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(57)  [Task] To provide an ultrasonic diagnostic ap-
paratus capable of measuring a three-dimensional mo-
tion of a biological tissue in a short time.

[Means for Resolution] An image processor 5 cre-
ates volume data based on image data of a B-mode im-
age of a biological tissue and creates image data of a
series of tomographic images in time series for the re-
spective two or more sectional positions based on the
volume data. A controller 9 displays one tomographic

FIG. 10

image for each sectional position on a display part 81. A
user operates an operation part 82 to designate a meas-
urement image region on the displayed tomographic im-
age. A displacement calculating part 61 calculates a dis-
placementin time series of the designated measurement
image region for each sectional position. A motion infor-
mation calculating part 62 calculates motion information
of the biological tissue based on the displacement of the
measurementimage region calculated for each sectional
position.

LONGITUDINAL DIRECTION
(ROTARY AXIS)

~——t—==5+0 DIRECTION

R
INNER-LINING POSITION IMAGE m1

d12
92

=

INNER-LINING POSITION IMAGE m3

S>>

AB12=01-62
m2 INNER-LINING 8612=A612/d12

POSITION IMAGE

AB23=62-03
d23 5623=A623/d23

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 022 404 A1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
diagnostic apparatus for transmitting an ultrasonic wave
to the inside of an examined body via an ultrasonic probe
so as to obtain a medical image of the examined body
on the basis of a reflected wave, a medical image
processing apparatus and a medical image processing
program for processing the medical image obtained by
the ultrasonic diagnostic apparatus. Particularly, the
present invention relates to an ultrasonic diagnostic ap-
paratus, a medical image processing apparatus and a
medical image processing program that are used to es-
timate a motion function of a biological tissue.

BACKGROUND ART

[0002] Since an ultrasonic diagnostic apparatus has a
merit such that an image can be observed on site in a
simple operation of just bringing an ultrasonic probe into
contact with a body surface, the ultrasonic diagnostic ap-
paratus is widely used to examine a function or a shape
of the biological tissue. In recent years, estimation of a
motion function of a biological tissue such as a motion
of a heart wall, and more particularly, estimation of a mo-
tion function in three-dimension has been drawing atten-
tion.

[0003] Patent Document 1 discloses an ultrasonic di-
agnostic apparatus used to estimate the motion function
of the biological tissue. The ultrasonic diagnostic appa-
ratus extracts characteristic points from a two-dimen-
sional image of the biological tissue and designates
measurement points on the basis of the characteristic
points. Then, a template having a size including a pre-
determined number or more of characteristic points
based on each of the designated measurement points is
set, and a cross-correlation process between two images
is carried out by using the template to measure a physical
parameter such as a displacement or a velocity of the
tissue, whereby the measurement precision is increased.
[0004] Patent Document: Japanese unexamined pat-
ent application publication No. 2004-313291

DISCLOSURE OF THE INVENTION
PROBLEM THAT TH[O005]E INVENTION IS TO SOLVE

[0005] The biological tissue generally moves three-di-
mensionally. For example, a heart performs a motion in
a wall-thickness direction (a variation of the wall thick-
ness, a strain of the wall thickness, and the like) and a
motion such as a strain or an expansion/contraction in a
direction perpendicular thereto. Since a general motion
function estimation is carried out by measuring a velocity
or a displacement of the biological tissue in two-dimen-
sion, there is a limitation in estimating the three-dimen-
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sional motion.

[0006] Meanwhile, when the three-dimensional mo-
tion is estimated by using a three-dimensional image of
the biological tissue, that is, when a plurality of measure-
ment points distributed in three-dimension are designat-
ed and a three-dimensional displacement of each of the
measurement points is analyzed to estimate the three-
dimensional motion of the biological tissue, the amount
of data to be processed increases, whereby there arises
a problem in that the process time becomes longer.
[0007] Additionally, when the motion function estima-
tion is carried out by using the three-dimensional image,
a problem arises in that it is difficult to designate a motion
measurement target region on the image. For example,
when there is a need to measure the variation of the wall
thickness of the heart, it is required to find out regions
corresponding to an inner lining and an outer lining from
the three-dimensional image of the heart and to desig-
nate the regions. However, in order to accurately perform
such an operation, experienced hand skill and consider-
able operation time are required.

[0008] The present invention is contrived to solve the
above-described problems, and an object of the invention
is to provide an ultrasonic diagnostic apparatus, a med-
icalimage processing apparatus, and an image process-
ing program that make it possible to measure the three-
dimensional motion of the biological tissue in a shorttime.
[0009] Additionally, another object of the invention is
to provide an ultrasonic diagnostic apparatus, a medical
image processing apparatus, and a medical image
processing program that make it possible to easily des-
ignate a region in which the motion of the biological tissue
is measured.

MEANS FOR SOLVING THE PROBLEM

[0010] In order to achieve the above-described ob-
jects, according to a first aspect of the invention, there is
provided an ultrasonic diagnostic apparatus including:
an ultrasonic probe; a transceiver configured to transmit
and receive an ultrasonic wave to and from the ultrasonic
probe; an image creating part configured to create image
data of a series of tomographic images in time series for
each of two or more sectional positions of a biological
tissue on the basis of a received signal obtained as a
result of transmitting and receiving the ultrasonic wave;
a display part configured to display one tomographic im-
age from among the series of tomographic images on
the basis of the image data created for each of the two
or more sectional positions; a designating part configured
to designate a measurement image region on the one
displayed tomographic image for each of the two or more
sectional positions; and a calculator configured to calcu-
late local motion information showing a motion state of
the biological tissue in the designated measurement im-
age region on the basis of the image data of the series
of tomographic images for each of the two or more sec-
tional positions and calculate motion information showing
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the motion state of the biological tissue on the basis of
the local motion information calculated for each of the
two or more sectional positions, wherein the display part
displays the motion information calculated by the calcu-
lator.

[0011] Further, according to a second aspect of the
invention, there is provided an ultrasonic diagnostic ap-
paratus including: an ultrasonic probe; a transceiver con-
figured to transmit and receive an ultrasonic wave to and
from the ultrasonic probe; an image creating part config-
ured to create image data of a series of tomographic im-
ages in time series for each of one or more sectional
positions of a biological tissue on the basis of a received
signal obtained as a result of transmitting and receiving
the ultrasonic wave; a display part configured to display
one tomographic image from among the series of tomo-
graphic images on the basis of the created image data
for each of the one or more sectional positions; a desig-
nating part configured to designate a measurement im-
age region on the one displayed tomographic image for
each of the one or more sectional positions; and a cal-
culator configured to calculate local motion information
showing a motion state of the biological tissue in the des-
ignated measurement image region on the basis of the
image data of the series of tomographic images for each
of the one or more sectional positions, wherein the dis-
play part displays the local motion information calculated
by the calculator.

[0012] Further, according to a third aspect of the in-
vention, there is provided a medical image processing
apparatus configured to process image data of a medical
image of a biological tissue obtained by an ultrasonic
diagnostic apparatus, the medical image processing ap-
paratus including: a memory configured to store image
data of a series of tomographic images in time series at
each of two or more sectional positions of the biological
tissue; a display part configured to display one tomo-
graphic image from among the series of tomographic im-
ages on the basis of the image data stored for each of
the two or more sectional positions; a designating part
configured to designate a measurement images region
on the one displayed tomographic image for each of the
two or more sectional positions; and a calculator config-
ured to calculate local motion information showing a mo-
tion state of the biological tissue in the designated meas-
urement image region basis of the image data of the se-
ries of tomographic images for each of the two or more
sectional positions and calculate motion information
showing the motion state of the biological tissue on the
basis of the local motion information calculated for each
of the two or more sectional positions, wherein the display
part displays the motion information calculated by the
calculator.

[0013] Further, according to a fourth aspect of the in-
vention, there is provided a medical image processing
apparatus configured to process image data of a medical
image of a biological tissue obtained by an ultrasonic
diagnostic apparatus, the medical image processing ap-
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paratus including: a memory configured to store image
data of a series of tomographic images in time series at
each of one or more sectional positions of the biological
tissue; a display part configured to display one tomo-
graphic image from among the series of tomographic im-
ages on the basis of the stored image data for each of
the one or more sectional positions; a designating part
configured to designate a measurement image region on
the one displayed tomographic image for each of the one
or more sectional positions; and a calculator configured
to calculate local motion information showing a motion
state of the biological tissue in the designated measure-
ment image region on the basis of the image data of the
series of tomographic images for each of the one or more
sectional positions, wherein the display part displays the
local motion information calculated by the calculator.
[0014] Further, according to a fifth aspect of the inven-
tion, there is provided a medical image processing pro-
gram for causing a computer having a memory config-
ured to store image data of a series of tomographic im-
ages in time series at each of two or more sectional po-
sitions of a biological tissue and a display to execute the
functions of: displaying one tomographic image from
among the series of tomographic images on the display
on the basis of the stored image data for each of the two
or more sectional positions; in response to designation
of a measurement region on the one displayed tomo-
graphic image, calculating local motion information
showing a motion state of the biological tissue in the des-
ignated measurement image region on the basis of the
image data of the series of tomographic images for each
of the two or more sectional positions; calculating motion
information showing the motion state of the biological
tissue on the basis of the local motion information calcu-
lated for each of the two or more sectional positions; and
displaying the calculated motion information on the dis-
play.

[0015] Further, according to a sixth aspect of the in-
vention, there is provided a medical image processing
program for causing a computer having memory config-
ured to store image data of a series of tomographic im-
ages in time series at each of one or more sectional po-
sitions of a biological tissue and a display to execute the
functions of: displaying one tomographic image from
among the series of tomographic images on the display
on the basis of the stored image data for each of the one
or more sectional positions; in response to designation
of a measurement image region designated on the one
displayed tomographic image, calculating local motion
information showing a motion state of the biological tis-
sue in the designated measurementimage region on the
basis of the image data of the series of tomographic im-
ages, for each of the one or more sectional positions;
and displaying the calculated local motion information on
the display.
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ADVANTAGE OF THE INVENTION

[0016] In the invention according to the first, third and
fifth aspects, one tomographic image is displayed for
each of two or more sectional positions of the biological
tissue, the local motion information showing the motion
state of the biological tissue in the measurement image
region is calculated in response to designation of the
measurement image region on the displayed tomograph-
ic image, the motion information of the biological tissue
is calculated on the basis of the calculated local motion
information at each of the two or more sectional positions,
and the motion information is displayed.

[0017] According to this invention, it is possible to
measure the three-dimensional motion of the biological
tissue by obtaining the motion information based on the
local motion information at each of the two or more sec-
tional positions of the biological tissue. Additionally, since
the motion information is obtained in consideration of only
the local motion information at the two or more sectional
positions, it is not necessary to calculate a displacement
at a portion between the sectional positions, whereby it
is possible to obtain the motioninformationin a shorttime.
[0018] Further, since the measurement image region
is designated on the displayed tomographic image, it is
possible to easily designate the measurement image re-
gion for obtaining the motion information.

[0019] Inthe invention according to the second, fourth
and sixth aspects, one tomographic image is displayed
for each of one or more sectional positions of the biolog-
ical tissue, the local motion information showing the mo-
tion state of the biological tissue in the measurement im-
ageregion is calculated in response to designation of the
measurementimage region on the displayed tomograph-
ic image, and the local motion information is displayed.
[0020] According to this invention, since the measure-
ment image region is designated on the displayed tom-
ographic image, it is possible to easily designate the
measurementimage region for obtaining the local motion
information.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

[ Fig. 1] Fig. 1 is a schematic block diagram showing
an example of an entire configuration of an ultrasonic
diagnostic apparatus according to a preferred em-
bodiment of the invention.

[Fig. 2 JFig. 2 is a schematic explanatory view show-
ing an example of an aspect of ultrasonic scan of the
ultrasonic diagnostic apparatus according to the pre-
ferred embodiment of the invention.

[Fig. 3] Fig. 3 is a schematic explanatory view show-
ing an example of the aspect of ultrasonic scan of
the ultrasonic diagnostic apparatus according to the
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preferred embodiment of the invention.

[Fig. 4] Fig. 4 is a flowchart showing an example of
an operation aspect of the ultrasonic diagnostic ap-
paratus according to the preferred embodiment of
the invention.

[Fig. 5] Fig. 5 is a schematic view showing an exam-
ple of a display aspect of a display screen of the
ultrasonic diagnostic apparatus according to the pre-
ferred embodiment of the invention.

[Fig. 6] Fig. 6 is a schematic view showing an exam-
ple of the display aspect of the display screen of the
ultrasonic diagnostic apparatus according to the pre-
ferred embodiment of the invention.

[Fig. 7] Fig. 7 is a flowchart showing an example of
a process of the ultrasonic diagnostic apparatus ac-
cording to the preferred embodiment of the invention.

[Fig. 8] Fig. 8 is a schematic explanatory view show-
ing the process of the ultrasonic diagnostic appara-
tus according to the preferred embodiment of the
invention.

[Fig. 9] Fig. 9 is a flowchart showing an example of
the process of the ultrasonic diagnostic apparatus
according to the preferred embodiment of the inven-
tion.

[Fig. 10] Fig. 10 is a schematic explanatory view
showing the process of the ultrasonic diagnostic ap-
paratus according to the preferred embodiment of
the invention.

[Fig. 11] Fig. 11 is a flowchart showing an example
of the process of the ultrasonic diagnostic apparatus
according to the preferred embodiment of the inven-
tion.

[Fig. 12] Fig. 12 is a schematic explanatory view
showing the process of the ultrasonic diagnostic ap-
paratus according to the preferred embodiment of
the invention.

[Fig. 13] Fig. 13 is a flowchart showing an example
of the process of the ultrasonic diagnostic apparatus
according to the preferred embodiment of the inven-
tion.

[Fig. 14] Fig. 14 is a schematic explanatory view
showing the process of the ultrasonic diagnostic ap-
paratus according to the preferred embodiment of
the invention.

[Fig. 15] Fig. 15 is a schematic block diagram show-
ing an example of an entire configuration in a mod-
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ification of the ultrasonic diagnostic apparatus ac-
cording to the preferred embodiment of the invention.

[Fig. 16] Fig. 16 is a schematic explanatory view
showing a process of the modification of the ultra-
sonic diagnostic apparatus according to the pre-
ferred embodiment of the invention.

[Fig. 17] Fig. 17 is a schematic block diagram show-
ing an example of an entire configuration of an ultra-
sonic diagnostic apparatus according to a preferred
embodiment of the invention.

DESCRIPTION OF REFERENCE NUMERALS AND
SYMBOLS

[0022]

1: Ultrasonic diagnostic apparatus

2: Two-dimension ultrasonic probe

3: Transceiver

4: Signal processor

41: B-mode processing part

5: Image processor

51: Volume data creating part

52: MPR processing part

6: Calculation processor

61: Displacement calculating part

62: Motion information calculating part
7 Memory

71,72:  Medical image processing program
8: User interface

81: Display

82 Operation part

9 Controller

P: Two-dimensional scanning plane

R: Three-dimension scanning plane

X: Primary-scanning direction

Y: Sub-scanning direction

M1 through M6: Inner-lining position image
M1 through M6: Outer-lining position image
1000: Medical image processing apparatus

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] An ultrasonic diagnostic apparatus, a medical
image processing apparatus, and a medical image
processing program according to preferred embodi-
ments of the invention will be described in detail with
reference to the accompanying drawings.

<FIRST EMBODIMENT>

[0024] An ultrasonic diagnostic apparatus according
to an embodiment of the invention will be described. Fig.
1 shows an example of an entire configuration of an ul-
trasonic diagnostic apparatus according to the invention.
An ultrasonic diagnostic apparatus 1 shown in Fig. 1 is
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an apparatus used to acquire, for example, an image
showing a shape of a biological tissue such as a heart
or an image showing a bloodstream state, and includes
a two-dimension ultrasonic probe 2, a transceiver 3, a
signal processor 4, an image processor 5, a calculation
processor 6, a memory 7, a user interface 8, and a con-
troller 9. Hereinafter, a detailed example of the respective
parts constituting the ultrasonic diagnostic apparatus 1
will be described.

{Memory, User Interface, and Controller}

[0025] First, the memory 7, the user interface 8, and
the controller 9 will be described. The memory 7 is com-
posed of, for example, a memory device such as a hard
disk drive. In the memory 7, a medical image processing
program 71 for causing the ultrasonic diagnostic appa-
ratus 1 to execute a characteristic operation according
to the invention is stored in advance. Additionally, in the
memory 7, various data such as image data of an ultra-
sonic image and incidental information incidental to the
image data (DICOM (Digital Imaging and Communica-
tions in Medicine)) are stored.

[0026] The user interface 8 is provided with a display
part 81 and an operation part 82. The display part 81
corresponds to an example of the "display" according to
the invention, and is composed of an arbitrary display
device such as a liquid crystal display or a CRT (Cathode
Ray Tube) display. The display part 81 displays animage
such as an ultrasonic image acquired by the ultrasonic
diagnostic apparatus 1, information such as the DICOM
incidental information of the image, etc.

[0027] The operation part 82 is composed of an arbi-
trary operation device or input device such as a mouse,
a track ball, a joystick, a control panel, and a keyboard.
[0028] Particularly, the operation part 82 serves as the
"designating part" for designating a measurement image
region on an ultrasonic image (tomographic image) dis-
played on the display part 81. The measurement image
region is a region on the tomographic image (in fact, im-
age data corresponding to this region) used as a refer-
ence for measuring amotion state of the biological tissue.
The ultrasonic diagnostic apparatus 1 operates so as to
create a series of volume data in time series by three-
dimensionally scanning the biological tissue with the ul-
trasonic wave and repeating the three-dimension scan-
ning operation, and so as to create the image data of the
tomographic image of the biological tissue on the basis
of one of the series of volume data, though the detailed
contents will be described later. The operation part 82 is
used to designate the measurement image region on the
tomographic image. The ultrasonic diagnostic apparatus
1 operates so as to measure the motion state of the bi-
ological tissue by analyzing how the designated meas-
urement image region varies in time series.

[0029] The controller 9 includes a microprocessor
such as a CPU, and controls the respective parts of the
ultrasonic diagnostic apparatus 1 on the basis of the med-
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ical image processing program 71. Particularly, the con-
troller 9 performs a process for displaying an image and
ascreenonthedisplay part 81. Additionally, the controller
performs a process for causing the ultrasonic diagnostic
apparatus 1 to execute an operation in response to an
operation signal outputted from the operation part 82.

{Two-dimension ultrasonic probe}

[0030] As conventional, the two-dimension ultrasonic
probe 2 (may be referred to as the ultrasonic probe 2
simply) has a plurality of ultrasonic transducers arranged
in two-dimension (for example, in a matrix shape (lattice
shape)) (not shown). The plurality of ultrasonic transduc-
ers are individually driven by the transceiver 3 described
later.

[0031] Figs.2and 3 show an aspectof ultrasonic wave
scanning by the two-dimension ultrasonic probe 2. As
shown in Fig. 2A, the ultrasonic probe 2 forms a two-
dimensional scanning plane P with a radial shape (fan
shape) by scanning with an ultrasonic wave (beam) out-
putted from an arrangement surface of the ultrasonic
transducers in a primary-scanning direction X. Addition-
ally, as shown in Fig. 2B, the ultrasonic probe 2 sequen-
tially forms two-dimensional scanning planes P1, P2, ...
Pn of a fan shape arranged in a sub-scanning direction
Y by scanning with the ultrasonic wave in the sub-scan-
ning direction Y perpendicular to the primary-scanning
direction X. Accordingly, as shown in Fig. 3, a three-di-
mension scanning region R is formed.

[0032] The sub-scanning direction Y corresponds to
"a predetermined direction" according to the invention,
and the primary-scanning direction X corresponds to "a
direction perpendicular to the predetermined direction."
The two-dimensional scanning planes P1 to Pn are
formed at "a plurality (n number) of positions along the
predetermined direction"

{Transceiver}

[0033] Thetransceiver 3includes atransmitter for gen-
erating an ultrasonic wave by supplying an electric signal
to the ultrasonic probe 2 and a receiver for receiving the
echo signal (receiving signal) outputted from the ultra-
sonic probe 2 received a reflected wave of the ultrasonic
wave (not shown).

[0034] A transmitter of the transceiver 3 includes a
clock generating circuit, a transmission delaying circuit,
and a pulsar circuit, which are not shown. The clock gen-
erating circuit is a circuit for generating a clock signal for
determining the transmission timing and the transmission
frequency of the ultrasonic wave. The transmission de-
laying circuit is a circuit that performs a transmission fo-
cus by applying a delay at the time of transmission of the
ultrasonic wave. The pulsar circuit incorporates a corre-
sponding number of pulsars to individual paths (chan-
nels) for the respective ultrasonic transducers, and op-
erates so as to generate a drive pulse at the delayed
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transmission timing and supply to the respective ultra-
sonic transducers of the ultrasonic probe 2.

[0035] Additionally, a receiver of the transceiver 3 in-
cludes a pre-amplifier circuit, an A/D converting circuit,
and a receiving delaying/adding circuit, which are not
shown. The pre-amplifier circuit amplifies an echo signal
outputted from each of the ultrasonic transducers of the
ultrasonic probe 2 for each receiving channel. The A/D
converting circuit performs an A(analog)/D(digital) con-
version of the amplified echo signal. The receiving de-
laying/adding circuit gives and adds a delay time neces-
sary for determining a receiving directivity to the echo
signal having been subjected to the A/D conversion. By
the adding process, a reflected component from a direc-
tion in accordance with the receiving directivity is empha-
sized. The signal having been subjected to the adding
process may be referred to as "RF data (or raw data)" or
the like. The transceiver 3 inputs the acquired RF data
to the signal processor 4.

{Signal Processor}

[0036] The signal processor 4 performs signal
processing for visualizing the amplitude information of
the echo signal on the basis of the RF data inputted from
the transceiver 3. The data created by the signal proc-
essor 4 is sent to the controller 9 to be displayed on the
display part 81 of the user interface 8 or to be inputted
to the image processor 5. The signal processor 4 mainly
includes a B-mode processing part 41, a Doppler
processing part 42, and a CMF processing part 43.

(B-mode processing part)

[0037] The B(Brightness)-mode processor 41 creates
B-mode ultrasonic raster data on the basis of the RF data.
More specifically, the B-mode processing part 41 per-
forms a band-pass filter process on the RF data and de-
tects an envelope of the output signal to perform a com-
pression process using a logarithmic transformation on
the detected data. Accordingly, image data of a tomo-
graphic image in which signal intensity is expressed as
a brightness of luminance is created for each of the two-
dimensional scanning planes P1 to Pn. The B-mode
processing part 41 corresponds to an example of a "first
tomographic image creating part" according to the inven-
tion.

(Doppler processing part)

[0038] The Doppler processing part 42 creates the
bloodstream information in the biological tissues by, for
example, a pulsed Doppler method (PW Doppler meth-
od) or a continuous wave Doppler method (CW Doppler
method).

[0039] In the pulse Doppler method, it is possible to
detect an ultrasonic frequency displacement (Doppler
displacement frequency component) caused by the Dop-
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pler effect of the bloodstream at a certain depth (a dis-
tance from the ultrasonic probe 2) by use of a pulse wave.
Thus, since the pulse Doppler method has a good dis-
tance resolution, the pulse Doppler method is favorably
used for the depth measurement of the bloodstream or
a tissue of a particular portion. In the application of the
pulse Doppler method, the Doppler processing part 42
extracts the Doppler displacement frequency component
by phase-detecting a signal in a bloodstream observation
region having a specified size from the RF data inputted
fromthe transceiver 3, and performs an FFT (Fast Fourier
Transform) process to create data showing the Doppler
frequency distribution representing a bloodstream veloc-
ity in the bloodstream observation region.

[0040] Additionally, unlike the pulse Doppler method,
the continuous wave Doppler method uses a continuous
wave to obtain a signal in which Doppler displacement
frequency components in all sites in a transmission/re-
ception direction of the ultrasonic wave (a diameter di-
rection in the two-dimensional scanning plane P having
a fan-shape shown in Fig. 2A) are superimposed, that is,
a signal showing all the bloodstream states on the path
of the ultrasonic wave. The continuous wave Doppler
method has a merit that the measurement velocity is ex-
cellent. In the application of the continuous wave Doppler
method, the Doppler processing part42 extracts the Dop-
pler displacement frequency component by phase-de-
tecting a signal received on a sample line for bloodstream
observation from the RF data inputted from the trans-
ceiver 3 and performs the FFT process, thereby creating
data showing the Doppler frequency distribution repre-
senting the bloodstream velocity on the sample line.

(CFM Processor)

[0041] The CFM (Color Flow Mapping) processor 43
operates at the time of performing a color flow mapping
method in which the bloodstream information of the bio-
logical tissue is superimposed in colors on a mono-
chrome B-mode image and is displayed in real time. An
example of the displayed bloodstream information in-
cludes the velocity, distribution, power, etc. of a blood-
stream. The bloodstream is obtained as binary informa-
tion. More specifically, the CFM processor 43 includes a
phase-detecting circuit, an MTI (Moving Target Indica-
tion) filter, an autocorrelator, a flow-velocity/distribution
calculator, and so on. The CFM processor 43 performs
a high-pass filter process (MTI filter process) to obtain a
morphological signal showing a shape of a biological tis-
sue and a bloodstream signal showing the bloodstream,
thereby obtaining the bloodstream information at a plu-
rality of positions, such as the bloodstream velocity, the
bloodstream distribution, and the bloodstream power by
an autocorrelation process. Additionally, a non-linear
process or the like may be carried out in order to reduce
the morphological signal.
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{Image Processor}

[0042] Theimage processor 5 performs various image
processing based on the data created by the signal proc-
essor 4. For example, the image processor 5 includes a
DSC (Digital Scan Converter), and performs a process
of converting data synchronized with the ultrasonic scan-
ning created by the signal processor 4 into data for dis-
play (television scanning type data), that is, a scan con-
version process.

[0043] Additionally, the image processor 5 includes a
volume data creating part 51 and an MPR processing
part 52 which are described below.

(Volume data creating part)

[0044] The volume data creating part 51 performs an
interpolation process on the image data of each of the
two-dimensional scanning planes P1 to Pn created by
the B-mode processing part 41 of the signal processor 4
so as to create volume data (voxel data). The volume
data creating part 51 corresponds to an example of a
"volume data creating part", and includes, for example,
a DSC or a microprocessor.

[0045] When a pseudo-three-dimensional image
based on the volume data is displayed, the image proc-
essor 5 performs a volume rendering process, an MIP
(Maximum Intensity Projection) process, etc., on the vol-
ume data.

(MPR processing part)

[0046] The MPR (Multi Plannar Reconstruction) proc-
essor 52 performs a section conversion process on the
basis of the volume data created by the volume data cre-
ating part 51 so as to create image data of a tomographic
image at an arbitrary section. The MPR processing part
52 corresponds to an example of a "second tomographic
image creating part," and includes, for example, a DSC,
a microprocessor, etc. Additionally, the MPR processing
part52, the volume data creating part 51, and the B-mode
processing part 41 of the signal processor 4 serve as an
example of the "image creating part" according to the
invention.

{Calculation Processor}

[0047] The calculation processor 6 is used to calculate
local motion information showing a local motion state or
motion information showing a broader motion state of the
biological tissue on the basis of the image data of the
tomographic image created by the MPR processing part
52 of the -image processor 5, and serves as an example
of the "calculator" according to the invention.

[0048] For example, when the biological tissue is a
heart, an example of the local motion information ob-
tained by the calculation processor 6 includes variation
in thickness of a heart wall, a velocity of the variation, a
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motion strain of the heart wall, a strain rate, a rotary angle
of an inner lining or an outer lining of the heart wall, a
velocity of the rotary angle (rotary velocity), a relative
rotary angle of the inner lining or the outer lining, and the
like (the detailed contents will be described later).
[0049] Additionally, an example of the motion informa-
tion includes, for example, a straining motion of the heart
wall, a velocity of the straining motion, expansion/con-
traction (shortening), a velocity of the expansion/contrac-
tion, a strain of the motion of the heart wall, a strain rate,
a relative rotary gradient, and the like (the detailed con-
tents will be described below).

[0050] The calculation processor 6 includes a micro-
processor such as a CPU. The calculation processor 6
is provided with a displacement calculating part 61 and
a motion information calculating part 62.

(Displacement calculating part)

[0051] The displacement calculating part 61 tracks the
measurement image region designated on the tomo-
graphic image by the operation part 82 in time series so
as to calculate the displacement (of the biological tissue)
in time series of the measurement image region. The
displacement of the measurement image region corre-
sponds to an example of "local motion information" ac-
cording to the invention.

[0052] It is possible to obtain a displacement velocity
by dividing the displacement between the two-dimen-
sional and three-dimensional images in time series at a
time interval (frame interval) between the images. On the
contrary, it is possible to obtain the displacement be-
tween the images by multiplying the displacement veloc-
ity of the measurement image region by the time interval
between the images. That is, when the time interval be-
tween the images is given, it is possible to suppose that
the displacement and the velocity are synonymous with
each other. For this meaning, the displacement and the
velocity may be considered to be identical with each other
in the invention.

[0053] An operation of the displacement calculating
part 61 will be described in more detail. As described
above, the ultrasonic diagnostic apparatus 1 creates the
series of volume data of the biological tissue in time se-
ries, and creates the image data of the tomographic im-
age based on one of the volume data (volume data at a
certain time (time phase)). Then, the measurement im-
age region is designated on the tomographic image. The
displacement calculating part 61 tracks how much the
measurement image region is displaced in the volume
data at a different time (time phase) in time series. Thus,
the process for tracking the displacement of the meas-
urement image region in the volume data in time series
may be referred to as "three-dimensional tracking."
[0054] Additionally, the displacement calculating part
61 is capable of tracking how much the measurement
image region designated on the tomographic image is
displaced in time series in the tomographic image at a
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different time (time phase) at the same sectional position
as that of the tomographic image. Such a tracking proc-
ess may be referred to as "two-dimensional tracking."
The two-dimensional tracking is carried out in such a
manner that the image data of the tomographic image in
time series at the sectional position is created on the
basis of the volume data in time series and the displace-
ment in the image data of the tomographic image in time
series is tracked. Additionally, the two-dimensional track-
ing may be carried out by tracking the displacement at
the sectional position of the volume data in time series.
[0055] Such a tracking process may be carried out by
the known method. For example, in the same manner as
the method disclosed in the above-described Patent Doc-
ument 1, the two-dimensional tracking may be carried
out in such a manner that characteristic points are ex-
tracted from the respective measurement image regions
designated on a plurality of tomographic images in time
series and a measurement point is designated on the
basis of the characteristic points. Then, atemplate having
asize including a predetermined number or more of char-
acteristic points on the basis of the measurement point
is set, and a correlation process (pattern matching proc-
ess) of two tomographic images (measurement image
region) is carried out by using the template, whereby cal-
culation of the displacement for each measurement point
is carried out.

[0056] Further, in the three-dimensional tracking, in a
similar manner, a three-dimensional template is set on
the basis of the volume data, and a pattern matching
process on two volume data at different times (time phas-
es)is carried out by using the three-dimensional template
to calculate the displacement at each measurement
point.

[0057] Additionally, the characteristic point and the
measurement point may be designated in only the meas-
urement image region (for example, an inner-lining po-
sition image m1 described below and shown in Fig. 5),
or may be designated in a region other than the meas-
urement image region, such as a region between the
boundaries of the measurement image regions (for ex-
ample, an image region corresponding to a section of a
heart wall surrounded by the inner-lining position image
m1 and an outer-lining position image M1) and a region
in the vicinity of the measurement image region. In any
case, it is possible to apply an arbitrary tracking method
by which it is possible to calculate the displacement in
time series of the designated measurement image re-
gion.

[0058] The displacement of the measurement points
obtained by the two-dimensional tracking or the three-
dimensional tracking can be directly used as the dis-
placement of the measurement image region. Addition-
ally, it is possible to calculate the displacement of the
boundary of the measurement image region (for exam-
ple, inner-lining position images m1 to m3 or outer-lining
position images M1 to M3 described below and shown
in Fig. 6) on the basis of the displacement of the meas-
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urement points, and use the displacement of the bound-
ary as the displacement of the measurement image re-
gion.

[0059] Thus, the displacement calculating part 61 des-
ignates a plurality of measurement points in a measure-
ment image region designated in one tomographic im-
age, and obtains the positions of the measurement
points, respectively, for a tomographic image in each
frame. Then, the displacement calculating part calculates
the displacement in time series of each of the measure-
ment points on the basis of the positions of the measure-
ment points for the tomographic image in each frame,
and calculates the displacement of the designated meas-
urement image region on the basis of the displacement
of the measurement points.

(Motion information calculating part)

[0060] The motion information calculating part 62 per-
forms a process for calculating motion information show-
ing a (broader) motion state of a biological tissue on the
basis of the displacement of the measurement image re-
gion calculated by the displacement calculating part 61.
A detailed example of the process for calculating the mo-
tion information by the motion information calculating part
62 will be described later.

[OPERATION ASPECT]

[0061] An example of the operation aspect of the ul-
trasonic diagnostic apparatus 1 with the above-described
configuration according to this embodiment will be de-
scribed with reference to Figs. 4 to 14. Here, a case will
be described in which a heart motion state is evaluated.
Hereinafter, an ultrasonic image acquiring operation and
a measurement image region designating operation will
be described with reference to Figs. 4 to 6, and then a
measurement image region tracking process and a mo-
tion information calculating process will be described with
reference to Figs. 7 to 14.

{Acquisition of Ultrasonic Image and Designation of
Measurement Image Region}

[0062] First, an ultrasonic image of a heart as a target
for evaluating a motion state is acquired. For this acqui-
sition, when a predetermined operation is carried out in
a state where the ultrasonic probe is placed on a body
surface in the vicinity of the heart of the examined person
(in general, in the vicinity of an apex portion of the heart),
the transceiver 3 controls the ultrasonic probe 2 on the
basis of the control of the controller 9 so that the three-
dimensional ultrasonic scanning of the heart (ultrasonic
scanning shown in Figs. 2 and 3) is carried out (S01).

[0063] The ultrasonic diagnostic apparatus 1 repeat-
edly performs the three-dimensional ultrasonic scanning.
At this moment, it is desirable that the three-dimensional
ultrasonic scanning is repeatedly carried out for a time
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notless than one cardiac cycle (one period of a heartbeat,
for example, from a current R wave to a subsequent R
wave in an electrocardiogram).

[0064] Next, the transceiver 3 converts echo signals
sequentially outputted from the ultrasonic probe 2 into
RF data and sequentially inputs to the signal processor
4.The B-mode processing part41 of the signal processor
4 sequentially creates image data of a tomographic im-
age in each of the two-dimensional scanning planes P1
to Pn on the basis of the RF data (S02). The created
image data is inputted to the image processor 5. When
volume data is obtained in advance, the image data of
the tomographic image may be created by executing the
MPR processing part the like on the volume-data.
[0065] Subsequently, the volume data creating part
51 of the image processor 5 sequentially executes an
interpolation process on the image data of the tomo-
graphic images in the two-dimensional scanning planes
P1to Pn, and sequentially creates volume datain a three-
dimension scanning region R corresponding to one
three-dimensional ultrasonic scanning (S03). Thus, a
plurality of volume data in time series are obtained.
[0066] Next, the MPR processing part 52 creates im-
age data of atomographicimage at a predetermined sec-
tional position of the heart on the basis of one of the
plurality of generated volume data. In this embodiment,
image data of an apical four chamber image (may be
referred to as an apical four chamber tomogram) and
image data of an apical two chamber image (maybe re-
ferred to as an apical two chamber tomogram) are cre-
ated (S04). Here, the apical four chamber image and the
apical two chamber image each corresponds to a sec-
tional image at a sectional position along a longitudinal
direction of the heart, and their sectional positions are
orthogonal to each other.

[0067] The controller 9 controls the display part 81 to
display the tomographic images (the apical four chamber
image and the apical two chamber image) based on the
image data created in Step S04 (S05). Fig. 5 shows an
example of a display aspect at this moment. In Fig. 5,
the display part 81 (a display screen thereof) is provided
with sectional-position designating image displays 81 A
and 81B based on the image data created in Step S04.
In Fig. 1, the apical four chamber image is displayed on
the sectional-position designatingimage display part 81A
and the apical two chamber image is displayed on the
sectional-position designating image display part 81 B.
[0068] Additionally, in the case of ultrasonic diagnosis
by electrocardiogram synchronization, an electrocardio-
gram is displayed on an electrocardiogram display por-
tion 81F of the display part 81. A time cursor T showing
a time (time phase and time) at which the tomographic
images displayed on the sectional-position designating
image displays 81 A and 81B are acquired is displayed
on the electrocardiogram display portion 81F. In Fig. 5,
the time cursor T is located at a time phase of the R-wave
in the electrocardiogram. Here, it is possible to configure
so that the time cursor T can be moved (e.g., dragged
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and dropped) in a time direction (horizontal direction) of
the electrocardiogram and so that a tomographic image
at a destination time (time phase) of the time cursor T is
created from the volume data and displayed on the sec-
tional-position designating image displays 81A and 81B.
[0069] Sectional-position designating cursors C1, C2
and C3 are disposed at horizontal positions on the sec-
tional-position designating image display part 81B. For
example, while observing the apical four chamber image
or the apical two chamber image, a user operates a
mouse of the operation part 82 to drag and drop the sec-
tional-position designating cursors C1 to C3 in a vertical
direction (a longitudinal direction of the heart), thereby
designating a sectional position (S06).

[0070] The controller 9 determines the coordinate of
the designated sectional position on the image data of
the apical four chamber image on the basis of, for exam-
ple, the coordinate in the display screen of the apical four
chamber image (and/or the apical two chamber image)
and the coordinate in the display screen of the sectional-
position designating cursors C1 to C3, and sends it to
the image processor 5

[0071] . The MPR processing part 52 creates image
data of atomographicimage having a section in the short-
axis direction of the heart at each of the designated sec-
tional positions, on the basis of the coordinate information
sent from the controller 9 and the plurality of volume data
created in Step S03 (S07). At this moment, the MPR
processing part 52 creates the image data of the tomo-
graphic image at each of the designated sectional posi-
tions for each of the plurality of volume data.

[0072] The controller 9 controls tomographic image
display portions 81C, 81D and 81E of the display part 81
to display tomographic images on the basis of the image
data created from the same volume data as created in
Step S04, from among the image data created in Step
S07 (S08). In Step S07, the image data involved with the
display process in Step S08 is first created, and the cre-
ation process of the other image data may be carried out
in the background after the process in Step S08.
[0073] In the example shown in Fig. 5, the sectional-
position designating cursors C1 to C3 are respectively
setto an apex-portion level, a papillary-muscle level, and
a base-portion level of the heart. In this case, a tomo-
graphic image of the apex-portion level (an apex portion
short-axis image G1) designated with the sectional-po-
sition designating cursor C1 is displayed on the tomo-
graphic image display portion 81C. Additionally, a tom-
ographic image of the papillary-muscle level (a papillary
muscle short-axis image G2) designated with the sec-
tional-position designating cursor C2 is displayed on the
tomographic image display portion 81D. Additionally, a
tomographic image of the base-portion level (a base por-
tion short-axis image G3) designated with the sectional-
position designating cursor C3 is displayed on the tom-
ographic image display portion 81E.

[0074] The user operates the operation part 82 to des-
ignate the measurementimage region on the tomograph-
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ic image displayed on each of the tomographic image
display portions 81C, 81D and 81E (S09). This operation
is carried out, for example, by dragging a mouse to input
a boundary showing the measurement image region onto
the tomographic image.

[0075] Fig. 6 shows an example of an aspect of des-
ignating the measurementimage region on the apex por-
tion short-axis image G1, the papillary muscle short-axis
image G2 and the base portion short-axis image G3
shown in Fig. 5. The dashed line shown inside of each
of the short-axis images G1 to G3 indicates the inner
lining, while the dashed line shown outside indicates the
outer lining. While observing the displayed short-axis im-
ages G1 to G3, the user operates the operation part 82
to trace the inner lining and the outer lining, thereby in-
putting a line showing the measurement image region.
[0076] Thus, as shown in Fig. 6, in the apex portion
short-axis image G1, an inner-lining position image m1
obtained by tracing the inner lining of the heart wall and
an outer-lining position image M1 obtained by tracing the
outer lining are inputted. Additionally, in the papillary
muscle short-axis image G2, an inner-lining position im-
age m2 obtained by tracing the inner lining of the heart
wall and an outer-lining position image M2 obtained by
tracing the outer lining are inputted. Additionally, in the
base portion short-axis image G3, an inner-lining position
image m3 obtained by tracing the inner lining of the heart
wall and an outer-lining position image M3 obtained by
tracing the outer lining are inputted.

[0077] Consequently, the ultrasonic image acquiring
operation and the measurement image region designat-
ing operation end.

{Measurement Image Region Tracking Process and Mo-
tion Information Calculating Process}

[0078] Next, the measurement image region tracking
process (displacement calculating process) and the mo-
tion information calculating process will be described with
reference to Figs. 7 to 14. Hereinafter, description will be
made for each of the motion information to be acquired.
Each process described below is carried out following
Step S09 of the flowchart shown in Fig. 4. A plurality of
processes described below may be sequentially carried
out or may be carried out in parallel. Moreover, it is not
necessary to individually perform the same process car-
ried out in the different processes.

(Motion Information: Straining Motion)

[0079] First, a process of acquiring a straining motion
state of a heart wall as motion information will be de-
scribed with reference to Figs. 7 and 8. When the meas-
urement image region is designated on the tomographic
image displayed on each of the tomographic image dis-
play portions 81C, 81D and 81E (S09), the displacement
calculating part 61 performs the two-dimensional track-
ing of the inner-lining position image m1 based on the
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image data of the tomographic image created for each
of the plurality of volume data in time series (S07), there-
by calculating a rotary angle (local motion information)
of the inner-lining position image m1 about an axis in a
direction orthogonal to the section of the apex portion
short-axisimage G1 (alongitudinal direction of the heart).
In a like manner, in the papillary muscle short-axis image
G2 and the base portion short-axis image G3, the dis-
placement calculating part calculates rotary angles (local
motion information) of the inner-lining position images
m2 and m3 about the axis in the longitudinal direction of
the heart (S11). Instead of the inner-lining position imag-
es m1, m2 and m3, rotary angles of the outer-lining po-
sition images M1, M2 and M3 may be calculated.
[0080] At this moment, the displacement calculating
part 61, for example, calculates the rotary angles of the
inner-lining position images m1, m2 and m3 for each time
phase as the rotary angles at the time phase (reference
time phase) at which the inner-lining position image m1
etc. are inputted in Step S09. The displacement calcu-
lating part may sequentially calculate the rotary angles
of the inner-lining position images m1, m2 and m3 in the
adjacent frames (that is, continuous frames) in time se-
ries.

[0081] The motion information calculating part 62 cal-
culates a difference (a relative rotary angle) between the
rotary angle of the inner-lining position image m1 and the
rotary angle of the inner-lining position image m2 (S12).
In the same manner, the motion information calculating
part calculates a difference (a relative rotary angle) be-
tween the rotary angle of the inner-lining position image
m2 and the inner-lining position image m3 (S13). The
relative rotary angle corresponds to an example of "dif-
ference information" according to the invention.

[0082] The processes shown in Step S12and S 13 will
be described in detail with reference to Fig. 8. In the to-
mographic image display portions 81C, 81 D and 81 E,
for example, a counterclockwise direction is defined as
a normal rotary direction (+6 direction). Additionally, a
rotary angle of the inner-lining position image m1 is de-
noted by 061, a rotary angle of the inner-lining position
image m2 is denoted by 62, and a rotary angle of the
inner-lining position image m3 is denoted by 63.

[0083] Atthis moment, arelative rotary angle A612 cal-
culated in Step S12 is obtained by A612 = 61-62 (or 62-
61). Additionally, a relative rotary angle A623 calculated
in Step S13 is obtained by 623 = 02-03 (or 63-62).
[0084] The relative rotary angle A612 obtained in Step
S12isinformation showing a straining motion state (mag-
nitude) of the heart wall between the sectional positions
of the apex portion short-axis image G1 and the papillary
muscle short-axis image G2. That is, when the relative
rotary angle A612 = 0 (61=62), it is possible to suppose
that, at an arbitrary position between the sectional posi-
tions, the heart wall rotates by the same angle in the
same direction and there is no strain in the rotary direc-
tion.

[0085] Meanwhile, in the case of |A812| = 0, thereis a
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difference in rotary angle between the sectional posi-
tions, and the heart wall is strained in the rotary angle
direction. The strain of the heart wall is larger as the ab-
solute value of the relative rotary angle A612 is larger.
Forexample, when the signs of the 81 and 62 are different
from each other, that is, when the rotary direction of the
inner-lining position image m1 and the rotary direction of
the inner-lining position image m2 are opposite to each
other, the absolute value of the relative rotary angle A612
is comparatively larger.

[0086] In the same manner, the relative rotary angle
AB23 obtained in Step S 13 is information showing the
magnitude of a straining motion of the heart wall between
the sectional positions of the papillary muscle short-axis
image G2 and the base portion short-axis image G3.
[0087] The controller 9 controls the display part 81 to
display the relative rotary angles A812 and A823 calcu-
lated in Steps S12 and S 13 as the motion information
showing the magnitude of a straining motion of the heart
wall (S14). The user can grasp the magnitude of the
straining motion of the heart wall by referring to the dis-
played relative rotary angles A612 and A623. Here, it is
also possible to calculate the relative rotary angles of the
inner lining and the outer lining of the heart wall, respec-
tively, and evaluate the magnitude of the straining motion
on the basis of the two relative rotary angles (forexample,
by obtaining an average of the two relative rotary angles).
[0088] By differentiating the relative rotary angle A612
by time, it is possible to obtain the velocity of a straining
motion of the heart wall between the inner-lining position
images m1 and m2. In the same manner, by differentiat-
ing the relative rotary angle A623by time, it is possible to
obtain the velocity of a straining motion of the heart wall
between the inner-lining position images m2 and m3.
Then, it is possible to configure so as to display the ve-
locities on the display part 81. Here, "differentiation” in-
cludes a process of dividing the relative rotary angle by
a time interval between the frames where the relative
rotary angles are obtained, as well as a general differen-
tiation calculation.

(Motion Information: Relative Rotary Gradient)

[0089] A process of acquiring a relative rotary gradient
of the heart wall as the motion information will be de-
scribed with reference to Figs. 9 and 10. The relative
rotary gradient is information showing the degree of a
straining motion of the heart wall.

[0090] First, inthe same manner as in Step S11 shown
in Fig. 7, the displacement calculating part 61 calculates
the rotary angle 61 of the inner-lining position image m1
of the apex portion short-axis image G1, the rotary angle
02 of the inner-lining position image m2 of the papillary
muscle short-axis image G2, and the rotary angle 63 of
the inner-lining position image m3 of the base portion
short-axis image G3 (S21).

[0091] Next, in the same manner as in Steps S12 and
S13, the motion information calculating part 62 calculates
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the relative rotary angle A612 between the rotary angle
61 of the inner-lining position image m1 and the rotary
angle 62 of the inner-lining position image m2 (S22), and
calculates the relative rotary angle A823 between the ro-
tary angle 62 of the inner-lining position image m2 and
the rotary angle 63 of the inner-lining position image m3
(S23).

[0092] Subsequently, the motion information calculat-
ing part 62 calculates a distance d12 between the apex
portion short-axis image G1 and the papillary muscle
short-axis image G2 (S24), and calculates a distance d23
between the papillary muscle short-axis image G2 and
the base portion short-axis image G3 (S25). The distanc-
es d12 and d23 can be calculated, for example, on the
basis of the coordinates of the sectional positions of the
apex portion short-axis image G1, the papillary muscle
short-axis image G2, and the base portion short-axis im-
age G3 obtained by the controller 9 following Step S06.
[0093] Additionally, as shown in Fig. 10, the motion
information calculating part 62 divides the relative rotary
angle AB12 obtained in Step S22 by the distance d 12
obtained in Step S24 to calculate the relative rotary gra-
dient 56012=A012/d12 between the inner-lining position
image m1 and the inner-lining position image m2 (S26).
Similarly, the motion information calculating part 62 di-
vides the relative rotary angle A623 obtained in Step S23
by the distance d23 obtained in Step S25 to calculate the
relative rotary gradient 8623=A623/d23 between the in-
ner-lining position image m2 and the inner-lining position
image m3 (S27).

[0094] The controller 9 controls the display part 81 to
display the relative rotary gradients 6612 and 8623 cal-
culated in Steps S26 and S27 as the motion information
showing the degree of a straining motion of the heart wall
(S28).

[0095] The relative rotary gradient 6612 shows the
magnitude of strain per unit distance between the inner
linings at the apex-portion level and the papillary-muscle
level. Additionally, the relative rotary gradient 8623 shows
the magnitude of strain per unit distance between the
inner linings at the papillary-muscle level and the base-
portion level. That is, the relative rotary gradients 6612
and 0023 are motion information showing the degree of
strain of the heart wall (inner lining). The user can grasp
the degree of a straining motion of the heart wall by re-
ferring to the displayed relative rotary gradients 6612 and
8623. It is also possible to calculate the relative rotary
gradients for the inner lining and the outer lining of the
heart wall, and evaluate the degree of a straining motion
on the basis of the two relative rotary gradients (for ex-
ample, by obtaining an average from the two relative ro-
tary gradients).

(Motion Information: Longitudinal Expansion-Contrac-
tion)

[0096] A process of acquiring longitudinal expansion-
contraction (shortening) of the heart wall as the motion
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information will be described with reference to Figs. 11
and 12.

[0097] First, the displacement calculating part 61 ex-
ecutes the three-dimensional tracking, respectively, on
the inner-lining position image m1 of the apex portion
short-axis image G1, the inner-lining position image m2
ofthe papillary muscle short-axis image G2 and the inner-
lining position image m3 of the base portion short-axis
image G3, on the basis of the plurality of volume data in
time series (S03), thereby calculating three-dimensional
displacements (Ax1, Ay1, and Az1), (Ax2, Ay2, and Az2)
and (Ax3, Ay3, and Az3) of tomographic images in which
the measurement image regions are designated for the
inner-lining position image m1, the inner-lining position
image m2 and the inner-lining positionimage m3, respec-
tively (S31). The displacement corresponds to an exam-
ple of the "local motion information." The displacement
calculating part may calculate three-dimensional dis-
placements of the outer-lining position images M1, M2
and M3 instead of the inner-lining position images m1,
m2 and m3.

[0098] At this moment, for example, for each time
phase, the displacement calculating part 61 calculates
three-dimensional displacements of the inner-lining po-
sition images m1, m2 and m3 as three-dimensional dis-
placements with respect to a reference time phase at
which the inner-lining position image m1 etc. are inputted
in Step S09. The displacement calculating part may se-
quentially calculate the three-dimensional displace-
ments of the inner-lining position images m1, m2 and m3
in continuous frames.

[0099] Additionally, Ax and Ay denote displacements
in the X direction (one side of the direction will be +X
direction) and in the Y direction shown in Figs. 2 and 3,
respectively. A plane including the X direction and the Y
direction is parallel to the sections of the apex portion
short-axis image G1, the papillary muscle short-axis im-
age G2, and the base portion short-axis image G3. Ad-
ditionally, Az denotes a displacement in the Z direction
(for example, an apex-portion direction will be the -Z di-
rection and a base-portion direction will be the +Z direc-
tion when viewed from the papillary-muscle level) orthog-
onal to the X direction and the Y direction. The Z direction
is parallel to the longitudinal direction of the heart.
[0100] Additionally, the displacement calculating part
61 extracts the displacements Az1, Az2 and Az3 in the
Z direction (longitudinal direction) from the three-dimen-
sional displacements (Ax1, Ay1, and Az1), (Ax2, Ay2, and
Az2) and (Ax3, Ay3, and Az3) (S32).

[0101] Here, itis assumed that the sections of the apex
portion short-axis image G1 etc. are parallel to the XY
plane. However, even when the sections of the apex por-
tion short-axis image G1 etc. are not parallel to the xy
plane, it is possible to easily calculate the displacement
in the Z direction by projecting the three-dimensional dis-
placement (vector) in the Z direction.

[0102] Next, as shown in Fig. 12, the motion informa-
tion calculating part 62 calculates the difference between
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the displacement Az1 of the inner-lining position image
m1 in the Z direction and the displacement Az2 of the
inner-lining position image m2 in the Z direction to obtain
the expansion-contraction Az12=Az1-Az2 (or Az2-Az1)
of the heart wall between the apex-portion level and the
papillary-muscle level (S33). In the same manner, the
motion information calculating part 62 calculates the dif-
ference between the displacement A2 of the inner-lining
positionimage m2in the Z direction and the displacement
A3 of the inner-lining position image m3 in the Z direction
to obtain the expansion-contraction Az23=Az2-Az3 (or
Az3-Az2) of the heart wall between the papillary-muscle
level and the base-portion level (S34). The expansion-
contraction Az12 and Az13 correspond to an example of
"difference information."

[0103] The controller 9 controls the display part 81 to
display the expansion-contraction Az12 and Az23 of the
heart wall calculated in Steps S33 and S34 as the motion
information showing the magnitude of the expansion-
contraction of the heart wall (S35). The user can grasp
the magnitude of the expansion-contraction of the heart
wall by referring to the displayed expansion-contraction
Az12 and Az23 of the heart wall.

[0104] It is also possible to calculate the expansion-
contraction of the heart wall for each of the inner lining
and the outer lining, respectively, and evaluate the mag-
nitude of the expansion-contraction on the basis of the
two values of the expansion and the contraction (for ex-
ample, obtaining an average from the two values of the
expansion-contraction).

[0105] Additionally, by differentiating the expansion-
contraction Az12 by time, it is possible to obtain the ve-
locity of the expansion-contraction motion of the heart
wall between the inner-lining positionimages m1and m2.
In the same manner, by differentiating the expansion-
contraction Az23 by time, it is possible to obtain the ve-
locity of the expansion-contraction motion of the heart
wall between the inner-lining positionimages m2 and m3.
Then, it is possible to configure so as to display the ve-
locities on the display part 81. Here, the "differentiation”
has the same meaning as described above.

(Motion Information: Longitudinal Strain)

[0106] A process of acquiring a longitudinal strain of
the heart wall as the motion information will be described
with referenceto Figs. 13 and 14. The strainis information
showing the degree of the strain magnitude of the heart
wall, and represents the strain state of the heart wall.

[0107] First, in the same manner as in the case of ob-
taining the longitudinal expansion-contraction, the dis-
placement calculating part 61 calculates the three-di-
mensional displacements (Ax1, Ay1, and Az1), (Ax2, Ay2,
and Az2) and (Ax3, Ay3, and Az3) of the tomographic
images having the measurement image regions desig-
nated thereon for each of the inner-lining position image
m1, the inner-lining position image m2 and the inner-
lining position image m3 (S41), and extracts the displace-
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ments Az1, Az2 and Az3 in the Z direction (longitudinal
direction) from the three-dimensional displacements
(S42).

[0108] Next, in the same manner as described above,
the motion information calculating part 62 calculates the
expansion-contraction Az12=Az1-Az2 of the heart wall
between the apex-portion level and the papillary-muscle
level (S43), and calculates the expansion-contraction
Az23=Az2-Az3 of the heart wall between the papillary-
muscle level and the base-portion level (S44).

[0109] In the same manner as in Steps S24 and S25
shown in Fig. 9, for the apex portion short-axis image
G1, the papillary muscle short image G2 and the base
portion short-axis image G3 in which the measurement
image regions are designated, the motion information
calculating part 62 calculates the distance d12 between
the apex portion short-axis image G1 and the papillary
muscle short-axis image G2 (S45), and calculates the
distance d23 between the papillary muscle short-axis im-
age G2 and the base portion short-axis image G3.
[0110] Furthermore, the motion information calculat-
ing part 62 divides the expansion-contraction Az12 cal-
culated in Step S43 by the distance d12 calculated in
Step S45 to calculate the longitudinal strain
6z12=Az12/d12 between the apex-portion level and the
papillary-muscle level (S47). Additionally, the motion in-
formation calculating part 62 divides the expansion-con-
traction Az23 calculated in Step S44 by the distance d23
calculated in Step S46 to calculate the longitudinal strain
0z23=Az23/d23 between the papillary-muscle level and
the base-portion level (S48).

[0111] The controller 9 controls the display part 81 to
display the strains 6z12 and 6223 of the heart wall cal-
culated in Step S47 and S48 as the motion information
showing the magnitude of the strain of the heart wall
(S49). The user can grasp the magnitude of the strain of
the heart wall by referring to the displayed strains 6z12
and 6z23 of the heart wall.

[0112] Itis also possible to calculate the strains of the
inner lining of the heart wall and the outer lining of the
heart wall, respectively, and evaluate the magnitude of
the strain on the basis of the two strain values (for exam-
ple, obtaining an average from the two strain values).

(Motion Information: Longitudinal Strain Rate)

[0113] A process of acquiring a longitudinal strain rate
of the heart wall as the motion information will be de-
scribed. The strain rate is information showing a variation
rate with time of the strain of the heart wall, and repre-
sents the strain state of the heart wall.

[0114] In the case of obtaining the strain rate, by per-
forming the same processes in Steps S41 to S48 of the
flowchart shown in Fig. 13, the longitudinal strain 6z12
between the apex-portion level and the papillary-muscle
level and the longitudinal strain §z23 between the papil-
lary-muscle level and the base-portion level are calculat-
ed.
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[0115] Here, the strain 6z12 and the strain 6z23 are
calculated for the apex portion short-axis image G1, the
papillary muscle short-axis image G2 and the base por-
tion short-axis image G3 at two time phases t1 and t2
(t1#t2). The motion information calculating part 62 di-
vides the strain 6z12 by the time interval At=| t1-t2| to
calculate the longitudinal strain rate between the apex-
portion level and the papillary-muscle level. Additionally,
the motion information calculating part divides the 6z23
by the time interval At to calculate the longitudinal strain
rate between the papillary-muscle level and the base-
portion level. The motion information calculating part may
perform the general differentiation calculation to calcu-
late the strain rate from the strain.

[0116] The controller 9 controls the display part 81 to
display the calculated strain rates 6z12/At and 6z23/At of
the heart wall as the motion information showing the var-
iation rate with time of the strain of the heart wall. The
user can grasp the variation rate with time of the strain
of the heart wall by referring to the displayed strain rate
of the heart wall.

[0117] Additionally, it is also possible to calculate the
strain rates of the inner lining and the outer lining of the
heart wall, respectively, and evaluate the variation rate
with time of the strain on the basis of the two values of
the strain rates (for example, obtaining an average of the
two values of the strain rates).

[EFFECTS AND ADVANTAGES]

[0118] According to the ultrasonic diagnostic appara-
tus 1 operating as described above, the following effects
and advantages are produced.

[0119] The ultrasonic diagnostic apparatus 1 first cre-
ates image data of a moving picture at each of two or
more sectional positions of a biological tissue (heart) (for
example, three sectional positions of the apex-portion
level, the papillary-muscle level and the base-portion lev-
el). The image data of the moving picture is image data
of a series of tomographic images in time series. In real-
time display of the image, there is a case where the mov-
ing picture cannot be displayed due to the operation ve-
locity of the CPU or the like. In this case, for example,
only the tomographic image can be displayed by per-
forming the MPR process on the volume data.

[0120] Next, the ultrasonic diagnostic apparatus 1 dis-
plays one tomographicimage of the series of tomograph-
ic images for each of the two or more sectional positions.
The user designates the measurement image region on
each of the displayed tomographic images by operating
the operation part 82. When the measurement image re-
gion is designated, the ultrasonic diagnostic apparatus
1 calculates the displacement in time series of the des-
ignated measurementimage regions on the tomographic
images at the sectional positions. Then, on the basis of
the displacement of the measurementimage regions cal-
culated for the two or more sectional positions, the ultra-
sonic diagnostic apparatus calculates the motion infor-
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mation showing the motion state of the biological tissue.
[0121] Thus, unlike the known method in which the mo-
tion of the biological tissue is measured in terms of the
displacement (local motion information) of the measure-
ment image region at one sectional position, the ultra-
sonic diagnostic apparatus 1 according to the invention
designates the measurement image regions at two or
more sectional positions and obtains the displacements
(local motion information) of the two or more measure-
ment image regions to acquire the motion information.
Therefore, itis possible to measure the three-dimension-
al motion of the biological tissue.

[0122] To be specific, on the basis of the displace-
ments of the measurementimage regions at the sectional
positions, the relative displacement at the different sec-
tional positions (the relative displacement (difference in-
formation); the relative rotary angle, the expansion-con-
traction, and the like described above) is obtained,
whereby it is possible to measure the three-dimensional
motion of the biological tissue on the basis of the relative
displacement. Additionally, as a result of execution of the
measurement on the basis of such a relative displace-
ment, it is not necessary to perform data analysis on a
portion between the sectional positions (that is, it is not
necessary to perform three-dimension data analysis).
Therefore, there is a merit that the three-dimensional
measurement can be executed in a short time.

[0123] Additionally, by three-dimensional tracking of
the measurement image region designated on the two-
dimensional tomographic image on the basis of the vol-
ume data, it is possible to obtain the three-dimensional
displacement of the measurement image region, so that
it is possible to perform the measurement with high pre-
cision.

[0124] If the two-dimensional tracking and the three-
dimensional tracking are selectively carried out on the
basis of the motion information to be acquired, it is pos-
sible to increase the efficiency in processing. In accord-
ance with the motion information to be acquired, itis pos-
sible to configure the ultrasonic diagnostic apparatus ca-
pable of performing only the two-dimensional tracking or
the ultrasonic diagnostic apparatus capable of perform-
ing only the three-dimensional tracking.

[0125] Additionally, according to the ultrasonic diag-
nostic apparatus 1, unlike the known configuration in
which the measurement image region is designated on
the displayed pseudo-three-dimensional image, the to-
mographicimage (MPR image) based on the volume da-
ta is displayed and the measurement image region is
designated on the tomographic image, so that it is pos-
sible to easily designate the measurementimage region.
[0126] According to the ultrasonic diagnostic appara-
tus 1, other than the above-described motion information,
forexample, itis possible to acquire various (local) motion
information, such as a variation (velocity) of the thickness
of the heart wall, a strain or a strain rate of the heart wall
in the thickness direction (short-axis direction), a rotary
angle (rotary velocity) of the inner lining or the outer lining
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of the heart wall about the longitudinal direction, a strain
or a strain rate of the heart wall in a rotary direction about
the longitudinal direction, and a relative rotary angle of
the inner lining or the outer lining of the heart wall in the
rotary direction about the longitudinal direction. As con-
ventional, it is possible to obtain the motion information
by two-dimensional tracking on one tomographic image.
Additionally, even when the three-dimensional tracking
is used, for example, it is possible to acquire the motion
information in terms of the image (image obtained by the
rendering process) obtained by projecting the volume da-
ta in a predetermined line of a sight.

[0127] The variation of the thickness of the heart wall
(the wall thickness) can be acquired by calculating the
thickness of the heart wall for each of two tomographic
images having different time phases and obtaining the
difference therebetween. Here, the thickness of the heart
wall can be obtained by obtaining a straight line orthog-
onal to a tangential line contacting the inner lining (or the
outer lining) at an arbitrary position of the inner lining (or
the outer lining), obtaining a position (intersection point)
of the straight line intersecting the outer lining (or the
inner lining), and then calculating a distance between the
arbitrary position and the intersection point. Additionally,
the variation velocity of the wall thickness can be easily
obtained by dividing the variation of the wall thickness
by the time between two tomographic images or by per-
forming a general differentiation process (differentiation
process having a variable of time) to the variation of the
wall thickness.

[0128] Itis possible to obtain the strain of the heart wall
in the thickness direction by obtaining the variation of the
wall thickness and dividing the variation of the wall thick-
ness by the value of the wall thickness of one tomograph-
ic image (tomographic image at a certain time phase) of
two tomographic images. Itis possible to obtain the strain
rate by dividing the strain value by the time interval be-
tween the time phases of the two tomographic images
(or by differentiating the strain value by time).

[0129] It is possible to obtain the rotary angle of the
inner lining (outer lining) of the heart wall about the lon-
gitudinal direction by obtaining the short-axis positions
of the inner lining (outer lining) in the rotary direction for
two tomographic images having different time phases,
and calculating the position of the inner lining (outer lin-
ing) of one tomographicimage with respect to the position
of the inner lining (outer lining) of the other tomographic
image. Additionally, it is possible to easily obtain the ro-
tary velocity in the above-described manner.

[0130] The strain of the heart wall in the rotary direction
about the longitudinal direction is obtained by calculating
adistance between two positions of the inner lining (outer
lining) in the rotary direction for each of two tomographic
images having different time phases, and calculating a
difference between the two distances, and dividing a val-
ue of the difference by the distance calculated for one of
the two tomographic images. Additionally, it is possible
to obtain the strain rate by dividing the strain value by
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the time interval between the time phases of two tomo-
graphic images.

[0131] Itis possible to obtain the relative rotary angle
of the inner lining and the outer lining of the heart wall in
the longitudinal direction as the rotary direction, by ob-
taining the rotary angle of the inner lining and the rotary
angle of the outer lining in two tomographic images hav-
ing different time phases (described above), and calcu-
lating the difference therebetween.

[0132] Although a measurementimage region parallel
to the short-axis direction of the heart is designated in
this embodiment, it is also possible to designate a meas-
urement image region on a section parallel to the longi-
tudinal direction. In this case, the straining motion and
relative rotary gradient in the longitudinal direction can
be obtained by two-dimensional tracking on a tomo-
graphic image in the relevant section. Additionally, the
expansion-contraction, strain and strain rate in the short-
axis direction can be obtained by executing three-dimen-
sional tracking using volume data.

[0133] Furthermore, it is also possible to designate a
measurement image region parallel to an arbitrary sec-
tion of the heart. In this case, the motion information ac-
quired from only a displacement in a direction parallel to
the measurement image region can be obtained by two-
dimensional tracking on a tomographic image in a direc-
tion parallel to the relevant section. Additionally, the mo-
tion information that needs a displacement in a direction
orthogonal to the relevant section can be obtained by
executing three-dimensional tracking using volume data.
[0134] Besides, even when executing three-dimen-
sional ultrasonic scanningin an arbitrary scanning aspect
for generating volume data, it is possible to execute a
similar motion information acquiring process. For exam-
ple, even when rotationally scanning a two-dimensional
scanning plane, it is possible to execute a process as in
the above-described embodiment. That is, it is possible
to arbitrarily select an ultrasonic scanning aspect as far
as volume data of a biological tissue can be created
thereby.

[MODIFICATION]

[0135] The above-described ultrasonic diagnostic ap-
paratus 1 is merely a preferred detailed example of the
ultrasonic diagnostic apparatus according to the inven-
tion. Hereinafter, various modifications of the ultrasonic
diagnostic apparatus according to the invention will be
described.

[First Modification]

[0136] This modification is provided to facilitate an op-
eration for designating a measurement image region on
an image based on volume data obtained by executing
three-dimension ultrasonic scan on a biological tissue.
The ultrasonic diagnostic apparatus according to this
modification has a configuration similar to that of the ul-
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trasonic diagnostic apparatus 1 according to the above-
described embodiment. Hereinafter, a process according
to this modification will be described.

[0137] A process executed by the MPR processing
part 52 of the image processor 5 before generation of
image data of a series of tomographic images in time
series is similar to that of the above-described embodi-
ment. Although the respective image data of tomographic
images at two or more sectional positions are generated
in the above-described embodiment, the image data of
a tomographic image only at one sectional position may
be generated in this modification.

[0138] The controller 9 controls the display part 81 to
display one tomographic image of the series of tomo-
graphic images. The user designates a measurement
image region on the displayed tomographic image by op-
erating the operation part 82. Accordingly, it is possible
to more easily designate the measurement image region
than in the known configuration in which a pseudo-three-
dimensional image is displayed to designate the meas-
urement image region.

[0139] According to this modification, for example,
when designating the measurement image region paral-
lel to the short-axis section of the heart, it is possible to
calculate the variation (velocity) in thickness of the heart
wall, the strain or strain rate of the heart wall in the thick-
ness direction, the rotary angle (rotary velocity) of the
inner lining or the outer lining of the heart wall about the
longitudinal direction, the strain or strain rate of the heart
wallin the rotary direction about the longitudinal direction,
and the relative rotary angle of the inner lining or the outer
lining of the heart wall in the rotary direction about the
longitudinal direction.

[Second Modification]

[0140] The ultrasonic diagnostic apparatus 1 accord-
ing to the above-described embodiment is configured
such that the user operates the operation part 82 to des-
ignate the measurementimage region. This modification
is provided to automatically perform the measurement
image region designating operation.

[0141] Fig. 15 shows an example of the ultrasonic di-
agnostic apparatus according to this modification. An ul-
trasonic diagnostic apparatus 100 shown in Fig. 15 has
the substantially same configuration as the ultrasonic di-
agnostic apparatus 1 according to the above-described
embodiment, but is different in that the image processor
5 is provided with a measurement image region desig-
nating part 53. Additionally, in order to perform the char-
acteristic process of the modification, there is provided
a medical image processing program 72 different from
that of the above-described embodiment.

[0142] The measurement image region designating
part 53 analyzes the image data of a tomographic image
generated by the MPR processing part 52 (for example,
the short-axis images of the apex portion, the papillary
muscle, and the base portion), and designates the meas-
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urement image region on the tomographic image.
[0143] More specifically, the measurement image re-
gion designating part 53 applies, for example, a general
boundary extraction process to analyze a pixel value of
each pixel of the image data, thereby extracting a bound-
ary portion of the biological tissue (e.g., the inner lining
and the outer lining of the heart wall). Then, the meas-
urement image region designating part 53 designates
the extracted boundary portion as the measurement im-
age region of the tomographic image. The measurement
image region designating part 53 corresponds to an ex-
ample of the "designating part" according to the inven-
tion, and includes a microprocessor that operates on the
basis of, for example, the medical image processing pro-
gram 72.

[0144] A process carried out by the measurement im-
age region designating part 53 corresponds to the pro-
cedure in Step S09 of the flowchart of Fig. 4. When the
measurementimage region designating part 53 performs
the measurementimage region designating process, the
tomographic image may be displayed on the display part
81, or may be not displayed thereon.

[0145] Additionally, in order that the user can check
the automatically designated measurement image re-
gion, itis desirable to display the tomographicimage with
the measurement image region inputted, on the display
part 81. At this moment, it is desirable to configure such
that the measurementimage region can be appropriately
changed by using the operation part 82.

[0146] Since the measurement image region is auto-
matically designated in the configuration according to this
modification, it is possible to easily designate the meas-
urement image region (in fact, it is not necessary to per-
form the measurement image region designating opera-
tion when using the automatically designated measure-
ment image region as it is).

[Third Modification]

[0147] Inthe ultrasonic diagnostic apparatus 1 accord-
ing to the above-described embodiment, the three-di-
mension ultrasonic scanning operation is electronically
carried out bey using a two-dimension ultrasonic trans-
ducer in which the ultrasonic transducers are arranged
two-dimensionally. This modification relates to an ultra-
sonic diagnostic apparatus in which an ultrasonic trans-
ducer is equipped with a one-dimension ultrasonic probe
arranged in the one-dimension direction.

[0148] When using the one-dimension ultrasonic
probe, the ultrasonic scanning operation is electronically
carried out only in the one-dimension direction (the pri-
mary-scanning direction X shownin Figs. 2and 3). There-
fore, the scanning operation is manually or mechanically
carried out in the sub-scanning direction Y at the time of
the three-dimension ultrasonic scanning operation.
[0149] Even if using such a one-dimension ultrasonic
probe, itis possible to configure to generate volume data
based on the three-dimension ultrasonic scanning oper-
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ation, generate image data of a tomographic image
based on the volume data, display the tomographic im-
age and designate the measurement image region.

[Fourth Modification]

[0150] The ultrasonic diagnostic apparatus 1 accord-
ing to the above-described embodiment calculates a dis-
placement in time series of a measurementimage region
designated on a tomographic image at two or more sec-
tional positions such as the apex-portion level and the
papillary-muscle level, and calculates the motion infor-
mation of a biological tissue on the basis of the displace-
ment of the measurement image region at the two or
more sectional positions. That is, in the above-described
embodiment, the motion information is calculated on the
basis of only the displacement of the designated meas-
urement image region.

[0151] This modification is provided to automatically
and additionally designate a measurement image region
other than the designated measurement image region
and to calculate the motion information by including the
displacement of the automatically designated measure-
ment image region. Hereinafter, the ultrasonic diagnostic
apparatus according to this modification will be de-
scribed. In the same manner as the ultrasonic diagnostic
apparatus 100 shown in Fig. 15, the ultrasonic diagnostic
apparatus according to this embodiment includes the
measurement image region designating part 53.

[0152] An operation of the ultrasonic diagnostic appa-
ratus according to this modification will be described. In
the same manner as in the above-described embodi-
ment, as the measurement image regions of the apex
portion short-axis images G1, the papillary muscle G2
and the base portion G3 displayed on the display part
81, the user designates, for example, the inner-lining po-
sitionimages m1, m2 and m3 and the outer-lining position
images M1, M2 and M3 (see Figs. 5 and 6). The meas-
urement image region may be designated by the auto-
matic designating process according to the second mod-
ification.

[0153] The measurement image region designating
part 53 designates a measurement image region other
than the designated measurement image regions m1 to
m3 and M1 to M3. For example, as shown in Fig. 16, the
measurement image region designating part 53 desig-
nates the inner-lining position image m4 and the outer-
lining position image M4 at a position outside the apex
portion short-axis image G1, designates the inner-lining
position image m5 and the outer-lining position image
M5 at a position between the apex portion short-axis im-
age G1 and the papillary muscle short-axis image G2,
and designates the inner-lining position image m6 and
the outer-lining position image M6 at a position between
the papillary muscle short-axis image G2 and the base
portion short-axis image G3.

[0154] The measurement image region designating
process will be described in more detail. The measure-
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ment image region designating part 53 first determines
a sectional position (coordinate) for designating a new
measurement image region, on the basis of the sectional
positions (coordinates) of the apex portion short-axis im-
age G1, the papillary muscle short-axis image G2, and
the base portion short-axis image G3 in which the meas-
urement image region is designated by the user or the
like. This process is carried out, for example, in such a
manner that a coordinate (a first Z coordinate) of a posi-
tion away from the apex portion short-axis image G1 by
a predetermined distance in a direction opposite to the
papillary muscle short-axis image G2 is obtained, a co-
ordinate (a second Z coordinate) at the center of the sec-
tions based on the Z coordinate of the apex portion short-
axis image G1 and the Z coordinate of the papillary mus-
cle short-axis image G2 is obtained, and then a coordi-
nate (athird Z coordinate) at the center of the Z coordinate
of the papillary muscle short-axis image G2 and the Z
coordinate of the base portion short-axis image G3 is
obtained

[0155] Subsequently, the MPR processing part 52 cre-
ates the image data of the tomographic images parallel
to the apex portion short-axis image G1 and the like at
the first to third Z coordinates on the basis of the volume
data.

[0156] The measurement image region designating
part 53 analyzes a pixel value of the image data of the
tomographic image at the first Z coordinate to extract the
boundary portion of the heart wall, whereby the inside
boundary portion is designated as the inner-lining posi-
tion image m4 and the outside boundary portion is des-
ignated as the outer-lining positionimage M4. Inthe same
manner, the measurementimage region designating part
analyzes a pixel value of the image data of the tomo-
graphic image at the second Z coordinate to extract the
boundary portion of the heart wall, whereby the inside
boundary portion is designated as the inner-lining posi-
tion image m5 and the outside boundary portion is des-
ignated as the outer-lining position image M5. The meas-
urement image region designating part analyzes a pixel
value of the image data of the tomographic image at the
third Z coordinate to extract the boundary portion of the
heart wall, whereby the inside boundary portion is des-
ignated as the inner-lining position image m6 and the
outside boundary portion is designated as the outer-lining
positionimage M6. Then, the inner-lining position images
m4 to m6 and the outer-lining position images M4 to M6
are respectively designated as new measurementimage
regions.

[0157] The displacement calculating part61 according
to this modification executes calculation of displace-
ments in time series, respectively, on the measurement
image regions m1 to m3 and M1 to M3 designated by
the user, etc. and the measurement image regions m4
to m6 and M4 to M6 designated by the measurement
image region designating part 53.

[0158] The motion information calculating part 62 cal-
culates the motion information on the basis of all the dis-
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placements of the measurement image regions m1 to
m6 and M1 to M6. For example, when evaluating the
straining motion of the heart wall, the motion information
calculating part calculates the relative rotary angle of the
inner-lining position image m4 and the inner-lining posi-
tion image m1, the relative rotary angle of the inner-lining
position image m1 and the inner-lining position image
mb, the relative rotary angle of the inner-lining position
image m5 and the inner lining image m2, the relative
rotary angle of the inner-lining position image m2 and the
inner-lining position image m6, and the relative rotary
angle of the inner-lining position image m6 and the inner-
lining position image m3. In the same manner, the motion
information calculating part is capable of calculating the
relative rotary angles of the outer-lining position images
M1 to M6.

[0159] The controller 9 controls the display part 81 to
display the motion information based on the calculated
relative rotary angle. Likewise, according to this modifi-
cation, it is possible to obtain more accurate motion in-
formation than that of the above-described embodiment.

[Fifth Modification]

[0160] In the above-described embodiment, the sec-
tional position for designating the measurement image
region is designated by the user (see the sectional-posi-
tion designating cursors C1 to C3 shown in Fig. 5). How-
ever, itis possible to configure to automatically designate
the sectional position.

[0161] Forexample, like an observation before and af-
ter an operation or a progress observation, when there
is the image data of the ultrasonic image for the same
past biological tissue, the designated sectional position
is memorized and the information at the past designated
sectional position is read out, whereby it is possible to
automatically designate the current sectional position.
[0162] Additionally, it is possible to previously set a
typical sectional position such as the apex-portion level,
the papillary-muscle level, and the base-portion level and
to determine the typical sectional position on the basis
of, for example, the volume data or the image data of the
B-mode image.

[0163] Additionally, it is possible to configure such that
the size of the biological tissue (for example, the longi-
tudinal length of the heart) is analyzed on the basis of
the image data or the like of the B-mode image and each
sectional position upon dividing the size into a plurality
of portions is designated as the sectional position for des-
ignating the measurement image region.

[Others]

[0164] In the above-described embodiment, the dis-
placement of the biological tissue is obtained and the
velocity is obtained by differentiating the displacement
(dividing by a time interval). However, it is possible to
configure such that the velocity is first obtained and the
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displacement is obtained by integrating the velocity.
[0165] Additionally, in the above-described embodi-
ment, the motion information showing the (broader) mo-
tion state of the biological tissue is obtained and dis-
played, it is possible to configure such that the local mo-
tion information for each measurement image region is
displayed. In this case, when the motion information is
not calculated or displayed, it is possible to apply the
ultrasonic diagnostic apparatus having a configuration
necessary for calculating and displaying the local motion
information (the same applies to a medical image
processing apparatus and a medical image processing
program described below).

<SECOND EMBODIMENT>

[0166] A medicalimage processing apparatus accord-
ing to the invention will be described. The medical image
processing apparatus includes, for example, a computer
connected to the ultrasonic diagnostic apparatus, and a
computer connected to a database such as a PACS (Pic-
ture Archiving and Communication System) for storing
the image data of the ultrasonic image. Fig. 17 shows an
example of the medical image processing apparatus ac-
cording to the invention. In Fig. 17, the same reference
numerals are given to the same components as those of
the first embodiment.

[0167] A medical image processing apparatus 1000
shown in Fig. 17 includes the image processor 5, the
calculation processor 6, the memory 7, the user interface
8 and the controller 9, which are the same as those of
the ultrasonic diagnostic apparatus 1 shown in Fig. 1.
The memory 7 serves as an example of the "memory"
according to the invention. The medical image process-
ing apparatus 1000 is connected to an ultrasonic diag-
nostic apparatus 2000 and a medical image database
3000 via a network N such as a LAN (Local Area Net-
work). The controller 9 according to this embodiment in-
cludes a network adaptor for performing data communi-
cation via the network N.

[0168] An operation of the medical image processing
apparatus 1000 will be described. The image data of the
ultrasonicimage is inputted from the ultrasonic diagnostic
apparatus 2000 or the medical image database 3000 to
the medical image processing apparatus 1000.

[0169] When theinputted image datais the image data
of a B-mode image, the volume-data creating part 51
creates volume data based on the image data. In the
same manner as in the first embodiment, the MPR
processing part 52 creates the image data of a series of
tomographic images in time series on the basis of the
volume data. The image data of the series of tomographic
images is stored in the memory 7.

[0170] Additionally, when the inputted image data is
volume data, the MPR processing part 52 creates the
image data of a series of tomographic images in time
series on the basis of the volume data. The image data
of the series of tomographicimages is stored in the mem-
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ory 7.

[0171] The medical image processing apparatus 1000
executes the same process as in the first embodiment
on the basis of the image data (and the volume data) of
the series of tomographic images stored in the memory
7 (see Figs. 4 to 14). Consequently, it is possible to meas-
ure the three-dimensional motion of a biological tissue in
ashorttime. Additionally, it is possible to easily designate
a region to measure the biological tissue.

[0172] As a modification of this embodiment, it is pos-
sible to employ a configuration in which the image proc-
essor 5 is provided with the measurement image region
designating part 53 (see Fig. 15, a process based on the
medical image processing program 72). Consequently,
it is possible to execute the same process as in the sec-
ond modification and fourth modification of the first em-
bodiment.

<THIRD EMBODIMENT>

[0173] A medical image processing program accord-
ing to the invention will be described. The medical image
processing programs 71 and 72 described in the first and
second embodiments are an example of the medical im-
age processing program according to the invention. The
medical image processing program is for making a com-
puter execute the processes described in the first em-
bodiment and the modifications thereof. The medical im-
age processing program may be stored in advance in a
memory device such as a hard disk drive embedded in
the computer, or may be stored in advance in a server
on a network such as a LAN so that the computer reads
out and executes the program.

[0174] It is possible to store the medical image
processing program in an arbitrary storing medium so as
tobereadable by the computer. An example of the storing
medium includes, for example, an optical disk, a magnet-
optical disk (CD-ROM, DVD-RAM, DVD-ROM, MO, etc.),
amagnetic storing medium (hard disk, floppy (trademark)
disk, ZIP, etc.), and a semiconductor memory.

Claims
1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe;

a transceiver configured to transmit and receive
an ultrasonic wave to and from the ultrasonic
probe;

an image creating part configured to create im-
age data of a series of tomographic images in
time series for each of two or more sectional
positions of a biological tissue on the basis of a
received signal obtained as a result of transmit-
ting and receiving the ultrasonic wave;

a display part configured to display one tomo-
graphic image from among the series of tomo-
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graphic images on the basis of the image data
created for each of the two or more sectional
positions;

a designating part configured to designate a
measurement image region on the one dis-
played tomographic image for each of the two
or more sectional positions; and

a calculator configured to calculate local motion
information showing a motion state of the bio-
logical tissue in the designated measurement
image region on the basis of the image data of
the series of tomographic images for each of the
two or more sectional positions and calculate
motion information showing the motion state of
the biological tissue on the basis of the local mo-
tion information calculated for each of the two
or more sectional positions,

wherein the display part displays the motion infor-
mation calculated by the calculator.

The ultrasonic diagnostic apparatus according to
Claim 1:

wherein with the transceiver, the ultrasonic probe
scans each of a plurality of positions along a prede-
termined direction, in an ultrasonic wave transmitting
and receiving direction along a direction orthogonal
to the predetermined direction, and repeats an ultra-
sonic wave transmitting and receiving operation
along the predetermined direction and the orthogo-
nal direction;

wherein the image creating part includes:

a first tomographic image creating part config-
ured to create image data of a first tomographic
image in a section of the biological tissue includ-
ing the transmitting and receiving direction and
the orthogonal direction, on the basis of received
signals sequentially obtained at the time of scan
in the ultrasonic wave transmitting and receiving
direction of the orthogonal direction;

avolume data creating part configured to create
volume data of the biological tissue, on the basis
of the image data of the first tomographic image
created for each of the plurality of positions; and
a second tomographic image creating part con-
figured to create image data of a second tomo-
graphic image for each of the two or more sec-
tional positions, on the basis of the created vol-
ume data; and

wherein a plurality of the image data of the second
tomographic image obtained by repeating the ultra-
sonic wave transmitting and receiving operation for
each of the two or more sectional positions are used
as the image data of the series of tomographic im-
ages in time series.
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The ultrasonic diagnostic apparatus according to
Claim 1, wherein the calculator obtains the motion
information by calculating difference information
showing a difference of the local motion information
at two sectional positions among the two or more
sectional positions.

The ultrasonic diagnostic apparatus according to
Claim 3: wherein

sections of the series of tomographic images at one
sectional position of the two sectional positions are
parallel to sections of the series of tomographic im-
ages at the other sectional position; and

the calculator calculates, as the local motion infor-
mation, a rotary angle of the biological tissue in the
measurementimage region about a direction orthog-
onal to the sections of the series of tomographic im-
ages, for each of the two sectional positions, and
calculates, as the difference information, a differ-
ence between the rotary angles calculated for the
two sectional positions, thereby using the calculated
difference between the rotary angles as the motion
information showing a straining motion of the biolog-
ical tissue.

The ultrasonic diagnostic apparatus according to
Claim 3, wherein:

sections of the series of tomographic images at
one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates, as the local motion in-
formation, a rotary angle of the biological tissue
in the measurement image region about a direc-
tion orthogonal to the sections of the series of
tomographic images for each of the two section-
al positions, and calculates, as the difference
information, a difference between the rotary an-
gles calculated for the two sectional positions to
differentiate the calculated difference between
the rotary angles by time, thereby calculating
the motion information showing a velocity of a
straining motion of the biological tissue.

6. The ultrasonic diagnostic apparatus according to

Claim 3, wherein:

sections of the series of tomographic images at
one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates, as the local motion in-
formation, a rotary angle of the biological tissue
in the measurement image region about a direc-
tion orthogonal to the sections of the series of
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tomographic images for each of the two section-
al positions, and calculates, as the difference
information, a difference between the rotary an-
gles calculated for the two sectional positions to
divide the calculated difference between the ro-
tary angles by a distance between the two sec-
tional positions, thereby obtaining the motion in-
formation showing a relative rotary gradient of
the biological tissue.

The ultrasonic diagnostic apparatus according to
Claim 2, wherein the calculator calculates the local
motion information showing a three-dimensional mo-
tion state of the biological tissue in the measurement
image region designated by the designating part on
the basis of the volume data for each of the two or
more sectional positions, and calculates the motion
information on the basis of the local motion informa-
tion showing the three-dimensional motion state cal-
culated for each of the two or more sectional posi-
tions.

The ultrasonic diagnostic apparatus according to
Claim 7, wherein the calculator obtains the motion
information by calculating difference information
showing a difference of the local motion information
showing the three-dimensional motion state at two
sectional positions among the two or more sectional
positions.

The ultrasonic diagnostic apparatus according to
Claim 8, wherein:

sections of the series of tomographic images at
one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates displacements in a di-
rection orthogonal to the sections of the series
of tomographic images of the biological tissue
in the measurement image region on the basis
of the local motion information showing the cal-
culated three-dimensional motion state for the
respective two sectional positions, and calcu-
lates, as the difference information, a difference
between the displacements in the orthogonal di-
rection calculated for the respective two section-
al positions, thereby using the calculated differ-
ence between the displacements as the motion
information showing an expanding and contract-
ing motion of the biological tissue in the orthog-
onal direction.

10. The ultrasonic diagnostic apparatus according to

Claim 8, wherein:

sections of the series of tomographic images at
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one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates displacements in a di-
rection orthogonal to the sections of the series
of tomographic images of the biological tissue
in the measurement image region on the basis
of the local motion information showing the
three-dimensional motion state calculated for
the respective two sectional positions, and cal-
culates, as the difference information, a differ-
ence between the displacements in the orthog-
onal direction calculated for the respective two
sectional positions to differentiate the calculated
difference between the displacements by time,
thereby calculating the motion information
showing a velocity of an expanding and contract-
ing motion of the biological tissue in the orthog-
onal direction.

11. The ultrasonic diagnostic apparatus according to
Claim 8, wherein:

sections of the series of tomographic images at
one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates displacements in a di-
rection orthogonal to the sections of the series
of tomographic images of the biological tissue
in the measurement image region on the basis
of the local motion information showing the cal-
culated three-dimensional motion state for the
respective two sectional positions, and calcu-
lates, as the difference information, a difference
between the displacements in the orthogonal di-
rection calculated for the respective two section-
al positions to divide the calculated difference
of the displacements by an original distance be-
tween the two sectional positions, thereby using
a quotient as the motion information showing a
strain of the biological tissue in the orthogonal
direction.

12. The ultrasonic diagnostic apparatus according to
Claim 8, wherein:

sections of the series of tomographic images at
one sectional position of the two sectional posi-
tions are parallel to sections of the series of to-
mographic images at the other sectional posi-
tion; and

the calculator calculates displacements in a di-
rection orthogonal to the sections of the series
of tomographic images of the biological tissue
in the measurement image region on the basis
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of the local motion information showing the cal-
culated three-dimensional motion state for the
respective two sectional positions, and calcu-
lates a difference, as the difference information,
between the displacements in the orthogonal di-
rection calculated for the respective two section-
al positions to divide the calculated difference
of the displacements by an original distance be-
tween the two sectional positions and differen-
tiate a quotient by time, thereby calculating the
motion information showing a strain rate of the
biological tissue in the orthogonal direction.

13. The ultrasonic diagnostic apparatus according to
Claim 1, wherein:

the designating part includes an automatic des-
ignating part configured to designate a new
measurement image region at a sectional posi-
tion different from the two or more sectional po-
sitions on the basis of the measurement image
region designated on the one tomographic im-
age displayed by the display part; and

the calculator calculates the local motion infor-
mation showing the motion state of the biological
tissue in the new designated measurement im-
age region, and calculates the motion informa-
tion on the basis of the local motion information
calculated for each of the two or more sectional
positions and the different sectional position.

14. The ultrasonic diagnostic apparatus according to
any of Claims 1 to 13, wherein:

the biological tissue is a heart; and

the measurement image region designated by
the designating part is an image region corre-
sponding to a heart wall of the heart in the one
tomographic image displayed by the display
part.

15. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe;

a transceiver configured to transmit and receive
an ultrasonic wave to and from the ultrasonic
probe;

an image creating part configured to create im-
age data of a series of tomographic images in
time series for each of one or more sectional
positions of a biological tissue on the basis of a
received signal obtained as a result of transmit-
ting and receiving the ultrasonic wave;

a display part configured to display one tomo-
graphic image from among the series of tomo-
graphic images on the basis of the created im-
age data for each of the one or more sectional
positions;
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a designating part configured to designate a
measurement image region on the one dis-
played tomographic image for each of the one
or more sectional positions; and

a calculator configured to calculate local motion
information showing a motion state of the bio-
logical tissue in the designated measurement
image region on the basis of the image data of
the series of tomographic images for each of the
one or more sectional positions,

wherein the display part displays the local motion
information calculated by the calculator.

The ultrasonic diagnostic apparatus according to
Claim 15, wherein:

the biological tissue is a heart;

the designated measurement image region is a
heart wall in the one displayed tomographic im-
age; and

the calculator calculates, as the local motion in-
formation, at least one of variation in thickness
of the heart wall, a velocity of the variation in
thickness of the heart wall, a strain in a thickness
direction of the heart wall, a strain rate in the
thickness direction of the heart wall, a rotary an-
gle of an inner lining or an outer lining of the
heart wall in a rotary direction about a direction
orthogonal to sections of the series of tomo-
graphic images, a strain of the heart wall in the
rotary direction, a strain rate of the heart wall in
the rotary direction, and a relative rotary angle
ofthe inner lining and the outer lining of the heart
wall in the rotary direction.

The ultrasonic diagnostic apparatus according to
Claim 1 or 15, wherein the calculator designates a
plurality of measurement points in the measurement
image region designated on the one displayed tom-
ographic image, obtains positions of the plurality of
measurement points in each of the series of tomo-
graphic images, calculates a displacement in time
series or a displacement velocity of each of the plu-
rality of measurement points on the basis of the ob-
tained positions, and calculates a displacement of
the measurement image region on the basis of the
displacement or the displacement velocity calculat-
ed for each of the plurality of measurement points.

The ultrasonic diagnostic apparatus according to
Claim 1 or 15, wherein:

the ultrasonic probe includes a plurality of ultra-
sonic transducers arranged two-dimensionally:
and

the transceiver controls the plurality of ultrasonic
transducers individually or by group of two or
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more so as to scan with an ultrasonic wave in a
predetermined direction and a direction orthog-
onal to the predetermined direction.

19. A medical image processing apparatus configured

to process image data of a medical image of a bio-
logical tissue obtained by an ultrasonic diagnostic
apparatus, the medical image processing apparatus
comprising:

a memory configured to store image data of a
series of tomographic images in time series at
two or more sectional positions of a biological
tissue;

a display part configured to display one tomo-
graphic image from among the series of tomo-
graphicimages on the basis of the stored image
data for the respective two or more sectional po-
sitions;

a designating part configured to designate a
measurement image region on the displayed
one tomographic image for each of the two or
more sectional positions; and

a calculator configured to calculate local motion
information showing a motion state of the bio-
logical tissue in the designated measurement
image region on the basis of the image data of
the series of tomographic images for each of the
two or more sectional positions, and calculates
motion information showing the motion state of
the biological tissue on the basis of the local mo-
tion information calculated for each of the two
or more sectional positions,

wherein the display part displays the motion infor-
mation calculated by the calculator.

20. A medical image processing apparatus configured

to process image data of a medical image of a bio-
logical tissue obtained by an ultrasonic diagnostic
apparatus, the medical image processing apparatus
comprising:

a memory configured to store image data of a
series of tomographic images in time series at
each of one or more sectional positions of the
biological tissue;

a display part configured to display one tomo-
graphic image from among the series of tomo-
graphicimages on the basis of the stored image
data for each of the one or more sectional posi-
tions;

a designating part configured to designate a
measurement image region on the one dis-
played tomographic image for each of the one
or more sectional positions; and

a calculator configured to calculate local motion
information showing a motion state of the bio-
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logical tissue in the designated measurement
image region on the basis of the image data of
the series of tomographic images for each of the
one or more sectional positions,

wherein the display part displays the local motion
information calculated by the calculator.

A medical image processing program for causing a
computer having a memory configured to store im-
age data of a series of tomographic images in time
series at each of two or more sectional positions of
a biological tissue and a display part to execute the
functions of:

displaying one tomographic image from among
the series of tomographic images on the display
on the basis of the stored image data for each
of the two or more sectional positions;

in response to designation of a measurement
region on the one displayed tomographicimage,
calculating local motion information showing a
motion state of the biological tissue in the des-
ignated measurementimage region on the basis
of the image data of the series of tomographic
images for each of the two or more sectional
positions;

calculating motion information showing a motion
state of the biological tissue on the basis of the
local motion information calculated for each of
the two or more sectional positions; and
displaying the calculated motion information on
the display.

22. A medical image processing program for causing a

computer having a memory configured to store im-
age data of a series of tomographic images in time
series at each of one or more sectional positions of
a biological tissue and a display part to execute the
functions of:

displaying one tomographic image from among
the series of tomographic images on the display
on the basis of the stored image data for each
of the one or more sectional positions;

in response to designation of a measurement
image region designated on the one displayed
tomographic image, calculating local motion in-
formation showing a motion state of the biolog-
ical tissue in the designated measurement im-
age region on the basis of the image data of the
series of tomographic images, for each of the
one or more sectional positions; and
displaying the calculated local motion informa-
tion on the display.
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FIG. 2
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FIG. 3

‘_/THHEE-DIMENSION SCANNING REGION R

SUB-SCANNING DIRECTION Y

PRIMARY-SCANNING DIRECTION X
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FIG. 4

S01
<
PERFORM THREE-DIMENSION ULTRASONIC SCANNING OF HEART
' 502
CREATE IMAGE DATA OF TOMOGRAPHIC IMAGE IN
TWO-DIMENSION SCANNING PLANES P1 TO Pn IN SEQUENTIAL ORDER
' 503
CREATE VOLUME DATA IN THREE-DIMENSION SCANNING REGION R
IN SEQUENTIAL ORDER
¥ <504
CREATE IMAGE DATA OF APICAL FOUR CHAMBER IMAGE AND
APICAL TWO CHAMBER IMAGE BASED ON ONE VOLUME DATA
IR <505
DISPLAY APICAL FOUR CHAMBER IMAGE AND ~
APICAL TWO CHAMBER IMAGE
' <506
DESIGNATE SECTIONAL POSITION BASED ON APICAL FOUR CHAMBER
IMAGE OR APICAL TWO CHAMBER IMAGE
Y <807
CREATE IMAGE DATA OF SHORT-AXIS IMAGES OF APEX PORTION, PAPILLARY
MUSCLE, AND BASE PORTION IN EACH DESIGNATE SECTIONAL POSITION
1 <508
DISPLAY SHORT-AXIS IMAGES OF APEX PORTION, PAPILLARY MUSCLE,
AND BASE PORTION
' 509

DESIGNATE MEASUREMENT IMAGE REGION ON SHORT-AXIS IMAGES
OF APEX PORTION, PAPILLARY MUSCLE, AND BASE PORTION
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FIG. 9
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FIG. 13
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BETWEEN APEX-PORTION LEVEL AND PAPILLARY-MUSCLE LEVEL

!

CALCULATE EXPANDING-CONTRACTING DEGREE Az23 OF HEART WALL
BETWEEN PAPILLARY-MUSCLE LEVEL AND BASE-PORTION LEVEL

!

CALCULATE DISTANCE d23 BETWEEN SHORT-AXIS IMAGES
OF APEX PORTION G1 AND PAPILLARY MUSCLE G2

'

S46

CALCULATE DISTANCE d23 BETWEEN SHORT-AXIS IMAGES
OF PAPILLARY MUSCLE G2 AND BASE PORTION G3

!

CALCULATE STRAIN 8z12 OF HEART WALL BETWEEN
APEX-PORTION LEVEL AND PAPILLARY-MUSCLE LEVEL

S47

1

S48

CALCULATE STRAIN 8z12 OF HEART WALL BETWEEN
PAPILLARY-MUSCLE LEVEL AND BASE-PORTION LEVEL

!

549

DISPLAY STRAINS 6212 AND 6223 AS MOTION INFORMATION
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LONGITUDINAL DIRECTION
(ROTARY AXIS)
1
. i
INNER-LINING POSITION IMAGE m{
==
g | AZ12=Az1 - Az2
INNER-LINING POSITION IMAGE m2 2 5212=Az12/d12
D TAZZ 4
|
| Az23=Az2 - Az3
! 023 " 5223=Az23/023
I

INNER-LINING POSITION IMAGE m3
===

+z DIRECTION

35



EP 2 022 404 A1

. [ lovdNouveddo | :

v { | [WuDOud DNISS300Hd] |

" P 1| J9VWvOIaN ||

I I N m

187 _ P m

AR T TETTVRE S B R AHOWIN m

SRS S S H——

8 L
HITIOHINOD
~
6
oy (GONINOSIONDR] || [T 164 DNISS300Hd | |
L[ lgvdoNwvinomo | L i
| | NOLYWHOININOLLOW | § | €577 i w
29~ 1 .|| tovaoyss3oowd | 184 ONISS3008d | |
[ LavdoNyInowo | e—i L7 — L m HINFOSNVHL
L INGNIOYIdSIa T | i es e m 7]
N R L
H0SSIO0Hd NOILYINOTVO | m _ m m ‘
A B T I T | 38044 JINOSYHLTN
g | HOSSIOMAIOVWI | | HOSSIOOHd WNOIS ! MO SN0
N A S A . Z
S 4 y

SNLVHYddY 01LSONDYIA DINOSYHLIN 00}

gl "Old

36



EP 2 022 404 A1

FIG. 16
LONGITUDINAL DIRECTION
(ROTARY AXIS)

M4
’ m

M3 @mG
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