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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 acquired
with ultrasonic waves, and a method for processing an ultra-
sonic image.

[0003] 2. Description of the Related Art

[0004] Ttis extremely important to objectively and quanti-
tatively evaluate the functions of living body tissues such as
the myocardium of a heart, for diagnosis of the living tissues.
A quantitative evaluation method based on image data of a
heart acquired 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 (Japanese
Unexamined Patent Application Publication No. 2003-
175041). This method, in which pattern matching is per-
formed by using the speckle pattern of images, is referred to
as Speckle Tracking (ST). Hereinafter, this method may be
referred to as the ST method.

[0006] Forspecific example, in the case of evaluation of the
myocardium of a heart, tomographic image data is acquired
for each cardiac phase by transmitting ultrasonic waves to the
heart. Then, by performing pattern matching by speckle
tracking, it is possible to obtain the displacement of the
endocardium and the displacement of the epicardium for each
cardiac phase.

[0007] Then, it is possible to obtain the strain of the myo-
cardium at each time phase based on the displacement of the
endocardium and the displacement of the epicardium at each
cardiac phase, and furthermore, it is possible to obtain the
strain rate indicating the temporal change rate of strain.
[0008] This strain rate is a value corresponding to the speed
of the heart during expansion. A higher strain rate indicates
that a diastolic function is normal. Therefore, the strain rate is
used as one index for evaluation of a diastolic function. As
described above, evaluation ofa heart is performed by obtain-
ing wall-motion information such as displacement, strain and
strain rate. Further, it is possible to perform evaluation of a
heart by obtaining information such as rotation and twist of
the myocardium as wall-motion information.

[0009] However, even if the heart is healthy, there may be
variations in absolute value of strain depending on cardiac
phases. In this case, the variations also affect the strain rate
obtained from the strain. Likewise, there may be variations in
absolute value of rotation or twist of the myocardium. There-
fore, it has been difficult to appropriately evaluate the dias-
tolic function of each part of the myocardium by an evaluation
method using the absolute values of wall-motion information
such as strain rate.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
ultrasonic image processing apparatus that provides informa-
tion used in evaluation of the motion state of a specific tissue
while reducing the influence of variations in motion informa-
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tion in the specific tissue, and also provide a method for
processing an ultrasonic image.

[0011] In a first aspect of the present invention, an ultra-
sonic image processing apparatus comprises: a contour track-
ing part configured to receive ultrasonic image data acquired
at each time phase by scanning a subject with ultrasonic
waves, further receive designation of a contour of a specific
tissue shown in an ultrasonic image based on ultrasonic image
data acquired at an arbitrary time phase, and obtain a position
of each of points composing the contour of the specific tissue
in the ultrasonic image data acquired at the each time phase by
pattern matching at each time phase based on the ultrasonic
image data acquired at the each time phase; a computing part
configured to obtain motion information of each of parts
composing the specific tissue at each time phase based on the
position of each of the points composing the contour, obtain
a differential value of the motion information of each of the
parts at each time phase by differentiating the motion infor-
mation of each of the parts with respect to time, divide the
differential value of the motion information at each of the
parts by a maximum value of an absolute value of the motion
information at each of the parts to obtain a normalized differ-
ential value of the motion information at each of the parts at
each time phase, and assign a color corresponding to a mag-
nitude of the normalized differential value of the motion
information to each of the parts; and a display controller
configured to control a display device to display an ultrasonic
image based on the ultrasonic image data acquired at the each
time phase, and further control to display each of the parts of
the specific tissue shown in the ultrasonic image of the each
time phase in a color assigned to each of the parts.

[0012] According to the first aspect, it becomes possible to
reduce the influence of variations in absolute value of wall-
motion information by normalizing the differential value of
the wall-motion information by the maximum value of the
absolute value of the wall-motion information. Consequently,
it becomes possible to appropriately provide information
used in evaluation of the motion state of a specific tissue.

[0013] Further, in a second aspect of the present invention,
a method for processing an ultrasonic image comprises:
acquiring ultrasonic image data acquired at each time phase
by scanning a subject with ultrasonic waves; receiving des-
ignation of a contour of a specific tissue shown in an ultra-
sonic image based on ultrasonic image data acquired at an
arbitrary time phase, and obtaining a position of each of
points composing the contour of the specific tissue in the
ultrasonic image data acquired at the each time phase by
pattern matching at each time phase based on the ultrasonic
image data acquired at the each time phase; obtaining motion
information of each of parts composing the specific tissue at
each time phase based on the position of each of the points
composing the contour; obtaining a differential value of the
motion information of each of the parts at each time phase by
differentiating the motion information of each of the parts
with respect to time; dividing the differential value of the
motion information at each of the parts by a maximum value
of an absolute value of the motion information at each of the
parts to obtain a normalized differential value of the motion
information at each of the parts at each time phase; assigning
a color corresponding to a magnitude of the normalized dif-
ferential value of the motion information to each of the parts;
displaying an ultrasonic image based on the ultrasonic image
data acquired at the each time phase; and displaying each of
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the parts of the specific tissue shown in the ultrasonic image
ofthe each time phase in a color assigned to each of the parts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus according to an embodiment of the present
invention.

[0015] FIG. 2is a view schematically showing an endocar-
dial contour and an epicardial contour.

[0016] FIG. 3 is aview schematically showing an endocar-
dial contour and an epicardial contour.

[0017] FIG. 4 is a view showing an image acquired by the
ultrasonic imaging apparatus according to the embodiment of
the present invention, and motion information.

[0018] FIG. 5 is a flow chart showing a series of operations
performed by the ultrasonic imaging apparatus according to
the embodiment of the present invention.

[0019] FIG. 6 is a block diagram showing an ultrasonic
imaging apparatus according to a first modification.

[0020] FIG. 7is a view schematically showing an endocar-
dial contour and an epicardial contour.

[0021] FIG. 8 is aview schematically showing an endocar-
dial contour and an epicardial contour.

[0022] FIG. 9is a view schematically showing an endocar-
dial contour and an epicardial contour.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] An ultrasonic imaging apparatus according to an
embodiment of the present invention will be described refer-
ring to FIG. 1. FIG. 1 is a block diagram showing the ultra-
sonic imaging apparatus according to the embodiment of the
present invention.

[0024] An ultrasonic imaging apparatus 1 comprises an
ultrasonic probe 2, a transmitter/receiver 3, a signal processor
4, an image generator 5, a storage 6, a display controller 7, a
user interface (Ul) 8, a controller 9, an image processor 10,
and a computing part 20. 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.

[0025] As the ultrasonic probe 2, a 1D array probe with a
plurality of ultrasonic transducers arranged in a row in a
specified direction (a scanning direction), or a 2D array probe
with a plurality of ultrasonic transducers placed two-dimen-
sionally is used. Otherwise, a 1D array probe in which ultra-
sonic transducers are arranged in a scanning direction and the
ultrasonic transducers can be mechanically swung in a direc-
tion perpendicular to the scanning direction (a swinging
direction) may be used.

[0026] Thetransmitter/receiver 3 includes atransmitter and
a receiver. The transmitter/receiver 3 supplies an electric sig-
nal to the ultrasonic probe 2 to make it generate ultrasonic
waves, and receives an echo signal received by the ultrasonic
probe 2.

[0027] 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 a clock signal that deter-
mines the transmission timing or transmission frequency of
ultrasonic signals. The transmission delay circuit delays
ultrasonic waves at the time of transmission thereof to execute
transmission focus. The pulsar circuit has the same number of
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pulsars as individual channels corresponding to the respective
ultrasonic transducers, and generates a driving pulse at
delayed transmission timing to supply an electrical signal to
each of the ultrasonic transducers of the ultrasonic probe 2.

[0028] Thereceiver of the transmitter/receiver 3 is provided
with a preamplifier circuit, an A/D conversion circuit, a recep-
tion delay circuit, and an adding 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 gives a delay time necessary for determining the
reception directionality to the echo signals after the A/D
conversion. The adding circuit adds the delayed echo signals.
By the addition, a reflection component from a direction
corresponding to the reception directionality is intensified.
Here, the signals subjected to the addition process by the
transmitter/receiver 3 may be referred to as “RF data (raw
data).” The transmitter/receiver 3 outputs the RF data to the
signal processor 4.

[0029] 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. To be
specific, the B-mode processor executes Band Pass Filter
processing on the reception signals outputted from the trans-
mitter/receiver 3, and thereafter detects the envelope of the
outputted signals. Then, the B-mode processor executes com-
pression processing by logarithm conversion on the detected
data, thereby performing imaging of the amplitude informa-
tion of the echoes. Further, the CFM processor performs
imaging of information on a moving blood flow. The blood-
flow information is information such as a speed, dispersion
and power. The blood-flow information is obtained as binary
information.

[0030] The image generator 5 converts the data after the
signal processing into data of a coordinate system based on
spatial coordinates (digital scan conversion). For example,
the image generator 5 executes scan-conversion processing
on the data after the signal processing outputted from the
B-mode processor, thereby generating B-mode image data
(may be referred to as “tomographic image data” hereinafter)
showing the tissue shape of a subject. The image generator 5
then outputs ultrasonic image data, such as the tomographic
image data, to the storage 6.

[0031] 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 execute volume rendering on the volume
data, thereby generating three-dimensional image data that
sterically shows a tissue. Furthermore, the image generator 5
may execute MPR processing (Multi-Planar Reconstruction)
on the volume data, thereby generating image data (MPR
image data) at an arbitrary cross section. The image generator
5 then outputs ultrasonic image data, such as three-dimen-
sional image data and MPR image data, to the storage 6.

[0032] The ultrasonic image data such as tomographic
image data and three-dimensional image data generated by
the image generator 5 is stored into the storage 6. Moreover,
in a case where ECG (Electrocardiogram) signals of the sub-
ject have been acquired, the controller 9 receives the ECG
signals from the outside of the ultrasonic imaging apparatus
1, and causes the storage 6 to store in a state where the
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ultrasonic image data is associated with a cardiac phase
received at timing when the ultrasonic image data has been
generated.

[0033] Theultrasonic imaging apparatus 1 according to the
first embodiment scans the heart of a subject with ultrasonic
waves to acquire tomographic image data showing the heart
for each cardiac phase. That is, the ultrasonic imaging appa-
ratus 1 acquires moving image data of the heart. For example,
the ultrasonic imaging apparatus 1 acquires a plurality of
tomographic image data (moving image data of a heart) dur-
ing one cardiac cycle or more by scanning the heart of the
subject with ultrasonic waves during one cardiac cycle or
more. In a case where an ECG signal has been acquired, the
controller 9 associates a cardiac phase received at timing
when the tomographic image data has been generated with
each of the tomographic image data, and causes the storage 6
to store. Consequently, a cardiac phase in which the tomo-
graphic image data has been generated is associated with each
ofthe plurality of tomographic image data, and stored into the
storage 6.

[0034] The display controller 7 retrieves tomographic
image data from the storage 6 and causes a display 81 to
display a tomographic image based on the tomographic
image data. For example, when an operator designates an
arbitrary time phase by using an operation part 82, informa-
tion that indicates the designated time phase is outputted to
the display controller 7 from the operation part 82. The dis-
play controller 7 retrieves, from the storage 6, tomographic
image data to which the designated time phase is associated,
and causes the display 81 to display a tomographic image
based on the tomographic image data.

[0035] Theimage processor 10 includes a contour tracking
part 11 and a marker generator 12. The image processor 10
sets a contour designated on a tomographic image showing a
heart as an initial contour, and obtains the position of each of
points composing the contour at each cardiac phase, by per-
forming pattern matching of two tomographic images
acquired at different cardiac phases.

[0036] Here,a method for designating the abovementioned
initial contour will be described. In the present embodiment,
a case of designating the endocardial contour and the epicar-
dial contour of a heart as a specific tissue will be described.
First, the operator designates an arbitrary cardiac phase by
using the operation part 82. The display controller 7 retrieves,
from the storage 6, tomographic image data acquired at the
cardiac phase designated by the operator, and causes the
display 81 to display a tomographic image based on the
tomographic image data. In this embodiment, tomographic
image data of a heart is acquired, so that the tomographic
image ofthe heart is displayed in the display 81. For example,
cross-sectional image data of a heart is acquired by transmit-
ting/receiving ultrasonic waves, and a cross-sectional image
of the heart is displayed in the display 81.

[0037] Forexample, when the end diastole (a cardiac phase
at which an R wave has been detected) or the end systole (a
cardiac phase after a lapse of a specified time from the cardiac
phase at which an R wave has been detected) is designated by
the operator, the display controller 7 retrieves, from the stor-
age 6, tomographic image data acquired in the end diastole or
tomographic image data acquired in the end systole, and
causes the display 81 to display a tomographic image based
on the tomographic image data.

[0038] Because a cardiac phase at which the tomographic
image data has been acquired is stored in the storage 6 in
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association with the tomographic image data, the display
controller 7 retrieves, from the storage 6, tomographic image
data acquired at a cardiac phase such as the end diastole and
the end systole, and causes the display 81 to display a tomo-
graphic image based on the tomographic image data at the
cardiac phase.

[0039] In a tomographic image of the heart, not only the
endocardium and epicardium of the heart, but also papillary
muscles, chordae, etc. are shown. While observing the tomo-
graphic image of the heart displayed in the display 81 (for
example, a cross-sectional image of the heart), the operator
designates the endocardial contour of the heart by using the
operation part 82 so as not to include the papillary muscles or
chordae shown in the tomographic image of the heart. In
evaluation of the myocardium, the endocardium is designated
while avoiding the papillary muscles and chordae because the
papillary muscles and chordae become noise. For example,
the operator traces a two-dimensional contour of the endocar-
dium shown in a tomographic image by using the operation
part 82, thereby designating the two-dimensional contour of
the endocardium. Thus, when the two-dimensional contour of
the endocardium is designated, coordinate information of the
two-dimensional contour of the endocardium is outputted to
the image processor 10 from the user interface (UT) 8 via the
controller 9.

[0040] Furthermore, the operator traces a two-dimensional
contour of the epicardium shown in the tomographic image
by using the operation part 82, thereby designating the two-
dimensional contour of the epicardium. Thus, when the two-
dimensional contour of the epicardium is designated, coordi-
nate information of the two-dimensional contour of the
epicardium is outputted to the image processor 10 from the
user interface (UI) 8 via the controller 9.

[0041] Intheimage processor 10, the contour tracking part
11 receives the coordinate information of the endocardial
contour and the coordinate information of the epicardial con-
tour from the user interface (UI) 8. The two-dimensional
contour of the endocardium designated here is set as an initial
endocardial contour into the contour tracking part 11. Like-
wise, the designated two-dimensional contour of the epicar-
dium is set as an initial epicardial contour into the contour
tracking part 11. For example, the two-dimensional contours
of the endocardium and the epicardium at a cardiac phase in
which an R wave has been detected are set as the initial
contours into the contour tracking part 11.

[0042] As described above, when the two-dimensional con-
tour of the endocardium (initial endocardial contour) at any
cardiac phase is designated by the operator, the contour track-
ing part 11 performs pattern matching using speckle patterns
for two tomographic image data acquired at different times.

[0043] The contour tracking part 11 obtains the position of
each of points composing the two-dimensional contour of the
endocardium designated by an initial contour for each tomo-
graphic image data acquired at each cardiac phase through
pattern matching. Then, the contour tracking part 11 tempo-
rally tracks each of the points composing the two-dimen-
sional contour of the endocardium.

[0044] For example, the contour tracking part 11 receives
coordinate information of each of the points composing the
endocardial contour designated as the initial contour, and
further retrieves, from the storage 6, tomographic image data
(may be referred to as “tomographic image data B” hereinaf-
ter) generated at a cardiac phase following the tomographic
image data (may be referred to as “tomographic image data
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B” hereinafter) at which the initial contour has been detected.
The contour tracking part 11 then performs pattern matching
using speckle pattern for two tomographic image data that are
temporally sequential to obtain the shift vector of each of
points composing the endocardial contour designated as the
initial contour. That is, the contour tracking part 11 obtains
the shift vector of each point on the endocardial contour
through pattern matching. To be specific, the contour tracking
part 11 obtains the shift vector of each of points composing
the endocardial contour by performing pattern matching for
the tomographic image data A and the tomographic image
data B by using speckle patterns.

[0045] This shift vector represents the displacement of each
of points composing the contour and the shifted direction to
which each point has been displaced. That is, the contour
tracking part 11 performs pattern matching for two tomo-
graphic image data acquired at different times and calculates
the shifted amount of the speckles to obtain the shift vector of
each of points composing the contour. Obtaining the shift
vector of each of points composing the contour makes it
possible to obtain the position of each of points composing
the endocardial contour in the cardiac phase during which the
tomographic image data B has been generated.

[0046] Furthermore, the contour tracking part 11 retrieves,
from the storage 6, tomographic image data generated at a
cardiac phase following the tomographic image data B (may
be referred to as “tomographic image data C” hereinafter).
Then, the contour tracking part 11 performs pattern matching
using speckle patterns for the temporally sequential two
tomographic image data (tomographic image data B and
tomographic image data C) to obtain the shift vector of each
of the points composing the endocardial contour.

[0047] Consequently, the position of each of the points
composing the endocardial contour at the cardiac phase at
which the tomographic image data C has been generated is
obtained.

[0048] As described above, the contour tracking part 11
obtains the shift vector at each of the points composing the
endocardial contour set as the initial contour, by pattern
matching using speckle patterns, for each cardiac phase at
which each tomographic image data has been generated. Con-
sequently, the contour tracking part 11 temporally tracks the
shift vector at each of the points composing the endocardial
contour. As a result, it becomes possible to temporally track
each of the points composing the two-dimensional contour of
the endocardium. For example, the contour tracking part 11
obtains the position of each of the points composing the
two-dimensional contour of the endocardium at each cardiac
phase, with respect to all the tomographic image data
acquired during one cardiac cycle. Consequently, the position
of each of the points composing the two-dimensional contour
ofthe endocardium at each cardiac phase is obtained through-
out one cardiac cycle.

[0049] When the two-dimensional contour of the epicar-
dium (the initial contour of the epicardium) is set, the contour
tracking part 11 performs pattern matching using speckle
patterns for two tomographic image data acquired at different
times, as in the tracking of the endocardium. Through this
pattern matching, the contour tracking part 11 obtains the
position of each of the points composing the two-dimensional
contour of the epicardium, for each tomographic image data
generated at each cardiac phase. Then, the contour tracking
part 11 temporally tracks each of the points composing the
wo-dimensional contour of the epicardium.
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[0050] The contour tracking part 11 may obtain the normal
vector at each of points composing a designated endocardium
and define a position that is a fixed distance outside the
endocardium in the normal vector direction as the two-dimen-
sional contour of the epicardium of a heart. For example, the
contour tracking part 11 defines a position that is 8 mm
outside the position of the endocardium as the epicardial
contour. This fixed distance can be changed to any value by
the operator. The two-dimensional contour of the epicardium
defined here is set as the initial contour of the epicardium to
become a tracking target in the contour tracking part 11.
Then, the contour tracking part 11 temporally tracks each of
the points composing the two-dimensional contour of the
epicardium.

[0051] Then, the contour tracking part 11 outputs coordi-
nate information of each of the points composing the two-
dimensional contour of the endocardium at each cardiac
phase and coordinate information of each of the points com-
posing the two-dimensional contour of the epicardium to the
computing part 20. The computing part 20 is provided with a
wall-motion-information calculator 21, a differential-value
calculator 22, a normalizing part 23, and a color determining
part 24. The computing part 20 receives the coordinate infor-
mation of each of the points composing the two-dimensional
contours of the endocardium and the epicardium at each
cardiac phase from the contour tracking part 11, and obtains
wall-motion information of a heart. Hereinafter, the function
of each of the parts composing the computing part 20 will be
described.

[0052] The wall-motion-information calculator 21 obtains
wall-motion information of a heart based on the coordinate
information of each of the points composing the two-dimen-
sional contour of the endocardium at each cardiac phase and
the coordinate information of each of the points composing
the two-dimensional contour of the epicardium at each car-
diac phase. For example, the wall-motion-information calcu-
lator 21 obtains wall-motion information, such as strain, rota-
tion, twist and torsion of the myocardium.

[0053] As one example, a case of obtaining the strain of a
myocardium will be described. The wall-motion-information
calculator 21 obtains displacement of the endocardium at
each cardiac phase, based on the coordinate information of
each of the points composing the two-dimensional contour of
the endocardium at each cardiac phase. Further, the wall-
motion-information calculator 21 obtains displacement of the
epicardium at each cardiac phase, based on the coordinate
information of each of the points composing the two-dimen-
sional contour of the epicardium at each cardiac phase. The
wall-motion-information calculator (strain calculator) 21
then obtains strain of the myocardium at each cardiac phase,
based on the displacement of the endocardium and the dis-
placement of the epicardium at each cardiac phase. For
example, the wall-motion-information calculator 21 regards a
cardiac phase in which an R wave has been detected as an
initial time phase, and compares the two-dimensional contour
of the endocardium at the initial time phase with the two-
dimensional contour of the endocardium at another cardiac
phase to obtain the displacement of the endocardium at each
cardiac phase. Further, the wall-motion-information calcula-
tor 21 compares the two-dimensional contour of the epicar-
dium at the initial time phase with the two-dimensional con-
tour of the epicardium at another cardiac phase to obtain the
displacement of the epicardium at each cardiac phase. The
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wall-motion-information calculator 21 then obtains strain at
each cardiac phase, based on the displacement at each cardiac
phase.

[0054] As one example, a case of obtaining the strain in a
wall-thickness direction will be described. The strain in the
wall-thickness direction is defined as strain in the thickness
direction between the endocardium and the epicardium. As
described above, in a case where the two-dimensional con-
tour of the endocardium and the two-dimensional contour of
the epicardium are obtained at each cardiac phase, the wall-
motion-information calculator 21 obtains the strain in the
wall-thickness direction at each cardiac phase, based on the
coordinate information of each of the points composing the
two-dimensional contour of the endocardium at each cardiac
phase and the coordinate information of each of the points
composing the two-dimensional contour of the epicardium at
each cardiac phase.

[0055] A process for obtaining the strain in the wall-thick-
ness direction will be described with reference to FIG. 2. FIG.
2 is a view schematically showing the endocardial contour
and the epicardial contour.

[0056] For example, the wall-motion-information calcula-
tor 21 obtains a line orthogonal to a contour 100 of the
endocardium at a point 101 on the contour 100 of the endocar-
dium obtained by the contour tracking part 11. The wall-
motion-information calculator 21 then obtains a point 201
where the orthogonal line crosses a contour 200 of the epi-
cardium. The wall-motion-information calculator 21 obtains
the strain between the point 101 and the point 201 (the strain
in the wall-thickness direction) at each cardiac phase, based
on a distance L (t) between the point 101 on the contour 100
of the endocardium and the point 201 on the contour 200 of
the epicardium at each cardiac phase.

[0057] For example, a cardiac phase at which the initial
endocardial contour and the initial epicardial contour are set
1s regarded as an initial time phase, and a distance between the
point 101 and the point 201 at the initial time phase is a
distance L (0). To be specific, in a case where the initial
endocardial contour and the initial epicardial contour are
designated on a tomographic image at a cardiac phase in
which an R wave has been detected, the cardiac phase in
which the R wave has been detected becomes the initial time
phase. Further, the distance between the point 101 and the
point 201 at any cardiac phase is set as the distance L (t).
[0058] Then, the wall-motion-information calculator 21
receives the coordinate information of each of the points
composing the two-dimensional contours ofthe endocardium
and the epicardium at each cardiac phase, and obtains a dif-
ference AL(t) between the distance L(t) at any cardiac phase
and the distance [.(0) at the initial time phase. That is, the
wall-motion-information calculator 21 calculates L(t)-L(0)
=AL(t). The difference AL(t)is equivalent to the displacement
of the membrane thickness.

[0059] Next, the wall-motion-information calculator 21
obtains strain S(t) in the wall-thickness direction at any car-
diac phase by dividing the difference AL(t) by the distance
L(0) at the initial time phase. That is, the wall-motion-infor-
mation calculator (strain calculator) 21 calculates AL(t)/L(0)
=S(t).

[0060] The wall-motion-information calculator 21 obtains
the strain S(t) in the wall-thickness direction at every speci-
fied interval on the contour 100 of the endocardium and the
contour 200 of the epicardium. That is, the wall-motion-
information calculator 21 obtains the strain S(t) at a plurality

Dec. 25, 2008

oflocations in the endocardium and the epicardium of a heart.
For example, the wall-motion-information calculator 21
obtains the strain S(t) at 360 locations in total by obtaining the
strain S(t) in the wall-thickness direction at every interval of
1° on the contours 100 and 200.

[0061] Thus, the wall-motion-information calculator 21
obtains, for each cardiac phase, the strain S(t) in the wall-
thickness direction in each location of the myocardium. Then,
the wall-motion-information calculator 21 outputs the strain
S(t) in the wall-thickness direction of each location at each
cardiac phase to the differential-value calculator 22.

[0062] Furthermore, at an arbitrary cardiac phase, the all-
motion-information calculator 21 obtains a maximum value
of an absolute value of wall-motion information in each loca-
tion of the myocardium, and outputs the maximum value to
the normalizing part 23. For example, in the case of evaluat-
ing a heart during one cardiac cycle, the wall-motion-infor-
mation calculator 21 obtains the maximum value of the abso-
lute value of the wall-motion information in each location of
the myocardium during the one cardiac cycle.

[0063] As one example, the wall-motion-information cal-
culator 21 obtains the maximum value (maximum strain
Smax) of the absolute value of the strain in each location of
the myocardium at any cardiac phase. The wall-motion-in-
formation calculator 21 then outputs the maximum strain
Smax in each location of the myocardium to the normalizing
part 23. For example, in the case of evaluating the heart during
one cardiac cycle, the wall-motion-information calculator
(strain calculator) 21 obtains the maximum strain Smax in
each location of the myocardium during the one cardiac
cycle.

[0064] The differential-value calculator 22 obtains a differ-
ential value indicating the temporal change rate of wall-mo-
tion information at each cardiac phase, by executing time-
differentiation of the wall-motion information of each
location at each cardiac phase. Then, the differential-value
calculator 22 outputs the differential value of each location at
each cardiac phase to the normalizing part 23. As one
example, the differential-value calculator 22 obtains a strain
rate (speed) SR(t) indicating the temporal change rate of the
strain S(t), by executing time-differentiation of the strain S(t)
in the wall-thickness direction of each location at each cardiac
phase. Then, the differential-value calculator 22 outputs the
strain rate SR(t) of each location at each cardiac phase to the
normalizing part 23.

[0065] The normalizing part 23 obtains a normalized dif-
ferential value by dividing the differential value of each loca-
tion at each cardiac phase by the maximum value of the
wall-motion information in each location. Then, the normal-
izing part 23 outputs the normalized differential value to the
color determining part 23. As one example, the normalizing
part 23 normalizes the maximum strain Smax by dividing the
strain rate SR(t) of each location at each cardiac phase by the
maximum strain Smax of each location. That is, the normal-
izing part 23 calculates SR(t)/Smax=nSR(t). The normalizing
part 23 then outputs nSR(t) of each location at each cardiac
phase to the color determining part 24.

[0066] The color determining part 24 determines a color
corresponding to the magnitude of the differential value nor-
malized by the maximum value of the wall-motion informa-
tion. For example, the color determining part 24 assigns dif-
ferent colors corresponding to the magnitudes of the
normalized differential values. The colors to be assigned to
the magnitudes of the respective normalized differential val-
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ues are predetermined, and a table in which the magnitudes of
the normalized differential values are associated with the
colors is previously created and stored in a storage (not illus-
trated).

[0067] The color determining part 24 determines a color
corresponding to the normalized differential value with ref-
erence to the table. Then, the color determining part 24 out-
puts, to the display controller 7, coordinate information of
each location at each cardiac phase and information indicat-
ing the color assigned to the location.

[0068] As one example, the color determining part 24
determines a color corresponding to the magnitude of the
strain rate nSR(t) normalized by the maximum strain Smax.
For example, the color determining part 24 assigns different
colors in accordance with the magnitudes of the normalized
strain rates nSR(t). The colors to be assigned to the magni-
tudes of the respective strain rates nSR(t) are predetermined.
A table in which the magnitudes of the strain rates nSR(t) are
associated with the colors is previously created and stored in
a storage (not illustrated). In this table, different colors
depending on the magnitudes of the strain rates nSR(t) are
associated in the table. The color determining part 24 deter-
mines the color corresponding to the magnitude of the strain
rate nSR(t) of each location at each cardiac phase.

[0069] Thecolor determining part 24 outputs, to the display
controller 7, coordinate information of each location at each
cardiac phase and information indicating the color assigned
to the location.

[0070] Thedisplay controller 7 controls thedisplay 81 so as
to display a tomographic image based on the tomographic
image data acquired at each cardiac phase. Furthermore, the
display controller 7 receives, from the color determining part
24, coordinate information of each location of the myocar-
dium (a range between the endocardium) and the epicardium)
at each cardiac phase and information indicating the color
assigned to each location.

[0071] The display controller 7 controls the display 81 to
display in the color predetermined by the color determining
part 24 and determined to each location of the myocardium on
the tomographic image of each cardiac phase.

[0072] Atthis moment, the display controller 7 controls the
display 81 to display in the color determined and assigned to
each location, within a range having a specified width with
each location being the center thereof.

[0073] Here, one example of coloring to each location will
be described with reference to FIG. 3. FIG. 3 is a view sche-
matically showing the endocardial contour and the epicardial
contour. When receiving the coordinate information of each
location of the myocardium (the range between the endocar-
dium and the epicardium) at each cardiac phase and informa-
tion indicating a color assigned to each location from the
color determining part 24, the display controller 7 controls the
display 81 to display in the colors determined and assigned to
each location in the range between the contour 100 of the
endocardium and the contour 200 of the epicardium shown in
the tomographic image.

[0074] For example, the display controller 7 controls the
display 81 to display in the color determined and assigned to
arange 301 that is between the point 101 on the contour 100
of the endocardium and the point 201 on the contour 200 of
the epicardium and that has a specified width in a circumfer-
ential direction. In a case where the normalized strain rate
nSR(t) is obtained at every interval of 1°, the display control-
ler 7 assigns colors corresponding to the magnitudes of the
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normalized strain rates nSR(t) and controls the display 81 to
display the colors, for every interval of 1°. For example, the
display controller 7 controls the display 81 to display in a
color determined and assigned to a range that is between the
point 102 on the contour 100 of the endocardium and the point
202 on the contour 200 of the epicardium and that has a
specified width in the circumferential direction.

[0075] Likewise, the display controller 7 controls the dis-
play 81 to display in a color determined and assigned to a
range between the point 103 on the contour 100 of the
endocardium and the point 203 on the contour 200 of the
epicardium.

[0076] Because different colors are assigned depending on
the magnitudes of the normalized strain rates nSR(t) and
displayed in the display 81, it is possible to easily recognize
the magnitudes of the strain rates nSR(t) at the respective
locations of the myocardium by referring to the colors. Then,
by observing the colors displayed in the display 81, it is
possible to evaluate the diastolic function of a heart. That is,
in a case where the color assigned to a certain location is
different from the colors assigned to the other locations, it is
possible to easily grasp the abnormality of the diastolic func-
tion in the location. For example, in a case where a different
color from those of the other locations is assigned to the range
310 between the point 110 on the endocardial contour 100 and
the point 210 on the epicardial contour 200, it becomes pos-
sible to easily grasp that the diastolic function in the location
corresponding to the range 310 is abnormal. To be specific, it
becomes possible to easily grasp the deterioration or
enhancement of the diastolic function in the location.

[0077] Further, the marker generator 12 generates a marker
indicating the initial contour of the endocardium, based on
coordinate information of the two-dimensional contour of the
endocardium designated by the operator. Likewise, the
marker generator 12 generates a marker indicating the initial
contour of the epicardium, based on coordinate information
of the two-dimensional contour of the epicardium designated
by the operator. The display controller 7 controls the display
81 to display a tomographic image based on tomographic
image data with the initial contours designated, and further-
more controls the display 81 to display the markers indicating
the initial contours in the superimposed state on the tomo-
graphic image.

[0078] Moreover, when receiving, from the contour track-
ing part 11, the coordinate information of each of the points
composing the two-dimensional contour of the endocardium
at each cardiac phase, the marker generator 12 generates a
marker indicating the two-dimensional contour of the
endocardium at each cardiac phase. Further, when receiving,
from the contour tracking part 11, the coordinate information
of each of the points composing the two-dimensional contour
of the epicardium at each cardiac phase, the marker generator
12 generates a marker indicating the two-dimensional con-
tour of the epicardium at each cardiac phase. The display
controller 7 controls the display 81 to sequentially display, for
each cardiac phase, a tomographic image based on the tomo-
graphic image data acquired at each cardiac phase. Besides,
the display controller 7 controls the display 81 to sequentially
display the markers indicating the contours of the endocar-
dium and the epicardium at each cardiac phase in the super-
imposed state on the tomographic image acquired at each
cardiac phase. The display controller 7 controls the display 81
to sequentially update and display the tomographic images
and the markers in the display 81.
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[0079] An example of the contours of the endocardium and
epicardium, the motion information and the tomographic
images obtained in the above manneris shown in F1G. 4. FIG.
4 is a view showing an image and wall-motion information
acquired by the ultrasonic imaging apparatus according to the
embodiment of the present invention.

[0080] The display controller 7 retrieves tomographic
image data from the storage 6 and controls the display 81 to
display a tomographic image 400 based on the tomographic
image data. In the example shown in FIG. 4, the tomographic
image 400 represents a minor-axis image of a heart. The
display controller 7 controls the display 81 to display a
marker 500 indicating the endocardial contour corresponding
to a cardiac phase at which the tomographic image data has
been acquired in the superimposed state on the tomographic
image 400. Furthermore, the display controller 7 controls the
display 81 to display a marker 600 indicating the epicardial
contour corresponding to the cardiac phase at which the
tomographic image data has been acquired in the superim-
posed state on the tomographic image 400 together with the
marker 500. The display controller 7 sequentially updates and
controls the display 81 to display, for each cardiac phase, the
tomographic image 400 acquired at each cardiac phase, the
marker 500 indicating the endocardial contour, and the
marker 600 indicating the epicardial contour.

[0081] Furthermore, the display controller 7 controls the
display 81 to display wall-motion information at each cardiac
phase obtained by the computing part 20, for each cardiac
phase. For example, as shown in FIG. 4, the display controller
7 assigns colors corresponding to the magnitudes of the nor-
malized strain rates nSR(t) of the respective locations to
ranges of the respective locations between the maker 500 of
the endocardium and the marker 600 of the epicardium, and
controls the display 81 to display the colors in the superim-
posed state on the tomographic image 400.

[0082] The display controller 7 sequentially updates and
controls the display 81 to display the tomographic image 400
acquired at each cardiac phase, the marker 500 indicating the
endocardial contour, the marker 600 indicating the epicardial
contour, and the wall-motion information. Further, the dis-
play controller 7 controls the display 81 to display a color bar
700 in which the magnitudes of the normalized strain rates
nSR(t) are associated with the colors. The operator can evalu-
ate the cardiac function in eachlocation of a heart by referring
to the color bar 700.

[0083] Because different colors are assigned corresponding
1o the magnitudes of the normalized strain rates and are dis-
played in the display 81, it becomes possible to easily grasp
the deterioration or enhancement of the diastolic function in
each location by observing the color.

[0084] Further, as shown in FIG. 4, the computing part 20
may set the position of the center of gravity in a minor-axis
image of a heart and radially draw straight lines from the
position of the center of gravity to divide the minor-axis
image into six regions as recommended by the ASE (Ameri-
can Society of Echocardiography). In this case, the comput-
ing part 20 obtains the strains or strain rates at a plurality of
locations included in each of the regions and obtains the
average value of the strains or the average value of the strain
rates at the plurality of locations to obtain the average value of
the strains or the average value of the strain rates in each of the
regions. In the example shown in FIG. 4, the computing part
20 divides the tomographic image 400 equivalent to the
minor-axis image into six regions: int (inferior wall) D1, pst
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(posterior wall) D2, lat (lateral wall) D3, ant (anterior wall)
D4, asp (anterior-septum) D5, and sp (septum) D6. Then, the
computing part 20 obtains the average value of the strains or
the average value of the strain rates in the wall-thickness
direction (a direction of thickness between the endocardium
and the epicardium) for each of the regions D1-D6.

[0085] Further, the computing part 20 may graph temporal
changes of the average value of the normalized strain rates
nSR(t) in each of the regions. The display controller 7
receives graph data showing the temporal changes of the
average value of the strains from the computing part 20, and
controls the display 81 to display a graph. For example, as
shown in FIG. 4, the display controller 7 controls the display
81 to display a graph 800 generated by the computing part 20
to show the temporal changes of the average value of the
strains in each of the regions. In the graph 800 in F1G. 4, time
[ms] is taken on the horizontal axis, and the strain rate in the
circumferential direction (Radial Strain Rate) is taken on the
vertical axis.

[0086] Moreover, the display controller 7 may control the
display 81 to display an ECG waveform and control the
display 81 to display a bar 401 indicating the cardiac phase at
which the tomographic image displayed in the display 81 has
been acquired, in the superimposed state on the ECG wave-
form. Then, the display controller 7 moves the bar 401 on the
ECG waveform and controls the display 81 to display the
tomographic image 400, the marker 500 and the marker 600
at the cardiac phase indicated by the bar 401. Furthermore, the
display controller 7 controls the display 81 to display colors
assigned corresponding to the magnitudes of the strain rates
nSR(t) of the respective locations at the cardiac phase indi-
cated by the bar 401.

[0087] The user interface (UI) 8 is provided with the dis-
play 81 and the operation part 82. The display 81 is composed
of a monitor such as a CRT and a liquid crystal display, and
displays a tomographic image, a three-dimensional image,
etc. on its screen. The operation part 82 is composed of a
keyboard, a mouse, a trackball, or a TCS (Touch Command
Screen), and is operated by the operator to give various kinds
of instructions.

[0088] The controller 9 is connected to each part of the
ultrasonic imaging apparatus 1 to control the operation of
each part.

[0089] Furthermore, the image processor 10 is provided
with a CPU (Central Processing Unit) and a storage such as a
ROM (Read-Only Memory), a RAM (Random Access
Memory) and an HDD (Hard Disk Drive) (not illustrated).
The storage stores image-processing programs for executing
the functions of the respective parts of the image processor
10. The image-processing programs include a contour-track-
ing program for executing the function ofthe contour tracking
part 11, and a marker-generating program for executing the
function of the marker generator 12. When the CPU executes
the contour-tracking program, the endocardial contour and
the epicardial contour at each cardiac phase are obtained.
Moreover, when the CPU executes the marker-generating
program, the marker indicating the endocardial contour and
the marker indicating the epicardial contour are generated.
[0090] Furthermore, the computing part 20 is provided with
aCPU and a storage such as a ROM, a RAM and an HDD (not
illustrated). The storage stores a computing program for
executing the function of the computing part 20. The com-
puting program includes: a wall-motion-information calcu-
lating program for executing the function of the wall-motion-
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information calculator 21; a differential-value calculating
program for executing the function of the differential-value
calculator 22; a normalization program for executing the
function of the normalizing part 23; and a color-determining
program for executing the function of the color determining
part 24. When the CPU executes the wall-motion-information
calculating program, the wall-motion information of each
location at each cardiac phase is obtained. Further, when the
CPU executes the differential-value calculating program, the
differential value of the wall-motion information of each
location at each cardiac phase is obtained. Moreover, when
the CPU executes the normalization program, the differential
value of each location at each cardiac phase is divided by the
maxinmum value of the wall-motion information of each loca-
tion, and as a result, a normalized differential value is
obtained. In addition, when the CPU executes the color-de-
termining program, a color corresponding to the magnitude of
the normalized differential value is determined.

[0091] Moreover, the display controller 7 is provided with
aCPU and a storage such as a ROM, a RAM and an HDD (not
illustrated). The storage stores a display control program for
executing the function of the display controller 7. Then, when
the CPU executes the display control program, a tomographic
image, a marker and wall-motion information are displayed
in the display 81.

[0092] Thus, by normalizing the differential value of the
wall-motion information of each location by the maximum
value of the absolute value of the wall-motion information, it
becomes possible to reduce the influence of variations in
wall-motion information on the differential value of the wall-
motion information. Consequently, it becomes possible to
more appropriately perform diastolic function evaluation
using the differential value of the wall-motion information.
For example, by normalizing the strain rate of each location
by the maximum value of the absolute value of the strain, it
becomes possible to reduce the influence of variations in
strain on the strain rate. Consequently, it becomes possible to
more appropriately perform diastolic function evaluation
using the strain rate.

[0093] Inconventional techniques, a strain rate (a differen-
tial value of wall-motion information) that is not normalized
is used. Therefore, when there are variations in the strains
(wall-motion information), the strain rate is influenced by the
variations. Consequently, colors assigned to the respective
locations also vary, so that it has been difficult to accurately
evaluate the diastolic function. On the contrary, the ultrasonic
imaging apparatus 1 according to the present embodiment
assigns colors corresponding to the magnitudes of the nor-
malized strain rates to the respective locations and display the
colors. Therefore, even if there are variations in strain, it is
possible to reduce the variations. Consequently, it is possible
to display while reducing variations in colors assigned to the
respective locations, and therefore, it becomes possible to
appropriately evaluate the diastolic function.

[0094] Furthermore, by assigning colors corresponding to
the magnitudes of the normalized strain rates to the respective
locations and controlling the display 81 to display the colors,
it becomes possible to grasp the difference in color at each of
the locations and easily evaluate the diastolic function at each
ofthe locations. To be specific, because it is possible to easily
grasp the strain rates at the respective locations based on the
difference in colors at the respective locations, it becomes
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possible to easily grasp the deterioration or enhancement of
the diastolic functions at the respective locations.

(Ultrasonic Image Processing Apparatus)

[0095] Further, an ultrasonic image processing apparatus
configured to obtain wall-motion information by tracking the
endocardial contour and the epicardial contour may be dis-
posed outside the ultrasonic diagnostic apparatus. The ultra-
sonic image processing apparatus 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 plural-
ity of tomographic image data, which have been serially
acquired in time sequence, from the ultrasonic diagnostic
apparatus disposed outside, and obtains wall-motion infor-
mation by tracking the endocardial contour and the epicardial
contour based on the plurality of tomographic image data.

[0096] By scanning a heart with ultrasonic waves by the
ultrasonic diagnostic apparatus disposed outside the ultra-
sonic image processing apparatus, tomographic image data is
acquired for each cardiac phase. The ultrasonic image pro-
cessing apparatus receives the plurality of the tomographic
image data acquired by the ultrasonic diagnostic apparatus
and causes the storage 6 to store the plurality of tomographic
image data. The image processor 10 of the ultrasonic image
processing apparatus tracks the contours of the endocardium
and epicardium by obtaining the position of each of the points
composing the two-dimensional contours of the endocardium
and the epicardium at each cardiac phase. Then, the comput-
ing part 20 of the ultrasonic image processing apparatus
obtains the differential value of wall-motion information
based on the position of each of the points composing the
two-dimensional contours of the endocardium and the epi-
cardium tracked by the image processor 10, and further
obtains the normalized differential value. Furthermore, the
computing part 20 determines colors corresponding to the
magnitudes of the normalized differential values.

[0097] Thus, in a similar manner as the aforementioned
ultrasonic imaging apparatus 1, the ultrasonic image process-
ing apparatus disposed outside the ultrasonic imaging appa-
ratus makes it possible to reduce the influence of variations in
wall-motion information on the differential value by normal-
izing the differential value of the wall-motion information in
each location by the maximum value of the absolute value of
the wall-motion information. Consequently, it is possible to
more appropriately evaluate the diastolic function using the
differential value of wall-motion information.

(Operation)

[0098] Next, the operation of the ultrasonic imaging appa-
ratus according to the embodiment of the present invention
will be described with reference to FIG. 5. FIG. 5 is a flow
chart for explaining a series of operations performed by the
ultrasonic imaging apparatus according to the embodiment of
the present invention. In this embodiment, a heart is a diag-
nosed location, and a plurality of tomographic image data
(moving image data), which have been serially acquired in
time sequence, are acquired. Then, based on the tomographic
image data, the two-dimensional contours of the endocar-
dium and epicardium of the heart are tracked, which are used
for evaluation of the heart function.
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[0099] (Step S01)

[0100] Firstly, the ultrasonic probe 2 is applied to a subject
and ultrasonic waves are transmitted to the heart of the sub-
ject, whereby the image generator 5 generates tomographic
image data (moving image data of the heart) of each cardiac
phase. For example, by transmitting and receiving ultrasonic
waves during one cardiac cycle or more, tomographic image
data of each cardiac phase is generated during the one cardiac
cycle or more. The controller 9 receives an ECG signal from
outside the ultrasonic imaging apparatus 1, and causes the
storage 6 to store each of the generated tomographic image
data in the associated state with the time phase at which the
tomographic image data has been generated.

[0101] (Step S02)

[0102] Next, the operator designates a range of time to
perform the evaluation of the cardiac function, by using the
operation part 82. For example, the operator designates the
systole or the diastole of the heart.

[0103] (Step S03)

[0104] Next, the operator designates the cardiac phase at
which a tomographic image for setting an initial contour has
been acquired, by using the operation part 82. For example,
the operator designates the end diastole or the end systole.
[0105] (Step S04)

[0106] When the cardiac phase is designated by the opera-
tor, the display controller 7 retrieves tomographic image data
associated with the cardiac phase from the storage 6, and
controls the display 81 to display a tomographic image based
on the tomographic image data. For example, in a case where
a cardiac phase of a cardiac end diastole is designated, the
display controller 7 retrieves tomographic image data asso-
ciated with the cardiac phase of the end diastole from the
storage 6, and controls the display 81 to display a tomo-
graphic image of the end diastole.

[0107] (Step S05)

[0108] For example, in a state where the tomographic
image of the end diastole is displayed in the display 81, the
operator designates the endocardial contour so as not to
include the papillary muscles or chorda tendinea shown in the
tomographic image, by using the operation part 82. When the
endocardial contour is designated by the operator, the marker
generator 12 generates a marker indicating the endocardial
contour. The display controller 7 controls the display 81 to
display the maker indicating the endocardial contour in the
superimposed state on the tomographic image of the end
diastole. In addition, the operator designates the epicardial
contour by using the operation part 82. When the epicardial
contour is designated by the operator, the marker generator 12
generates a marker indicating the epicardial contour. The
display controller 7 controls the display 81 to display the
marker indicating the epicardial contour in the superimposed
state on the tomographic image of the end diastole. The
endocardial contour and epicardial contour designated here
are set as initial contours in the contour tracking part 11.
[0109] (Step S06)

[0110] The contour tracking part 11 retrieves, from the
storage 6, tomographic image data acquired at a cardiac phase
following the tomographic image data in which the initial
contours have been set, and conducts pattern matching using
speckle patterns for the tomographic image data acquired at
different times. Through this pattern matching, the contour
tracking part 11 obtains the position of each of points com-
posing a 2-dimensional endocardial contour and the position
of each of points composing a 2-dimensional epicardial con-
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tour at the cardiac phase. Then, the contour tracking part 11
obtains the position of each of the points composing the
endocardial and epicardial contours at each cardiac phase for
the tomographic image data included in an analysis time
range. For example, in a case where the systole of the heart is
designated in Step S02, the contour tracking part 11 obtains
the position of each of the points composing the endocardial
and epicardial contours at each cardiac phase for the tomo-
graphic image data included in the systole.

[0111] (Step S07)

[0112] The wall-motion-information calculator 21 obtains
astrain S(t) in the wall-thickness direction in each location of
the myocardium for each cardiac phase, as an example. In
addition, the wall-motion-information calculator 21 obtains a
maximum strain Smax in the analysis time range, in each
location. At this moment, the wall-motion-information cal-
culator 21 obtains the maximum value of the absolute values
of strains in each location and regards the maximum value as
the maximum strain Smax. For example, in a case where the
systole of the heart is designated in Step S02, the wall-mo-
tion-information calculator 21 obtains the maximum strain
Smax in the systole.

[0113] (Step S08)

[0114] The differential-value calculator 22 obtains a strain
rate SR(t) in each location for each cardiac phase, by tempo-
rarily differentiating the strain S(t) in each location.

[0115] (Step S09)

[0116] The normalizing part 23 obtains a normalized strain
rate nSR(t) for each cardiac phase, by dividing the strain rate
SR(t) in each location by the maximum strain Smax in each
location.

[0117] (Step S10)

[0118] The color determining part 24 assigns a color cor-
responding to the magnitude of the normalized strain rate
nSR(t) to each of the locations.

[0119] (Step S11)

[0120] The marker generator 12 receives coordinate infor-
mation on each of the points composing the 2-dimensional
endocardial contour at each cardiac phase, and generates a
marker indicating the endocardial contour for each cardiac
phase. Similarly, the marker generator 12 receives coordinate
information on each of the points composing the 2-dimen-
sional epicardial contour at each cardiac phase, and generates
amarker that indicates the epicardial contour for each cardiac
phase.

[0121] (Step S12)

[0122] The display controller 7 controls the display 81 to
display a tomographic image based on the tomographic
image data acquired at each cardiac phase. Moreover, the
display controller 7 controls the display 81 to display the
markers of the endocardium and epicardium at each cardiac
phase in the superimposed state on the tomographic image at
each cardiac phase. In addition, the display controller 7 con-
trols the display 81 to display in the colors determined for
each location by the color determining part 24 and assigned to
each location on the tomographic image. The display control-
ler 7 then sequentially updates the tomographic image
acquired at each cardiac phase, the marker that indicates the
endocardial contour, and the marker that indicates the epicar-
dial contour for each cardiac phase, and controls the display
81 to display. In addition, the display controller 7 assigns the
colors determined for each location for each cardiac phase to
each location for each cardiac phase, sequentially updates
them, and displays them on the display 81.
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[0123] By thus assigning colors corresponding to the mag-
nitudes of the normalized strain rates to the respective loca-
tions on the tomographic image and controlling the display 81
1o display the colors, it becomes possible to reduce the influ-
ence of variations in strains. Consequently, it becomes pos-
sible to appropriately evaluate the diastolic function of the
heart.

[0124] Thecontour tracking part 11 may temporally track a
membrane contour contained in a region between the
endocardial contour and the epicardial contour designated by
the operator. For example, the contour tracking part 11 tem-
porally tracks an intermediate membrane contour at an inter-
mediate position between the endocardial contour and the
epicardial contour. Through this tracking, the contour track-
ing part 11 obtains the position of each of the points compos-
ing the intermediate membrane for each cardiac phase. The
wall-motion-information calculator 21 then uses the position
of the intermediate membrane contour at each cardiac phase
to calculate wall-motion information. For example, the wall-
motion-information calculator 21 obtains a strain in the wall-
thickness direction between the endocardium and the inter-
mediate membrane, based on the position of the endocardial
contour at each cardiac phase and the position of the interme-
diate membrane contour at each cardiac phase.

Moreover, the wall-motion-information calculator 21 obtains
a strain in the wall-thickness direction between the interme-
diate membrane and the epicardium based on the position of
the intermediate membrane contour at each cardiac phase and
the position of the epicardial contour at each cardiac phase.
Because partial wall-motion information can be obtained by
thus tracking the membrane contour contained between the
endocardium and the epicardium, it is possible to analyze the
myocardial motion in detail. Moreover, a plurality of mem-
brane contours contained between the endocardium and the
epicardium may be temporally tracked.

[Modification]

[0125] A modification of the ultrasonic imaging apparatus
according to the abovementioned embodiment will be
described.

(First Modification)

[0126] A first modification will be described with reference
to FIG. 6. FIG. 6 is a block diagram illustrating an ultrasonic
imaging apparatus according to the first modification. An
ultrasonic diagnostic apparatus 1A according to the first
modification comprises a computing part 20A instead of the
computing part 20. Since the configuration of the ultrasonic
diagnostic apparatus 1A other than the computing part 20 A is
the same as the above-mentioned ultrasonic imaging appara-
tus 1, a description thereof will be omitted.

[0127] Like the computing part 20 according to the above-
mentioned embodiment, the computing part 20A includes the
wall-motion-information calculator 21, the differential-value
calculator 22, the normalizing part 23, and the color deter-
mining part 24. The computing part 20A according to the first
modification further includes a determining part 25.

[0128] The wall-motion-information calculator 21 obtains
wall-motion information as in the abovementioned embodi-
ment. As an example, the wall-motion-information calculator
21 obtains a strain S(t) in the wall-thickness direction at every
specified interval in the endocardium and epicardium of a
heart. That is, the wall-motion-information calculator 21
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obtains the strain S(t) at a plurality of locations for each
cardiac phase in the endocardium and epicardium of the heart.
The wall-motion-information calculator 21 then outputs the
strain S(t) in the wall-thickness direction of each location at
each cardiac phase to the differential-value calculator 22. In
addition, as in the abovementioned embodiment, the wall-
motion-information calculator 21 obtains a maximum strain
Smax in each location, and outputs the maximum strain Smax
of each location to the differential-value calculator 22, the
normalizing part 23 and the determining part 25.

[0129] The determining part 25 compares the maximum
value of the wall-motion information in each location
obtained by the wall-motion-information calculator 21 with a
preset threshold value, and determines whether the wall-mo-
tion information in each location is equal to or more than the
threshold value or is less than the threshold value. As an
example, the determining part 25 compares the maximum
strain Smax in each location obtained by the wall-motion-
information calculator 21 with a preset threshold value, and
determines whether the maximum strain Smax in each loca-
tion is equal to or more than the threshold value or is less than
the threshold value. The determining part 25 compares the
maximum strain Smax with the threshold value for every
location, and determines whether the maximum strain Smax
is equal to or more than the threshold value or is less than the
threshold value for every location. As this threshold value, for
example, a reference for determining decrease in cardiac
contractility is used.

[0130] Inthis case, if the maximum strain Smax is less than
the threshold value, it is possible to determine that the con-
tractility has decreased. If the maximum strain Smax is equal
to or more than the threshold value, it is possible to determine
that the contractility has not decreased. This threshold valueis
previously determined and stored in a storage (not shown).
The determining part 25 determines whether the maximum
strain Smax is equal to or more than the threshold value or is
less than the threshold value for every location based on the
threshold value stored in the storage. The determining part 25
then outputs the result of the determination using the thresh-
old value to the differential-value calculator 22 and the color
determining part 24.

[0131] Ifthe maximum strain Smax is equal to or more than
the threshold value, it is possible to determine that the con-
tractility at the location has not decreased. Thus, the differ-
ential-value calculator 22 obtains a strain rate SR(t) at each
cardiac phase, in the location where the maximum strain
Smax has been determined to be equal to or more than the
threshold value in accordance with the determination by the
determining part 25. Then, as in the abovementioned embodi-
ment, the normalizing part 23 obtains a normalized strain rate
nSR(t) by dividing the strain rate SR(t) at each cardiac phase
in the location where the maximum strain Smax has been
determined to be equal to or more than the threshold value by
the maximum strain Smax of the location.

[0132] Then, the normalizing part 23 outputs the strain rate
nSR(t) at each cardiac phase in the location where the maxi-
mum strain Smax has been determined to be equal to or more
than the threshold value, to the color determining part 24.
Then, the color determining part 24 determines a color cor-
responding to the magnitude of the normalized strain rate
nSR(t), as in the abovementioned embodiment. That is, the
color determining part 24 assigns a color corresponding to the
magnitude of the normalized strain rate nSR(t) to the location
where the maximum strain Smax has been determined to be
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equal to or more than the threshold value. The color deter-
mining part 24 then outputs, to the display controller 7, coor-
dinate information of each location at each cardiac phase and
information indicating the color determined for each loca-
tion. The display controller 7 controls the display 81 to dis-
play a tomographic image based on the tomographic image
data acquired at each cardiac phase, and further controls the
display 81 to display in a state where a color corresponding to
the magnitude of the normalized strain rate nSR(t) is assigned
to the location where the maximum strain Smax is equal to or
more than the threshold value.

[0133] On the other hand, if the maximum strain Smax is
less than the threshold value, it is possible to determine that
the contractility at that location has decreased. Thus, the color
determining part 24 assigns a specific color for indicating that
the contractility has decreased, to the location where the
maximum strain Smax is less than the threshold value in
accordance with the determination by the determining part
25. For example, the color determining part 24 assigns a
specific color that is different from the color assigned for the
abovementioned normalized strain rate nSR(t), to the location
where the contractility has decreased (location where the
maximum strain Smax is less than the threshold value). Then,
the color determining part 24 outputs, to the display controller
7, coordinate information of the location where the maximum
strain Smax is less than the threshold value and information
indicating the specific color determined for that location. The
display controller 7 controls the display 81 to display a tomo-
graphic image based on the tomographic image data acquired
at each cardiac phase, and further controls the display 81 to
display in a state where the specific color is assigned to the
location where the maximum strain Smax is less than the
threshold value.

[0134] As described above, the display controller 7 controls
the display 81 to display in a state where a color correspond-
ing to the magnitude of the strain rate nSR(t) is assigned to a
location where the maximum strain Smax is equal to or more
than a threshold value. On the other hand, the display con-
troller 7 controls the display 81 to display in a state where a
specific color is assigned to a location where the maximum
strain Smax is less than the threshold value. Because the
location with the specific color assigned is a location where
the contractility has decreased, the operator can refer to the
color assigned to each location in a tomographic image to
easily grasp the location where the contractility has
decreased. Moreover, because a color corresponding to the
magnitude of a normalized strain rate nSR(t) is assigned to a
location where the maximum strain Smax is equal to or more
than the threshold value, the operator can refer to the color to
determine decrease or increase in diastolic function.

(Second Modification)

[0135] Next, a second modification will be described. An
ultrasonic imaging apparatus according to the second modi-
fication divides a maximum value or a minimum value of a
differential value of wall-motion information in each location
by a maximum value of the wall-motion information in each
location, thereby obtaining a normalized differential value.
As an example, the ultrasonic imaging apparatus according to
the second modification obtains a normalized strain rate by
dividing the maximum strain rate or the minimum strain rate
in each location by the maximum strain in each location.

[0136] The wall-motion-information calculator 21 obtains
the strain S(t) in each location at each cardiac phase, as in the
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abovementioned embodiment. In addition, the wall-motion-
information calculator 21 obtains the maximum strain Smax
for every location between arbitrary cardiac phases, as in the
abovementioned embodiment. For example, the wall-mo-
tion-information calculator 21 obtains the maximum strain
Smax in each location during one cardiac cycle.

[0137] The differential-value calculator 22 obtains the
strain rate SR(t) in each location at each cardiac phase, as in
the abovementioned embodiment. In addition, in the second
modification, the differential-value calculator 22 obtains a
maximum strain rate SRmax or a minimum strain rate SRmin
in every location between arbitrary cardiac phases. For
example, the strain-rate calculator 22 obtains the maximum
strain rate SRmax or the minimum strain rate SRmin in each
location during one cardiac cycle. Then, the differential-value
calculator 22 outputs the maximum strain rate SRmax or the
minimum strain rate SRmin in each location, to the normal-
izing part 23.

[0138] Inthe second modification, the normalizing part 23
obtains the normalized strain rate nSR(t) by dividing the
maximum strain rate SRmax or the minimum strain rate
SRmin in each location by the maximum strain Smax in each
location. The normalizing part 23 then outputs the normalized
strain rate nSR (1) in each location to the color determining
part 24.

[0139] The color determining part 24 determines a color
corresponding to the magnitude of the normalized strain rate
nSR(t) in each location as in the abovementioned embodi-
ment.

[0140] Then, thedisplay controller 7 controls the display 81
to display a tomographic image, and further controls the
display 81 to display in a state where the color determined for
each location is assigned to each location on the tomographic
image.

[0141] Since cardiac phases at which strain rates reach the
maximums vary depending on locations, it is desirable that,
for example, the display controller 7 controls the display 81 to
display a tomographic image acquired at an average cardiac
phase at which the strain rate in each location becomes the
maximum or the minimum, and controls the display 81 to
display in a state where a color is assigned to each location on
that tomographic image.

[0142] Moreover, the display controller 7 may control the
display 81 to display the tomographic image acquired at the
cardiac phase at which the strain rate in an arbitrary location
becomes the maximum or the minimum, and control the
display 81 to display in a state where a color is assigned to
each location on that tomographic image. Further, the display
controller 7 may control the display 81 to display the tomo-
graphic image acquired at an arbitrary cardiac phase, and
control the display 81 to display in a state where a color is
assigned to each location on that tomographic image. An
arbitrary location or an arbitrary cardiac phase may be des-
ignated by the operator using the operation part 82, or may be
preset in the display controller 7.

(Third Modification)

[0143] Next, a third modification will be described. In the
above-mentioned embodiment etc., an endocardial contour
and an epicardial contour on a 2-dimensional plane are
tracked based on tomographic image data as a 2-dimensional
image, and wall-motion information is obtained. An ultra-
sonic imaging apparatus according to the third modification
tracks a 3-dimensional endocardial contour and a 3-dimen-
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sional epicardial contour based on volume data as a 3-dimen-
sional image, thereby obtaining wall-motion information.
[0144] The ultrasonic imaging apparatus according to the
third modification acquires volume data of a heart for each
cardiac phase, by conducting volume scan using the ultra-
sonic probe 2 and the transmitter/receiver 3. Then, the image
generator 5 performs MPR processing on the volume data
acquired at a preset cardiac phase (for example, a cardiac
phase at which an R-wave has been detected), thereby gen-
erating MPR image data in an arbitrary cross section. For
example, the image generator 5 performs MPR processing on
the volume data, thereby obtaining MPR image data in a
plurality of different cross sections, for each of the cross
sections. As an example, the image generator 5 generates two
MPR image data in cross sections orthogonal to each other.
For example, the image generator 5 generates an apical 4
chamber image (4C) and an apical 2 chamberimage (2C)ina
long-axis cross section along the long-axis direction of the
heart. The long-axis cross section may be preset 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 retrieve MPR image data stored in the stor-
age 6 and control the display 81 to display an MPR image
based on the MPR image data. For example, the display
controller 7 controls the display 81 to display the apical 4
chamber image (4C) and the apical 2 chanber image (2C).
[0145] Then, the operator designates the endocardial con-
tour and epicardial contour shown in the tomographic image
by using the operation part 82. As an example, the operator
uses the operation part 82 to designate the endocardial con-
tour and epicardial contour shown in the apical 4 chamber
image and designate the endocardial contour and epicardial
contour represented in the apical 2 chamber image. Thus,
with reference to the MPR image in the long-axis cross sec-
tion of the heart, the 2-dimensional endocardial contour and
the 2-dimensional epicardial contour in the long-axis cross
section are designated. Then, the 2-dimensional endocardial
contour and the 2-dimensional epicardial contour are output-
ted from the user interface (Ul) 8 to the image processor 10.
The contour tracking part 11 obtains the position of a 3-di-
mensional endocardial contour by spatially interpolating the
endocardial contour based on the 2-dimensional endocardial
contour designated in the apical 4 chamber image (4C) and
the 2-dimensional endocardial contour designated in the api-
cal 2 chamber image (2C). Moreover, the contour tracking
part 11 obtains the position of a 3-dimensional epicardial
contour by spatially interpolating the epicardial contour
based on the 2-dimensional epicardial contour obtained based
on the apical 4 chamber image (4C) and the 2-dimensional
epicardial contour obtained based on the apical 2 chamber
image (2C).

[0146] As described above, the contour tracking part 11
obtains the position of the endocardial contour at each depth
in the long-axis direction, based on the endocardial contour
defined in the long-axis cross section. Consequently, the posi-
tion of the 3-dimensional endocardial contour is obtained.
Similarly, the contour tracking part 11 obtains the position of
the epicardial contour at each depth in the long-axis direction,
based on the epicardial contour defined in the long-axis cross
section. Consequently, the position of the 3-dimensional epi-
cardial contour is obtained.

[0147] Moreover, the image generator 5 may generate MPR
image data in the long-axis cross section and generate MPR
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image data in a short-axis cross section (C plane) along a
direction orthogonal to the long-axis direction (a short-axis
direction). For example, the image generator 5 generates an
apical 4 chamber image (4C) and an apical 2 chamber image
(2C) along the long-axis direction of the heart. Furthermore,
the image generator 5 generates MPR image data in a first
short-axis cross section at an arbitrary depth along the long-
axis direction. Moreover, the image generator 5 generates
MPR image data in a second short-axis cross section at
another depth. Moreover, the image generator 5 generates
MPR image data in a third short-axis cross section at another
depth. The MPR image data generated by the image generator
5 are stored in the storage 6. The short-axis cross section at
each depth may be preset in the image generator 5. Otherwise,
the operator may designate the positions of the short-axis
cross sections by using the operation part 82. The display
controller 7 controls the display 81 to display the apical 4
chamber image. the apical 2 chamber image, an MPR image
in the first short-axis cross section, an MPR image in the
second short-axis cross section, and an MPR image in the
third short-axis cross section.

[0148] Then, the operator designates the endocardial con-
tour and the epicardial contour shown in the tomographic
image by using the operation part 82. As an example, the
operator uses the operation part 82 to designate the endocar-
dial contour and the epicardial contour shown in the apical 4
chamber image and the endocardial contour and the epicar-
dial contour shown in the apical 2 chamber image. Further-
more, the operator uses the operation part 82 to designate the
endocardial contour and the epicardial contour shown in the
MPR image in the first short-axis cross section. Moreover, the
operator uses the operation part 82 to designate the endocar-
dial contour and the epicardial contour shown in the MPR
image in the second short-axis cross section. Moreover, the
operator uses the operation part 82 to designate the endocar-
dial contour and the epicardial contour shown in the MPR
image in the third short-axis cross section. Thus, with refer-
ence to the MPR image in the long-axis cross section of the
heart, the 2-dimensional endocardial contour and the 2-di-
mensional epicardial contour in the long-axis cross section
are designated. Moreover, with reference to the MPR images
in the short-axis cross sections of the heart, the 2-dimensional
endocardial contour and the 2-dimensional epicardial contour
in the short-axis cross section are designated. Then, the 2-di-
mensional endocardial contour and the 2-dimensional epicar-
dial contour are outputted from the user interface (UI) 8 to the
image processor 10. The contour tracking part 11 obtains the
position of a 3-dimensional endocardial contour by spatially
interpolating the endocardial contour, based on the 2-dimen-
sional endocardial contours designated in the apical 4 cham-
ber image (4C), the apical 2 chamber image (2C), the MPR
image in the first short-axis cross section, the MPR image in
the second short-axis cross section, and the MPR image in the
third short-axis cross section. As for the 3-dimensional epi-
cardial contour, the contour tracking part 11 obtains the posi-
tion of a 3-dimensional epicardial contour by spatially inter-
polating the epicardial contour based on the 2-dimensional
epicardial contours designated in the respective images.

[0149] The 3-dimensional endocardial contour and the
3-dimensional epicardial contour obtained through the inter-
polation process are set in the contour tracking part 11 as
initial contours. The contour tracking part 11 then tracks the
position of the 3-dimensional endocardial contour and the
position of the 3-dimensional epicardial contour set as the
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initial contours, by conducting pattern matching using
speckle patterns for the volume data acquired at different
times. Through this pattern matching, the position of the
3-dimensional endocardial contour and the position of the
3-dimensional epicardial contour at each cardiac phase are
obtained.

[0150] The wall-motion-information calculator 21 obtains
wall-motion information such as strain and displacement at
each cardiac phase, based on coordinate information of each
of the points composing the 3-dimensional endocardial con-
tour at each cardiac phase and coordinate information of each
ofthe points composing the 3-dimensional epicardial contour
ateach cardiac phase, as in the abovementioned embodiment.
The differential-value calculator 22 then obtains temporal
differentiation of the wall-motion information, and the nor-
malizing part 23 divides a differential value of the wall-
motion information by the maximum value of the wall-mo-
tion information to normalize the differential value. The color
determining part 24 determines a color corresponding to the
magnitude of the normalized differential value.

[0151] The display controller 7 controls the display 81 to
display an MPR image at each cardiac phase, for each cardiac
phase. For example, the display controller 7 controls the
display 81 to display an apical 4 chamber image (4C) and an
apical 2 chamber image (2C) at each cardiac phase, for each
cardiac phase. Moreover, the display controller 7 controls the
display 81 to display an MPR image in the first short-axis
cross section, an MPR image in the second short-axis cross
section and an MPR image in the third short-axis cross sec-
tion, for each cardiac phase. Moreover, the marker generator
12 generates a marker indicating the endocardial contour at
each cardiac phase and a marker indicating the epicardial
contour at each cardiac phase. The display controller 7 con-
trols the display 81 to sequentially display the marker indi-
cating the endocardial contour at each cardiac phase and the
marker indicating the epicardial contour at each cardiac phase
in the superimposed state on each MPR image at each cardiac
phase. Inaddition, as in the abovementioned embodiment, the
display controller 7 assigns a color corresponding to the mag-
nitude of a normalized differential value to a region between
the endocardium and the epicardium, and controls the display
81 to display it in the superimposed state on the MPR image.
[0152] In the abovementioned embodiment etc., the com-
puting part 20 obtains a strain and a strain rate in the wall-
thickness direction as wall-motion information. Such infor-
mation is an example. and the computing part 20 may obtain
a strain and a strain rate in the circumferential direction as
wall-motion information. Moreover, the computing part 20
may obtain rotation, twist or torsion of the myocardium.
[0153] Here, as another example of the wall-motion infor-
mation, rotation, twist and torsion will be described. Firstly,
rotation will be described with reference to FIG. 7. FIG. 7 is
a view schematically showing the contour of an endocardium
and the contour of an epicardium. The wall-motion-informa-
tion calculator 21 obtains a rotation angle, based on the point
101 on the endocardium 100 at a certain cardiac phase and a
point 100A on the endocardium 100 as a result of tracking the
point 101. To be specific, the wall-motion-information calcu-
lator 21 obtains a gravity center G of the endocardium 100
obtained by the contour tracking part 11. The wall-motion-
information calculator 21 obtains the angle between the point
101 and the point 101 A with the gravity center G as the center
of rotation, and defines the angle as the rotation angle. Fur-
thermore, the wall-motion-information calculator 21 obtains
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the maximum value of the absolute value of the rotation angle
between arbitrary cardiac phases. For example, the wall-mo-
tion-information calculator 21 obtains the maximum value of
the absolute value of the rotation angle during one heartbeat
designated by the operator. The differential-value calculator
22 then obtains the differential value of the rotation angle by
conducting temporal differentiation of the rotation angle. The
temporal differentiation of the rotation angle is defined as
Rotation Rate.

[0154] The normalizing part 23 divides the differential
value of the rotation angle at each cardiac phase by the maxi-
mum value of the absolute value of the rotation angle, thereby
obtaining a normalized differential value. The wall-motion-
information calculator 21 may obtain the rotation angle
between another point 102 on the endocardium 100 and a
point 102A as a result of tracking the point 102. Similarly, the
wall-motion-information calculator 21 may obtain the rota-
tion angle between a point 103 on the endocardium 100 and a
point 103A as a result of tracking the point 103. In addition,
the wall-motion-information calculator 21 may obtain the
rotation angle between a point on the epicardium 200 and a
point as a result of tracking the point. As in the abovemen-
tioned embodiment etc., the color determining part 24 deter-
mines a color corresponding to the magnitude of the normal-
ized differential value (Rotation Rate). Then, the display
controller 7 assigns the color determined by the color deter-
mining part 24 to each location of the myocardium on the
tomographic image at each cardiac phase, and controls the
display 81 to display it.

[0155] As another example of wall-motion information,
twist will be described with reference to FIG. 8. FIG. 8 is a
view schematically showing the contour of an endocardium
and the contour of an epicardium. The difference between the
rotation angle on a short-axis cross section 900 to become a
reference and the rotation angle on another short-axis cross
section 910 is defined as twist. The wall-motion-information
calculator 21 obtains the rotation angle on the short-axis cross
section 900 to become a reference and the rotation angle on
the arbitrary short-axis cross section 910, based on a 3-di-
mensional contour of the endocardium and a 3-dimensional
contour of the epicardium at each cardiac phase. Further-
more, the wall-motion-information calculator 21 obtains the
difference between the rotation angle on the arbitrary short-
axis cross section 910 and the rotation angle on the short-axis
cross section 900 to become a reference, thereby obtaining
twist in the short-axis cross section 910. The position of the
short-axis cross section 900 to become a reference and the
position of the arbitrary short-axis Cross section 910 may be
preset in the wall-motion-information calculator 21, or may
be designated by the operator using the operation part 82.
[0156] Assuming the value of twist in a reference short-axis
cross section is Twist(0), Twist(i), which is twist in an i”
short-axis cross section, can be expressed by the following
expression:

Twist(i)=Rotation(7)-Rotation(0)[deg]

[0157] Furthermore, the wall-motion-information calcula-
tor 21 obtains the maximum value of the twist in the short-
axis cross section 910 between arbitrary cardiac phases. For
example, the wall-motion-information calculator 21 obtains
the maximum value of the twist in the short-axis cross section
910 during one heartbeat designated by the operator. Then,
the differential-value calculator 22 performs temporal differ-
entiation of the twist in the short-axis cross section 910 to
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obtain the differential value of the twist. The temporal differ-
entiation of the twist is defined as Twist Rate.

[0158] Thenormalizing part 23 divides the temporal differ-
entiation of twist at each cardiac phase by the maximum value
ofthe twist, thereby obtaining a normalized differential value.
Then, as in the abovementioned embodiment etc., the color
determining part 24 determines a color corresponding to the
magnitude of the normalized differential value (Twist Rate).
The display controller 7 assigns the color determined by the
color determining part 24 to each location of the myocardium
on a tomographic image at each cardiac phase, and controls
the display 81 to display it.

[0159] Moreover, as another example of the wall-motion
information, torsion will be described with reference to FIG.
9. FIG. 9 is a view schematically showing the contour of an
endocardium and the contour of an epicardium. A value
obtained by dividing twist in the short-axis cross section 910
by a distance L. from the reference short-axis cross section
900 to the short-axis cross section 910 is defined as torsion.
The wall-motion-information calculator 91 obtains the twist
in the arbitrary short-axis cross section 910 with reference to
the short-axis cross section 900, and divides the twist by the
distance L, thereby obtaining the torsion in the short-axis
cross section 910.

[0160] That is, Torsion(i) in the i” short-axis cross section
can be expressed by the following expression:

Torsion(f)=Twist(f)/L[deg/cm]

[0161] Furthermore, the wall-motion-information calcula-
tor 21 obtains the maximum value of the torsion in the short-
axis cross section 910 between arbitrary cardiac phases. For
example, the wall-motion-information calculator 21 obtains
the maximum value of the torsion in the short-axis cross
section 910 during one heartbeat designated by the operator.
The differential-value calculator 22 then obtains the differen-
tial value of the torsion by conducting temporal differentia-
tion of the torsion in the short-axis cross section 910. The
differential value of the torsion is defined as Torsion Rate.

[0162] Thenormalizing part 23 divides the temporal differ-
entiation of the torsion at each cardiac phase by the maximum
value of the torsion, thereby obtaining a normalized differen-
tial value. The color determining part 24 determines a color
corresponding to the magnitude of the normalized differential
value (Torsion Rate), as in the abovementioned embodiment
etc.

[0163] Thedisplay controller 7 then assigns the color deter-
mined by the color determining part 24 to each location of the
myocardium on the tomographic image at each cardiac phase,
and controls the display 81 to display.

[0164] The maximum value of a differential value of wall-
motion information in the diastole indicates the degree of the
diastolic function, because it becomes an index indicating the
speed of dilation from end systole to early diastole. For
example, the differential value of strain indicates dilation
velocity, and the larger this value is, the higher the diastolic
function is. On the other hand, when the differential value of
strainis small, the heart dilates only slowly, indicating that the
diastolic function is low. The differential value of wall-mo-
tion information is affected by the magnitude of the original
wall-motion information to be differentiated. Variations
occur in wall-motion information between locations of the
myocardium not only in patients with abnormal myocardial
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motion but also in healthy persons. In this case, it is difficult
to evaluate diastolic function by using the differential value of
wall-motion information.

[0165] Thus, in order to reduce the influence of variations
in wall-motion information for differentiation, the differen-
tial value is normalized by the maximum value of wall-mo-
tion information as in this embodiment. This makes it pos-
sible to reduce variations in wall-motion information
influencing the differential value, and it becomes possible to
appropriately evaluate the diastolic function by using the
differential value.

What is claimed is:

1. An ultrasonic image processing apparatus, comprising:

a contour tracking part configured to receive ultrasonic
image data acquired at each time phase by scanning a
subject with ultrasonic waves, further receive designa-
tion of a contour of a specific tissue shown in an ultra-
sonic image based on ultrasonic image data acquired at
an arbitrary time phase, and obtain a position of each of
points composing the contour of the specific tissue in the
ultrasonic image data acquired at the each time phase by
pattern matching at each time phase based on the ultra-
sonic image data acquired at the each time phase;

a computing part configured to obtain motion information
of each of parts composing the specific tissue at each
time phase based on the position of each of the points
composing the contour, obtain a differential value of the
motion information of each of the parts at each time
phase by differentiating the motion information of each
of the parts with respect to time, divide the differential
value of the motion information at each of the parts by a
maximum value of an absolute value of the motion infor-
mation at each of the parts to obtain a normalized dif-
ferential value of the motion information at each of the
parts at each time phase, and assign a color correspond-
ing to a magnitude of the normalized differential value
of the motion information to each of the parts; and

a display controller configured to control a display device
to display an ultrasonic image based on the ultrasonic
image data acquired at the each time phase, and further
control to display each of the parts of the specific tissue
shown in the ultrasonic image of the each time phase in
a color assigned to each of the parts.

2. The ultrasonic image processing apparatus according to

claim 1, wherein:

the computing part compares the maximum value of the
absolute value of the motion information at each of the
parts with a preset threshold value, assigns a color cor-
responding to the magnitude of the normalized differen-
tial value of the motion information to a location where
the maximum value is equal to or more than the thresh-
old value, and assigns a specific color different from the
color corresponding to the magnitude of the normalized
differential value of the motion information to a location
where the maximum value is less than the threshold
value; and

the display controller controls to display each of the parts
of'the specific tissue shown in the ultrasonic image in the
color assigned to each of the parts in accordance with
color assignment by the computing part.

3. The ultrasonic image processing apparatus according to

claim 1, further comprising:
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a marker generator configured to generate a marker indi-
cating the contour of the specific tissue of the each time
phase obtained by the contour tracking part, wherein:

the display controller controls the display device to display
the ultrasonic image of the each time phase, and further
controls the display device to display the marker of the
each time phase in a superimposed state on the position
of the contour of the specific tissue shown in the ultra-
sonic image.

4. The ultrasonic image processing apparatus according to

claim 1, wherein:

the computing part obtains a strain of each of the parts
composing the specific tissue at each time phase as the
motion information based on the position of each of the
points composing the contour, obtains a strain rate indi-
cating a temporal change rate of the strain at each of the
parts at each time phase by differentiating the strain of
each of the parts with respect to time, divides the strain
rate at each of the parts by a maximum value of an
absolute value of the strain at each of the parts to obtain
a normalized strain rate at each of the parts at each time
phase, and assigns a color corresponding to a magnitude
of the normalized strain rate to each of the parts.

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

ing:

acquiring ultrasonic image data acquired at each time
phase by scanning a subject with ultrasonic waves;

receiving designation of a contour of a specific tissue
shown in an ultrasonic image based on ultrasonic image
data acquired at an arbitrary time phase, and obtaining a
position of each of points composing the contour of the
specific tissue in the ultrasonic image data acquired at
the each time phase by pattern matching at each time
phase based on the ultrasonic image data acquired at the
each time phase;

obtaining motion information of each of parts composing
the specific tissue at each time phase based on the posi-
tion of each of the points composing the contour;

obtaining a differential value of the motion information of
each of the parts at each time phase by differentiating the
motion information of each of the parts with respect to
time;
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dividing the differential value of the motion information at
each of the parts by a maximum value of an absolute
value of the motion information at each of the parts to
obtain a normalized differential value of the motion
information at each of the parts at each time phase;

assigning a color corresponding to a magnitude of the
normalized differential value of the motion information
to each of the parts;

displaying an ultrasonic image based on the ultrasonic
image data acquired at the each time phase; and

displaying each of the parts of the specific tissue shown in
the ultrasonic image of the each time phase in a color
assigned to each of the parts.

6. The method for processing an ultrasonic image accord-

ing to claim 5, wherein:

inthe colorassignment, the maximum value of the absolute
value of the motion information at each of the parts is
compared with a preset threshold value, a color corre-
sponding to the magnitude of the normalized differential
value of the motion information is assigned to a location
where the maximum value is equal to or more than the
threshold value, and a specific color different from the
color corresponding to the magnitude of the normalized
differential value of the motion information is assigned
to a location where the maximum value is less than the
threshold value; and

each of the parts of the specific tissue shown in the ultra-
sonic image is displayed in the color assigned to each of
the parts in accordance with the color assignment by the
computing part.

7. The method for processing an ultrasonic image accord-

ing to claim 5, wherein:

a marker indicating the contour of the specific tissue of the
each time phase is generated; and

the ultrasonic image of the each time phase is displayed,
and further the marker of the each time phase is dis-
played in a superimposed state on the position of the
contour of the specific tissue shown in the ultrasonic
image.
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