 81 to display the average value.

[0051] Moreover, the computing part 20 may obtain, other
than the strain, the displacement or rotational angle of the
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endocardium or epicardium. Furthermore, the computing part
20 may petrform temporal differentiation for strain, displace-
ment, rotational angle or the like to obtain motion information
such as the strain rate, velocity or rotation ratio of the
endocardium or epicardium. For example, the computing part
20 obtains the difference in strain, displacement or rotation
angle in each cardiac time phase, thereby obtaining the strain
rate, velocity, rotation rate, or the like. Then, the computing
part 20 outputs the strain rate, etc. to the display controller 7.
The display controller 7 receives wall motion information
suich as strain rate in each cardiac time phase from the com-
puting part 20, and controls the display 81 to display the wall
motion information in each cardiac time phase on each occa-
sion.

[0052] Inorder to reduce accumulation of errors in tracking
by the ST method in accordance with the passage of a plural-
ity of heartbeats, the correcting part 14 corrects the position of
the contour of the endocardium to be tracked, at a predeter-
mined timing. In an example (1), the correcting part 14 regu-
larly corrects the position of the contour of the endocardium.
To be specific, the correcting part 14 corrects the position of
the contour of the endocardium at every N number of heart-
beats (N is an integer). In the case of N=1, the correcting part
14 corrects the position of the contour at every heartbeat. That
is, the correcting part 14 corrects the position of the contour of
the endocardium at a time interval of one heartbeat or more. In
an example (2), the correcting part 14 may correct the position
of the contour of the endocardium at a timing of instruction by
the operator through the operation part 82.

[0053] In the example (1), in a case where the position of
the contour of the endocardium is regularly corrected, timing
for the correction is preset in the controller 9. The controller
9 gives an instruction for the correction to the image proces-
sor 10 at the set timing. Following the instruction, the cor-
recting part 14 corrects the position of the contour of the
endocardium. For example, every time the controller 9
receives a predetermined number of R waves, the controller 9
gives the instruction for the correction to the image processor
10. In the example (2), when the operator gives an instruction
for the correction through the operation part 82, the instruc-
tion is outputted to the controller 9, and the controller 9 gives
the instruction for the correction to the image processor 10.
For example, the operation part 82 is provided with an input
device such as a correction execution button. When the opera-
tor presses down the button, a signal corresponding to the
press is outputted to the controller 9. When receiving the
signal, the controller 9 gives the instruction for the correction
to the image processor 10.

[0054] When the instruction for the correction is given by
the controller 9, first, the contour detector 11 executes the AQ
method, thereby detecting the 2-dimensional contour of the
endocardium. The position (the coordinate) of the 2-dimen-
sional contour detected by the contour detector 11 is defined
as a position Paq. Then, at that moment, the position (the
coordinate) of each of the points composing the 2-dimen-
sional contour of the endocardium having been obtained by
the ST method by the contour tracking part 12 is defined as a
position Pst. The correcting part 14 receives coordinate infor-
mation of the position Paq from the contour detector 11, and
further receives coordinate information of the position Pst
from the contour tracking part 12, thereby obtaining the posi-
tion of a new initial contour of the endocardium to be set in the
contour tracking part 12, based on the position Paq and the
position Pst. For example, the correcting part 14 obtains a
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position P of the initial contour of the endocardium to be
newly set in the contour tracking part 12 by Formula 1 below.

Position P of initial contour=axPag+(1-a)xPst (Formula 1)

(Herein 0=0=1)

[0055] As shown in the above Formula 1, the correcting
part 14 adds by weighting the position Paq detected by the
contour detector 11 and the position Pst obtained by the
contour tracking part 12, thereby obtaining the position P of
the initial contour to be newly set in the contour tracking part
12. For example, provided that a=1, the position P to be
newly set in the contour tracking part 12 is placed to the
position Paq newly detected by the contour detector 11.
[0056] The correcting part 14 outputs the position P of the
initial contour of the endocardium obtained by Formula 1 to
the contour tracking part 12. Based on the position P of the
initial contour newly obtained, the contour tracking part 12
executes the ST method, thereby tracking the 2-dimensional
contour of the endocardium. Moreover, the correcting part 14
may also correct the position of the initial contour of the
epicardium through the same process as that for the endocar-
dium.

[0057] As described above, the position of the initial con-
tour of the endocardium to be a tracking object and the posi-
tion of the initial contour of the epicardium to be a tracking
object are corrected by the correcting part 14 regularly or at
any timing, whereby it is possible to save time and effort for
the operator to reset the tracking object, and it becomes pos-
sible to obtain wall motion information in real time with high
accuracy.

[0058] Further, a marker for indicating a 2-dimensional
contour of the endocardium may be displayed in the display
81. When receiving coordinate information of the initial con-
tour of the endocardium from the contour detector 11, the
marker generator 13 generates a marker for indicating the
initial contour. Then, the display controller 7 controls the
display 81 to display a tomographic image based on tomo-
graphic image data in which the initial contour has been
obtained by the contour detector 11, and further controls the
display 81 to display the marker for indicating the initial
contour in the superimposed state with the tomographic
image. A marker for indicating the 2-dimensional contour of
the epicardium may also be displayed in the display 81.
[0059] Moreover, when receiving, from the contour track-
ing part 12, the coordinate information of each of the points
composing the 2-dimensional contour of the endocardium in
each cardiac time phase, the marker generator 13 generates a
marker for indicating the 2-dimensional contour of the
endocardium in each cardiac time phase is generated. Then,
the display controller 7 controls the display 81 to sequentially
display tomographic images based on the tomographic image
data generated in each cardiac time phase, for each cardiac
time phase. Furthermore, the display controller 7 superim-
poses the marker for indicating the contour of the endocar-
dium in each cardiac time phase with the tomographic image
having been generated in each cardiac time phase, and
sequentially controls the display 81 to display. Then, the
display controller 7 sequentially updates the tomographic
image and the marker, and controls the display 81 to display.
[0060] Further, in a case where the 2-dimensional contour
of the epicardium has been detected by the contour detector
11 and the 2-dimensional contour of the epicardium in each
cardiac time phase has been obtained by the contour tracking
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part 12, the marker generator 13 generates a marker for indi-
cating the 2-dimensional contour of the epicardium, like the
marker for indicating the 2-dimensional contour of the
endocardium. Then, the display controller 7 superimposes the
marker for indicating the contour of the endocardium and the
marker for indicating the contour of the epicardium with a
tomographic image, and controls the display 81 to display.
[0061] FIG. 2 shows an example of the contour of the
endocardium, the contour of the epicardium, the motion
information and the tomographic image having been obtained
in the aforementioned manner. FIG. 2 is a view showing an
image acquired by the ultrasonic imaging apparatus accord-
ing to the first embodiment of the present invention, and wall
motion information.

[0062] Thedisplay controller 7 reads in tomographic image
data from the storage 6, and controls the display 81 to display
a tomographic image 100 based on the tomographic image
data. In the example shown in FIG. 2, the tomographic image
100 represents a short-axis image of a heart. Then, the display
controller 7 controls the display 81 to display a marker 101
indicating the contour of the endocardium corresponding to a
cardiac time phase at the time of generation of the tomo-
graphic image data in the superimposed state with the tomo-
graphic image 100. Furthermore, in a case where the contour
of the epicardium has been tracked and the marker of the
contour has been generated, the display controller 7 controls
the display 81 to display a marker 102 indicating the contour
of the epicardium in the superimposed state with the tomo-
graphic image 100 together with the marker 101. Then, the
display controller 7 sequentially updates, for each time phase,
the tomographic image 100 having been acquired in each
cardiac time phase, the marker 101 indicating the contour of
the endocardium and the marker 102 indicating the contour of
the epicardium, and controls the display 81 to display. In a
case where the contour of the epicardium has not been
tracked, the display controller 7 may control the display 81 to
display only the marker 101 indicating the contour of the
endocardium in the superimposed state with the tomographic
image 100.

[0063] Furthermore, the display controller 7 controls the
display 81 to display, for each cardiac time phase, the wall
motion information in each cardiac time phase obtained by
the computing part 20. For example, the computing part 20
locally obtains strain in the wall-thickness direction (the
direction of thickness between the endocardium and the epi-
cardium) in each cardiac time phase. Then, as shown in FIG.
2, the display controller 7 assigns a color corresponding to the
size of the local strain to the region between the endocardium
(marker 101) and the epicardium (marker 102), and controls
the display 81 to display in the superimposed state with the
tomographic image 100. That is, the computing part 20
obtains the strain in the wall-thickness direction in a prede-
termined location set in advance, and the display controller 7
assigns a color corresponding to the dynamic range of the
strain in the predetermined location to the region between the
marker 101 and the marker 102, and controls the display 81 to
display. Then, the display controller 7 controls the display 81
to display the tomographic image 100 acquired in each car-
diac time phase, the marker 100 indicating the contour of the
endocardium, the marker 102 indicating the contour of the
epicardium and the wall motion information, while sequen-
tially updating for each time phase.

[0064] Further, as shown in FIG. 2, the computing part 20
may set the position of the center of gravity in a short-axis
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image of a heart and draw straight lines radially from the
position of the center of gravity, thereby dividing the short-
axis image into six regions, as recommended by the ASE
(American Society of Echocardiography). In this case, the
computing part 20 obtains strain at a plurality of locations
included in each of the regions and obtains the average value
of the strain at the plurality of the locations, thereby obtaining
the average value of the strain in each of the regions. In the
example shown in FIG. 2, the computing part 20 divides the
tomographic image 100 equivalent to the short-axis image
into six regions inf (inferior wall): D1; pst (posterior wall):
D2; 1at (lateral wall): D3; ant (anterior wall): D4; asp (ante-
rior-septum): D5; sp (septum): D6. The computing part 20
obtains the average value of the size of the strain in the
wall-thickness direction (the direction of thickness between
the endocardium and the epicardium) in each of the regions
D1-Dé.

[0065] For example, the computing part 20 obtains, for
each region, the peak value (Max1 in FIG. 2) of the strain in
oneheartbeat and the time (Max 1T in FIG. 2) from the cardiac
time phase in which an R wave of a reference time phase is
detected to the cardiac time phase in which the peak value is
obtained, and outputs the values to the display controller 7.
The display controller 7 controls the display 81 to display the
peak value (Max1) of the strain and the time (Max1T) to
obtain the peak value.

[0066] Further, the computing part 20 may show temporal
change of the average value of the strain in each of the regions
with a graph. The display controller 7 receives graph data
showing the temporal change of the average value of the
strain from the computing part 20, and controls the display 81
to display the graph. For example, as shown in FIG. 2, the
display controller 7 controls the display 81 to display a graph
104 created by the computing part 20 and showing the tem-
poral change of the average value of the strain in each of the
regions. In the graph 104 in FIG. 2, the horizontal axis indi-
cates time (ins) and the vertical axis indicates strain (Radial
Strain).

[0067] Moreover, the computing part 20 may generate an
average value of strain in all the regions or graph data showing
temporal change of the average value. The display controller
7 controls the display 81 to display the average value of the
strain in all the regions or the graph. For example, “global” in
FIG. 2 represents the average value of the strain in all the
regions.

[0068] Moreover, the display controller 7 may control the
display 81 to display an ECG wave, and control the display 81
to display a bar 103 indicating a cardiac time phase in which
a tomographic image displayed in the display 81 has been
acquired, in the superimposed state with the ECG wave.
Then, the display controller 7 moves the bar 103 on the ECG
wave, and controls the display 81 to display the tomographic
image 100, marker 101, marker 102 and graph 104 in the
cardiac time phase indicated by the bar 103. As described
above, the display controller 7 controls the display 81 to
display the tomographic image 100 and the graph 104 while
updating in accordance with the cardiac time phase.

[0069] Theuserinterface (UI) 8 includes the display 81 and
the operation part 82. The display 81 is composed of a moni-
tor such as a CRT and a liquid crystal display, and displays a
tomographic image or a 3-dimensional image on a screen
thereof. The operation part 82 is composed of a keyboard, a
mouse, a trackball, a TCS (Touch Command Screen) or the
like, and various kinds of instructions are given thereto
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through operations by the operator. For example, an instruc-
tion on the timing for correcting the initial contour of the
endocardium or epicardium is given by using the operation
part 82.

[0070] The controller 9 is connected to the respective parts
of the ultrasonic imaging apparatus 1, and controls the opera-
tions of the respective parts.

[0071] Further, the image processor 10 includes a CPU
(Central Processing Unit) and a storage (not illustrated) such
as a ROM (Read Only Memory), RAM (Random Access
Memory) and an HDD (Hard Disk Drive). The storage stores
image-processing programs for executing the functions ofthe
respective parts of the image processor 10. The image-pro-
cessing programs include a contour detection program for
executing the function of the contour detector 11, a contour-
tracking program for executing the function of the contour
tracking part 12, a marker-generating program for executing
the function of the marker generator 13, and a correction
program for executing the function of the correcting part 14.
When the CPU executes the contour-detecting program, the
contour of the endocardium (epicardium) of the heart is
detected from tomographic image data. When the CPU
executes the contour-tracking program, the contour of the
endocardium (epicardium) in each cardiac time phase is
obtained. When the CPU executes the marker-generating pro-
gram, a marker for indicating the contour of the endocardium
(epicardium) is generated. When the CPU executes the cor-
rection program, the position of the contour of the endocar-
dium (epicardium) is corrected at a pre-set timing or at a
timing of reception of an instruction from the operator.

[0072] Further, the computing part 20 includes a CPU and
a storage (not illustrated) such as a ROM, a RAM and an
HDD. The storage stores a computing program for executing
the function of the computing part 20. When the CPU
executes the computing program, wall motion information
such as strain and displacement of the endocardium (or epi-
cardium) is obtained.

[0073] Moreover, the display controller 7 includes a CPU
and a storage (not illustrated) such as a ROM, a RAM and an
HDD. The storage stores a display control program for
executing the function of the display controller 7. When the
CPU executes the display control program, tomographic
images, markers and wall motion information are displayed
in the display 81.

[0074] As described above, by detecting the initial contour
of the endocardium and the initial contour of the epicardium,
and temporally tracking the contour by pattern matching,
setting of the initial contour for tracking the contour is auto-
mated. Consequently, it becomes possible to obtain and dis-
play the wall motion information in real time.

(Ultrasonic Image Processing Apparatus)

[0075] Further, an ultrasonic image processing apparatus
for tracking the contour of the endocardium to obtain wall
motion information may be provided outside an ultrasonic
imaging apparatus. This ultrasonic image processing appara-
tus comprises the storage 6, the display controller 7, the user
interface 8, the image processor 10 and the computing part 20,
which are described above. The ultrasonic image processing
apparatus acquires a plurality of tomographic image data
whose acquisition times are sequential, from the external
ultrasonic imaging apparatus, and obtains wall motion infor-
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mation by tracking the contour of the endocardium and the
contour of the epicardium based on the plurality of tomo-
graphic image data.

[0076] The ultrasonic imaging apparatus provided outside
the ultrasonic image processing apparatus scans the heart
with ultrasonic waves, whereby the tomographic image data
is acquired for each cardiac time phase. The ultrasonic image
processing apparatus receives a plurality of tomographic
image data acquired by the ultrasonic imaging apparatus, and
stores the plurality of tomographic image data into the storage
6. The image processor 10 of the ultrasonic image processing
apparatus detects the 2-dimensional contour of the endocar-
dium and the 2-dimensional contour of the epicardium by the
AQ method or the like. Moreover, the image processor 10
tracks the contour of the endocardium by obtaining the posi-
tion of each of the points composing the 2-dimensional con-
tour of the endocardium in each cardiac time phase by the ST
method. Likewise, the tracking is performed for the epicar-
dium. The computing part 20 of the ultrasonic image process-
ing apparatus obtains wall motion information such as strain
and displacement, based on the position of each of the points
composing the 2-dimensional contourhaving beentracked by
the image processor 10.

[0077] As described above, the ultrasonic image processing
apparatus provided outside the ultrasonic imaging apparatus
detects and tracks the contour of the endocardium and the
contour of the epicardium in each cardiac time phase, thereby
being capable of obtaining and displaying wall motion infor-
mation in real time in the same manner as the aforementioned
ultrasonic imaging apparatus 1.

(Operation)

[0078] Next, the operations of the ultrasonic imaging appa-
ratus (ultrasonic image processing apparatus) according to
the first embodiment of the present invention will be
described with reference to FIG. 3. FIG. 3 is a flowchart for
explaining a series of operations by the ultrasonic imaging
apparatus according to the first embodiment of the present
invention. In this embodiment, a heart is a site to diagnose, a
plurality of tomographic image data (moving image data)
acquired at different times are acquired, and the 2-dimen-
sional contour of endocardium and the 2-dimensional contour
of epicardium of the heart for evaluation of heart function are
detected based on the tomographic image data.

(Step S01)

[0079] First, the ultrasonic probe 2 is applied to a subject to
transmit ultrasonic waves to the heart, and tomographic
image data (moving image data of the heart) in each cardiac
time phase is generated by the image generator 5. The con-
troller 9 receives an ECG signal from outside the ultrasonic
imaging apparatus 1, and controls the storage 6 to store the
generated tomographic image data in association with the
cardiac time phase in which the tomographic image data has
been generated.

(Step S02)

[0080] Thecontour detector 11 reads in, from the storage 6,
the tomographic image data having been acquired in a preset
cardiac time phase (for example, a cardiac time phase in
which an R wave has been detected), and detects the 2-di-
mensional contour of the endocardium and the 2-dimensional
contour of the epicardium of the heart based on luminance
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distribution of the tomographic image data. The 2-dimen-
sional contour of the endocardium and the 2-dimensional
contour of the epicardium detected by the contour detector 11
are set as the initial contours into the contour tracking part 12.

(Step S03)

[0081] The contour tracking part 12 reads in, from the
storage 6, tomographic image data acquired in a cardiac time
phase after that of the tomographic image data in which the
initial contour has been obtained, and performs pattern
matching using speckle patterns for the two images. Through
this pattern matching, the contour tracking part 12 obtains the
position of each of the points composing the 2-dimensional
contour of the endocardium and the position of each of the
points composing the 2-dimensional contour of the epicar-
dium in the cardiac time phase.

(Step S04)

[0082] Thecomputing part 20 receives coordinate informa-
tion of each of the points composing the 2-dimensional con-
tour of the endocardium and coordinate information of each
of the points composing the 2-dimensional contour of the
epicardium in the cardiac time phase, and obtains wall motion
information such as strain and displacement in the cardiac
time phase based on the coordinate information.

(Step S05)

[0083] The marker generator 13 receives coordinate infor-
mation of each of the points composing the 2-dimensional
contour of the endocardium and coordinate information of
each of the points composing the 2-dimensional contour of
the epicardium in the cardiac time phase, and generates a
marker indicating the contour of the endocardium and a
marker indicating the contour of the epicardium.

(Step S06)

[0084] The display controller 7 controls the display 81 to
display a tomographic image based on the tomographic
image data generated in the cardiac time phase. Furthermore,
the display controller 7 controls the display 81 to display the
marker indicating the 2-dimensional contour of the endocar-
dium and the marker indicating the 2-dimensional contour of
the epicardium in the superimposed state with the tomo-
graphic image. Moreover, the display controller 7 controls the
display 81 to display the wall motion information obtained by
the computing part 20.

(Steps S07, S08)

[0085] In a case where it is the timing for correcting the
position of the initial contour (Step S07, Yes), the controller 9
gives an instruction for correcting to the image processor 10.
For example, the timing for correcting the position of the
initial contour is preset in the controller 9, and the controller
9 gives an instruction for correcting to the image processor 10
at the timing. The operator may give an instruction for cor-
recting by using the operation part 82. The correcting part 14
obtains the position of a new initial contour for the endocar-
dium and the epicardium in accordance with the aforemen-
tioned Formula 1 (Step S08). The initial contour obtained by
the correcting part 14 is set into the contour tracking part 12,
and the contour tracking part 12 tracks the contour indicated
by the initial contour. The processes of Step S01 and Steps
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S03-S06 are repeated, whereby the 2-dimensional contour of
the endocardium and the 2-dimensional contour of the epi-
cardium are tracked, and the wall motion information in each
cardiac time phase is obtained.

[0086] On the other hand, in a case whereitis not the timing
for correcting the position of the initial contour (Step S07,
No), the processes of Step S01 and Steps S03-S06 are
repeated, whereby the 2-dimensional contour of the endocar-
dium and the 2-dimensional contour of the epicardium are
tracked, and the wall motion information in each cardiac time
phase is obtained.

(Modification)

[0087] Next, a modification of the aforementioned first
embodiment will be described with reference to FIG. 4. FIG.
41s a view showing images acquired by an ultrasonic imaging
apparatus according to the modification. In the aforemen-
tioned first embodiment, the contour detector 11 detects the
initial contour of the endocardium and the initial contour of
the epicardium based on tomographic image data. In this
modification, the operator designates the initial contour of the
endocardium and the initial contour of the epicardium. That
is, the contour tracking part 12 receives designation of the
2-dimensional contour of the endocardium in a tomographic
image acquired in a predetermined cardiac time phase, and
obtains the position of each of the points composing the
2-dimensional contour of the endocardium in each cardiac
time phase by pattern matching for each cardiac time phase.
Likewise, the contour tracking part 12 receives designation of
the 2-dimensional contour of the epicardium, and obtains the
position of each of the points composing the 2-dimensional
contour of the epicardium in each cardiac time phase.
[0088] Inthe modification, the display controller 7 controls
the display 81 to display a tomographic image for setting an
initial contour and a tomographic image for displaying
motion information side by side. For example, as shown in
FIG. 4, the display controller 7 reads in, from the storage 6,
tomographic image data acquired in a preset cardiac time
phase, and controls the display 81 to display a tomographic
image 200 based on the tomographic image data. In the
example shown in FIG. 4, the tomographic image 200 repre-
sents a short-axis image of a heart. For example, the display
controller 7 reads in, from the storage 6, the tomographic
image data acquired in end diastole (a cardiac time phase in
which an R wave has been detected) or tomographic image
data acquired in end systole, and controls the display 81 to
display a tomographic image based on the tomographic
image data. Furthermore, the display controller 7 controls the
display 81 to display the tomographic image 200 while updat-
ing in a preset cycle. For example, the display controller 7
controls the display 81 to display the tomographic image 200
while updating at a time interval of one heartbeat or more. In
one example, the display controller 7 reads in tomographic
image data acquired in a cardiac time phase in which an R
wave has been detected, from the storage 6 for each heartbeat,
and updates the tomographic image 200 to control the display
81 to display. The tomographic image 200 is an image used
for setting the initial contour of the endocardium and the
initial contour of the epicardium, and is equivalent to one
example of the “tomographic image for initial contour set-
ting” of the present invention.

[0089] The operator designates the initial contour of the
endocardium and the initial contour of the epicardium while
observing the tomographic image. For example, the operator

Dec. 11, 2008

designates the initial contour of the endocardium by tracing
the 2-dimensional contour of the endocardium shown in the
tomographic image 200 by using the operation part 82. Fur-
thermore, the operator designates the initial contour of the
epicardium by tracing the 2-dimensional contour of the epi-
cardium shown in the tomographic image 200 by using the
operation part 82. Once the contour of the endocardium and
the contour of the epicardium are thus designated, coordinate
information of the 2-dimensional contour of the endocardium
and coordinate information of the 2-dimensional contour of
the epicardium are outputted to the image processor 10 from
the user interface (UI) 8 via the controller 9. The marker
generator 13 generates a marker for indicating the initial
contour of the endocardium based on the coordinate informa-
tion of the 2-dimensional contour of the endocardium desig-
nated by the operator. Likewise, the marker generator 13
generates a marker for indicating the initial contour of the
epicardium based on the coordinate information of the 2-di-
mensional contour of the epicardium. When receiving the
marker indicating the initial contour, the display controller 7
controls the display 81 to display the marker in the superim-
posed state with the tomographic image 200. In the example
shown in FIG. 4, the display controller 7 controls the display
81 to display a marker 201 indicating the initial contour of the
endocardium and a marker 202 indicating the initial contour
of the epicardium in the superimposed state with the tomo-
graphic image 200. Thus, the contour of the endocardium and
the contour of the epicardium designated by the operator are
set in the contour tracking part 13 as the initial contours.

[0090] The display controller 7 may control the display 81
to display a contour setting marker for setting an initial con-
tour so as to be superimposed with the tomographic image
200. For example, the display controller 7 controls the display
81 to display a circular marker or an oval-shaped marker
having a preset size so as to be superimposed with the tomo-
graphic image 200. The operator moves the contour setting
maker to a desired position on the screen by using the opera-
tion part 82, thereby designating the initial contour of the
endocardium and the initial contour of the epicardium. For
example, the operator moves the contour setting marker to a
position substantially matching the shape of the contour set-
ting marker, thereby designating the initial contour of the
endocardium and the initial contour of the epicardium.

[0091] Further, in a case where an apex approach image of
aheart is acquired and displayed in the display 81, the opera-
tor may designate the position of the apex and the position of
both annuluses by using the operation part 82 so that the
contour tracking part 12 estimates the position of the 2-di-
mensional contour of the endocardium and the position of the
2-dimensional contour of the epicardium based on the three
designated points. The contour tracking part 12 temporally
tracks the contour of the endocardium and the contour of the
epicardium having been estimated, by pattern matching. It is
also possible to register the shapes of the annuluses in a shape
dictionary in advance and estimate the 2-dimensional contour
of the endocardium and the 2-dimensional contour of the
epicardium through self-retrieval type processing using pat-
tern matching. In this case, the operator needs to designate
only the position of the apex, so that it is possible to reduce the
burden of the operator.

[0092] As described above, when the operator designates
the initial contour of the endocardium and the initial contour
of the epicardium, the contour tracking part 12 tracks the
2-dimensional contour of the endocardium and the 2-dimen-
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sional contour of the epicardium by the ST method, as in the
first embodiment. Then, the marker generator 13 generates a
marker indicating the 2-dimensional contour of the endocar-
dium and a marker indicating the 2-dimensional contour of
the epicardium in each cardiac time phase. The display con-
troller 7 reads in, from the storage 6, tomographic image data
acquired in each cardiac time phase, and controls the display
81 to sequentially display, for each cardiac time phase, tomo-
graphic images based on the tomographic image data in each
cardiac time phase. Furthermore, the display controller 7
receives, from the marker generator 13, the marker indicating
the contour of the endocardium and the marker indicating the
contour of the epicardium in each cardiac time phase, and
controls the display 81 to sequentially display, for each car-
diac time phase, the markers in each cardiac time phase in the
superimposed state with the tomographic image. For
example, as shown in FIG. 4, the display controller 7 controls
the display 81 to sequentially display, for each cardiac time
phase, a tomographic image 210 in each cardiac time phase,
and then controls the display 81 to sequentially display a
marker 211 indicating the contour of the endocardium in each
cardiac time phase in the superimposed state with the tomo-
graphic image 210. Moreover, the display controller 7 con-
trols the display 81 to sequentially display, for each cardiac
time phase, a marker 212 indicating the contour of the epi-
cardium in each cardiac time phase in the superimposed state
with the tomographic image 210. In the example shown in
FIG. 4, the display controller 7 controls the display 81 to
display the tomographic image 200 for setting an initial con-
tour while updating in a preset cycle. Moreover, the display
controller 7 controls the display 81 to sequentially display the
tomographic image 210 side by side with the tomographic
image 200, for each cardiac time phase.

[0093] Furthermore, the display controller 7 may control
the display 81 to display an ECG wave, and control the
display 81 to display a bar 213 indicating the current cardiac
time phase in which tomographic image data displayed in the
display 81 has been acquired, in the superimposed state with
the ECG wave. The display controller 7 then moves the bar
213 on the ECG wave, and controls the display 81 to display
the tomographic image 210, marker 211 and marker 212 in
the cardiac time phase indicated by the bar 213. The bars 214
on the ECG wave show the timing of acquisition of tomo-
graphic image 200 for initial contour setting.

[0094] As in the above first embodiment, the computing
part 20 obtains wall motion information such as strain or
displacement in each cardiac time phase, based on coordinate
information of each of the points composing the 2-dimen-
sional contour of the endocardium and coordinate informa-
tion of each of the points composing the 2-dimensional con-
tour of the epicardium in each cardiac time phase. The display
controller 7 controls the display 81 to display, for each cardiac
time phase, wall motion information in each cardiac time
phase.

[0095] In addition, the initial contour of the endocardium
and the initial contour of the epicardium may be set again at
any time. As in the abovementioned method for designating
an initial contour, the operator designates, at any time, the
contour of the endocardium and the contour of the epicardium
on the tomographic image 200 for initial contour setting
displayed in the display 81 by using the operation part 82. As
described above, when the initial contour of the endocardium
and the initial contour of the epicardium are designated again,
coordinate information of the newly designated initial con-
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tour is outputted to the image processor 10 from the user
interface (UD) 8. The contour tracking part 12 tracks the
contour of the endocardium and the contour of the epicar-
dium, which have been newly designated.

[0096] Also in a case where an initial contour is set again,
the display 7 may control the display 81 to display a contour
setting marker for designating the initial contour in the super-
imposed state with the tomographic image 200. At this
moment, the display controller 7 may control the display 81 to
display a marker indicating the contour of the endocardium in
a predetermined cardiac time phase obtained by the contour
tracking part 12, as the contour setting marker in the super-
imposed state with the tomographic image 200. This contour
setting maker is generated by the marker generator 13. Thus,
by generating the contour setting maker based on the contour
of the endocardium obtained by the ST method, it becomes
possible to match the shape of the contour setting maker with
the position or contour of an actual myocardium. For the
epicardium, designation by a contour setting maker may be
performed.

[0097] The display controller 7 may control the display 81
to display the tomographic image 200 for initial contour
setting at all times. Alternatively, the display controller 7 may
control the display 81 to display the tomographic image 200
only when setting an initial contour. For example, when the
operator gives an instruction to set an initial contour by using
the operation part 82, the display controller 7 reads in tomo-
graphic image data acquired in a preset cardiac time phase
(for example, a cardiac time phase in which an R wave has
been detected), from the storage 6, and controls the display 81
to display the tomographic image 200 based on the tomo-
graphic image data, as a tomographic image for initial con-
tour setting. Then, when an initial contour is designated by the
operator, the display controller 7 controls the display 81 to
display only the tomographic image 210 for displaying wall
motion information.

[0098] The display controller 7 may control the display 81
to display the tomographic image 210 of each cardiac time
phase, for each cardiac time phase, and control the display 81
to display the tomographic image 200 for initial contour
setting acquired in a preset cardiac time phase, at a predeter-
mined timing, instead of the tomographic image 210. At this
moment, the display controller 7 controls the display 81 to
display the tomographic image 200 while updating at time
intervals of one heartbeat or more. Then, by using the opera-
tion part 82, the operator designates the contour of the
endocardium and the contour of the epicardium on the tomo-
graphic image 200 for initial contour setting displayed in the
display 81. When the initial contour is designated by the
operator, the display controller 7 controls the display 81 to
display the tomographic image 210 of each cardiac time
phase, for each cardiac time phase, instead of the tomo-
graphic image 200.

[0099] In this modification, since the operator designates
the initial contour of the endocardium and the initial contour
of the epicardium, the image processor 10 may be configured
without the contour detector 11.

[0100] Also, as in the above first embodiment, the ultra-
sonic image processing apparatus may be provided outside
the ultrasonic imaging apparatus.

Second Embodiment

[0101] Next, the ultrasonic imaging apparatus according to
a second embodiment of the present invention will be
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described referring to FIGS. 5, 6A and 6B. FIG. 5 is a block
diagram showing the ultrasonic imaging apparatus according
to the second embodiment of the present invention. FIGS. 6A
and 6B are views showing images acquired by the ultrasonic
imaging apparatus according to the second embodiment of
the present invention.

[0102] In the aforementioned first embodiment, wall
motion information is obtained by tracking the contour of the
endocardium and the contour of the epicardium on a 2-di-
mensional plane based on tomographic image data of a 2-di-
mensional image. In the second embodiment, wall motion
information is obtained by tracking a 3-dimensional contour
of the endocardium and a 3-dimensional contour of the epi-
cardium based on volume data of a 3-dimensional image.
[0103] An ultrasonic imaging apparatus 1A according to
the second embodinient comprises an image processor 10A
instead of the image processor 10 of the ultrasonic imaging
apparatus 1 according to the first embodiment. The image
processor 10A includes a contour detector 11A, the contour
tracking part 12, the marker generator 13, and the correcting
part 14.

[0104] Inthe second embodiment, volume data is acquired
for each cardiac time phase by performing volume scan using
a 2-dimensional array probe as the ultrasonic probe 2. Then,
the image generator 5 subjects the volume data acquired in a
preset cardiac time phase (for example, a cardiac time phase
in which an R wave has been detected) to MPR processing,
thereby generating MPR image data at any cross section. For
example, the image generator 5 subjects the volume data to
the MPR processing, thereby obtaining the MPR image data
at a plurality of different cross sections, for each of the cross
sections. In one example, the image generator 5 generates two
MPR image data at cross sections orthogonal to each other.
For example, as shown in FIG. 6A, the image generator 5
generates an Apical 4 Chamber image (4C) 300 and an Apical
2 Chamber image (2C) 310 along the long-axis direction of a
heart. The cross sections may be previously set in the image
generator 5, or may be designated by the operator using the
operation part 82. The MPR image data generated by the
image generator 5 is stored in the storage 6. The display
controller 7 may read in the MPR image data stored in the
storage 6 and control the display 81 to display the MPR image
based on the MPR image data. For example, the display
controller 7 may control the display 81 to display the Apical
4 Chamber image (4C) 300 and the Apical 2 Chamber image
(20) 310.

[0105] The contour detector 11A includes a 2-dimensional
contour detector 15 and an interpolation part 16. The 2-di-
mensional contour detector 15 reads in a plurality of MPR
image data acquired in a preset cardiac time phase (for
example, a cardiac time phase in which an R wave has been
detected), from the storage 6, and detects the 2-dimensional
contour of the endocardium and the 2-dimensional contour of
the epicardium, from the respective MPR image data by the
AQ method or the ASM method. In the example shown in
FIG. 6A, the 2-dimensional contour detector 15 detects a
2-dimensional contour 301 of the endocardium and a 2-di-
mensional contour 302 of the epicardium from the Apical 4
Chamber image (4C) 300. Further, the 2-dimensional detec-
tion part 15 detects a 2-dimensional contour 311 of the
endocardium and a 2-dimensional contour 312 of the epicar-
dium from the Apical 2 Chamber image (2C) 310. Thus, in the
one example of the second embodiment, the 2-dimensional
contour of the endocardium and the 2-dimensional contour of
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the epicardium in the long-axis direction are detected based
on the MPR image data along the long-axis direction of the
heart. Then, the contour detector 11 outputs coordinate infor-
mation indicating the position of the 2-dimensional contour
of the endocardium and coordinate information indicating the
position of the 2-dimensional contour of the epicardium, to
the interpolation part 16.

[0106] Based on the 2-dimensional contour 301 of the
endocardium obtained from the Apical 4 Chamber image
(4C) 300 and the 2-dimensional contour 311 of the endocar-
dium obtained from the Apical 2 Chamber image (3C) 310,
the interpolation part 16 spatially interpolates the contour of
the endocardium by using a spline function or the like,
thereby obtaining the position of the 3-dimensional contour
of the endocardium. Further, based on the 2-dimensional
contour 302 of the epicardium obtained from the Apical 4
Chamber image (4C) 300 and the 2-dimensional contour 312
of the epicardium obtained from the Apical 2 Chamber image
(3C) 310, the interpolation part 16 spatially interpolates the
contour of the epicardium by using a spline function or the
like, thereby obtaining the position of the 3-dimensional con-
tour of the epicardium. That is, the interpolation part 16
obtains the position of the contour of the endocardium at each
cross section (each C plane) along a direction orthogonal to
the long-axis direction (i.e., the short-axis direction), thereby
obtaining the position of the 3-dimensional contour of the
endocardium. Likewise, the interpolation part 16 obtains the
position of the contour of the epicardium at each C plane
along the short-axis direction, thereby obtaining the position
of the 3-dimensional contour of the epicardium.

[0107] As described above, the interpolation part 16
obtains the position of the 3-dimensional contour of the
endocardium at each depth in the long-axis direction, based
on the contour 301 and the contour 311 defined at cross
sections along the long-axis direction. Through this process,
the position of the 3-dimensional contour of the endocardium
is obtained. Likewise, the interpolation part 16 obtains the
position of the contour of the epicardium at each depth in the
long-axis direction, based on the contour 302 and the contour
312 defined at cross sections along the long-axis direction.
Through this process, the position of the 3-dimensional con-
tour of the epicardium is obtained. Coordinate information
indicating the position of the 3-dimensional contour of the
endocardium and coordinate information indicating the posi-
tion of the 3-dimensional contour of the epicardium are out-
putted to the contour tracking part 12 from the interpolation
part 16, and are set in the contour tracking part 12 as the initial
contour of the endocardium and the initial contour of the
epicardium, respectively.

[0108] The image generator 5 may generate MPR image
data of a cross section along the long-axis direction and
further generate MPR image data of a cross section (C plane)
along the direction orthogonal to the long-axis direction (i.e.,
the short-axis direction). For example, as shown in 6A, the
image generator 5 generates the Apical 4 Chamber image
(4C) 300 and the Apical 2 Chamber image (2C) 310 along the
long-axis direction of the heart. Furthermore, as shown in
FIG. 6B, the image generator 5 generates an MPR image 320
atacross section along a line A at a predetermined depth in the
long-axis direction. Likewise, the image generator 5 gener-
ates an MPR image 330 at a cross section along a line M ata
predetermined depth. Likewise, the image generator 5 gener-
ates an MPR image 340 at a cross section along a line B at a
predetermined depth. The MPR image data generated by the
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image generator 5is stored in the storage 6. The cross sections
designated by the lines A, M and B, respectively, may be
previously set in the image generator 5, or the cross sections
may be designated by the operator using the operation part 82.

[0109] The 2-dimensional contour detector 15 reads in the
MPR image data at each cross section acquired in a preset
cardiac time phase (for example, a cardiac time phase in
which an R wave has been detected), from the storage 6, and
detects the 2-dimensional contour of the endocardium and the
2-dimensional contour of the epicardium at each cross sec-
tion. For example, the 2-dimensional contour detector 15
detects the 2-dimensional contour 301 of the endocardium
and the 2-dimensional contour 302 of the epicardium, based
on the Apical 4 Chamber image (4C) 300 along the long-axis
direction. Further, the 2-dimensional contour detector 15
detects the 2-dimensional contour 311 of the endocardium
and the 2-dimensional contour 312 of the epicardium, based
on the Apical 2 Chamber image (2C) 310 along the long-axis
direction. Moreover, the 2-dimensional contour detector 15
detects a 2-dimensional contour 321 of the endocardium and
a 2-dimensional contour 322 of the epicardium, based on the
MPR image 320 at the cross section along the line A. Further,
the 2-dimensional contour detector 15 detects a 2-dimen-
sional contour 331 of the endocardium and a 2-dimensional
contour 332 of the epicardium, based on the MPR image 330
at the cross section along the line M. Furthermore, the 2-di-
mensional contour detector 15 detects a 2-dimensional con-
tour 341 of the endocardium and a 2-dimensional contour 342
of the epicardium, based on the MPR image 340 at the cross
section along the line B. The 2-dimensional contour detector
15 outputs coordinate information of the 2-dimensional con-
tour of the endocardium and coordinate information of the
2-dimensional contour of the epicardium detected from the
MPR images at each cross section, to the interpolation part
16.

[0110] Based on the coordinate information of the plurality
of 2-dimensional contours detected by the 2-dimensional
contour detector 15, the interpolation part 16 spatially inter-
polates the contour of the endocardium by using a spline
function or the like, thereby obtaining the position of the
3-dimensional contour of the endocardium. Likewise, the
interpolation part 16 spatially interpolates the contour of the
epicardium by using a spline function or the like, thereby
obtaining the position of the 3-dimensional contour of the
epicardium. In the above example, the interpolation part 16
spatially interpolates the contour of the endocardium by using
a spline function or the like based on the 2-dimensional con-
tours of the endocardium detected from the Apical 4 Chamber
image (4C) 300, the Apical 2 Chamber image (2C) 310, the
MPR image 320, the MPR image 330 and the MPR image
340, thereby obtaining the position of the 3-dimensional con-
tour of the endocardium. Likewise, the 3-dimensional con-
tour of the epicardium is obtained. The coordinate informa-
tion of the 3-dimensional contour of the endocardium and the
coordinate information of the 3-dimensional contour of the
epicardium obtained by the interpolation part 16 are output-
ted to the contour tracking part 12, and are set in the contour
tracking part 12 as the initial contours of the endocardium and
the epicardium.

[0111] The contour tracking part 12 performs pattern
matching of the volume data acquired in each time phase by
the ST method based on the initial contour of the endocar-
dium obtained by the interpolation part 16, thereby obtaining
the position of each of the points composing the 3-dimen-
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sional contour of the endocardium in each cardiac time phase.
Likewise, the contour tracking part 12 obtains the position of
each of the points composing the 3-dimensional contour of
the epicardium in each cardiac time phase by the ST method.
The contour tracking part 12 then tracks the 3-dimensional
contour of the endocardium and the 3-dimensional contour of
the epicardium.

[0112] As in the first embodiment, the computing part 20
obtains wall motion information such as strain and displace-
ment in each cardiac time phase, based on coordinate infor-
mation of each of the points composing the 3-dimensional
contour of the endocardium and coordinate information of
each of the points composing the 3-dimensional contour of
the epicardium in each cardiac time phase. Then, the display
controller 7 controls the display 81 to display the wall motion
information in each cardiac time phase, for each cardiac time
phase.

[0113] As described above, it becomes possible to obtain
and display wall motion information in real time as in the
aforementioned first embodiment, by detecting and tracking
the 3-dimensional contour of the endocardium and the 3-di-
mensional contour of the epicardium in each cardiac time
phase.

[0114] The display controller 7 may control the display 81
to display, for each cardiac time phase, the MPR image of
each cardiac time phase. For example, as shown in FIG. 6A,
the display controller 7 controls the display 81 to display, for
each cardiac time phase, the Apical 4 Chamber image (4C)
300 and the Apical 2 Chamber image (2C) 310 of each cardiac
time phase. Furthermore, as shown in FIG. 6B, the display
controller 7 may control the display 81 to display, for each
cardiac time phase, the MPR image 320, MPR image 330, and
MPR image 340 at a cross section in the short-axis direction.
[0115] The contour tracking part 12 may track the contour
of the endocardium and the contour of the epicardium, which
have been set on each MPR image. In this case, the marker
generator 13 generates a marker for indicating the contour of
the endocardium and a marker for indicating the contour of
the epicardium in each cardiac time phase. The display con-
troller 7 controls the display 81 to display, for each cardiac
time phase, the MPR image of each cardiac time phase. Fur-
thermore, the display controller 7 may control the display 81
to sequentially display the marker indicating the contour of
the endocardium and the marker indicating the contour of the
epicardium in each cardiac time phase in the superimposed
with the MPR image generated in each cardiac time phase.
[0116] Forexample, the contour tracking part 12 tracks the
2-dimensional contour of the endocardium and the 2-dimen-
sional contour of the epicardium, which have been set on the
MPR image 320 shown in FIG. 6B. In this case, the marker
generator 13 generates a marker for indicating the 2-dimen-
sional contour of the endocardium and a marker for indicating
the 2-dimensional contour of the epicardium in each cardiac
time phase. Then, the display controller 7 controls the display
81 to display, for each cardiac time phase, the MPR image 320
of each cardiac time phase, and further controls the display 81
to display the marker of the endocardium and the marker of
the epicardium in each cardiac time phase in the superim-
posed state with the MPR image 320. Herein, the MPR image
320 was used as an example for the explanation, but it is also
possible to display the MPR image on the other section and
the marker in the superimposed state.

[0117] Moreover, as in the above first embodiment, the
display controller 7 may assign a color corresponding to the
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size of the strain obtained in the computing part 20 to the
region between the endocardium and the epicardium and
control the display 81 to display in the superimposed state
with the MPR image.

[0118] Furthermore, as in the first embodiment, the com-
puting part 20 may obtain wall motion information such as
strain, for each region recommended by the ASE. The com-
puting part 20 may convert the peak values of the wall motion
information of each region or the wall motion information to
a graph and control the display 81 to display.

[0119] As in the first embodiment, the position of the 3-di-
mensional contour of the endocardium and the 3-dimensional
contour of the epicardium, which are tracking objects, may be
corrected at a predetermined timing in order to reduce the
accumulation of tracking errors conducted over the course of
a plurality of heartbeats using the ST method. For example,
the correcting part 14 corrects the position of the 3-dimen-
sional contour of the endocardium and the position of the
3-dimensional contour of the epicardium at every N number
of heartbeats (N is an integer). Furthermore, the correcting
part 14 may correct the position of the 3-dimensional contour
of the endocardium and the position of the 3-dimensional
contour of the epicardium at a timing at which an instruction
for the correction is given by the operator. For example, every
time a predetermined number of R waves are received by the
controller 9, an instruction for the correction is given to the
image processor 10A. Alternatively, when an instruction for
the correction is given by the operator using an operating part
82, the instruction is outputted to the controller 9 and the
controller 9 gives the instruction for the correction to the
image processor 10A.

[0120] When the instruction for the correction is given by
the controller 9, the 2-dimensional contour detector 15
executes the AQ method to detect the 2-dimensional contour
of the endocardium and the 2-dimensional contour of the
epicardium based on the MPR image data. For example, the
2-dimensional contour detector 15 detects the 2-dimensional
contour of the endocardium and the 2-dimensional contour of
the epicardium from the Apical 4 Chamber image (4C) 300.
Furthermore, the 2-dimensional contour detector 15 detects
the 2-dimensional contour of the endocardium and the 2-di-
mensional contour of the epicardium from the Apical 2
Chamber image (2C) 310. The interpolation part 16 obtains a
position Paq of the 3-dimensional contour of the endocar-
dium by using a spline function based on the 2-dimensional
contours of the endocardium obtained from the two MPR
images. At that moment, the contour tracking part 12 regards
the position of the 3-dimensional contour of the endocardium
obtained by the ST method as a position Pst. The correcting
part 14 obtains a position P of an initial contour of the
endocardium, which is to be newly set in the contour tracking
part 12, in accordance with the above Formula 1. Then, the
contour tracking part 12 tracks the initial contour of the
endocardium obtained in accordance with the Formula 1.
Likewise, the interpolation part 16 obtains a position Paq of
the 3-dimensional contour of the epicardium based on the
2-dimensional contours of the epicardium, which have been
obtained from the two MPR images. At that moment, the
contour tracking part 12 regards the position of the 3-dimen-
sional contour of the epicardium obtained by the ST method
as a position Pst. The interpolation part 14 obtains the posi-
tion of the initial contour of the epicardium in accordance
with the above Formula 1, and the contour tracking part 12
tracks the initial contour of the epicardium.
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[0121] Further, as in the modification of the first embodi-
ment, the operator may designate the initial contour of the
endocardium and the initial contour of the epicardium, and
the interpolation part 15 may obtain by interpolating the
contour of the endocardium and the contour of the epicardium
in a 3-dimensional space based on the designated initial con-
tours. For example, the display controller 7 controls the dis-
play 81 to display the Apical 4 Chamber image (4C) 300 and
Apical 2 Chamber image (2C) 310 acquired in a preset car-
diac time phase. For example, the display controller 7 con-
trols the display 81 to display the Apical 4 Chamber image
(4C) 300 and Apical 2 Chamber image (2C) 310 acquired in
end diastole (a cardiac time phase in which an R wave has
been detected). The display controller 7 controls the display
81 to display the Apical 4 Chamber image (4C) 300 and the
Apical 2 Chamber image (2C) 310 while updating at time
intervals of one heartbeat or more. The Apical 4 Chamber
image (4C) 300 and the Apical 2 Chamber image (2C) 310 are
images for setting an initial contour, and are equivalent to
examples of the “tomographic image for initial contour set-
ting” of the present invention.

[0122] The operator designates the 2-dimensional contour
of the endocardium and the 2-dimensional contour of the
epicardium on the Apical 4 Chamber image (4C) 300 and the
Apical 2 Chamber image (2C) 310, by using the operation
part 82. Coordinate information of the contour of the endocar-
dium and coordinate information of the contour of the epi-
cardium are outputted to the image processor 10A from the
user interface 8. The interpolation part 16 obtains the initial
contour of the endocardium in a 3-dimensional space by
using a spline function or the like based on the coordinate
information of the designated contour of the endocardium.
Likewise, the interpolation part 16 obtains the initial contour
of the epicardium in a 3-dimensional space based on the
coordinate information of the designated contour of the epi-
cardium. When the initial contour of the endocardium and the
initial contour of the epicardium are thus designated, the
contour tracking part 12 tracks, by the ST method, the 3-di-
mensional contour of the endocardium and the 3-dimensional
contour of the epicardium. The computing part 20 obtains
wall motion information such as strain and displacement in
each cardiac time phase, based on the 3-dimensional contour
in each cardiac time phase. The display controller 7 then
controls the display 81 to display, for each cardiac time phase,
the wall motion information in each cardiac time phase.

[0123] The display controller 7 may control the display 81
to display the MPR image 320 of each cardiac time phase, for
each cardiac time phase, and further control the display 81 to
display an MPR image for initial contour setting side by side
with the MPR image 320. At this moment, the display con-
troller 7 controls the display 81 to display the MPR image for
initial contour setting while updating at time intervals of one
heartbeat or more. The display controller 7 may control the
display 81 to display the MPR image for initial contour set-
ting at all times. Alternatively, the display controller 7 may
control the display 81 to display the MPR image for initial
contour setting only when setting an initial contour. Herein,
the MPR image 320 is used as an example for explanation, but
it is also possible to control the display 81 to display MPR
images at other cross sections side by side with the MPR
image for initial contour setting.

[0124] The display controller 7 may control the display 81
to display the MPR image 320 ofeach cardiac time phase, for
each cardiac time phase, and control the display 81 to display,
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at a predetermined timing, an MPR image for initial contour
setting acquired in a preset cardiac time phase instead of the
MPR image 320. The operator designates the contour of the
endocardium and the contour of the epicardium on the MPR
image for initial contour setting displayed in the display 81,
by using the operation part 82. When the initial contour is
designated by the operator, the display controller 7 controls
the display 81 to display, for each cardiac time phase, the
MPR image 320 of the each cardiac time phase instead of the
MPR image for initial contour setting.

[0125] In a case where the operator designates the initial
contour of the endocardium and the initial contour of the
epicardium, the contour detector 11A may be configured
without the 2-dimensional contour detector 15.

[0126] As in the first embodiment, the ultrasonic image
processing apparatus may be provided outside the ultrasonic
imaging apparatus. This ultrasonic image processing appara-
tus comprises the aforementioned storage 6, display control-
ler 7, user interface 8, image processor 10A and computing
part 20. The ultrasonic image processing apparatus acquires a
plurality of volume data whose acquisition times are sequen-
tial, from the external ultrasonic imaging apparatus, and
obtains wall motion information by tracking the 3-dimen-
sional contour of the endocardium and the 3-dimensional
contour of the epicardium based on the plurality of volume
data.

[0127] The image processor 10A includes a CPU and a
storage (notillustrated) suchas a CPU,aROM, aRAM and an
HDD. The storage stores image-processing programs for
executing functions of the respective parts of the image pro-
cessor 10A. The image-processing programs include a con-
tour-detecting program for executing the function of the 2-di-
mensional contour detector 15, an interpolation program for
executing the function of the interpolation part 16, a contout-
tracking program for executing the function of the contour
tracking part 12, a marker-generating program for executing
the function of the marker generator 13, and a correction
program for executing the function of the correcting part 14.

What is claimed is:

1. An ultrasonic image processing apparatus comprising;

a contour detector configured to receive ultrasonic image
data acquired for each time phase by scanning a subject
with ultrasonic waves, and detect a contour of a specific
tissue based on the ultrasonic image data acquired in a
predetermined time phase;

a contour tracking part configured to obtain a position of
each of points composing the detected contour in the
ultrasonic image data acquired for the each time phase,
by pattern matching for the each time phase;

a computing part configured to obtain motion information
indicating a motion state of the specific tissue in the each
time phase, based on the position of each of the points
composing the contour in the each time phase; and

a display controller configured to control a display to dis-
play an ultrasonic image based on the ultrasonic image
data acquired in the each time phase, for the each time
phase, and moreover control the display to display the
motion information in the each time phase obtained by
the computing part, on each occasion of the each time
phase.

2. The ultrasonic image processing apparatus according to

claim 1, wherein:

the contour detector receives tomographic image data
acquired for the each time phase by scanning the subject
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with ultrasonic waves, as the ultrasonic image data, and

detects a 2-dimensional contour of the specific tissue

based on the tomographic image data acquired in the
predetermined time phase;

the contour tracking part obtains a position of each of
points composing the detected 2-dimensional contour in
the tomographic image data acquired for the each time
phase, by pattern matching for the each time phase;

the computing part obtains the motion information indicat-
ing the motion state of the specific tissue in the each time
phase, based on the position of each of the points com-
posing the 2-dimensional contour in the each time
phase; and

the display controller controls the display to display a
tomographic image based on the tomographic image
data acquired in the each time phase, for the each time
phase, and moreover controls the display to display the
motion information in the each time phase obtained by
the computing part, on each occasion of the each time
phase.

3. The ultrasonic image processing apparatus according to

claim 1, wherein:

the contour detector receives volume data acquired for the
each time phase by scanning the subject with ultrasonic

waves, as the ultrasonic image data, and detects a 3-di-

mensional contour of the specific tissue based on the

volume data acquired in the predetermined time phase;

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

the computing part obtains the motion information indicat-
ing the motion state of the specific tissue in the each time
phase, based on the position of each of the points com-
posing the 3-dimensional contour in the each time
phase; and

the display controller controls the display to display an
ultrasonic image based on the volume data acquired in
the each time phase, for the each time phase, and more-
over controls the display to display the motion informa-
tion in the each time phase obtained by the computing
part, on each occasion of the each time phase.

4. The ultrasonic image processing apparatus according to

claim 3, further comprising;

an image generator configured to obtain tomographic
image data at a plurality of different cross sections, for
each of the cross sections, based on the volume data
acquired in the predetermined time phase, wherein:

the contour detector includes:

a 2-dimensional contour detector configured to detect a
2-dimensional contour ofthe specific tissue at each of
the cross sections based on each of the plurality of
tomographic image data; and

an interpolation part configured to obtain a 3-dimen-
sional contour of the tissue, by interpolating between
positions of the 2-dimensional contours at the respec-
tive cross sections; and

the contour tracking part obtains the position of each ofthe
points composing the 3-dimensional contour obtained
by the interpolation in the volume data acquired in the
each time phase, by pattern matching for the each time
phase.
5. The ultrasonic image processing apparatus according to
claim 1, further comprising:
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a correcting part configured to obtain a new contour of a
tissue to become a tracking object for the contour track-
ing part, at any timing,

wherein the contour tracking part obtains a position of each
of points composing the new contour of the tissue in the
each time phase, by pattern matching for the each time
phase.

6. The ultrasonic image processing apparatus according to

claim 5, wherein:

the contour detector detects the contour of the tissue at the
any timing; and

the correcting part obtains the new contour of the tissue by
weighting and adding the position of each of the points
composing the contour of the tissue detected by the
contour detector at the any timing and the position of
each of the points composing the contour of the tissue
obtained by the contour tracking part at the any timing.

7. The ultrasonic image processing apparatus according to

claim 6, wherein:

the correcting part receives heartbeat information of the
subject, and obtains the new contour of the tissue at time
intervals of one heartbeat or more.

8. The ultrasonic image processing apparatus according to

claim 6, further comprising:

an input part configured to give an instruction to obtain the
position of the new contour,

wherein when an operator gives the instruction by using the
input part, the correcting part receives the instruction
from the input part and obtains the new contour of the
tissue at a timing of reception of the instruction.

9. The ultrasonic image processing apparatus according to

claim 1, wherein:

the contour detector detects the contour of the specific
tissue based on luminance information of the ultrasonic
image data.

10. The ultrasonic image processing apparatus according

to claim 9, wherein:

the contour detector detects the contour of the specific
tissue based on the luminance information and preset
shape information of the specific tissue.

11. An ultrasonic image processing apparatus comprising:

a contour tracking part configured to receive ultrasonic
image data acquired for each time phase by scanning a
subject with ultrasonic waves, and moreover receive
designation of a contour of a specific tissue on an ultra-
sonic image based on the ultrasonic image data acquired
in a predetermined time phase, thereby obtaining a posi-
tion of each of points composing the designated contour
in the ultrasonic image data acquired for the each time
phase, by pattern matching for the each time phase;

a computing part configured to obtain motion information
indicating a motion state of the specific tissue in the each
time phase, based on the position of each of the points
composing the contour in the each time phase; and

a display controller configured to control a display to dis-
play an ultrasonic image based on the ultrasonic image
data acquired in the each time phase, for the each time
phase, and moreover control the display to display the
motion information in the each time phase obtained by
the computing part, on each occasion of the each time
phase.

12. The ultrasonic image processing apparatus according

to claim 11, wherein:
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the contour tracking part receives tomographic image data
acquired for each time phase by scanning the subject
with ultrasonic waves, as the ultrasonic image data, and
moreover receives designation of a 2-dimensional con-
tour of the specific tissue on a tomographic image based
on the tomographic image data acquired in the predeter-
mined time phase, thereby obtaining a position of each
of points composing the designated 2-dimensional con-
tour in the tomographic image data acquired in the each
time phase, by pattern matching for the each time phase;

the computing part obtains the motion information indicat-
ing the motion state of the specific tissue in the each time
phase, based on the position of each of the points com-
posing the 2-dimensional contour in the each time
phase; and

the display controller controls the display to display a
tomographic image based on the tomographic image
data acquired in the each time phase, for the each time
phase, and moreover controls the display to display the
motion information in the each time phase obtained by
the computing part, on each occasion of the each time
phase.

13. The ultrasonic image processing apparatus according

to claim 12, wherein:

the display controller receives heartbeat information of the
subject, and controls the display to display a tomo-
graphic image for initial contour setting, based on the
tomographic image data acquired in the predetermined
time phase while updating at time intervals of one heart-
beat or more; and

when the 2-dimensional contour of the specific tissue is
designated on the tomographic image for initial contour
setting, the contour tracking part receives the designa-
tion and obtains the position of each of the points com-
posing the designated 2-dimensional contour in the
tomographic image data acquired in the each time phase,
by pattern matching for the each time phase.

14. The ultrasonic image processing apparatus according

to claim 11, further comprising:

an image generator configured to receive volume data
acquired for each time phase by scanning the subject
with ultrasonic waves, as the ultrasonic image data, and
obtain tomographic image data at a plurality of different
cross sections, for each of the cross sections, based on
the volume data acquired in the predetermined time
phase; and

an interpolation part configured to receive the designation
of the 2-dimensional contour of the specific tissue in
each of tomographic images based on the plurality of
tomographic image data in the predetermined time
phase, and interpolate between positions of 2-dimen-
sional contours at the respective cross sections, thereby
obtaining a 3-dimensional contour of the ftissue,
wherein:

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

the computing part obtains the motion information indicat-
ing the motion state of the specific tissue in the each time
phase, based on the position of each of the points com-
posing the 3-dimensional contour in the each time
phase; and
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the display controller controls the display to display an
ultrasonic image based on the volume data acquired in
the each time phase, and moreover controls the display
to display the motion information in the each time phase
obtained by the computing part, on each occasion of the
each time phase.
15. The ultrasonic image processing apparatus according
to claim 14, wherein:
the display controller receives heartbeat information of the
subject, and controls the display to display tomographic
images for initial contour setting at the plurality of dif-
ferent cross sections acquired in the predetermined time
phase while updating at time intervals of one heartbeat
or more, respectively; and
when the 2-dimensional contour of the specific tissue is
designated on the updated plurality of tomographic
images for initial contour setting, the interpolation part
receives the designation and interpolates between the
positions of the 2-dimensional contours at the respective
cross sections, thereby obtaining the 3-dimensional con-
tour of the tissue.
16. The ultrasonic image processing apparatus according
to claim 13, wherein:
the display controller controls the display to display the
tomographic image based on the tomographic image
data acquired in the each time phase, for the each time
phase, and moreover controls the display to display the
tomographic image for initial contour setting based on
the tomographic image data acquired in the predeter-
mined time phase while updating at the time intervals of
one heartbeat or more, side by side with the tomographic
image.
17. The ultrasonic image processing apparatus according
to claim 13, wherein:
the display controller controls the display to display the
tomographic image based on the tomographic image
data acquired in the each time phase, and controls the
display to display the tomographic image for initial con-
tour setting based on the tomographic image data
acquired in the predetermined time phase while updat-
ing at the time intervals of one heartbeat or more, instead
of the tomographic image, at a predetermined timing.
18. A method for processing an ultrasonic image, compris-
ing:
receiving ultrasonic image data acquired for each time
phase by scanning a subject with ultrasonic waves, and
detecting a contour of a specific tissue based on the
ultrasonic image data acquired in a predetermined time
phase;
obtaining a position of each of points composing the
detected contour in the ultrasonic image data acquired in
the each time phase, by pattern matching for the each
time phase;
obtaining motion information indicating a motion state of
the specific tissue in the each time phase, based on the
position of each of the points composing the contour in
the each time phase; and
displaying an ultrasonic image based on the ultrasonic
image data acquired in the each time phase, and more-
over displaying the motion information in the each time
phase on each occasion of the each time phase.
19. The method for processing an ultrasonic image accord-
ing to claim 18, wherein:
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tomographic image data acquired for each time phase by
scanning the subject with ultrasonic waves is received as
the ultrasonic image data, and a 2-dimensional contour
of the specific tissue is detected based on the tomo-
graphic image data acquired in the predetermined time
phase;

a position of each of points composing the detected 2-di-
mensional contour in the tomographic image data
acquired in the each time phase is obtained by pattern
matching for the each time phase;

the motion information indicating the motion state of the
specific tissue in the each time phase is obtained based
on the position of each of the points composing the
2-dimensional contour in the each time phase; and

a tomographic image based on the tomographic image data
acquired in the each time phase is displayed for the each
time phase, and moreover the motion information in the
each time phase is displayed on each occasion of the
each time phase.

20. The method for processing an ultrasonic image accord-

ing to claim 18, wherein:

volume data acquired for each time phase by scanning the
subject with ultrasonic waves is received as the ultra-
sonic image data, and a 3-dimensional contour of the
specific tissue is detected based on the volume data
acquired in the predetermined time phase;

a position of each of points composing the detected 3-di-
mensional contour in the volume data acquired for the
each time phase is obtained by pattern matching for the
each time phase;

the motion information indicating the motion state of the
specific tissue in the each time phase is obtained based
on the position of each of the points composing the
3-dimensional contour in the each time phase; and

an ultrasonic image based on the volume data acquired in
the each time phase is displayed for the each time phase,
and moreover the motion information in the each time
phase is displayed on each occasion of the each time
phase.

21. The method for processing an ultrasonic image accord-
ing to claim 18, wherein:

a contour of the tissue is detected at any timing;

a position of each of the points composing the contour of
the tissue detected at the any timing and the position of
each of the points composing the contour of the tissue
obtained by the pattern matching at the any timing are
weighted and added, whereby a new contour of the tis-
sue is obtained; and

a position of each of points composing the new contour of
the tissue in the each time phase is obtained by pattern
matching for the each time phase.

22. A method for processing an ultrasonic image, compris-
ing:

receiving ultrasonic image data acquired for each time
phase by scanning a subject with ultrasonic waves, and
moreover receiving designation of a contour of a specific
tissue in an ultrasonic image based on the ultrasonic
image data acquired in a predetermined time phase,
thereby obtaining a position of each of points composing
the designated contour in the ultrasonic image data
acquired in the each time phase, by pattern matching for
the each time phase;
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obtaining motion information indicating a motion state of
the specific tissue in the each time phase, based on the
position of each of the points composing the contour of
the each time phase; and

displaying an ultrasonic image based on the ultrasonic
image data acquired in the each time phase, for the each
time phase, and moreover displaying the motion infor-
mation in the each time phase, on each occasion of the
each time phase.

23. The method for processing an ultrasonic image accord-

ing to claim 22, wherein:

tomographic image data acquired for the each time phase
by scanning the subject with ultrasonic waves is received
as the ultrasonic image data, and moreover designation
of a 2-dimensional contour of the specific tissue in a
tomographic image based on the tomographic image
data acquired in the predetermined time phase is
received, whereby a position of each of points compos-
ing the designated 2-dimensional contour in the tomo-
graphic image data acquired in the each time phase is
obtained by pattern matching for the each time phase;
and

the motion information indicating the motion state of the
specific tissue in the each time phase is obtained based
on the position of each of the points composing the
2-dimensional contour of the each time phase.

24. The method for processing an ultrasonic image accord-

ing to claim 22, wherein:

volume data acquired for each time phase by scanning the
subject with ultrasonic waves is received as the ultra-
sonic image data, and tomographic image data at a plu-
rality of different cross sections are obtained for each of
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the cross sections, based on the volume data acquired in
the predetermined time phase;

designation of a 2-dimensional contour of the specific tis-
sue in each of tomographic images based on the plurality
of tomographic image data in the predetermined time
phase is received, and interpolation between positions of
the 2-dimensional contours of the respective cross sec-
tions is performed, whereby a 3-dimensional contour of
the tissue is obtained;

a position of each of points composing the 3-dimensional
contour obtained by the interpolation in the volume data
acquired in the each time phase is obtained by pattern
matching for the each time phase; and

the motion information indicating the motion state of the
specific tissue in the each time phase is obtained based
on the position of each of the points composing the
3-dimensional contour of the each time phase.

25. The method for processing an ultrasonic image accord-

ing to claim 23, wherein:

heartbeat information of the subject is received, and a
tomographic image for initial contour setting based on
the tomographic image data acquired in the predeter-
mined time phase is displayed while being updated at
time intervals of one heartbeat or more; and

when the 2-dimensional contour of the specific tissue is
designated on the tomographic image for initial contour
setting, the designation is received, and the position of
each of the points composing the designated 2-dimen-
sional contour in the tomographic image data acquired
in the each time phase is obtained by pattern matching
for the each time phase.
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