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(57)  Provided is an ultrasonic diagnostic device that
improves the frame rate (or volume rate), is resistant to
movement, and is capable of constructing ultrasonic im-
ages at a high frame rate or a high volume rate. The
ultrasonic diagnostic device comprises: a plurality of
transducers arranged on an ultrasonic probe, that oscil-
late at the same time, and irradiate an ultrasonic beam
on a subject; and an ultrasonic image generation unit that

ULTRASONIC DIAGNOSTIC DEVICE AND ULTRASONIC IMAGE GENERATION METHOD

generates a first ultrasonic data as a result of the plurality
of transducers oscillating at the same time and irradiating
afirstultrasonic beam on the subject, generates a second
ultrasonic data as a result of the plurality of transducers
oscillating at the same time and irradiating a second ul-
trasonic beam on the subject, and generates an acoustic
image on the basis of the first ultrasonic data and the
second ultrasonic data.
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Description
Technical Field

[0001] Thepresentinventionrelates to an ultrasonic diagnostic device, and more particularly, to an ultrasonic diagnostic
device that constructs a 4D ultrasonic image.

Background Art

[0002] A conventional ultrasonic diagnostic device employs an ultrasonic probe to transmit ultrasonic waves to the
inside of a subject, receives the reflected echo signal of the ultrasonic wave in consonance with the living tissue structure
of the subject, and provides a tomographic monochrome (black and white) image for the cross section of the subject.
[0003] Further,the conventionalultrasonic diagnostic device mechanically reciprocates the ultrasonic probe to compare
two image frames obtained at different times in the same section, and calculates the displacement of the living tissue,
and thereafter, provides an elastographic image for elastographic information (e.g., hardness information and strain
information) of the tissue. Furthermore, the conventional ultrasonic diagnostic device alternately scans the tomographic
image and the elastographic image, and superimposes the tomographic image with the elastographic image to be
displayed (see, for example, patent document 1).

[0004] Moreover, for providing a three-dimensional elastographic image, the conventional ultrasonic diagnostic device
selects a plurality of elastographic images generated in the state wherein the same pressure is applied to the tissue of
a subject, and synthesizes these selected elastographic images to create a three-dimensional elastographic image, or
employs only image frames that have large values of correlation coefficients to create a three-dimensional elastographic
image (see, for example, patent document 2).

[0005] Further, the conventional ultrasonic diagnostic device displays a three-dimensional image (stereoscopicimage)
in real time to generate a 4D ultrasonic image.

Citation List
Patent Documents
[0006]

PTL 1: Japanese Patent Laid-Open No. 2004-141505
PTL 2: Japanese Patent Laid-Open No. 2008-259555

Summary of Invention
Technical Problem

[0007] However, the conventional ultrasonic diagnostic device is susceptible to movements (e. g. , camera shakes or
body motions associated with pressure). Especially, since the location for obtaining an ultrasonic image is shifted when
the ultrasonic probe mechanically reciprocates, or a time difference between the two image frames isincreased depending
on the period required for the reciprocal movement of the ultrasonic probe, the conventional ultrasonic diagnostic device
encounters difficulty in employing a 4D system (an image generation system that updates a three-dimensional image,
as needed, and displays the updated image in real time) to construct a motion-compensated 4D ultrasonic image.
Furthermore, since the conventional ultrasonic diagnostic device generates an ultrasonic beam by sequentially vibrating,
in the arrangement direction, a plurality of transducers that are arranged for the ultrasonic probe, an extended period of
time is required for obtaining a tomographic image or an elastographic image, and difficulty is encountered in creating
a 4D ultrasonic image at a high frame rate or at a high volume rate.

[0008] Therefore, one objective of the presentinvention is to provide an ultrasonic diagnostic device that can construct
an ultrasonic image (e.g., a 4D ultrasonic image) at a high frame rate or a high volume rate.

Solution to Problem
[0009] An ultrasonic diagnostic device according to the present invention includes:

a plurality of transducers arranged in an ultrasonic probe so as to be vibrated at the same time for projecting an
ultrasonic beam to a subject; and
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an ultrasonic image generation unit for generating first ultrasonic data through projection of a first ultrasonic beam
to the subject by vibrating the plurality of transducers at the same time, and generating second ultrasonic data
through projection of a second ultrasonic beam to a subject by vibrating the plurality of transducers at the same
time, and for generating an elastographic image based on the first ultrasonic data and the second ultrasonic data.

[0010] According to this arrangement, since a plurality of transducers are vibrated at the same time to project an
ultrasonic beam to the subject, a single performance of irradiation of the ultrasonic beam is required to generate ultrasonic
data for the cross section of the subject, and therefore, the frame rate (or the volume rate) is increased, and the elas-
tographic image can be constructed at a high frame rate or a high volume rate.

Advantageous Effects of Invention

[0011] According to the presentinvention, there is provided an ultrasonic diagnostic device that can improve the frame
rate (or the volume rate) because a plurality of transducers are vibrated at the same time to project an ultrasonic beam
to a subject, and therefore, ultrasonic data for the cross section of the subject are generated by a single performance
of irradiation of the ultrasonic beam.

Brief Description of Drawings
[0012]

FIG. 1is a diagram illustrating an ultrasonic diagnostic device according to one embodiment of the present invention.
FIG. 2 is a diagram illustrating transmission and reception of a plane wave.

FIG. 3 is a diagram showing generation of volume data (ultrasonic data) through the reciprocal movement of an
ultrasonic probe.

FIG. 4 is a diagram showing a case wherein a plurality of transducers are sequentially vibrated and a case wherein
the transducers are vibrated at the same time.

FIG. 5 is a diagram for a comparison between a forward movement and a backward movement for a case wherein
the plurality of transducers are sequentially vibrated and for a case wherein the transducers are vibrated at the same
time.

FIG. 6 is a diagram for explaining the interval for performing correlation calculation for volume data.

FIG. 7 is a diagram for explaining sequential transmission and simultaneous transmission of the plurality of trans-
ducers in a frame data acquisition sequence.

FIG. 8is adiagram for explaining alternate acquisition of atomographicimage (monochrome image), an elastographic
image (elastography), and a Doppler image.

FIG. 9 is a diagram for explaining a case wherein an elastographic image is generated based on displacement in
the directions in three-dimensional space, (X, y, z).

Description of Embodiment

[0013] An ultrasonic diagnostic device for the embodiment of the present invention will now be described by reference
to the drawings.

[0014] An ultrasonic diagnostic device 100 of the embodiment of this invention is shown in FIG. 1. As shown in FIG.
1, the ultrasonic diagnostic device 100 includes: an ultrasonic probe 102 that is employed in contact with a subject 101;
a transmission unit 105 that repetitively transmits ultrasonic waves to the subject 101 via the ultrasonic probe 102 at
predetermined time intervals; a reception unit 106 that receives a reflected echo signal reflected from the subject 101;
a transmission/reception control unit 107 that controls the transmission unit 105 and the reception unit 106; a data
storage unit 111 thattemporarily stores the reflected echo received by the reception unit 106; a phase-rectification/addition
unit 108 that performs phase-rectification and addition in order to form the individual beams received from the data
storage unit 111; an RF saving/selection unit 109 that stores RF signal frame data (ultrasonic data) generated by the
phase-rectification/addition unit 108; an ultrasonic image generation unit 150 that generates an ultrasonic image based
on the RF signal frame data stored in the RF saving/selection unit 109; and a display unit 120 that displays an ultrasonic
image generated by the ultrasonic image generation unit 150. The ultrasonic diagnostic device 100 also includes: a
control unit 103 that controls the individual components; and an operation unit 104 that is employed to provide various
entries for the control unit 103. The operation unit 104 includes a keyboard and a trackball.

[0015] A plurality of transducers 122 (vibrators) are arranged in the ultrasonic probe 102. The ultrasonic probe 102
has a function of transmitting ultrasonic waves to, and receiving the ultrasonic waves from the subject 101 through the
plurality of transducers 122. Rectangular-shaped or fan-shaped transducers 122 are provided for the ultrasonic probe
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102. The ultrasonic probe 102 is mechanically reciprocated in a direction (along a short axis) perpendicular to a direction
x in which the plurality of transducers 122 are arranged. Since the plurality of transducers 122 are mechanically recip-
rocated by mechanically moving the ultrasonic probe 102, three-dimensional transmission and reception of an ultrasonic
wave are performed.

[0016] The multiple transducers 122 arranged in the ultrasonic probe 102 are vibrated at the same time to project the
ultrasonic beam to the subject 101. These multiple transducers 122 may also be vibrated sequentially in the arrangement
direction x to project the ultrasonic beam to the subject 101.

[0017] The transmission unit 105 generates a transmission pulse, with which the plurality of transducers 122 of the
ultrasonic probe 102 are to be driven to generate ultrasonic waves. The transmission unit 105 has a function for setting
a predetermined depth for the convergence point of the ultrasonic wave that is transmitted, and a function for encouraging
generation of a plane wave. The reception unit 106 employs a predetermined gain to amplify the reflected echo signal
received by the ultrasonic probe 102, and generates an RF signal (i.e., a received signal). The ultrasonic transmission/re-
ception control unit 107 controls the transmission unit 105 and the reception unit 106.

[0018] The phase-rectification/addition unit 108 controls the phase of the RF signal amplified by the reception unit
106, forms an ultrasonic beam with respect to one convergence point or a plurality of convergence points, and generates
RF frame data (corresponding to RAW data).

[0019] The ultrasonic image generation unit 150 also includes a two-dimensional tomographic image configuration
unit 113, a tomographic volume data generation unit 114, a three-dimensional tomographic image configuration unit
115, a two-dimensional elastographic image configuration unit 116, an elastographic volume data generation unit 117,
a three-dimensional elastographic image configuration unit 118, and a synthesis processing unit 119.

[0020] The two-dimensional tomographic image configuration unit 113 generates a two-dimensional tomographic
image (ultrasonic image) based on the RF signal frame data stored in the RF saving/selection unit 109. The tomographic
volume data generation unit 114 employs the two-dimensional tomographic image obtained by the two-dimensional
tomographic image configuration unit 113, performs three-dimensional coordinate transformation in accordance with
the two-dimensional tomographic image acquisition location, and generates tomographic volume data (ultrasonic data).
The three-dimensional tomographic image configuration unit 115 performs volume rendering based on the luminance
and opacity of the tomographic volume data, and creates a three-dimensional tomographic image (ultrasonic image).
[0021] The two-dimensional elastographic image configuration unit 116 constructs a two-dimensional elastographic
image (ultrasonic image) based on a plurality of sets of RF signal frame data stored in the RF saving/selection unit 109.
The elastographic volume data generation unit 117 employs the two-dimensional elastographic image obtained by the
two-dimensional elastographic image configuration unit 116, and performs the three-dimensional coordinate transfor-
mation in accordance with the two-dimensional elastographic image acquisition position and generates elastographic
volume data (ultrasonic data). The three-dimensional elastographic image configuration unit 118 performs volume ren-
dering based on the elasticity value and the opacity of the elastographic volume data, and creates a three-dimensional
elastographic image (ultrasonic image).

[0022] The synthesis processing unit 119 synthesizes the two-dimensional tomographic image with the two-dimen-
sional elastographic image, or synthesizes the three-dimensional tomographic image with the three-dimensional elas-
tographic image. The display unit 120 displays, for example, a synthesis image obtained by the synthesis processing
unit 119, or a two-dimensional tomographic image (ultrasonic image).

[0023] Next, a specific operation performed by the ultrasonic image generation unit 150 will be described. Based on
the setting condition for the control unit 103, the two-dimensional tomographic image configuration unit 113 receives RF
frame data output by the RF saving/selection unit 109, performs signal processing, such as gain correction, log com-
pression, edge enhancement, and filtering, and constructs a two-dimensional tomographic image. The ultrasonic probe
102 can detect a transmission/reception direction (6, ¢) at the same time as performing transmission/reception of the
ultrasonic waves, and in accordance with the transmission/reception direction (6, ¢) that corresponds to the acquisition
location for a two-dimensional tomographic image, the tomographic volume data generation unit 114 performs the three-
dimensional coordinate transformation based on a plurality of two-dimensional tomographic images, and generates
tomographic volume data.

[0024] The three-dimensional tomographic image configuration unit 115 employs the tomographic volume data to form
a three-dimensional tomographic image. The three-dimensional tomographic image configuration unit 115 performs
volume rendering based on equations (1) to (3).

Cout (i) = Cout(i - 1) + (1 - Aout(i - 1))-A(i)-C(i)-S(1)
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Aout (i) = Aout(i - 1) + (1 - Aout(i - 1))-A(1)

A(i) = Opacityl[C(i)] e . (3)

Here, C (i) is a luminance value of the i-th voxel located along the line of sight in a case wherein a three-dimensional
tomographic image is viewed from a predetermined point on a two-dimensional projection plane that is created. Cout(i)
is a pixel value to be output. For example, when the luminance values of N voxels are arranged along the line of sight,
luminance value Cout (N-1) obtained by adding | = 0 to (N - 1) is a final pixel value to be output. Cout (i-1) indicates a
total value up to the (i-1)th voxel.

[0025] Further, A(i) indicates opacity for the i-th luminance value present on the line of sight, and as shown in equation
(3), is provided as a tomographic opacity table ranging from a value of 0 to 1.0. When opacity is examined in the
tomographic opacity table based on the luminance value, a rate of contribution to a two-dimensional projection plane
(three-dimensional tomographic image) to be output is determined.

[0026] S (i) is a weight component for shading that is calculated by employing the luminance C (i) and the gradient
obtained based on the peripheral pixel values, and indicates the shading enhancement effects; for example, in a case
wherein the light source is aligned with the normal line of a plane where the voxel is located in the center, 1.0 is provided
because light is reflected most strongly, whereas in a case wherein the light source is perpendicular to the normal line,
0.0 is provided.

[0027] For both Cout (i) and Aout (i), 0 is employed as the initial value. As represented by equation (2), Aout (i) is
added each time a voxel is passed by, and converges to 1.0. Therefore, as represented by equation (1), in a case
wherein the total value Aout (i-1) for opacity up to the (i-th) voxel has reached about 1.0, the luminance value C(i) for
the i-th voxel and later is not incorporated for an output image.

[0028] The two-dimensional elastographic image configuration unit 116 measures displacement by employing a plu-
rality of sets of RF signal frame data (ultrasonic data) stored in the RF saving/selection unit 109. Then, the two-dimensional
elastographic image configuration unit 116 calculates a value of elasticity based on the obtained displacement, and
forms a two-dimensional elastographic image. That is, a first ultrasonic beam is emitted to the subject 101 by vibrating
the plurality of transducers 122 of the ultrasonic probe 102 at the same time, and the first ultrasonic data are generated,
while a second ultrasonic beam is emitted to the subject 101 by vibrating the transducers 122 at the same time, and
second ultrasonic data are generated, and the two-dimensional elastographic image configuration unit 116 compares
the first ultrasonic data with the second ultrasonic data, calculates an elasticity value based on the displacement of the
subject 101, and generates an elastographic image (ultrasonic image). The elasticity value includes at least one type
of elastographic information, such as strain, elasticity, displacement, viscosity, stiffness, or a strain ratio.

[0029] The elastographic volume data generation unit 117 performs the three-dimensional transformation for a plurality
of two-dimensional elastographic images in accordance with the transmission/reception direction (6, ¢) that corresponds
to the acquisition position for a two-dimensional elastographic image, and generates elastographic volume data (ultra-
sonic data). The three-dimensional elastographic image configuration unit 118 employs the elasticity value to perform
volume rendering for the elastographic volume data (ultrasonic data), and forms a three-dimensional elastographicimage
(ultrasonic image).

[0030] An explanation will now be given for a case wherein the plurality of transducers 122 are vibrated at the same
time to generate an ultrasonic beam that is a plane wave. FIG. 2 is a diagram illustrating transmission and reception of
aplane wave. FIG. 2(a) is a diagram illustrating transmission of a plane wave. When sound waves with almost the same
intensity, for example, are generated by the individual transducers 122 of the ultrasonic probe 122, a plane wave parallel
to the surface of the ultrasonic probe 102 can be obtained. Since the plane wave (ultrasonic beam) is emitted to the
subject 101 by vibrating the plurality of transducers 122 at the same time, RF frame data (ultrasonic data) for the cross
section of the subject 101 are generated through a single performance of irradiation of the plane wave (ultrasonic beam),
and therefore, as compared with an ultrasonic diagnostic device that sequentially vibrates a plurality of transducers in
the arrangement direction x to emit the ultrasonic beam to the subject 101, the frame rate (or the volume rate) is improved,
and a frame rate of about 1000 to 10000 [fps] is obtained.

[0031] FIG. 2 (b) is a diagram illustrating reception of a plane wave. As shown in FIG. 2(b), since the individual
transducers 122 receive a reflected signal in the period of open time, a reflected signal reflected from the tissue of the
subject 101 is obtained at each temporal position in an imaging area. Data for the reflected signal in the imaging area
are stored in the data storage unit 111. Asillustrated in FIG. 2(c), since phase-rectification is performed for the reflected
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signal data that have been received, a plurality of beam lines can be formed inside the imaging area. The signal reception
and phasing are performed in the manner that, on the assumption that sounds generated at a predetermined location
will spread on the spherical surface, the phase-rectification/addition unit 108 corrects a time delay with which the signal
reaches the individual transducers due to the spread of the sound.

[0032] Asdescribed above, the plurality of transducers 122 are arranged for the ultrasonic probe 102, and are vibrated
at the same time to emit the ultrasonic beam to the subject 101. The ultrasonic image generation unit 150 generates a
three-dimensional ultrasonic image (a three-dimensional tomographic image, a three-dimensional elastographic image,
etc.) based on the ultrasonic data obtained when the ultrasonic probe 102 is moved.

[0033] Next, an explanation will be given for the acquisition of an ultrasonic image (e.g., a 4D elastographic image)
by employing the ultrasonic probe 102 (e.g., a 4D probe) that is mechanically driven. FIG. 3 is a diagram showing
generation of volume data (ultrasonic data) by the reciprocal movement of the ultrasonic probe 102. As shown in FIG.
3(a), first, the zeroth (even numbered) even-numbered volume data (the first ultrasonic data) generated by a forward
movement M1 of the ultrasonic probe 102. Then, the first (odd numbered) odd-numbered volume data (the second
ultrasonic data) are generated by a backward movement M2 of the ultrasonic probe 102. Thereafter, the second (even
numbered) even-numbered volume data are generated by the forward movement M1 of the ultrasonic probe 102. Through
the repetition of the forward and backward movements M1 and M2 of the ultrasonic probe 102, the even-numbered
volume data (first ultrasonic data) and the odd-numbered volume data (second ultrasonic data) are generated.

[0034] The tomographic volume data generation unit 114 employs the acquisition positions for two-dimensional tom-
ographic images (ultrasonic images) Ve(0)~Ve(50)~Ve(m) and Vo(0)~Vo(50)~Vo(m), generated by the two-dimensional
tomographic image configuration unit 113, and performs the three-dimensional coordinate transformation for the two-
dimensional tomographic images and generates tomographic volume data (ultrasonic data), so that the even-numbered
volume data (first ultrasonic data) and the odd numbered volume data (second ultrasonic data) are obtained.

[0035] FIGs. 3(b) and (c) are diagrams showing the irradiation of the ultrasonic beam by vibrating the plurality of
transducers 122 at the same time in accordance with the movement of the ultrasonic probe 102. As shown in FIGs. 3(b)
and (c), since the ultrasonic probe 102 mechanically reciprocates in a direction z (along the short axis) perpendicular to
a direction x in which a plurality of transducers T(0) to T (n) are arranged, a scanning sequence is performed by the
forward and backward movements M1 and M2 of the ultrasonic probe 102. The scanning sequence for the forward swing
(forward movement) is shown in FIG. 3(b), while the scanning sequence for the backward swing (backward movement)
is shown in FIG. 3(c).

[0036] Specifically, provided are: a plurality of transducers, which are vibrated at the same time to project an ultrasonic
beam to a subject; and the ultrasonic image generation unit 150 that generates the first ultrasonic data through projection
of the first ultrasonic beam to the subject 101 by vibrating the plurality of transducers at the same time, and generates
the second ultrasonic data through projection of the ultrasonic beam to the subject by vibrating the plurality of transducers
at the same time, and that employs the first ultrasonic data and the second ultrasonic data to generate an elastographic
image. Furthermore, the first ultrasonic data are generated through projection of the ultrasonic beam to the subject 101
by vibrating, at the same time, the plurality of transducers arranged for the ultrasonic probe 102, while the second
ultrasonic data are generated through projection of the ultrasonic beam to the subject 101 by vibrating the plurality of
transducers at the same time, and the first ultrasonic data and the second ultrasonic data are employed to generate an
ultrasonic image.

[0037] In this case, since the plurality of transducers 122 are vibrated at the same time to perform irradiation of the
ultrasonic beam, only a single performance of irradiation of a plane wave is required to generate RF signal frame data
(ultrasonic data) for the cross section of the subject 101, and therefore, as compared with the ultrasonic diagnostic
device that sequentially vibrates the plurality of transducers in the arrangement direction x to emit the ultrasonic beam
to the subject 101, the frame rate (or the volume rate) is increased. When the frame rate (or the volume rate) is improved,
a motion-compensated 4D ultrasonic image (4D elastographic image) can be constructed by a 4D system.

[0038] The plurality of transducers of the ultrasonic probe 102 perform reciprocal movements, and the ultrasonic image
generation unit 150 generates an elastographic image based on the first ultrasonic data, generated during the forward
movement, and the second ultrasonic data generated during the backward movement, performed immediately after the
forward movement. According to this arrangement, since an elastographic image can be generated based on the ultra-
sonic data obtained during the forward movement and the backward movement, which is performed immediately after
the forward movement, the interval of the correlation operation can be reduced, and a motion-compensated ultrasonic
image (e.g., a 4D elastographic image) can be constructed.

[0039] There are provided a plurality of transducers, which are arranged for the ultrasonic probe 102 and are vibrated
at the same time to emit the ultrasonic beam to the subject 101, and the ultrasonic image generation unit 150, which
generates a three-dimensional ultrasonic image based on the ultrasonic data that are obtained when the plurality of
transducers are moved.

[0040] According to this arrangement, since the plurality of transducers are vibrated at the same time and project the
ultrasonic beam to the subject 101, ultrasonic data for the cross section of the subject 101 are generated through a
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single performance of irradiation of the ultrasonic beam, and therefore, the frame rate (or the volume rate) is increased,
and a motion-compensated ultrasonic image (a tomographic image, an elastographic image, a Doppler image, etc.) can
be constructed at a high frame rate, or a high volume rate.

[0041] Furthermore, the plane wave is generated by the plurality of transducers. According to this arrangement, when
the plurality of transducers are vibrated at the same time and emit the ultrasonic beam to the subject 101, the plane
wave can be generated, and ultrasonic data for the cross section of the subject 101 can be generated by a single
performance of irradiation of the ultrasonic beam.

[0042] FIG. 4 is adiagram showing a case wherein the ultrasonic beam is emitted by sequentially vibrating the plurality
of transducers 122, and a case wherein the ultrasonic beam is emitted by vibrating the plurality of transducers 122 at
the same time. As shown in FIG. 4(a), during the forward movement M1, the ultrasonic probe 102 is shifted in the short
axial direction z. As the ultrasonic probe 102 is shifted in the short axial direction z, the plurality of transducers T(0) to
T(n) arranged in the arrangement direction x are vibrated sequentially. When a repetition frequency for pulses transmitted
by the transducers is denoted by PRF (Pulse Repetition Frequency), the period of the PRF (pulse repetition period) is
1/PRF = PRT (Pulse Repetition Time). Thatis, a period of "1/PRF" is required for vibrating a single transducer to transmit
a pulse.

[0043] Therefore, aperiod of" (1/PRF) * (n + 1)" is required for the plurality of transducers T(0) to T(n) to be sequentially
vibrated and transmit pulses for generating RF signal frame data for one cross section (e.g., cross section S(0)). Fur-
thermore, a period of " (1/PRF) * (n + 1) * (m + 1) " is required for the scanning sequence to obtain two-dimensional
tomographic images (ultrasonic images) Ve(0)~Ve(m) for a plurality of cross sections S(0) to S(m). Referring to FIG.
4(a), a period of "(1/PRF) * (n + 1)*5" is required for obtaining two-dimensional tomographic images (ultrasonic images)
Ve(0) to Ve(4) for a plurality of cross sections S(0) to S(4).

[0044] Meanwhile, as shown in FIG. 4(b), during the backward movement M2, the ultrasonic probe 102 is shifted in
the short axial direction z, and the plurality of transducers T (0) to T (n) arranged in the arrangement direction x are
vibrated at the same time. In this case, the plurality of transducers T(0) to T (n) are vibrated at the same time and transmit
pulses, and RF signal frame data (ultrasonic data) for a cross section (e.g., cross section s(0)) are generated through
a single performance of irradiation of a plane wave (ultrasonic beam). Therefore, a period of "1/PRF" is required for
generation of RF signal frame data for a single cross section (e.g., cross section s(0)). Further, a period of "(1/PRF)*(m
+ 1)"is required for the scanning sequence to obtain two-dimensional tomographic images (ultrasonic images) Ve(0) to
Ve(m) for the plurality of cross sections S(0) to S(m). Referring to FIG. 4(b), a period of "(1/PRF)*5" is required to obtain
two-dimensional tomographic images (ultrasonic images) Ve(0) to Ve(4) for the plurality of cross sections s(0) to s(4).

[0045] As described above, in a case wherein the plurality of transducers 122 are vibrated at the same time, the frame
rate (or the volume rate) is increased by (n + 1) times, as compared with the case wherein the transducers are vibrated
sequentially.

[0046] Referring to FIGs. 4 to 6, an explanation will now be given for a case wherein generation of an elastographic
image is performed based on a correlation coefficient of ultrasonic data. The ultrasonic probe 102 performs the forward
and backward movements M1 and M2. The ultrasonic image generation unit 150 generates an elastographic image
based on the coefficient of a correlation between the first ultrasonic data (even-numbered volume data), generated
during the forward movement M1 of the ultrasonic probe 102, and the second ultrasonic data (odd-numbered volume
data), generated during the backward movement M2 performed immediately after the forward movement M1.

[0047] As shown in FIG. 4, in the scanning sequence, the ultrasonic probe 102 is moved in the swing direction (the
shortaxial direction z) ata constant velocity. Therefore, in a case as shownin FIG. 4(a), wherein the plurality of transducers
122 are sequentially vibrated to emit the ultrasonic beam, the ultrasonic beam is projected to the cross sections S (0)
to S (4) located oblique to the direction x in which the plurality of transducers 122 are arranged.

[0048] FIG. 4 (a) is a diagram for explaining the forward movement M1 of the ultrasonic probe 102. During the forward
movement M1, since the plurality of transducers 122 are sequentially vibrated as shown in FIG. 4(a), the ultrasonic beam
is emitted to the cross sections S(0) to S(4) that are inclined in the swing direction (the direction along the forward
movement M1). Meanwhile, in the case of the backward movement M2 of the ultrasonic probe 102, since during the
backward movement M2 the plurality of transducers 122 are sequentially vibrated as shown in FIG. 5(c), the ultrasonic
beam is emitted to the cross sections S(0) to S(4) inclined in the swing direction (the direction along the backward
movement M2).

[0049] Therefore, as shown in FIGs. 5 (a) and (c), since the angle of the cross section S relative to the arrangement
direction x during the backward movement M2 is different from the angle during the forward direction M1, the acquisition
location for the ultrasonic image is deviated. That is, the ultrasonic image acquisition location for the forward movement
M1 and the ultrasonic image acquisition location for the backward movement M2 differ from each other. Therefore, in a
case as shown in FIG. 6(a), wherein the plurality of transducers 122 are sequentially vibrated to emit the ultrasonic
beam, a plurality of even-numbered volume data sets VO and V2 (RF volume data), generated during the forward
movement M1, are compared with each other, instead of comparing the even-numbered volume data VO (the first
ultrasonic data), generated during the forward movement M1, with the odd-numbered volume data V1 (the second
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ultrasonic data) generated during the backward movement M2, and the resultant correlation coefficient is employed to
generate an elastographic image V4 (elastographic volume image).

[0050] Further, a plurality of odd-numbered volume data sets V1 and V3 (RF volume data), generated during the
backward movement M2, are compared with each other, and the correlation coefficient is employed to generate an
elastographic image V5 (elastographic volume image).

[0051] On the other hand, in a case as shown in FIGs. 5(b) and (d), wherein the plurality of transducers 122 are
vibrated at the same time to emit the ultrasonic beam, the angle of the cross section S is constant relative to the
arrangement direction x, and the acquisition location for an ultrasonic image is not deviated, so that the ultrasonic image
acquisition position for the forward movement M1 is the same as the ultrasonic image acquisition position for the backward
movement M2. Therefore, as shown in FIG. 6(b), when the even-numbered volume data VO (the first ultrasonic data)
generated during the forward movement M1 are compared with the odd-numbered volume data V1 (the second ultrasonic
data) generated during the backward movement M2, an elastographic image V4 (elastographic volume image) is gen-
erated based on the correlation coefficient. Further, when the odd-numbered volume data V1 (RF volume data) are
compared with the even-numbered volume data V2 (RF volume data), an elastographic image V5 (elastographic volume
image) is generated based on the correlation coefficient. Furthermore, when the even-numbered volume data V2 (RF
volume data) are compared with odd-numbered volume data V3 (RF volume data), an elastographic image V6 (elasto-
graphic volume image) is generated based on the correlation coefficient.

[0052] In this manner, the ultrasonic image generation unit 150 generates an elastographic image based on the
coefficient of correlation between the first ultrasonic data (even-numbered volume data), generated during the forward
movement M1 of the ultrasonic probe 102, and the second ultrasonic data (odd-numbered volume data) generated
during the backward movement M2, performed immediately after the forward movement M1.

[0053] The plurality of transducers of the ultrasonic probe 102 may perform reciprocal movements, and the ultrasonic
image generation unit 150 may generate an elastographic image based on the first ultrasonic data, generated during
the forward movement or the backward movement, and the second ultrasonic data generated during the movement that
is the same as the forward or the backward movement.

[0054] For example, the ultrasonic image generation unit 150 may employ the first ultrasonic data, generated during
the forward movement, and the second ultrasonic data generated also during the forward movement to construct an
elastographic image. Further, the ultrasonic image generation unit 150 may employ the first ultrasonic data, generated
during the backward movement, and the second ultrasonic data generated also during the backward movement to
construct an elastographic image. The second ultrasonic data are ultrasonic data generated after the first ultrasonic data
by irradiation of the ultrasonic beam during the forward movement or the backward movement. That is, the first ultrasonic
data and the second ultrasonic data are ultrasonic data for the cross sections adjacent to each other. When the first
ultrasonic data are represented by Ve(n), the second ultrasonic data are Ve(n + 1).

[0055] In a case as shown in FIG. 6, wherein the plurality of transducers 122 are sequentially vibrated to emit the
ultrasonic beam, a correlation calculation is performed across a set of RF volume data, and therefore, the calculation
interval is extended.

[0056] On the other hand, in a case wherein the plurality of transducers 122 are vibrated at the same time to emit the
ultrasonic beam, the correlation calculation is performed for RF volume data adjacent to each other, and the calculation
interval is reduced, as compared with a case wherein the plurality of transducers 122 are sequentially vibrated.

[0057] Therefore, when the calculation interval for the correlation calculation is reduced, construction of a motion-
compensated ultrasonic image (e.g., a 4D elastographic image) is enabled by the 4D system. Further, since the amount
of change in the tissue can be reduced when the calculation interval for the correlation calculation is small, the deviation
of the cross section due to the motion (e.g., camera shaking by pressure or the body movements) can be reduced.
[0058] Moreover, in a case as shown in FIG. 4, wherein the plurality of transducers 122 are vibrated at the same time,
the frame rate (or the volume rate) can be increased by (n+1) times, as compared with a case wherein the transducers
are sequentially vibrated.

[0059] Next, the frame data acquisition sequence performed to create volume data (ultrasonic data) will now be
described by reference to FIG. 7. In a case as shown in FIG. 7(a), wherein the plurality of transducers T(0) to T(n) are
sequentially vibrated in the scanning sequence, a period of "(1/PRF)*(n + 1)" is required to obtain RF signal frame data
for one cross section. Meanwhile, in a case in FIG. 7(b) wherein the plurality of transducers T(0) to T (n) are vibrated at
the same time, a period of "(1/PRF)" is required to obtain RF signal frame data for one cross section. Therefore, in a
case wherein RF signal frame data (ultrasonic data) for the cross section are generated by a single performance of
irradiation of the plane wave (ultrasonic beam), frame data and volume data can be obtained in a short period of time,
and the frame rate and the volume rate can be greatly increased, so that an image generation system that updates a
three-dimensional image, as needed, and displays the updated image in real time can construct a motion-compensated
4D ultrasonic image.

[0060] As described above, the frame rate is improved for a case wherein the two-dimensional tomographic image
configuration unit 113 creates a two-dimensional tomographic image (ultrasonic image) based on the RF signal frame
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data stored in the RF saving/selection unit 109. Therefore, the volume rate is improved for a case wherein, based on
the two-dimensional tomographic image generated by the two-dimensional tomographic image configuration unit 113,
the tomographic volume data generation unit 114 performs the three-dimensional coordinate transformation in accord-
ance with the two-dimensional image acquisition location, and generates tomographic volume data (ultrasonic data).
Furthermore, the volume rate is also improved for a case wherein the three-dimensional tomographic image configuration
unit 115 performs volume rendering based on the luminance value and the opacity of the tomographic volume data, and
generates a three-dimensional tomographic image (ultrasonic image).

[0061] Furthermore, the frame rate is also increased for a case wherein the two-dimensional elastographic image
configuration unit 116 constructs a two-dimensional elastographic image (ultrasonic image) based on a plurality of RF
signal frame data sets stored in the RF saving/selection unit 109. Therefore, the volume rate is increased for a case
wherein, based on the two-dimensional elastographic image provided by the two-dimensional elastographic image
configuration unit 116, the elastographic volume data generation unit 117 performs three-dimensional coordinate trans-
formation in accordance with the two-dimensional elastographic image acquisition location, and generates elastographic
volume data (ultrasonic data). Moreover, the volume rate is also increased for a case wherein the three-dimensional
elastographic image configuration unit 118 performs volume rendering for the elasticity value and the opacity of the
elastographic volume data, and generates a three-dimensional elastographic image (ultrasonic image).

[0062] Further, a period required by the synthesis unit 119 for synthesizing the two-dimensional tomographic image
with the two-dimensional elastographic image, or synthesizing a three-dimensional tomographic image with a three-
dimensional elastographic image, is also reduced.

[0063] The embodiment of the present invention has been described; however, the present invention is not limited to
this embodiment, and can be varied or modified within the scope of the claims of the invention.

[0064] For example, in a case as shown in FIG. 8, wherein at least one ultrasonic image selected from among a
tomographic image (monochrome image), an elastographic image (elastography), and a Doppler image (color Doppler
image) is to be obtained, the plurality of transducers 122 may be vibrated at the same time to emit the ultrasonic beam
to the subject 101, and in a case wherein an unselected ultrasonic image is to be obtained, the plurality of transducers
122 may be sequentially vibrated in the arrangement direction x, and emit the ultrasonic beam to the subject 101.
According to this arrangement, for the selected ultrasonic image, the ultrasonic data for the cross section of the subject
are generated by a single performance of irradiation of the ultrasonic beam, and therefore, the frame rate (or the volume
rate) is increased, and the motion-compensated ultrasonic image can be created at a high frame rate or a high volume
rate, while the unselected ultrasonic image can be constructed by performing focusing of the ultrasonic beam.

[0065] FIG. 8 (a) is a diagram showing alternate acquisition of tomographic frame data (RF signal frame data) for a
tomographic image and elastographic frame data (RF signal frame data) for an elastographic image by sequentially
vibrating the plurality of transducers T(0) to T(n). As shown in FIG. 8(a), in a case wherein the plurality of transducers
T(0) to T(n) are sequentially vibrated, a period of "(1/PRF)*(n + 1) " is required for obtaining RF signal frame data
(tomographic frame data and elastographic frame data) for a single cross section. In this case, both the tomographic
volume image and the elastographic volume image can be constructed; however, as compared with a case wherein
either the tomographic volume image or the elastographic image is to be constructed as a volume image, twice the
period of time is required, and the volume rate is reduced to half.

[0066] FIG. 8(b) is a diagram showing the acquisition of tomographic frame data (RF signal frame data) for a tomo-
graphic image by sequential vibration of the plurality of transducers 122, and the acquisition of elastographic frame data
(RF signal frame data) for an elastographic image by simultaneous vibration of the plurality of transducers T(0) to T(n).
In this case, emission of the ultrasonic beam to the subject 101 is performed alternately by vibrating the plurality of
transducers 122 at the same time and by vibrating the transducers 122 sequentially. Since the frame rate and the volume
rate can be improved with this arrangement, a tomographic image, an elastographic image, and a Doppler image can
be alternately scanned, and can be displayed by being superimposed with each other, and tomographic information,
elastographic information, and blood circulation information can be displayed simultaneously in real time by a 4D system.
It should be noted that the emission of the ultrasonic beam by simultaneous vibration and the emission of the ultrasonic
beam by sequential vibration may be alternately performed for each emission of the ultrasonic beam, or may be alternately
performed for every set of multiple emissions of the ultrasonic beam.

[0067] As shown in FIG. 8(b), a period of "(1/PRF)*(n + 1) " is required to obtain the tomographic frame data for a
single cross section. Meanwhile, a period of "1/PRF" is required to obtain elastographic frame data for a single cross
section. In this case, as compared with the case where both a tomographic volume image and an elastographic volume
image are generated, the scanning period of time is reduced, and the volume rate is increased. Further, in a case wherein
a tomographic image (ultrasonic image) is to be obtained by performing focusing (including multistep focusing) of the
ultrasonic beam, the tomographic frame data (RF signal frame data) can be obtained by sequentially vibrating the plurality
of transducers T(0) to T(n). That is, in a case wherein focusing of the ultrasonic beam is performed to obtain at least
one ultrasonic image that is selected from a tomographic image, an elastographic image, and a Doppler image, ultrasonic
data (RF signal frame data) can be obtained by sequentially vibrating the plurality of transducers 122.
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[0068] Further, in a case wherein an elastographic image or a Doppler image is to be obtained, the ultrasonic beam
may be emitted to the subject 101 by simultaneously vibrating the plurality of transducers 122 when the ultrasonic probe
102 is moved, or in a case wherein a tomographic image is to be obtained, the ultrasonic beam may be emitted to the
subject 101 by sequentially vibrating the plurality of transducers 122 in the arrangement direction x when the ultrasonic
probe 102 is moved. According to this arrangement, the scanning period is reduced and the volume rate is increased
as compared with the case wherein a tomographic image, an elastographic image, and a Doppler image are to be
constructed, and in a case wherein a tomographic image (ultrasonic image) is to be obtained, focusing of the ultrasonic
beam is performed to obtain tomographic frame data.

[0069] FIG. 8(c) is a diagram showing the acquisition of elastographic frame data for an elastographic image and
Doppler data (ultrasonic data) for a Doppler image by simultaneous vibration of the plurality of transducers T(0) to T(n).
[0070] Forthe conventional ultrasonic diagnostic device, it has been difficult to employ three or more ultrasonic images
atthe same time to display, in a 4D system, an observation mode that can be applied for a plurality of diagnoses, because
the frame rate and the volume rate are reduced. According to this embodiment, however, the frame rate and the volume
rate can be increased, and three or more ultrasonic images (e.g., a tomographic image, an elastographic image, and a
blood circulation image) can be displayed by the 4D system.

[0071] In a case as shown in FIG. 8(c), wherein a tomographic image is to be obtained by performing focusing of the
ultrasonic beam, the tomographic frame data (RF frame data) can be obtained by sequentially vibrating the plurality of
transducers 122. Further, in a case wherein an elastographic image and a blood circulation image (Doppler image), for
which focusing of the ultrasonic beam is not required, are to be obtained, the plane wave can be generated by vibrating
the plurality of transducers 122 at the same time, and the elastographic frame data and the blood circulation data can
be obtained. As a result, functional information (elastographic information and blood circulation information) can be
displayed by a single scanning performance, while morphologic information (tomographic information) is maintained.
[0072] Since generally eight to ten sets of ensemble information are required to obtain a blood circulation image, and
since the frame rate and the volume rate are reduced in a case wherein the plurality of transducers 122 are sequentially
vibrated, it has been especially difficult to employ a 4D system to obtain a blood circulation image. According to this
embodiment, however, since the frame rate and the volume rate can be increased, real-time display of the blood circulation
information can be provided by the 4D system even in a case wherein about eight to ten sets of ensemble information
are generally required, and the three-dimensional distribution of the stiffness of a tumor (elastographic information), for
example, can be displayed in real time, and also, blood circulation information indicating either a pulsatile flow of blood
or a stationary flow entering into the tumor can be displayed at the same time, to thereby provide a high value-added
ultrasonic diagnostic device.

[0073] In the above described embodiment, the first ultrasonic data are not limited to even-numbered volume data,
and the second ultrasonic data are not limited to odd-numbered volume data. In a case wherein, for example, the two-
dimensional elastographic image configuration unit 116 constructs a two-dimensional elastographic image (ultrasonic
image) based on a plurality of sets of RF signal frame data stored in the RF saving/selection unit 109, the RF signal
frame data obtained at the same cross sectional location at different times may be employed as the first ultrasonic data
and the second ultrasonic data. That is, the first ultrasonic data and the second ultrasonic data are not limited to volume
data, and may be frame data.

[0074] Further, the first ultrasonic data and the second ultrasonic data are not limited to ultrasonic data obtained at
the same cross sectional location, and may be ultrasonic data obtained at different cross sectional locations. For example,
when the ultrasonic probe 102 is moved, the plurality of transducers 122 may be simultaneously vibrated to emit the
ultrasonic beam to the subject 101 continuously multiple times (e. g. , three times or more), and the ultrasonic image
generation unit 150 may perform a comparison for ultrasonic data (including the first ultrasonic data and the second
ultrasonic data) that are generated based on continuous emission of the ultrasonic beam multiple times, and may generate
an elastographicimage based on the displacement of the subject 101 in the directions in three-dimensional space, (X, y, z).
[0075] As described above, the plurality of transducers are vibrated at the same time, and emit the ultrasonic beam
to the subject 101 continuously multiple times. According to this arrangement, when the ultrasonic data generated based
on continuous emission of the ultrasonic beams multiple times are compared with each other, the ultrasonic image can
be generated based on the displacement of the subject in the directions in three-dimensional space, (x, y, z).

[0076] Furthermore, when the plurality of transducers are moved, the plurality of transducers are vibrated simultane-
ously to emit the ultrasonic beam to the subject 101 continuously multiple times, and the ultrasonic image generation
unit 150 generates an elastographicimage based on the ultrasonic data that have been generated by continuous emission
of the ultrasonic beams multiple times. According to this arrangement, when the ultrasonic data generated by continuous
emission of the ultrasonic beammultiple times are compared with each other, the elastographic image can be generated
based on the displacement of the subject 101 in the directions in three-dimensional space (X, y, z), and the scanning
period for one frame can be reduced, so that the correlation accuracy can be improved.

[0077] An explanation will be given by reference to FIG. 9 for a case wherein an elastographic image is to be generated
based on the displacement in the directions in three-dimensional space (X, y, z). In the above-described embodiment,
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two ultrasonic images are compared, and the tissue displacement due to the body motion or the external pressure is
employed to generate elastographic information or an elastographic image. As a result, the displacement of the cross
section parallel to the ultrasonic probe 102 or the ultrasonic transmission/reception face can be measured.

[0078] Thatis, the displacement of the cross section in the arrangement direction x of the transducers 122 and parallel
to a direction y, which is perpendicular to the arrangement direction x, can be measured. On the other hand, as shown
in FIG. 9, when the plurality of transducers 122 are vibrated at the same time, and transmission and reception of the
plane wave are repeated three times, continuous elastographic frame data (e.g., elastographic frame data 1a, 1b, and
1c) are obtained as one set of data, and as a result, the displacement not only in the arrangement direction x and in the
vertical direction y, but also the displacement in the short axial direction z can be measured. The plurality of transducers
122 perform irradiation of the ultrasonic beam continuously three times or more. With this arrangement, when the
ultrasonic data generated by continuous emission of the ultrasonic beams three times are compared with each other,
the elastographic image can be generated based on the displacement of the subject in the directions in three-dimensional
space, (X, Y, z).

[0079] For the conventional ultrasonic diagnostic device, difficulty is encountered in obtaining ultrasonic data (RF
signal frame data) for the cross section continuously multiple times, because the frame rate and the volume rate are
reduced. According to this embodiment, however, since the frame rate and the volume rate can be increased, emission
of the ultrasonic beam to the subject is repeated sequentially multiple times (e.g., three times or more) by simultaneously
vibrating the plurality of transducers 122, and the continuous elastographic frame data (ultrasonic data) are created, so
that the correlation or the search can be performed in the directions in three-dimensional space (x, y, z), including the
short axial direction z. As aresult, even in a case wherein a small child who does not hold still, or an animal, is a subject,
the 4D system can be employed to display an elastographic image in real time. Furthermore, since the scanning period
for one frame is reduced by transmission/reception of the plane wave, the correlation accuracy can be improved.

Industrial Applicability

[0080] The ultrasonic diagnostic device of the present invention provides the effect that the frame rate or the volume
rate is increased, and is useful as an ultrasonic diagnostic device that can construct a motion-compensated ultrasonic
image (e.g., a 4D ultrasonic image) at a high frame rate or a high volume rate.

Reference Signs List
[0081]

100: ultrasonic diagnostic device

101:  subject

102:  ultrasonic probe

103:  control unit

104:  operation unit

105:  transmission unit

106:  reception unit

107:  ultrasonic wave transmission/reception control unit
108:  phase-rectification/addition unit

109:  RF saving/selection unit

111:  data storage unit

113: two-dimensional tomographic image configuration unit
114:  tomographic volume data generation unit

115:  three-dimensional tomographic image configuration unit
116: two-dimensional elastographic image configuration unit
117:  elastographic volume data generation unit

118:  three-dimensional elastographic image configuration unit
119:  synthesis processing unit

120: display unit

122:  transducer

150: ultrasonic image generation unit
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Claims

1.

10.

An ultrasonic diagnostic device, characterized by comprising:

a plurality of transducers arranged in an ultrasonic probe so as to be vibrated at the same time for projecting
an ultrasonic beam to a subject; and

an ultrasonic image generation unit for generating first ultrasonic data through projection of a first ultrasonic
beam to a subject by vibrating the plurality of transducers at the same time, and generating second ultrasonic
data through projection of a second ultrasonic beam to the subject by vibrating the plurality of transducers at
the same time, and for generating an elastographic image based on the first ultrasonic data and the second
ultrasonic data.

The ultrasonic diagnostic device according to claim 1, characterized in that:

the plurality of transducers of the ultrasonic probe perform forward and backward movements; and

the ultrasonic image generation unit generates the elastographic image based on the first ultrasonic data,
generated during the forward movement, and the second ultrasonic data generated during the backward move-
ment, which is performed immediately after the forward movement.

The ultrasonic diagnostic device according to claim 1, characterized in that the ultrasonic image generation unit
includes an ultrasonic image generator that generates a three-dimensional ultrasonic image based on the first
ultrasonic data and the second ultrasonic data.

The ultrasonic diagnostic device according to claim 1, characterized in that the plurality of transducers encourage
generation of plane waves.

The ultrasonic diagnostic device according to claim 1, characterized in that:

in a case wherein at least one ultrasonic image selected from a tomographic image, an elastographic image,
and a Doppler image is to be obtained, the plurality of transducers are vibrated at the same time to project the
ultrasonic beam to the subject; and

in a case wherein an ultrasonic image that is not selected is to be obtained, the plurality of transducers are
sequentially vibrated in the arrangement direction to project the ultrasonic beam to the subject.

The ultrasonic diagnostic device according to claim 1, characterized in that:

in a case wherein an elastographic image or a Doppler image is to be obtained, when the plurality of transducers
are moved, the plurality of transducers are vibrated at the same time to project the ultrasonic beam to the
subject; and
in a case wherein a tomographic image is to be obtained, when the plurality of transducers are moved, the
plurality of transducers are vibrated sequentially in the arrangement direction to project the ultrasonic beam to
the subject.

The ultrasonic diagnostic device according to claim 1, characterized in that the ultrasonic beam generated by
vibrating the plurality of transducers at the same time, and the ultrasonic beam generated by sequentially vibrating

the plurality of the transducers in the arrangement direction are alternately projected to the subject.

The ultrasonic diagnostic device according to claim 1, characterized in that the ultrasonic beam generated by
vibrating the plurality of transducers at the same time is projected to the subject continuously multiple times.

The ultrasonic diagnostic device according to claim 1, characterized in that:
when the plurality of transducers are moved, the plurality of transducers are vibrated at the same time, and
project the ultrasonic beam to the subject continuously multiple times; and
the ultrasonic image generation unit generates an elastographic image by employing ultrasonic data that are

generated by continuous irradiation of the ultrasonic beam multiple times.

The ultrasonic diagnostic device according to claim 9, characterized in that the plurality of transducers perform
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irradiation of the ultrasonic beam continuously three times or more.
The ultrasonic diagnostic device according to claim 1, characterized in that:

the plurality of transducers of the ultrasonic probe perform forward and backward movements; and

the ultrasonic image generation unit generates the elastographic image based on the first ultrasonic data gen-
erated during the forward or backward movement and the second ultrasonic data generated during the same
movement as the forward or backward movement.

The ultrasonic diagnostic device according to claim 11, characterized in that the first ultrasonic data and the second
ultrasonic data are ultrasonic data for cross sections adjacent to each other.

The ultrasonic diagnostic device according to claim 11, characterized by comprising:

a plurality of transducers arranged in the ultrasonic probe so as to be vibrated at the same time for projecting
an ultrasonic beam to a subject; and

an ultrasonic image generation unit for generating a three-dimensional ultrasonic image based on ultrasonic
data obtained when the plurality of transducers are moved.

An ultrasonic image generation method characterized by comprising the steps of:

projecting, to a subject, an ultrasonic beam generated by vibrating, at the same time, a plurality of transducers
arranged in an ultrasonic probe;

generating first ultrasonic data through projection of a first ultrasonic beam to the subject by vibrating the plurality
of transducers at the same time;

generating second ultrasonic data through projection of a second ultrasonic beam to the subject by vibrating
the plurality of transducers at the same time; and

generating an ultrasonic image based on the first ultrasonic data and the second ultrasonic data.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Document (JP 2009-201989 A) discloses an ultrasonic wave image generating
device for generating an elastic image by means of a plane wave (paragraphs
[0020] and [00501).

Additionally, generating a tomographic image on the basis of first and
second ultrasonic wave data is also suggested (paragraphs [0020], [0032] to
[0034] and [005017).

Here, generating a plane wave by vibrating a plurality of transducers
simultaneously is a known art.

(Continued to extra sheet)

L. I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4 and 8-14

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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Continuation of Box No.III of continuation of first sheet (2)

Therefore, the invention of claim 1 cannot be considered to be novel
in the light of the invention disclosed in JP 2009-201989 A, and does
not have a special technical feature.

Consequently, two inventions (invention groups) each having a special
technical feature indicated below are involved in claims.

Meanwhile, the inventions of claims 1, 3, 4, 8-10 and 14 having no
special technical feature are classified into invention 1.

(Invention 1) the inventions of claims 1-4 and 8-14

An invention pertaining to a constitution in which a plurality of
transducers perform reciprocating motions in an ultrasonic wave image
generating device for generating an elastic image.

(Invention 2) the inventions of claims 5-7

An invention pertaining to a constitution in which a plurality of
transducers perform a simultaneous vibration and a sequential vibration
in an ultrasonic wave image generating device for generating an elastic
image.

Form PCT/ISA/210 (extra sheet) (July 2009)
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