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(57) ABSTRACT

An ultrasonic diagnostic apparatus capable of measuring a
three-dimensional motion of a biological tissue in a short
time. Animage processor creates volume data based on image
data of a B-mode image of a biological tissue and creates
image data of a series of tomographic images in time series
for the respective two or more sectional positions based on the
volume data. A controller displays one tomographic image
for each sectional position on a display part. A user operates
an operation part to designate a measurement image region on
the displayed tomographic image. A displacement calculat-
ing part calculates a displacement in time series of the desig-
nated measurement image region for each sectional position.
A motion information calculating part calculates motion
information of the biological tissue based on the displace-
ment of the measurement image region calculated for each
sectional position.
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FIG. 2

P TWO-DIMENSION SCANNING PLANE

&)Y SUB-SCANNING DIRECTION

p >} X PRIMARY-SCANNING DIRECTION

Pn

P1 @
® } X PRIMARY-SGANNING DIRECTION

P2

» Y SUB-SCANNING DIRECTION
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FIG. 3

r/THREE-DlMENSION SCANNING REGION R

SUB-SCANNING DIRECTIONY

PRIMARY-SCANNING DIRECTION X
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( START )
r <801
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
{ <S03
CREATE VOLUME DATA IN THREE-DIMENSION SCANNING REGION R
IN SEQUENTIAL ORDER

! <S04
CREATE IMAGE DATA OF APICAL FOUR CHAMBER IMAGE AND
APICAL TWO CHAMBER IMAGE BASED ON ONE VOLUME DATA

] 5805

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

{ S07
CREATE IMAGE DATA OF SHORT-AXIS IMAGES OF APEX PORTION, PAPILLARYL
MUSCLE, AND BASE PORTION IN EACH DESIGNATE SECTIONAL POSITION

] S08
DISPLAY SHORT-AXIS IMAGES OF APEX PORTION, PAPILLARY MUSCLE, g
AND BASE PORTION

509

DESIGNATE MEASUREMENT IMAGE REGION ON SHORT-AXIS IMAGES
OF APEX PORTION, PAPILLARY MUSCLE, AND BASE PORTION

Y
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FIG. 7 O

Y 5811

CALCULATE ROTARY ANGLES 61, 62, AND 63 OF
INNER-LINING POSITION IMAGES m1, me, and m3

‘ S12
CALCULATE RELATIVE ROTARY ANGLE A612 OF 4
INNER-LINING POSITION IMAGES m1 AND m2

r S13
CALCULATE RELATIVE ROTARY ANGLE A623 OF 4
INNER-LINING POSITION IMAGES m2 AND m3

! S14
DISPLAY RELATIVE ROTARY ANGLES A612 AND A623 g
AS MOTION INFORMATION

Y

( END )

FIG 8 LONGITUDINAL DIRECTION
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m2 INNER-LINING

02 POSITION IMAGE
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FIG. 9

(  START )
| 5821

CALCULATE ROTARY ANGLES 61, 62, AND 63 OF
INNER-LINING POSITION IMAGES m1, m2, and m3

Y

CALCULATE RELATIVE ROTARY ANGLE A812 OF
INNER-LINING POSITION IMAGES m1 AND m2

| S23
CALCULATE RELATIVE ROTARY ANGLE A623 OF 4
INNER-LINING POSITION IMAGES m2 AND m3

| S24
CALCULATE DISTANCE d12 BETWEEN SHORT-AXIS IMAGES 4
OF APEX PORTION G1 AND PAPILLARY MUSCLE G2

Y

CALCULATE DISTANCE 023 BETWEEN SHORT-AXIS IMAGES
OF PAPILLARY MUSCLE G2 AND BASE PORTION G3

| S26
CALCULATE RELATIVE ROTARY INCLINATION 8612 BETWEEN 4
INNER-LINING POSITION IMAGES m1 AND m2

Y
CALCULATE RELATIVE ROTARY INCLINATION 6623 BETWEEN
INNER-LINING POSITION IMAGES m2 AND m3

Y S28
DISPLAY RELATIVE ROTARY INCLINATIONS 6612 AND 9623 d
AS MOTION INFORMATICON
Y

( END )
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FIG. 11

931

CALCULATE THREE-DIMENSION DISPLACEMENTS OF
INNER-LINING POSITION IMAGES m1, m2, and m3

[} 532
EXTRACT LONGITUDINAL DISPLACEMENTS Az1 Az2, AND AZ3
OF INNER-LINING POSITION IMAGES m1. m2, and m3

! S33
CALCULATE EXPANDING-CONTRACTING DEGREE Az12 OF HEARTWALLE
BETWEEN APEX-PORTION LEVEL AND PAPILLARY-MUSCLE LEVEL

! S34
CALCULATE EXPANDING.CONTRACTING DEGREE Az23 OF HEART WALLF
BETWEEN PAPILLARY-MUSCLE LEVEL AND BASE-PORTION LEVEL

! 535
DISPLAY EXPANDING-CONTRACTING DEGREES Az12 AND Az23 3
OF HEART WALL AS MOTION INFORMATION

END
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FIG. 12
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( START )
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BETWEEN PAPILLARY-MUSCLE LEVEL AND BASE-PORTION LEVEL
Y 5845
CALCULATE DISTANCE d23 BETWEEN SHORT-AXIS IMAGES
OF APEX PORTION G1 AND PAPILLARY MUSCLE G2
L 5846
CALCULATE DISTANCE d23 BETWEEN SHORT-AXIS IMAGES
OF PAPILLARY MUSCLE G2 AND BASE PORTION G3
| 5847
CALCULATE STRAIN 6z12 OF HEART WALL BETWEEN
APEX-PORTION LEVEL AND PAPILLARY-MUSCLE LEVEL
Y 5848
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| 5849
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FIG. 16
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ULTRASONOGRAPH, MEDICAL IMAGE
PROCESSING DEVICE, AND MEDICAL
IMAGE PROCESSING PROGRAM

TECHNICAL FIELD

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 medi-
cal image obtained by the ultrasonic diagnostic apparatus.
Particularly, the present invention relates to an ultrasonic
diagnostic apparatus, a medical image processing apparatus
and a medical image processing program that are used to
estimate a motion function of a biological tissue.

BACKGROUND ART

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 apparatus 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 motion function in three-dimension has been
drawing attention.

Patent Document 1 discloses an ultrasonic diagnostic
apparatus used to estimate the motion function of the biologi-
cal tissue. The ultrasonic diagnostic apparatus extracts char-
acteristic points from a two-dimensional image of the bio-
logical tissue and designates measurement points on the basis
of the characteristic points. Then, a template having a size
including a predetermined 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.

Patent Document: Japanese unexamined patent application
publication No. 2004-313291

DISCLOSURE OF THE INVENTION
Problem that the Invention is to Solve

The biological tissue generally moves three-dimension-
ally. For example, a heart performs a motion in a wall-thick-
ness direction (a variation of the wall thickness, 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-dimension, there is a limitation in estimating the
three-dimensional motion.

Meanwhile, when the three-dimensional motion is esti-
mated by using a three-dimensional image of the biological
tissue, that is, when a plurality of measurement points distrib-
uted in three-dimension are designated and a three-dimen-
sional 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.
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Additionally, when the motion function estimation is car-
ried 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 designate the regions. However, in order to accu-
rately perform such an operation, experienced hand skill and
considerable operation time are required.

The present invention is contrived to solve the above-de-
scribed problems, and an object of the invention is to provide
an ultrasonic diagnostic apparatus, a medical image process-
ing apparatus, and an image processing program that make it
possible to measure the three-dimensional motion of the bio-
logical tissue in a short time.

Additionally, another object of the invention is to provide
an ultrasonic diagnostic apparatus, a medical image process-
ing apparatus, and a medical image processing program that
make it possible to easily designate a region in which the
motion of the biological tissue is measured.

Means for Solving the Problem

In order to achieve the above-described objects, according
to a first aspect of the invention, there is provided an ultra-
sonic 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 posi-
tions of a biclogical tissue on the basis of a received signal
obtained as a result of transmitting and receiving the ultra-
sonic wave; a display part configured to display one tomo-
graphic image 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 calculate local
motion information showing a motion state of the biological
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 biologi-
cal tissue on the basis of the local motion information calcu-
lated for each of the two or more sectional positions, wherein
the display part displays the motion information calculated by
the calculator.

Further, according to a second 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 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
tomographic images on the basis of the created 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 bio-
logical tissue in the designated measurement image region on
the basis of the image data of the series of tomographic
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images for each of the one or more sectional positions,
wherein the display part displays the local motion informa-
tion calculated by the calculator.

Further, according to a third aspect of the invention, 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 apparatus 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 bio-
logical tissue; a display part configured to display one tomo-
graphic image from among the series of tomographic images
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 image region on the one displayed
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 biological
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 biologi-
cal tissue on the basis of the local motion information calcu-
lated for each of the two or more sectional positions, wherein
the display part displays the motion information calculated by
the calculator.

Further, according to a fourth aspect of the invention, there
is provided a medical image processing apparatus configured
to process image data of a medical image ofa biological tissue
obtained by an ultrasonic diagnostic apparatus, the medical
image processing apparatus 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 bio-
logical tissue; a display part configured to display one tomo-
graphic image from among the series of tomographic images
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 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.

Further, according to a fifth aspect of the invention, there is
provided a medical image processing program for causing a
computer having a memory configured to store image data of
aseries of tomographic images in time series at each of two or
more sectional positions 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 tomographic
image, calculating local motion information showing a
motion state of the biological tissue in the designated mea-
surement 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 calculated for each of the two or
more sectional positions; and displaying the calculated
motion information on the display.

Further, according to a sixth aspect of the invention, there
is provided a medical image processing program for causing
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a computer having memory configured to store image data of
aseries of tomographic images in time series at each of one or
more sectional positions 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 tissue in the desig-
nated 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; and displaying the calculated
local motion information on the display.

Advantage of the Invention

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 biologi-
cal tissue in the measurement image region is calculated in
response to designation of the measurement image region on
the displayed tomographic image, the motion information of
the biological tissue is calculated on the basis of the calcu-
lated local motion information at each of the two or more
sectional positions, and the motion information is displayed.

According to this invention, it is possible to measure the
three-dimensional motion of the biological tissue by obtain-
ing the motion information based on the local motion infor-
mation at each of the two or more sectional positions of the
biological tissue. Additionally, since the motion information
is obtained in consideration of only the local motion infor-
mation at the two or more sectional positions, it is not neces-
sary to calculate a displacement at a portion between the
sectional positions, whereby it is possible to obtain the
motion information in a short time.

Further, since the measurement image region is designated
on the displayed tomographic image, it is possible to easily
designate the measurement image region for obtaining the
motion information.

In the invention according to the second, fourth and sixth
aspects, one tomographic image is displayed for each of one
or more sectional positions of the biological tissue, the local
motion information showing the motion state of the biologi-
cal tissue in the measurement image region is calculated in
response to designation of the measurement image region on
the displayed tomographic image, and the local motion infor-
mation is displayed.

According to this invention, since the measurement image
region is designated on the displayed tomographic image, it is
possible to easily designate the measurement image region
for obtaining the local motion information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is aschematic block diagram showing an example of
an entire configuration of an ultrasonic diagnostic apparatus
according to a preferred embodiment of the invention.

FIG. 2 is a schematic explanatory view showing an
example of an aspect of ultrasonic scan of the ultrasonic
diagnostic apparatus according to the preferred embodiment
of the invention.

FIG. 3 is a schematic explanatory view showing an
example of the aspect of ultrasonic scan of the ultrasonic
diagnostic apparatus according to the preferred embodiment
of the invention.



US 8,343,052 B2

5

FIG. 4 is a flowchart showing an example of an operation
aspect of the ultrasonic diagnostic apparatus according to the
preferred embodiment of the invention.

FIG. 5 is aschematic view showing an example of a display
aspect of a display screen of the ultrasonic diagnostic appa-
ratus according to the preferred embodiment of the invention.

FIG. 6 is a schematic view showing an example of the
display aspect of the display screen of the ultrasonic diagnos-
tic apparatus according to the preferred embodiment of the
invention.

FIG. 7 is a flowchart showing an example of a process of
the ultrasonic diagnostic apparatus according to the preferred
embodiment of the invention.

FIG. 8 is a schematic explanatory view showing the pro-
cess of the ultrasonic diagnostic apparatus according to the
preferred embodiment of the invention.

FIG. 9 is a flowchart showing an example of the process of
the ultrasonic diagnostic apparatus according to the preferred
embodiment of the invention.

FIG. 10 is a schematic explanatory view showing the pro-
cess of the ultrasonic diagnostic apparatus according to the
preferred embodiment of the invention.

FIG. 11 is a flowchart showing an example of the process of
the ultrasonic diagnostic apparatus according to the preferred
embodiment of the invention.

FIG. 12 is a schematic explanatory view showing the pro-
cess of the ultrasonic diagnostic apparatus according to the
preferred embodiment of the invention.

FIG. 13 is a flowchart showing an example of the process of
the ultrasonic diagnostic apparatus according to the preferred
embodiment of the invention.

FIG. 14 is a schematic explanatory view showing the pro-
cess of the ultrasonic diagnostic apparatus according to the
preferred embodiment of the invention.

FIG. 15 is a schematic block diagram showing an example
of an entire configuration in a modification of the ultrasonic
diagnostic apparatus according to the preferred embodiment
of the invention.

FIG. 16 is a schematic explanatory view showing a process
of the modification of the ultrasonic diagnostic apparatus
according to the preferred embodiment of the invention.

FIG. 17 is a schematic block diagram showing an example
of an entire configuration of an ultrasonic diagnostic appara-
tus according to a preferred embodiment of the invention.

DESCRIPTION OF REFERENCE NUMERALS
AND SYMBOLS

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
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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

An ultrasonic diagnostic apparatus, a medical image pro-
cessing apparatus, and a medical image processing program
according to preferred embodiments of the invention will be
described in detail with reference to the accompanying draw-
ings.

<First Embodiment>

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 ultrasonic diag-
nostic apparatus according to the invention. An ultrasonic
diagnostic apparatus 1 shown in FIG. 11s an apparatus used to
acquire, for example, an image showing a shape of a biologi-
cal 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, amemory 7, a user interface 8, and a
controller 9. Hereinafter, a detailed example of the respective
parts constituting the ultrasonic diagnostic apparatus 1 will be
described.

{Memory, User Interface, and Controller}

First, the memory 7, the user interface 8, and the controller
9 will be described. The memory 7 is composed of, for
example, a memory device such as a hard disk drive. In the
memory 7, a medical image processing program 71 for caus-
ing the ultrasonic diagnostic apparatus 1 to execute a charac-
teristic operation according to the invention is stored in
advance. Additionally, in the memory 7, various data such as
image data of an ultrasonic image and incidental information
incidental to the image data (DICOM (Digital Imaging and
Communications in Medicine)) are stored.

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 an image such as an ultrasonic image
acquired by the ultrasonic diagnostic apparatus 1, informa-
tion such as the DICOM incidental information of the image,
etc.

The operation part 82 is composed of an arbitrary operation
device or input device such as a mouse, a track ball, a joystick,
a control panel, and a keyboard.

Particularly, the operation part 82 serves as the “designat-
ing part” for designating a measurement image region on an
ultrasonic image (tomographic image) displayed on the dis-
play part 81. The measurement image region is a region on the
tomographic image (in fact, image data corresponding to this
region) used as a reference for measuring a motion state ofthe
biological tissue. The ultrasonic diagnostic apparatus 1 oper-
ates so as to create a series of volume data in time series by
three-dimensionally scanning the biological tissue with the
ultrasonic wave and repeating the three-dimension scanning
operation, and so as to create the image data of the tomo-
graphic 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
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the motion state of the biological tissue by analyzing how the
designated measurement image region varies in time series.

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 medical image processing
program 71. Particularly, the controller 9 performs a process
for displaying an image and a screen on the display 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 opera-
tion part 82.

{Two-Dimension Ultrasonic Probe}

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 transducers are individually driven
by the transceiver 3 described later.

FIGS. 2 and 3 show an aspect of 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) outputted from an arrangement sur-
face of the ultrasonic transducers in a primary-scanning
direction X. Additionally, as shown in FIG. 2B, the ultrasonic
probe 2 sequentially 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-
scanning direction Y perpendicular to the primary-scanning
direction X. Accordingly, as shown in FIG. 3, a three-dimen-
sion scanning region R is formed.

The sub-scanning direction Y corresponds to “a predeter-
mined direction” according to the invention, and the primary-
scanning direction X corresponds to “a direction perpendicu-
lar 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}

The transceiver 3 includes a transmitter for generating an
ultrasonic wave by supplying an electric signal to the ultra-
sonic probe 2 and a receiver for receiving the echo signal
(receiving signal) outputted from the ultrasonic probe 2
received a reflected wave of the ultrasonic wave (not shown).

A transmitter of the transceiver 3 includes a clock gener-
ating circuit, a transmission delaying circuit, and a pulsar
circuit, which are not shown. The clock generating circuitis a
circuit for generating a clock signal for determining the trans-
mission timing and the transmission frequency of the ultra-
sonic wave. The transmission delaying circuit is a circuit that
performs a transmission focus by applying a delay at the time
of transmission of the ultrasonic wave. The pulsar circuit
incorporates a corresponding number of pulsars to individual
paths (channels) for the respective ultrasonic transducers, and
operates so as to generate a drive pulse at the delayed trans-
mission timing and supply to the respective ultrasonic trans-
ducers of the ultrasonic probe 2.

Additionally, a receiver of the transceiver 3 includes a
pre-amplifier circuit, an A/D converting circuit, and a receiv-
ing 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) conversion of the amplified echo signal.
The receiving delaying/adding circuit gives and adds a delay
time necessary 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 direction in
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accordance with the receiving directivity is emphasized. The
signal having been subjected to the adding process may be
referred to as “RF data (or raw data)” or the like. The trans-
ceiver 3 inputs the acquired RF data to the signal processor 4.

{Signal Processor}

The signal processor 4 performs signal processing for visu-
alizing 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 processor 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)

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 performs a band-
pass filter process on the RF data and detects an envelope of
the output signal to perform a compression process using a
logarithmic transformation on the detected data. Accordingly,
image data of a tomographic 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
invention.

(Doppler Processing Part)

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

In the pulse Doppler method, it is possible to detect an
ultrasonic frequency displacement (Doppler displacement
frequency component) caused by the Doppler effect of the
bloodstream at a certain depth (a distance from the ultrasonic
probe 2) by use of a pulse wave. Thus, since the pulse Doppler
method has a good distance resolution, the pulse Doppler
method is favorably used for the depth measurement of the
bloodstream or a tissue of a particular portion. In the appli-
cation of the pulse Doppler method, the Doppler processing
part 42 extracts the Doppler displacement frequency compo-
nent by phase-detecting a signal in a bloodstream observation
region having a specified size from the RF data inputted from
the transceiver 3, and performs an FFT (Fast Fourier Trans-
form) process to create data showing the Doppler frequency
distribution representing a bloodstream velocity in the blood-
stream observation region.

Additionally, unlike the pulse Doppler method, the con-
tinuous wave Doppler method uses a continuous wave to
obtain a signal in which Doppler displacement frequency
components in all sites in a transmission/reception direction
of the ultrasonic wave (a diameter direction in the two-dimen-
sional scanning plane Phaving a fan-shape shown in FIG. 2A)
are superimposed, that is, a signal showing all the blood-
stream states on the path of the ultrasonic wave. The continu-
ous wave Doppler method has a merit that the measurement
velocity is excellent. In the application of the continuous
wave Doppler method, the Doppler processing part 42
extracts the Doppler displacement frequency component by
phase-detecting a signal received on a sample line for blood-
stream observation from the RF data inputted from the trans-
ceiver 3 and performs the FFT process, thereby creating data
showing the Doppler frequency distribution representing the
bloodstream velocity on the sample line.

(CFM Processor)

The CFM (Color Flow Mapping) processor 43 operates at
the time of performing a color flow mapping method in which
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the bloodstream information of the biological tissue is super-
imposed in colors on a monochrome B-mode image and is
displayed in real time. An example of the displayed blood-
stream information includes the velocity, distribution, power,
etc. of a bloodstream. The bloodstream is obtained as binary
information. More specifically, the CFM processor 43
includes a phase-detecting circuit, an MTI (Moving Target
Indication) filter, an autocorrelator, a flow-velocity/distribu-
tion calculator, and so on. The CFM processor 43 performs a
high-pass filter process (MTT filter process) to obtain a mor-
phological signal showing a shape of a biological tissue and a
bloodstream signal showing the bloodstream, thereby obtain-
ing the bloodstream information at a plurality of positions,
such as the bloodstream velocity, the bloodstream distribu-
tion, and the bloodstream power by an autocorrelation pro-
cess. Additionally, a non-linear process or the like may be
carried out in order to reduce the morphological signal.

{Image Processor}

The image processor 5 performs various image processing
based on the data created by the signal processor 4. For
example, the image processor 5 includes a DSC (Digital Scan
Converter), and performs a process of converting data syn-
chronized with the ultrasonic scanning created by the signal
processor 4 into data for display (television scanning type
data), that is, a scan conversion process.

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)

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 ofa “volume data creating part”, and includes, for
example, a DSC or a microprocessor.

When a pseudo-three-dimensional image based on the vol-
ume data is displayed, the image processor 5 performs a
volume rendering process, an MIP (Maximum Intensity Pro-
jection) process, etc., on the volume data.

(MPR Processing Part)

The MPR (Multi Plannar Reconstruction) processor 52
performs a section conversion process on the basis of the
volume data created by the volume data creating 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. Addi-
tionally, the MPR processing part 52, the volume data creat-
ing 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}

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.

For example, when the biological tissue is a heart, an
example of the local motion information obtained by the
calculation processor 6 includes variation in thickness of a
heart wall, a velocity of the variation, a 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
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(rotary velocity), a relative rotary angle of the inner lining or
the outer lining, and the like (the detailed contents will be
described later).

Additionally, an example of the motion information
includes, for example, a straining motion of the heart wall, a
velocity of the straining motion, expansion/contraction
(shortening), a velocity of the expansion/contraction, a strain
of the motion of the heart wall, a strain rate, a relative rotary
gradient, and the like (the detailed contents will be described
below).

The calculation processor 6 includes a microprocessor
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)

The displacement calculating part 61 tracks the measure-
ment image region designated on the tomographic 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 mea-
surement image region corresponds to an example of “local
motion information” according to the invention.

It is possible to obtain a displacement velocity by dividing
the displacement between the two-dimensional and three-
dimensional images in time series at a time interval (frame
interval) between the images. On the contrary, itis possible to
obtain the displacement between the images by multiplying
the displacement velocity of the measurement image region
by the time interval between the images. That is, when the
time interval between the images is given, it is possible to
suppose that the displacement and the velocity are synony-
mous with each other. Forthis meaning, the displacement and
the velocity may be considered to be identical with each other
in the invention.

An operation of the displacement calculating part 61 will
be described in more detail. As described above, the ultra-
sonic diagnostic apparatus 1 creates the series of volume data
of the biological tissue in time series, and creates the image
data of the tomographic image based on one of the volume
data (volume data at a certain time (time phase)). Then, the
measurement image 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 measurement
imageregionin the volume data in time series may be referred
to as “three-dimensional tracking.”

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 different time (time
phase) at the same sectional position as that of the tomo-
graphic image. Such a tracking process 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 tomo-
graphic image in time series at the sectional position is cre-
ated on the basis of the volume data in time series and the
displacement in the image data of the tomographic image in
time series is tracked. Additionally, the two-dimensional
tracking may be carried out by tracking the displacement at
the sectional position of the volume data in time series.

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 Document 1, the
two-dimensional tracking may be carried out in such a man-
ner that characteristic points are extracted from the respective
measurement image regions designated on a plurality of
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tomographic images in time series and a measurement point
1s designated on the basis of the characteristic points. Then, a
template having a size including a predetermined number or
more of characteristic points on the basis of the measurement
point is set, and a correlation process (pattern matching pro-
cess) of two tomographic images (measurement image
region) is carried out by using the template, whereby calcu-
lation of the displacement for each measurement point is
carried out.

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

Additionally, the characteristic point and the measurement
point may be designated in only the measurement image
region (for example, an inner-lining position image ml
described below and shown in FIG. 5), or may be designated
in a region other than the measurement image region, such as
a region between the boundaries of the measurement image
regions (for example, an image region corresponding to a
section of a heart wall surrounded by the inner-lining position
image ml 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 region.

The displacement of the measurement points obtained by
the two-dimensional tracking or the three-dimensional track-
ing can be directly used as the displacement of the measure-
ment image region. Additionally, it is possible to calculate the
displacement of the boundary of the measurement image
region (forexample, inner-lining position images m1tom3 or
outer-lining position images M1 to M3 described below and
shown in FIG. 6) on the basis of the displacement of the
measurement points, and use the displacement of the bound-
ary as the displacement of the measurement image region.

Thus, the displacement calculating part 61 designates a
plurality of measurement points in a measurement image
region designated in one tomographic image, and obtains the
positions of the measurement points, respectively, for a tomo-
graphic image in each frame. Then, the displacement calcu-
lating part calculates the displacement in time series of each
of the measurement points on the basis of the positions of the
measurement points for the tomographic image in each
frame, and calculates the displacement of the designated mea-
surement image region on the basis of the displacement of the
measurement points.

(Motion Information Calculating Part)

The motion information calculating part 62 performs a
process for calculating motion information showing a
(broader) motion state of'a biological tissue on the basis of the
displacement of the measurement image region calculated by
the displacement calculating part 61. A detailed example of
the process for calculating the motion information by the
motion information calculating part 62 will be described later.

[Operation Aspect]

An example of the operation aspect of the ultrasonic diag-
nostic apparatus 1 with the above-described configuration
according to this embodiment will be described with refer-
ence to FIGS. 4to 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
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process and a motion information calculating process will be
described with reference to FIGS. 7 to 14.

{Acquisition of Ultrasonic Image and Designation of Mea-
surement Image Region}

First, an ultrasonic image of a heart as a target for evaluat-
ing a motion state is acquired. For this acquisition, 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).

The ultrasonic diagnostic apparatus 1 repeatedly 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 not less than one cardiac
cycle (one period of a heartbeat, for example, from a current
R wave to a subsequent R wave in an electrocardiogram).

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 part 41 of the signal processor 4 sequentially
creates image data of a tomographic image in each of the
two-dimensional scanning planes P1 to Pn on the basis of the
RF data (802). 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.

Subsequently, the volume data creating part 51 of the
image processor 5 sequentially executes an interpolation pro-
cess on the image data of the tomographic images in the
two-dimensional scanning planes P1 to Pn, and sequentially
creates volume data in a three-dimension scanning region R
corresponding to one three-dimensional ultrasonic scanning
(803). Thus, a plurality of volume data in time series are
obtained.

Next, the MPR processing part 52 creates image data of a
tomographic image at a predetermined sectional position of
the heart on the basis of one of the plurality of generated
volume data. In this embodiment, image data of anapical four
chamber image (may be referred to as an apical four chamber
tomogram) and image data of an apical two chamber image
(maybe referred to as an apical two chamber tomogram) are
created (S04). Here, the apical four chamber image and the
apical two chamber image each corresponds to a sectional
image at a sectional position along a longitudinal direction of
the heart, and their sectional positions are orthogonal to each
other.

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
atthismoment. InFIG. 5, the display part 81 (a display screen
thereof) is provided with sectional-position designating
image displays 81A 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 designating image dis-
play part 81A and the apical two chamber image is displayed
on the sectional-position designating image display part 81B.

Additionally, in the case of ultrasonic diagnosis by elec-
trocardiogram synchronization, an electrocardiogram is dis-
played on an electrocardiogram display portion 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
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sectional-position designating image displays 81A 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 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.

Sectional-position designating cursors C1, C2 and C3 are
disposed athorizontal positions on the sectional-position des-
ignating image display part 81B. For example, while observ-
ing the apical four chamber image or the apical two chamber
image, auser operates amouse of the operation part 82 to drag
and drop the sectional-position designating cursors C1 to C3
in a vertical direction (a longitudinal direction of the heart),
thereby designating a sectional position (S06).

The controller 9 determines the coordinate of the desig-
nated sectional position on the image data of the apical four
chamber image on the basis of, for example, 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

The MPR processing part 52 creates image data of a tomo-
graphic image having a section in the short-axis direction of
the heart at each of the designated sectional 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 tomographic image at each of the designated
sectional positions for each of the plurality of volume data.

The controller 9 controls tomographic image display por-
tions 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 creation process of the other image
data may be carried out in the background after the process in
Step S08.

In the example shown in FIG. 5, the sectional-position
designating cursors C1 to C3 are respectively set to an apex-
portion level, a papillary-muscle level, and a base-portion
level of the heart. In this case, a tomographic image of the
apex-portion level (an apex portion short-axis image G1)
designated with the sectional-position designating cursor C1
is displayed on the tomographic image display portion 81C.
Additionally, a tomographic image of the papillary-muscle
level (a papillary muscle short-axis image G2) designated
with the sectional-position designating cursor C2 is displayed
on the tomographic image display portion 81D. Additionally,
a tomographic image of the base-portion level (a base portion
short-axis image G3) designated with the sectional-position
designating cursor C3 is displayed on the tomographic image
display portion 81E.

The user operates the operation part 82 to designate the
measurement image region on the tomographic image dis-
played 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.

FIG. 6 shows an example of an aspect of designating the
measurement image region on the apex portion short-axis
image G1, the papillary muscle short-axis image G2 and the
base portion short-axis image G3 shown in FIG. 5. The
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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 dis-
played short-axis images G1 to G3, the user operates the
operation part 82 to trace the inner lining and the outer lining,
thereby inputting a line showing the measurement image
region.

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 image 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
(3, 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.

Consequently, the ultrasonic image acquiring operation
and the measurement image region designating operation
end.

{Measurement Image Region Tracking Process and
Motion Information Calculating Process}

Next, the measurement image region tracking process (dis-
placement calculating process) and the motion 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 carried out in the different processes.

(Motion Information: Straining Motion)

First, a process of acquiring a straining motion state of a
heart wall as motion information will be described with ref-
erence to FIGS. 7 and 8. When the measurement image region
is designated on the tomographic image displayed on each of
the tomographic image display portions 81C, 81D and 81E
(509), the displacement calculating part 61 performs the two-
dimensional tracking of the inner-lining position image m1
based on the image data of the tomographic image created for
each of the plurality of volume data in time series (S07),
thereby 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-
axis image G1 (a longitudinal 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 displacement calculat-
ing 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 images m1, m2 and m3, rotary angles of
the outer-lining position images M1, M2 and M3 may be
calculated.

At this moment, the displacement calculating part 61, for
example, calculates the rotary angles of the inner-lining posi-
tion 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 calculating 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 series.

The motion information calculating part 62 calculates a
difference (a relative rotary angle) between the rotary angle of
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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 differ-
ence (a relative rotary angle) between 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 “difference information” according to the inven-
tion.

The processes shown in Step S12 and S13 will be described
in detail with reference to FIG. 8. In the tomographic image
display portions 81C, 81D and 81E, for example, a counter-
clockwise direction 1s defined as a normal rotary direction (+6
direction). Additionally, a rotary angle of the inner-lining
position image ml is denoted by 01, 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.

At this moment, a relative rotary angle A812 calculated in
Step S12 is obtained by A812=01-62 (or 62-601). Addition-
ally, a relative rotary angle A923 calculated in Step S13 is
obtained by A623=02-63 (or 63-62).

The relative rotary angle AB12 obtained in Step S12 is
information showing a straining motion state (magnitude) 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
(81=62), it is possible to suppose that, at an arbitrary position
between the sectional positions, the heart wall rotates by the
same angle in the same direction and there is no strain in the
rotary direction.

Meanwhile, in the case of 1A0121=0, there is a difference in
rotary angle between the sectional positions, and the heart
wall is strained in the rotary angle direction. The strain of the
heart wall is larger as the absolute value of the relative rotary
angle A812 is larger. For example, when the signs of the 61
and 02 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.

Inthe same manner, the relative rotary angle A023 obtained
in Step S13 is information showing the magnitude of a strain-
ing 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.

The controller 9 controls the display part 81 to display the
relative rotary angles A012 and A023 calculated in Steps S12
and S13 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 displayed relative rotary angles A012 and
AB23. Here, it 1s also possible to calculate the relative rotary
angles of the inner lining and the outer lining of the heart wall,
respectively, and evaluate the magnitude of the straining
motion on the basis of the two relative rotary angles (for
example, by obtaining an average of the two relative rotary
angles).

By differentiating the relative rotary angle A812 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 differentiating the relative rotary
angle A823 by 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 velocities on the display part 81. Here,
“differentiation” includes a process of dividing the relative
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rotary angle by a time interval between the frames where the
relative rotary angles are obtained, as well as a general dif-
ferentiation calculation.

(Motion Information: Relative Rotary Gradient)

A process of acquiring a relative rotary gradient of the heart
wall as the motion information will be described with refer-
ence to FIGS. 9 and 10. The relative rotary gradient is infor-
mation showing the degree of a straining motion of the heart
wall.

First, in the same manner as in Step S1 shown in FIG. 7, the
displacement calculating part 61 calculates the rotary angle
01 of the inner-lining position image m1 of the apex portion
short-axis image G1, the rotary angle 62 of the inner-lining
position image m2 of the papillary muscle short-axis image
(52, and the rotary angle 63 of the inner-lining position image
m3 of the base portion short-axis image G3 (S21).

Next, in the same manner as in Steps S12 and S13, the
motion information calculating part 62 calculates the relative
rotary angle AB812 between the rotary angle 61 of the inner-
lining position image ml and the rotary angle 62 of the
inner-lining position image m2 ($22), and calculates the rela-
tive rotary angle A823 between the rotary angle 62 of the
inner-lining position image m2 and the rotary angle 63 of the
inner-lining position image m3 (S23).

Subsequently, the motion information calculating 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 (S825). The distances 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 papil-
lary muscle short-axis image G2, and the base portion short-
axis image G3 obtained by the controller 9 following Step
S06.

Additionally, as shown in FIG. 10, the motion information
calculating part 62 divides the relative rotary angle A612
obtained in Step S22 by the distance d12 obtained in Step S24
to calculate the relative rotary gradient 6612=A812/d12
between the inner-lining position image m1 and the inner-
lining position image m2 (S26). Similarly, the motion infor-
mation calculating part 62 divides the relative rotary angle
AB23 obtained in Step S23 by the distance d23 obtained in
Step S25 to calculate the relative rotary gradient 8623=A623/
d23 between the inner-lining position image m2 and the
inner-lining position image m3 (S27).

The controller 9 controls the display part 81 to display the
relative rotary gradients 5012 and 8023 calculated in Steps
S26 and S27 as the motion information showing the degree of
a straining motion of the heart wall (S28).

The relative rotary gradient 8612 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 8023 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 §812 and 5623 are motion information show-
ing 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 referring to the displayed relative rotary gradients
8012 and §623. 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 example, by
obtaining an average from the two relative rotary gradients).

(Motion Information: Longitudinal Expansion-Contrac-
tion)
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A process of acquiring longitudinal expansion-contraction
(shortening) of the heart wall as the motion information will
be described with reference to FIGS. 11 and 12.

First, the displacement calculating part 61 executes 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 of the 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 calcu-
lating 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 desig-
nated for the inner-lining position image m1, the inner-lining
position image m2 and the inner-lining position image m3,
respectively (S31). The displacement corresponds to an
example of the “local motion information.” The displacement
calculating part may calculate three-dimensional displace-
ments of the outer-lining position images M1, M2 and M3
instead of the inner-lining position images m1, m2 and m3.

At this moment, for example, for each time phase, the
displacement calculating part 61 calculates three-dimen-
sional displacements of the inner-lining position images m1,
m2 and m3 as three-dimensional displacements 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 sequentially calculate the three-dimen-
sional displacements of the inner-lining position images m1,
m?2 and m3 in continuous frames.

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 image G2, and the base portion
short-axis image G3. Additionally, Az denotes a displacement
in the 7 direction (for example, an apex-portion direction will
be the —Z direction and a base-portion direction will be the +Z
direction when viewed from the papillary-muscle level)
orthogonal to the X direction and the Y direction. The Z
direction is parallel to the longitudinal direction of the heart.

Additionally, the displacement calculating part 61 extracts
the displacements Azl, Az2 and Az3 in the Z direction (lon-
gitudinal direction) from the three-dimensional displace-
ments (Ax1, Ayl, and Az1), (Ax2, Ay2, and Az2) and (Ax3,
Ay3, and Az3) (S32).

Here, it is assumed that the sections of the apex portion
short-axis image G1 etc. are parallel to the XY plane. How-
ever, even when the sections of the apex portion short-axis
image G1 etc. are not parallel to the xy plane, it is possible to
easily calculate the displacement in the 7 direction by pro-
jecting the three-dimensional displacement (vector) in the Z
direction.

Next, as shown in FI1G. 12, the motion information calcu-
lating part 62 calculates the difference between the displace-
ment Azl of the inner-lining position image ml in the Z
direction and the displacement Az2 of the inner-lining posi-
tion image m2 in the 7 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
(833). In the same manner, the motion information calculat-
ing part 62 calculates the difference between the displace-
ment Az2 of the inner-lining position image m2 in the 7
direction and the displacement Az3 of the inner-lining posi-
tion image m3 in the 7 direction to obtain the expansion-
contraction Az23=A72-Az3 (or Az3-Az2) of the heart wall
between the papillary-muscle level and the base-portion level
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(S34). The expansion-contraction Az12 and Az13 correspond
to an example of “difference information”

The controller 9 controls the display part 81 to display the
expansion-contraction Az12 and Az23 of the heart wall cal-
culated 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.

Tt 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 magnitude of the expansion-
contraction on the basis of the two values of the expansion and
the contraction (for example, obtaining an average from the
two values of the expansion-contraction).

Additionally, by differentiating the expansion-contraction
Az12 by time, it is possible to obtain the velocity of the
expansion-contraction motion of the heart wall between the
inner-lining position images m1 and m2. In the same manner,
by differentiating the expansion-contraction Az23 by time, it
is possible to obtain the velocity of the expansion-contraction
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 velocities on the display part 81. Here, the “dif-
ferentiation” has the same meaning as described above.

(Motion Information: Longitudinal Strain)

A process of acquiring a longitudinal strain of the heart
wall as the motion information will be described with refer-
ence to FIGS. 13 and 14. The strain is information showing
the degree of the strain magnitude of the heart wall, and
represents the strain state of the heart wall.

First, in the same manner as in the case of obtaining the
longitudinal expansion-contraction, the displacement calcu-
lating part 61 calculates the three-dimensional displacements
(Ax1, Ayl, and Az1), (Ax2, Ay2, and Az2) and (Ax3, Ay3, and
Az3) of the tomographic images having the measurement
image regions designated 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
displacements Az1, Az2 and Az3 in the 7 direction (longitu-
dinal direction) from the three-dimensional displacements
(542).

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

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
(3 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 image G2 and the base portion short-axis image
G3.

Furthermore, the motion information calculating part 62
divides the expansion-contraction Az12 calculated in Step
S43 by the distance d12 calculated in Step S45 to calculate the
longitudinal strain 8712=Az12/d12 between the apex-portion
level and the papillary-muscle level (S47). Additionally, the
motion information calculating part 62 divides the expan-
sion-contraction Az23 calculated in Step S44 by the distance
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d23 calculated in Step S46 to calculate the longitudinal strain
0723=A723/d23 between the papillary-muscle level and the
base-portion level (S48).

The controller 9 controls the display part 81 to display the
strains 8712 and 3723 of the heart wall calculated 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 6712 and 6723 of the heart wall.

It is also possible to calculate the strains of the inner lining
of the heart wall and the outer lining of the heart wall, respec-
tively, and evaluate the magnitude of the strain on the basis of
the two strain values (for example, obtaining an average from
the two strain values).

(Motion Information: Longitudinal Strain Rate)

A process of acquiring a longitudinal strainrate of the heart
wall as the motion information will be described. The strain
rate is information showing a variation rate with time of the
strain of the heart wall, and represents the strain state of the
heart wall.

In the case of obtaining the strain rate, by performing the
same processes in Steps S41 to S48 of the flowchart shown in
FIG. 13, the longitudinal strain 8712 between the apex-por-
tion level and the papillary-muscle level and the longitudinal
strain 3723 between the papillary-muscle level and the base-
portion level are calculated.

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 portion short-axis image G3
at two time phases t1 and t2 (t1=12). The motion information
calculating part 62 divides the strain 8z12 by the time interval
At=It1-121 o calculate thelongitudinal strain rate between the
apex-portion level and the papillary-muscle level. Addition-
ally, the motion information calculating part divides the 5723
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 calculate the strain
rate from the strain.

The controller 9 controls the display part 81 to display the
calculated strain rates dz12/At and 6z23/At of the heart wall as
the motion information showing the variation 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.

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]

According to the ultrasonic diagnostic apparatus 1 operat-
ing as described above, the following effects and advantages
are produced.

The ultrasonic diagnostic apparatus 1 first creates 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 level). 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 moving picture cannot be displayed due to
the operation velocity of the CPU or the like. In this case, for
example, only the tomographic image can be displayed by
performing the MPR process on the volume data.
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Next, the ultrasonic diagnostic apparatus 1 displays one
tomographic image of the series of tomographic images for
each of the two or more sectional positions. The user desig-
nates the measurement image region on each ofthe displayed
tomographic images by operating the operation part 82.
When the measurement image region is designated, the ultra-
sonic diagnostic apparatus 1 calculates the displacement in
time series of the designated measurement image regions on
the tomographic images at the sectional positions. Then, on
the basis of the displacement of the measurement image
regions calculated for the two or more sectional positions, the
ultrasonic diagnostic apparatus calculates the motion infor-
mation showing the motion state of the biological tissue.

Thus, unlike the known method in which the motion of the
biological tissue is measured in terms of the displacement
(local motion information) of the measurement image region
at one sectional position, the ultrasonic 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 measurement image regions to acquire the motion infor-
mation. Therefore, it is possible to measure the three-dimen-
sional motion of the biological tissue.

To be specific, on the basis of the displacements of the
measurement image regions at the sectional positions, the
relative displacement at the different sectional positions (the
relative displacement (difference information); the relative
rotary angle, the expansion-contraction, and the like
described above) is obtained, whereby it is possible to mea-
sure 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 rela-
tive displacement, 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). There-
fore, there is a merit that the three-dimensional measurement
can be executed in a short time.

Additionally, by three-dimensional tracking of the mea-
surement image region designated on the two-dimensional
tomographic image on the basis of the volume 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 precision.

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 possible to increase the effi-
ciency in processing. In accordance with the motion informa-
tion to be acquired, it is possible to configure the ultrasonic
diagnostic apparatus capable of performing only the two-
dimensional tracking or the ultrasonic diagnostic apparatus
capable of performing only the three-dimensional tracking.

Additionally, according to the ultrasonic diagnostic appa-
ratus 1, unlike the known configuration in which the measure-
ment image region is designated on the displayed pseudo-
three-dimensional image, the tomographic image (MPR
image) based on the volume data is displayed and the mea-
surement image region is designated on the tomographic
image, so that it is possible to easily designate the measure-
ment image region.

According to the ultrasonic diagnostic apparatus 1, other
than the above-described motion information, for example, it
is 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 veloc-
ity) of the inner lining or the outer lining of the heart wall
about the longitudinal direction, a strain or a strain rate of the
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heart wall in a rotary direction about the longitudinal direc-
tion, and a relative rotary angle of the inner lining or the outer
lining of the heart wall in the rotary direction about the lon-
gitudinal direction. As conventional, it is possible to obtain
the motion information by two-dimensional tracking on one
tomographic image. Additionally, even when the three-di-
mensional 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 data in a predetermined line of a sight.

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 differ-
ent time phases and obtaining the difference therebetween.
Here, the thickness of the heart wall can be obtained by
obtaining a straight line orthogonal to a tangential line con-
tacting 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 thick-
ness can be easily obtained by dividing the variation of the
wall thickness by the time between two tomographic images
or by performing a general differentiation process (differen-
tiation process having a variable of time) to the variation of
the wall thickness.

It is 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 thickness by
the value of the wall thickness of one tomographic image
(tomographic image at a certain time phase) of two tomo-
graphic images. It is possible to obtain the strain rate by
dividing the strain value by the time interval between the time
phases of the two tomographic images (or by differentiating
the strain value by time).

It is possible to obtain the rotary angle of the inner lining
(outer lining) of the heart wall about the longitudinal 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 lining) of one tomographic image with
respect to the position of the inner lining (outer lining) of the
other tomographic image. Additionally, it is possible to easily
obtain the rotary velocity in the above-described manner.

The strain of the heart wall in the rotary direction about the
longitudinal direction is obtained by calculating a distance
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 value 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 the time interval between the time phases
of two tomographic images.

It is 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 obtaining the rotary angle
of the inner lining and the rotary angle of the outer lining in
two tomographic images having different time phases (de-
scribed above), and calculating the difference therebetween.

Although a measurement image region parallel to the
short-axis direction of the heart is designated in this embodi-
ment, it is also possible to designate a measurement image
region on a section parallel to the longitudinal direction. In
this case, the straining motion and relative rotary gradient in
the longitudinal direction can be obtained by two-dimen-
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sional tracking on a tomographic image in the relevant sec-
tion. Additionally, the expansion-contraction, strain and
strain rate in the short-axis direction can be obtained by
executing three-dimensional tracking using volume data.

Furthermore, it is also possible to designate a measurement
image region parallel to an arbitrary section of the heart. In
this case, the motion information acquired from only a dis-
placement in a direction parallel to the measurement image
region can be obtained by two-dimensional tracking on a
tomographic image in a direction parallel to the relevant
section. Additionally, the motion information that needs a
displacement in a direction orthogonal to the relevant section
can be obtained by executing three-dimensional tracking
using volume data.

Besides, even when executing three-dimensional ultra-
sonic scanning in an arbitrary scanning aspect for generating
volume data, it is possible to execute a similar motion infor-
mation acquiring process. For example, even when rotation-
ally scanning a two-dimensional scanning plane, itis possible
to execute a process as in the above-described embodiment.
That 1s, it is possible to arbitrarily select an ultrasonic scan-
ning aspect as far as volume data of a biological tissue can be
created thereby.

[Modification]

The above-described ultrasonic diagnostic apparatus 1 is
merely a preferred detailed example of the ultrasonic diag-
nostic apparatus according to the invention. Hereinafter, vari-
ous modifications of the ultrasonic diagnostic apparatus
according to the invention will be described.

[First Modification]

This modification is provided to facilitate an operation for
designating a measurement image region on an image based
on volume data obtained by executing three-dimension ultra-
sonic scan on a biological tissue. The ultrasonic diagnostic
apparatus according to this modification has a configuration
similar to that of the ultrasonic diagnostic apparatus 1 accord-
ing to the above-described embodiment. Hereinafter, a pro-
cess according to this modification will be described.

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 embodiment. 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.

The controller 9 controls the display part 81 to display one
tomographic image of the series of tomographic images. The
user designates a measurement image region on the displayed
tomographic image by operating the operation part 82.
Accordingly, it is possible to more easily designate the mea-
surement image region than in the known configuration in
which a pseudo-three-dimensional image is displayed to des-
ignate the measurement image region.

According to this modification, for example, when desig-
nating the measurement image region parallel to the short-
axis section of the heart, itis possible to calculate the variation
(velocity) in thickness of the heart wall, the strain or strain
rate of the heart wall in the thickness 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 wall in 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.



US 8,343,052 B2

23

[Second Modification]

The ultrasonic diagnostic apparatus 1 according to the
above-described embodiment is configured such that the user
operates the operation part 82 to designate the measurement
image region. This modification is provided to automatically
perform the measurement image region designating opera-
tion.

FIG. 15 shows an example of the ultrasonic diagnostic
apparatus according to this modification. An ultrasonic diag-
nostic apparatus 100 shown in FIG. 15 has the substantially
same configuration as the ultrasonic diagnostic apparatus 1
according to the above-described embodiment, but is differ-
ent in that the image processor 5 is provided with a measure-
ment image region designating part 53. Additionally, in order
to perform the characteristic process of the modification,
there is provided a medical image processing program 72
different from that of the above-described embodiment.

The measurement image region designating part 53 ana-
lyzes 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 por-
tion), and designates the measurement image region on the
tomographic image.

More specifically, the measurement image region desig-
nating 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 boundary portion of the
biological tissue (e.g., the inner lining and the outer lining of
the heart wall). Then, the measurement image region desig-
nating part 53 designates the extracted boundary portion as
the measurement image region of the tomographic image.
The measurement image region designating part 53 corre-
sponds to an example of the “designating part” according to
the invention, and includes a microprocessor that operates on
the basis of, for example, the medical image processing pro-
gram 72.

A process carried out by the measurement image region
designating part 53 corresponds to the procedure in Step S09
of the flowchart of FIG. 4. When the measurement image
region designating part 53 performs the measurement image
region designating process, the tomographic image may be
displayed on the display part 81, or may be not displayed
thereon.

Additionally, in order that the user can check the automati-
cally designated measurement image region, it is desirable to
display the tomographic image with the measurement image
region inputted, on the display part 81. At this moment, it is
desirable to configure such that the measurement image
region can be appropriately changed by using the operation
part 82.

Since the measurement image region is automatically des-
ignated in the configuration according to this modification, it
is possible to easily designate the measurement image region
(in fact, it is not necessary to perform the measurement image
region designating operation when using the automatically
designated measurement image region as it is).

[Third Modification]

In the ultrasonic diagnostic apparatus 1 according to the
above-described embodiment, the three-dimension ultra-
sonic scanning operation is electronically carried out by using
atwo-dimension ultrasonic transducer in which the ultrasonic
transducers are arranged two-dimensionally. This modifica-
tion relates to an ultrasonic diagnostic apparatus in which an
ultrasonic transducer is equipped with a one-dimension ultra-
sonic probe arranged in the one-dimension direction.

When using the one-dimension ultrasonic probe, the ultra-
sonic scanning operation is electronically carried out only in
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the one-dimension direction (the primary-scanning direction
X shown in FIGS. 2 and 3). Therefore, the scanning operation
is manually or mechanically carried out in the sub-scanning
directionY atthe time of the three-dimension ultrasonic scan-
ning operation.

Even if using such a one-dimension ultrasonic probe, it is
possible to configure to generate volume data based on the
three-dimension ultrasonic scanning operation, generate
image data of a tomographic image based on the volume data,
display the tomographic image and designate the measure-
ment image region.

[Fourth Modification]

The ultrasonic diagnostic apparatus 1 according to the
above-described embodiment calculates a displacement in
time series of a measurement image region designated on a
tomographic image at two or more sectional positions such as
the apex-portion level and the papillary-muscle level, and
calculates the motion information of a biological tissue on the
basis of the displacement 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 mea-
surement image region.

This modification is provided to automatically and addi-
tionally 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 measurement image region. Here-
inafter, the ultrasonic diagnostic apparatus according to this
modification will be described. 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.

An operation of the ultrasonic diagnostic apparatus accord-
ing to this modification will be described. In the same manner
as in the above-described embodiment, 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 innet-
lining position images m1, m2 and m3 and the outer-lining
position images M1, M2 and M3 (see FIGS. 5 and 6). The
measurement image region may be designated by the auto-
matic designating process according to the second modifica-
tion.

The measurement image region designating part 53 desig-
nates 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 designates 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
image G1 and the papillary muscle short-axis image G2, and
designates the inner-lining position image mé 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.

The measurement image region designating process will
be described in more detail. The measurement image region
designating part 53 first determines a sectional position (coor-
dinate) for designating a new measurement image region, on
the basis of the sectional positions (coordinates) of the apex
portion short-axis image G1, the papillary muscle short-axis
image (32, and the base portion short-axis image G3 in which
the measurement image region is designated by the user or the
like. This process is carried out, for example, in such a manner
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thata coordinate (a first Z coordinate) of a position 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 coordinate (a second Z coordi-
nate) at the center of the sections based on the Z coordinate of
the apex portion short-axis image G1 and the Z coordinate of
the papillary muscle short-axis image G2 is obtained, and
then a coordinate (a third 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

Subsequently, the MPR processing part 52 creates 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.

The measurement image region designating part 53 ana-
lyzes a pixel value of the image data ofthe 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 position image m4 and the outside bound-
ary portion is designated as the outer-lining position image
M4. In the same manner, the measurement image region
designating part analyzes a pixel value of the image data of
the tomographic 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 position
image m5 and the outside boundary portion is designated as
the outer-lining position image M5. The measurement image
region designating part analyzes a pixel value of the image
data of the tomographic image at the third 7 coordinate to
extract the boundary portion of the heart wall, whereby the
insideboundary portion is designated as the inner-lining posi-
tion image mé and the outside boundary portion is designated
as the outer-lining position image M6. Then, the inner-lining
position images md to mé and the outer-lining position
images M4 to M6 are respectively designated as new mea-
surement image regions.

The displacement calculating part 61 according to this
modification executes calculation of displacements in time
series, respectively, on the measurement image regions m1 to
m3 and M1 to M3 designated by the user, etc. and the mea-
surement image regions m4 to mé and M4 to M6 designated
by the measurement image region designating part 53.

The motion information calculating part 62 calculates the
motion information on the basis of all the displacements of
the measurement image regions m1 to mé 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 position image ml, the relative rotary
angle of the inner-lining position image m1 and the inner-
lining position image m3, 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 mé6
and the inner-lining position image m3. In the same manner,
the motion information calculating part is capable of calcu-
lating the relative rotary angles of the outer-lining position
images M1 to M6.

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

In the above-described embodiment, the sectional position
for designating the measurement image region is designated
by the user (see the sectional-position designating cursors C1
to C3 shown in FIG. 5). However, it is possible to configure to
automatically designate the sectional position.

For example, like an observation before and after an opera-
tion 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 informa-
tion at the past designated sectional position is read out,
whereby it is possible to automatically designate the current
sectional position.

Additionally, it is possible to previously set a typical sec-
tional 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.

Additionally, it is possible to configure such that the size of
the biological tissue (for example, the longitudinal 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 divid-
ing the size into a plurality of portions is designated as the
sectional position for designating the measurement image
region.

[Others]

In the above-described embodiment, the displacement of
the biological tissue is obtained and the velocity is obtained
by differentiating the displacement (dividing by a time inter-
val). However, it is possible to configure such that the velocity
is first obtained and the displacement is obtained by integrat-
ing the velocity.

Additionally, in the above-described embodiment, the
motion information showing the (broader) motion state of the
biological tissue is obtained and displayed, it is possible to
configure such that the local motion 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>

A medical image processing apparatus according 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 (Picture Archiving and Commu-
nication System) for storing the image data of the ultrasonic
image. FIG. 17 shows an example of the medical image
processing apparatus according to the invention. In FIG. 17,
the same reference numerals are given to the same compo-
nents as those of the first embodiment.

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 processing apparatus 1000 is connected to an
ultrasonic diagnostic apparatus 2000 and a medical image
database 3000 via a network N such as a LAN (Local Area
Network). The controller 9 according to this embodiment
includes a network adaptor for performing data communica-
tion via the network N.

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

When the inputted image data is the image data of a
B-mode image, the volume-data creating part 51 creates vol-
ume 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.

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 tomographic
images is stored in the memory 7.

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). Conse-
quently, it is possible to measure the three-dimensional
motion of a biological tissue in a short time. Additionally, it is
possible to easily designate a region to measure the biological
tissue.

As a modification of this embodiment, it is possible to
employ a configuration in which the image processor 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 second modification and
fourth modification of the first embodiment.

<Third Embodiment>

A medical image processing program according to the
invention will be described. The medical image processing
programs 71 and 72 described in the first and second embodi-
ments are an example of the medical image processing pro-
gram according to the invention. The medical image process-
ing program is for making a computer execute the processes
described in the first embodiment and the modifications
thereof. The medical image processing program may be
stored inadvance 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.

It is possible to store the medical image processing pro-
gram in an arbitrary storing medium so as to be readable 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.), a magnetic storing
medium (hard disk, floppy (trademark) disk, ZIP, etc.), and a
semiconductor memory.

The invention claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe;

a transceiver configured to transmit and receive an ultra-

sonic 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;

adisplay part configured to display one tomographic image
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
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a calculator configured to calculate local motion informa-
tion showing a motion state ofthe biological tissue inthe
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 config-
ured to 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 local motion information indicates a time series dis-
placement of'the one tomographic image in a same mea-
surement image region,

the motion information indicates a difference of the local
motion information between the two or more sectional
positions, which are different sectional positions relat-
ing to different cross sections of the biological tissue,
and

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

2. The ultrasonic diagnostic apparatus according to claim

1:

wherein with the transceiver, the ultrasonic probe scans
each of a plurality of positions along a predetermined
direction, in an ultrasonic wave transmitting and receiv-
ing direction along a direction orthogonal to the prede-
termined direction, and repeats an ultrasonic wave trans-
mitting and receiving operation along the predetermined
direction and the orthogonal direction;

wherein the image creating part includes:

a first tomographic image creating part configured to
create image data of a first tomographic image in a
section of the biological tissue including the transmit-
ting and receiving direction and the orthogonal direc-
tion, 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 configured to
create image data of a second tomographic image for
each of the two or more sectional positions, on the
basis of the created volume data; and

wherein a plurality of the image data of the second tomo-
graphic image obtained by repeating the ultrasonic 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 images in time series.

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

4. The ultrasonic diagnostic apparatus according to claim
3, 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.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein:
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sections of the series of tomographic images at one sec-
tional position of the two sectional positions are parallel
to sections of the series of tomographic images at the
other sectional position; and

the calculator calculates displacements in a direction
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 informa-
tion showing the calculated three-dimensional motion
state for the respective two sectional positions, and cal-
culates, as the difference information, a difference
between the displacements in the orthogonal direction
calculated for the respective two sectional positions,
thereby using the calculated difference between the dis-
placements as the motion information showing an
expanding and contracting motion of the biological tis-
sue in the orthogonal direction.

6. The ultrasonic diagnostic apparatus according to claim

4, wherein:

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

the calculator calculates displacements in a direction
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 informa-
tion showing the three-dimensional motion state calcu-
lated for the respective two sectional positions, and cal-
culates, as the difference information, a difference
between the displacements in the orthogonal direction
calculated for the respective two sectional positions to
differentiate the calculated difference between the dis-
placements by time, thereby calculating the motion
information showing a velocity of an expanding and
contracting motion of the biological tissue in the
orthogonal direction.

7. The ultrasonic diagnostic apparatus according to claim

4, wherein:

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

the calculator calculates displacements in a direction
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 informa-
tion showing the calculated three-dimensional motion
state for the respective two sectional positions, and cal-
culates, as the difference information, a difference
between the displacements in the orthogonal direction
calculated for the respective two sectional positions to
divide the calculated difference of the displacements by
an original distance between the two sectional positions,
thereby using a quotient as the motion information
showing a strain of the biological tissue in the orthogo-
nal direction.

8. The ultrasonic diagnostic apparatus according to claim

4, wherein:

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

the calculator calculates displacements in a direction
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 informa-
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tion showing the calculated three-dimensional motion
state for the respective two sectional positions, and cal-
culates a difference, as the difference information,
between the displacements in the orthogonal direction
calculated for the respective two sectional positions to
divide the calculated difference of the displacements by
an original distance between the two sectional positions
and differentiate a quotient by time, thereby calculating
the motion information showing a strain rate of the bio-
logical tissue in the orthogonal direction.

9. 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.

10. The ultrasonic diagnostic apparatus according to claim
9: wherein

sections of the series of tomographic images at one sec-

tional position of the two sectional positions are parallel
to sections of the series of tomographic images at the
other sectional position; and

the calculator calculates, as the local motion information, a

rotary angle of the biological tissue in the measurement
image region about a direction orthogonal to the sections
of the series of tomographic images, for each of the two
sectional positions, and calculates, as the difference
information, a difference between the rotary angles cal-
culated for the two sectional positions, thereby using the
calculated difference between the rotary angles as the
motion information showing a straining motion of the
biological tissue.

11. The ultrasonic diagnostic apparatus according to claim
9, wherein:

sections of the series of tomographic images at one sec-

tional position of the two sectional positions are parallel
to sections of the series of tomographic images at the
other sectional position; and

the calculator calculates, as the local motion information, a

rotary angle of the biological tissue in the measurement
image region about a direction orthogonal to the sections
of the series of tomographic images for each of the two
sectional positions, and calculates, as the difference
information, a difference between the rotary angles cal-
culated 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.

12. The ultrasonic diagnostic apparatus according to claim
9, wherein:

sections of the series of tomographic images at one sec-

tional position of the two sectional positions are parallel
to sections of the series of tomographic images at the
other sectional position; and

the calculator calculates, as the local motion information, a

rotary angle of the biological tissue in the measurement
image region about a direction orthogonal to the sections
of the series of tomographic images for each of the two
sectional positions, and calculates, as the difference
information, a difference between the rotary angles cal-
culated for the two sectional positions to divide the
calculated difference between the rotary angles by a
distance between the two sectional positions, thereby
obtaining the motion information showing a relative
rotary gradient of the biological tissue.

13. The ultrasonic diagnostic apparatus according to claim
1, wherein:
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the designating part includes an automatic designating part
configured to designate a new measurement image
region at a sectional position different from the two or
more sectional positions on the basis of the measure-
ment image region designated on the one tomographic
image displayed by the display part; and

the calculator calculates the local motion information
showing the motion state of the biological tissue in the
new designated measurement image region, and calcu-
lates the motion information on the basis of the local
motion information calculated for each of the two or
more sectional positions and the different sectional posi-
tion.

14. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the biological tissue is a heart; and

the measurement image region designated by the designat-
ing part is an image region corresponding to a heart wall
of the heart in the one tomographic image displayed by
the display part.

15. The ultrasonic diagnostic apparatus according to claim

1, wherein the calculator designates a plurality of measure-
ment points in the measurement image region designated on
the one displayed tomographic 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 plurality of measurement
points on the basis of the obtained positions, and calculates a
displacement of the measurement image region on the basis
of the displacement or the displacement velocity calculated
for each of the plurality of measurement points.

16. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the ultrasonic probe includes a plurality of ultrasonic trans-
ducers arranged two-dimensionally: and

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

17. The ultrasonic diagnostic apparatus according to claim
1, wherein the two or more sectional positions are displaced
relative to one another in a longitudinal direction relating to a
rotary axis of the biological tissue.

18. 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 apparatus comprising:

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

adisplay part configured to display one tomographic image
from among the series of tomographic images on the
basis of the stored image data for the respective two or
more sectional positions;
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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 informa-
tion showing a motion state of the biological 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 config-
ured to 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 local motion information indicates a time series dis-
placement of the one tomographic image in a same mea-
surement image region,

the motion information indicates a difference of the local
motion information between the two or more sectional
positions, which are different sectional positions relat-
ing to different cross sections of the biological tissue,
and

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

19. A medical image processing program for causing a
computer having a memory configured to store image data of
aseries 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 tomographic image, calculating 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 sec-
tional positions, the local motion information indicating
atime series displacement of the one tomographic image
in a same measurement image region;

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 sec-
tional positions, the motion information indicating a
difference of the local motion information between the
two or more sectional positions, which are different
sectional positions relating to different cross sections of
the biological tissue; and

displaying the calculated motion information on the dis-

play.
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