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ULTRASONIC DIAGNOSTIC APPARATUS
AND PROGRAM

[0001] CROSS-REFERENCE TO RELATED APPLICA-
TION SECTION

[0002] This application claims priority to Japan patent
application number 2014-008830, filed on Jan. 21, 2014, the
entirety of which is incorporated herein by reference.

BACKGROUND

[0003] The present invention relates to an ultrasonic diag-
nostic apparatus and a program for measuring the elasticity
of biological tissue by transmitting ultrasonic push pulses.
[0004] There have been known elasticity measurement
techniques of measuring the elasticity of biological tissue by
transmitting ultrasonic pulses (push pulses) having a high
acoustic pressure from an ultrasonic probe to the biological
tissue (for example, see Patent Document 1). More specifi-
cally, shear waves generated in biological tissue by push
pulses are detected by ultrasonic detecting pulses, and the
velocity of propagation of the shear waves and/or the
elasticity value of the biological tissue are calculated to
provide elasticity data. Then, an elasticity image having
colors or the like according to the elasticity data is displayed.
[0005] To detect a shear wave, transmissions/receptions of
a plurality of ultrasonic detecting pulses are conducted in the
same acoustic line for a transmission of one push pulse. By
each of the plurality of ultrasonic detecting pulses, the shear
wave is detected at each portion in the acoustic line, thus
providing elasticity data at several portions in the acoustic
line.

[0006] Incase thata two-dimensional elasticity image is to
be displayed, transmissions/receptions of ultrasonic detect-
ing pulses are conducted in a plurality of acoustic lines in a
two-dimensional region for which the elasticity image is to
be displayed. However, elasticity data in all acoustic lines in
the two-dimensional region cannot always be acquired by a
transmission of a single push pulse. In this case, a plurality
of push pulses are transmitted, and after the transmission of
each push pulse, transmissions/receptions of a plurality of
ultrasonic detecting pulses are conducted in the same acous-
tic line.

[0007] Transmissions/receptions of the plurality of ultra-
sonic detecting pulses in the same acoustic line should be
separated by a certain period of time. Thus, improvement of
the frame rate is limited.

BRIEF SUMMARY OF INVENTION

[0008] In an embodiment, an ultrasonic diagnostic appa-
ratus includes a processor for executing a program conduct-
ing transmission control for, after transmitting an ultrasonic
push pulse to biological tissue of a subject by an ultrasonic
probe, transmitting a plurality of ultrasonic detecting pulses
for detecting a shear wave generated in said biological tissue
by said push pulse in the same acoustic line in said biologi-
cal tissue by said ultrasonic probe, said processor executing
a program conducting transmission control for, after simul-
taneously transmitting a plurality of said push pulses to
different positions, transmitting each of said ultrasonic
detecting pulses for detecting each respective shear wave
generated by each of said push pulses in a different acoustic
line, and in a transmission of each of said ultrasonic detect-
ing pulses, transmitting, in a period after transmitting an
ultrasonic detecting pulse for detecting a shear wave gen-
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erated by one of said plurality of push pulses in a certain
acoustic line and before transmitting said ultrasonic detect-
ing pulse again in the same acoustic line, an ultrasonic
detecting pulse for detecting a shear wave generated by a
push pulse different from said push pulse in another acoustic
line.

[0009] In an embodiment, a program causing a processor
in an ultrasonic diagnostic apparatus to conduct a transmis-
sion control function of, after transmitting an ultrasonic push
pulse to biological tissue of a subject by an ultrasonic probe,
transmitting a plurality of ultrasonic detecting pulses for
detecting a shear wave generated in said biological tissue by
said push pulse in the same acoustic line in said biological
tissue by said ultrasonic probe, wherein:

[0010] said transmission control function is a function of,
after simultaneously transmitting a plurality of said push
pulses to different positions, transmitting each of said ultra-
sonic detecting pulses for detecting each respective shear
wave generated by each of said push pulses in a different
acoustic line, and in a transmission of each of said ultrasonic
detecting pulses, transmitting, in a period after transmitting
an ultrasonic detecting pulse for detecting a shear wave
generated by one of said plurality of push pulses in a certain
acoustic line and before transmitting said ultrasonic detect-
ing pulse again in the same acoustic line, an ultrasonic
detecting pulse for detecting a shear wave generated by a
push pulse different from said push pulse in another acoustic
line.

[0011] [FIG. 1] A block diagram showing a schematic
configuration of an ultrasonic diagnostic apparatus that is an
exemplary embodiment of the present invention.

[0012] [FIG. 2] A block diagram showing a configuration
of an echo data processing section.

[0013] [FIG. 3] A block diagram showing a configuration
of a display control section.

[0014] [FIG. 4] A diagram showing a display section in
which a B-mode image and an elasticity image are dis-
played.

[0015] [FIG. 5] A diagram showing the display section in
which a region of interest is defined in the B-mode image.
[0016] [FIG. 6] A diagram for explaining a transmission of
first and second push pulses, and shear waves generated by
these push pulses.

[0017] [FIG. 7] A diagram for explaining transmissions/
receptions of first and second ultrasonic detecting pulses.
[0018] [FIG. 8] A diagram for explaining a transmission of
a second set of first and second push pulses.

[0019] [FIG. 9] A diagram for explaining transmissions/
receptions of first and second ultrasonic detecting pulses
corresponding to the second set of first and second push
pulses.

[0020] [FIG. 10] A diagram for explaining a region
to/from which the first and second ultrasonic detecting
pulses are transmitted/received.

[0021] [FIG. 11] A diagram for explaining transmissions/
receptions of first and second ultrasonic detecting pulses in
a first variation of the first embodiment.

[0022] [FIG. 12] A diagram for explaining transmissions/
receptions of the first and second ultrasonic detecting pulses
corresponding to a second set of first and second push
pulses.

[0023] [FIG. 13] A diagram for explaining a transmission
of first and second push pulses in a second variation of the
first embodiment.
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[0024] [FIG. 14] A diagram for explaining transmissions/
receptions of first and second ultrasonic detecting pulses.
[0025] [FIG. 15] A diagram for explaining a second set of
first and second push pulses transmitted to positions differ-
ent from those for the first set.

[0026] [FIG. 16] A diagram for explaining transmissions/
receptions of first and second ultrasonic detecting pulses
corresponding to the second set of first and second push
pulses.

[0027] [FIG. 17] A diagram for explaining a transmission
of first, second, and third push pulses in a second embodi-
ment.

[0028] [FIG. 18] A diagram for explaining a first shear
wave generated by the first push pulse, a second shear wave
generated by the second push pulse, and a third shear wave
generated by the third push pulse.

[0029] [FIG. 19] A diagram for explaining transmissions/
receptions of first, second, and third ultrasonic detecting
pulses.

[0030] [FIG. 20] A diagram for explaining transmissions/

receptions of first, second, and third ultrasonic detecting
pulses corresponding to a second set of first, second, and
third push pulses.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] Now embodiments of the present invention will be
described hereinbelow.

[0032] To begin with, a first embodiment will be
described. An ultrasonic diagnostic apparatus 1 shown in
FIG. 1 comprises an ultrasonic probe 2, a T/R (transmission/
reception) beamformer 3, an echo data processing section 4,
a display control section 5, a display section 6, an operating
section 7, a control section 8, and a storage section 9.
[0033] The ultrasonic probe 2 represents an exemplary
embodiment of the ultrasonic probe in the present invention,
which transmits ultrasound to biological tissue of a subject.
By this ultrasonic probe 2, ultrasonic pulses (push pulses)
for generating shear waves in the biological tissue are
transmitted. Moreover, by the ultrasonic probe 2, ultrasonic
detecting pulses for detecting the shear waves are transmit-
ted and echo signals therefrom are received.

[0034] Further, by the ultrasonic probe 2, ultrasonic imag-
ing pulses for producing a B-mode image are transmitted
and echo signals therefrom are received.

[0035] The T/R beamformer 3 drives the ultrasonic probe
2 based on control signals from the control section 8 to
transmit the several kinds of ultrasonic pulses with prede-
termined transmission parameters. The T/R beamformer 3
also applies signal processing such as phased addition
processing to ultrasonic echo signals.

[0036] The echo data processing section 4 comprises a
B-mode processing section 41, a velocity-of-propagation
calculating section 42, and an elasticity-value calculating
section 43, as shown in FIG. 2. The B-mode processing
section 41 applies B-mode processing such as logarithmic
compression processing and envelope detection processing
to echo data output from the T/R beamformer 3, and creates
B-mode data.

[0037] The velocity-of-propagation calculating section 42
calculates a velocity of propagation of the shear wave
(velocity-of-propagation calculating function) based on
echo data output from the T/R beamformer 3. The elasticity-
value calculating section 43 calculates an elasticity value of
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the biological tissue to which push pulses are transmitted
(elasticity-value calculating function) based on the velocity
of propagation. Details thereof will be discussed later. The
velocity of propagation and elasticity value represent an
exemplary embodiment of the measured value with respect
to the elasticity of biological tissue in the present invention.

[0038] It should be noted that only the velocity of propa-
gation may be calculated without necessarily calculating the
elasticity value. Data of the velocity of propagation or data
of the elasticity value will be referred to herein as elasticity
data.

[0039] The display control section 5§ comprises an image
display control section 51 and a region defining section 52,
as shown in FIG. 3. The image display control section 51
scan-converts the B-mode data by a scan converter to create
B-mode image data, based on which a B-mode image is
displayed in the display section 6. The image display control
section 51 also scan-converts the elasticity data by the scan
converter to create elasticity image data, based on which an
elasticity image is displayed in the display section 6.
[0040] As shown in FIG. 4, the elasticity image EI is a
two-dimensional image displayed within a region of interest
R defined in the B-mode image BI. The elasticity image EI
is a color image having colors according to the velocity of
propagation or elasticity value. The image display control
section 51 combines the B-mode image data and elasticity
image data together to create combined image data, based on
which an image is displayed on the display section 6.
Therefore, the elasticity image EI is a semi-transparent
image through which the B-mode image BI in the back-
ground is allowed to pass.

[0041] The region of interest R is defined by the region
defining section 52. More specifically, the region defining
section 52 defines the region of interest R based on an input
by an operator at the operating section 7. The region of
interest R is a region for which shear waves are detected and
in which transmissions/receptions of the ultrasonic detecting
pulses are conducted.

[0042] The display section 6 is an LCD (Liquid Crystal
Display), an organic EL (Electro-Luminescence) display, or
the like. The operating section 7 is configured to comprise a
pointing device for allowing the operator to input instruc-
tions and/or information, such as a keyboard, a trackball,
and/or the like, although they are not specifically shown.

[0043] The control section 8 is a processor such as a CPU
(Central Processing Unit). The control section 8 loads
thereon a program stored in the storage section 9 and
controls several sections in the ultrasonic diagnostic appa-
ratus 1. For example, the control section 8 loads thereon a
program stored in the storage section 9 and executes func-
tions of the T/R beamformer 3, echo data processing section
4, and display control section 5 by the loaded program.

[0044] The control section 8§ may execute all of the
functions of the T/R beamformer 3, all of the functions of the
echo data processing section 4, and all of the functions of the
display control section 5 by the program, or execute only
part of the functions by the program. In case that the control
section 8 executes only part of the functions, the remaining
functions may be executed by hardware such as circuitry.
[0045] It should be noted that the functions of the T/R
beamformer 3, echo data processing section 4, and display
control section 5 may be implemented by hardware such as
circuitry.
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[0046] The storage section 9 is an HDD (Hard Disk
Drive), and/or a semiconductor memory such as a RAM
(Random Access Memory) and/or a ROM (Read-Only
Memory).

[0047] Next, an operation of the ultrasonic diagnostic
apparatus 1 in the present embodiment will be described.
First, an operator conducts ultrasound transmission/recep-
tion by the ultrasonic probe 2 on a subject to display a
B-mode image BI based on echo signals, as shown in FIG.
5. The operator then makes an input at the operating section
7 to define a region of interest R in the B-mode image BI.
Thus, the region of interest R is defined in the B-mode image
BI. The region of interest R is defined as a region for which
the operator desires to display an elasticity image.

[0048] Next, the operator makes an input at the operating
section 7 to display an elasticity image. In response to this
input, the control section 8 first drives the ultrasonic probe
2 to transmit a first push pulse PP1 and a second push pulse
PP2, as shown in FIG. 6. The first push pulse PP1 and
second push pulse PP2 are indicated by acoustic lines
(arrows) in FIG. 6 (this similarly applies to the following
drawings).

[0049] The first push pulse PP1 and second push pulse
PP2 are simultaneously transmitted to different positions in
the outside of the region of interest R. The first push pulse
PP1 is transmitted to the vicinity of one edge of the region
of interest R in an azimuthal direction (X direction) of the
ultrasonic probe 2, and the second push pulse PP2 is
transmitted to the vicinity of the other edge of the region of
interest R in the azimuthal direction.

[0050] The first push pulse PP1 generates a first shear
wave W1 in biological tissue T. The second push pulse PP2
generates a second shear wave W2 in the biological tissue T.
The first shear wave W1 propagates within the biological
tissue T in a direction away from the first push pulse PP1 (a
direction of an arrow in FIG. 6). On the other hand, the
second shear wave W2 propagates within the biological
tissue T in a direction away from the second push pulse PP2
(a direction of an arrow in FIG. 6). Within the region of
interest R, the first shear wave W1 propagates toward the
second push pulse PP2, while the second shear wave W2
propagates toward the first push pulse PP1 in a direction
opposite to that of the first shear wave W1.

[0051] After transmitting the first push pulse PP1 and
second push pulse PP2, the control section 8 drives the
ultrasonic probe 2 to transmit/receive a first ultrasonic
detecting pulse DP1 and a second ultrasonic detecting pulse
DP2 to/from the region of interest R, as shown in FIG. 7.
The first ultrasonic detecting pulse DP1 and second ultra-
sonic detecting pulse DP2 are indicated by acoustic lines
(arrows) in FIG. 7 (this similarly applies to the following
drawings).

[0052] The first ultrasonic detecting pulse DP1 is an
ultrasonic pulse for detecting the first shear wave W1
propagating within the region of interest R. The second
ultrasonic detecting pulse DP2 is an ultrasonic pulse for
detecting the second shear wave W2 propagating within the
region of interest R.

[0053] The first ultrasonic detecting pulse DP1 and second
ultrasonic detecting pulse DP2 are transmitted/received in
respective ones of acoustic lines different from each other.
The first ultrasonic detecting pulse DP1 is transmitted/
received to/from the vicinity of one edge of the region of
interest R in the azimuthal direction. On the other hand, the

Jan. 12,2017

second ultrasonic detecting pulse DP2 is transmitted/re-
ceived to/from the vicinity of the other edge of the region of
interest R in the azimuthal direction.

[0054] The position of the first ultrasonic detecting pulse
DP1 is on the right side to the first push pulse PP1, while the
position of the second ultrasonic detecting pulse DP2 is on
the left side to the second push pulse PP2. That is, the
position of the first ultrasonic detecting pulse DP1 relative to
the first push pulse PP1 and that of the second ultrasonic
detecting pulse DP2 relative to the second push pulse PP2
are opposite to each other in the azimuthal direction. There-
fore, the positions to/from which the first ultrasonic detect-
ing pulse DP1 and second ultrasonic detecting pulse DP2 are
transmitted/received are opposite to each other relative to
their corresponding push pulses in the azimuthal direction.
As used herein, a push pulse corresponding to the first
ultrasonic detecting pulse DP1 is the first push pulse PP1,
which is a source of generation of the first shear wave W1
detected by the first ultrasonic detecting pulse DP1. Like-
wise, a push pulse corresponding to the second ultrasonic
detecting pulse DP2 is the second push pulse PP2, which is
a source of generation of the second shear wave W2 detected
by the second ultrasonic detecting pulse DP2.

[0055] The first ultrasonic detecting pulse DP1 is trans-
mitted/received in an acoustic line lying at a predetermined
distance D from the first push pulse PP1. The distance D is
smaller than a distance from the first ultrasonic detecting
pulse DP1 to the second push pulse PP2. The second
ultrasonic detecting pulse DP2 is transmitted/received in an
acoustic line lying at a predetermined distance D from the
second push pulse PP2. The distance D is smaller than a
distance from the second ultrasonic detecting pulse DP2 to
the first push pulse PP1. The distance D from the first
ultrasonic detecting pulse DP1 to the first push pulse PP1
and the distance D from the second ultrasonic detecting
pulse DP2 to the second push pulse PP1 may be equal.

[0056] The control section 8 causes a plurality of the first
ultrasonic detecting pulses DP1 and a plurality of second
ultrasonic detecting pulses DP2 to be transmitted/received in
respective ones of acoustic lines. In particular, in a period
after transmitting/receiving the first ultrasonic detecting
pulse DP1 for a start and before transmitting/receiving the
first ultrasonic detecting pulse DP1 again in the same
acoustic line, the control section 8 causes the second ultra-
sonic detecting pulse DP2 to be transmitted/received. Thus,
the first ultrasonic detecting pulse DP1 and second ultra-
sonic detecting pulse DP2 are alternately transmitted/re-
ceived. Numerals 1 through 8 in FIG. 7 designate the order
of the first ultrasonic detecting pulse DP1 and second
ultrasonic detecting pulse DP2 to be transmitted/received.

[0057] Now a reason why a plurality of the first ultrasonic
detecting pulses DP1 and a plurality of the second ultrasonic
detecting pulses DP2 are transmitted/received in respective
ones of acoustic lines will be explained. The first shear wave
W1 and second shear wave W2 cannot be detected at all
points in respective acoustic lines by a transmission/recep-
tion of a single set of the first ultrasonic detecting pulse DP1
and second ultrasonic detecting pulse DP2. Accordingly, to
detect the first shear wave W1 and second shear wave W2
at several points in respective acoustic lines, a plurality of
the first ultrasonic detecting pulses DP1 and a plurality of the
second ultrasonic detecting pulses DP2 are transmitted/
received in respective ones of acoustic lines.
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[0058] Once the control section 8 has conducted a speci-
fied number of times of transmissions/receptions of the first
ultrasonic detecting pulses DP1 and second ultrasonic
detecting pulses DP2, it causes the first push pulse PP1 and
second push pulse PP2 to be transmitted again, as shown in
FIG. 8. The positions to which the second set of the first push
pulse PP1 and second push pulse PP2 are transmitted are the
same as those for the first set.

[0059] Next, the control section 8 causes a first ultrasonic
detecting pulse DP1 for detecting the first shear wave W1
(see FIG. 8) generated by the first push pulse PP1 in the
second set and a second ultrasonic detecting pulse DP2 for
detecting the second shear wave W2 (see FIG. 8) generated
by the second push pulse PP2 in the second set to be
transmitted/received, as shown in FIG. 9. The first ultrasonic
detecting pulses DP1 and second ultrasonic detecting pulses
DP2 corresponding to the first push pulse PP1 and second
push pulse PP2 in the second set are transmitted/received in
respective acoustic lines adjacent to those for the first set. In
FIG. 9, dashed arrows indicate the first ultrasonic detecting
pulse DP1' and second ultrasonic detecting pulse DP2' in the
acoustic lines for the first set. The first ultrasonic detecting
pulse DP1 in the acoustic line for the second set is closer to
the second push pulse PP2 than the first ultrasonic detecting
pulse DP1' for the first set is. The second ultrasonic detecting
pulse DP2 in the acoustic line for the second set is closer to
the first push pulse PP1 than the second ultrasonic detecting
pulse DP2' for the first set is.

[0060] Transmissions/receptions of the first ultrasonic
detecting pulses DP1 and second ultrasonic detecting pulses
DP2 for the second set are also alternately conducted. Once
a specified number of times of transmissions/receptions of
the first ultrasonic detecting pulses DP1 and second ultra-
sonic detecting pulses DP2 have been conducted, the first
push pulse PP1 and second push pulse PP2 are transmitted
again. Thereafter, in a similar way, a transmission of the first
push pulse PP1 and second push pulse PP2, and transmis-
sions/receptions of their corresponding first ultrasonic
detecting pulses DP1 and second ultrasonic detecting pulses
DP2 are repeated. The first push pulse PP1 is transmitted to
the same position every time, and the second push pulse PP2
is also transmitted to the same position every time. On the
other hand, the first ultrasonic detecting pulses DP1 and
second ultrasonic detecting pulses DP2 are transmitted/
received in respective acoustic lines adjacent to those for the
previous set within the region of interest R. Once transmis-
sions/receptions of the first ultrasonic detecting pulses DP1
and second ultrasonic detecting pulses DP2 have been
conducted in all acoustic lines within the region of interest
R, transmissions/receptions of the first ultrasonic detecting
pulses DP1 and second ultrasonic detecting pulses DP2 for
producing an elasticity image in one frame are completed.

[0061] Now aregion in which the first ultrasonic detecting
pulses DP1 and second ultrasonic detecting pulses DP2 are
transmitted/received will be explained. As shown in F1G. 10,
one of two regions defined by equally dividing the region of
interest R that lies near the first push pulse PP1 (not shown
in FIG. 10) is designated as sub-region R1, and the other that
lies near the second push pulse PP2 (not shown in FIG. 10)
is designated as sub-region R2. The first ultrasonic detecting
pulses DP1 are transmitted/received within the sub-region
R1. The second ultrasonic detecting pulses DP2 are trans-
mitted/received within the sub-region R2.
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[0062] The velocity-of-propagation calculating section 42
calculates a velocity of propagation of the first shear wave
W1 detected in echo signals for the first ultrasonic detecting
pulses DP1 and a velocity of propagation of the second shear
wave W2 detected in echo signals for the second ultrasonic
detecting pulses DP2. The velocities of propagation are
detected at portions corresponding to pixels in each of the
acoustic lines.

[0063] The elasticity-value calculating section 43 calcu-
lates an elasticity value (Young’s modulus (Pa: pascal)) at
each portion based on the velocity of propagation. It should
be noted that only the velocity of propagation may be
calculated without calculating the elasticity value.

[0064] The image display control section 51 displays the
elasticity image EI within the region of interest R in the
display section 6 based on data of the velocity of propaga-
tion or data of the elasticity value (see FIG. 4).

[0065] According to the ultrasonic diagnostic apparatus 1
in the present embodiment, the frame rate can be improved.
In particular, in a period after an ultrasonic detecting pulse
for detecting a shear wave has been transmitted/received in
one acoustic line and before the ultrasonic detecting pulse is
transmitted/received again in the same acoustic line, a
predetermined period of time for detecting the shear wave is
placed. For example, in a period after the first ultrasonic
detecting pulse DP1 has been transmitted/received and
before the first ultrasonic detecting pulse DP1 is transmitted
again, a predetermined period of time is placed. Accord-
ingly, in the present embodiment, the period of time is
efficiently used to transmit/receive the second ultrasonic
detecting pulse DP2. Therefore, while elasticity data in the
sub-region R1 is being acquired by a transmission/reception
of the first ultrasonic detecting pulse DP1, elasticity data in
the sub-region R2 can be acquired by a transmission/
reception of the second ultrasonic detecting pulse DP2, and
therefore, the frame rate can be doubled.

[0066] Next, variations of the first embodiment will be
described. To begin with, a first variation will be described.
In the first variation, for a set of a first push pulse PP1 and
a second push pulse PP2, first ultrasonic detecting pulses
DP1 and second ultrasonic detecting pulses DP2 are trans-
mitted/received in respective pluralities of acoustic lines.
For example, after the first push pulse PP1 and second push
pulse PP2 have been simultaneously transmitted to different
positions, the first ultrasonic detecting pulses DP1 and
second ultrasonic detecting pulses DP2 are transmitted/
received in respective two acoustic lines, as shown in FIG.
11.

[0067] Now transmissions/receptions of the first ultrasonic
detecting pulses DP1 and second ultrasonic detecting pulses
DP2 will be particularly described. As for the first ultrasonic
detecting pulse DP1, first ultrasonic detecting pulses DP11,
DP12 are transmitted/received in acoustic lines adjacent to
each other. As for the second ultrasonic detecting pulse DP2,
second ultrasonic detecting pulses DP21, DP22 are trans-
mitted/received in acoustic lines adjacent to each other.
[0068] The control section 8 causes a plurality of the first
ultrasonic detecting pulses DP11, DP12 and a plurality of the
second ultrasonic detecting pulses DP21, DP22 to be trans-
mitted/received in respective ones of acoustic lines. In
particular, after transmitting/receiving the first ultrasonic
detecting pulse DP11, second ultrasonic detecting pulse
DP21, first ultrasonic detecting pulse DP12, and second
ultrasonic detecting pulse DP22 in the order as described,
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the control section 8 causes the first ultrasonic detecting
pulse DP11 to be transmitted/received again, and so on.
Therefore, in the first variation, similarly to the embodiment
described above, in a period after an ultrasonic detecting
pulse for detecting a shear wave generated by one of a
plurality of push pulses has been transmitted/received in a
certain acoustic line and before the ultrasonic detecting
pulse is transmitted/received again in the same acoustic line,
an ultrasonic detecting pulse for detecting a shear wave
generated by a push pulse different from the aforementioned
push pulse is transmitted/received in another acoustic line.
For example, in a period after the first ultrasonic detecting
pulse DP11 has been transmitted/received and before the
first ultrasonic detecting pulse DP11 is transmitted/received
again in the same acoustic line, the second ultrasonic detect-
ing pulse DP21 and second ultrasonic detecting pulse DP22
are transmitted/received.

[0069] Moreover, in the first variation, as described above,
for example, in a period after the first ultrasonic detecting
pulse DP11 has been transmitted/received and before the
first ultrasonic detecting pulse DP11 is transmitted/received
again in the same acoustic line, the first ultrasonic detecting
pulse DP12 is transmitted/received. Therefore, in a period
after an ultrasonic detecting pulse for detecting a shear wave
generated by one of a plurality of push pulses has been
transmitted/received in a certain acoustic line and before the
ultrasonic detecting pulse is transmitted/received again in
the same acoustic line, another ultrasonic detecting pulse for
detecting a shear wave generated by that push pulse is
transmitted/received in another acoustic line.

[0070] It should be noted that numerals 1 through 12 in
FIG. 11 designate the order of the first ultrasonic detecting
pulses DP11, DP12 and second ultrasonic detecting pulses
DP21, DP22 to be transmitted/received.

[0071] Again in the present variation, once the control
section 8 has conducted a specified number of times of
transmissions/receptions of the first ultrasonic detecting
pulses DP1 and second ultrasonic detecting pulses DP2, it
causes the first push pulse PP1 and second push pulse PP2
to be transmitted again. Next, the control section 8 causes
the first ultrasonic detecting pulses DP11, DP12 correspond-
ing to the first push pulse PP1 and the second ultrasonic
detecting pulses DP21, DP22 corresponding to the second
push pulse PP2 to be transmitted/received again, as shown
in FIG. 12. These first ultrasonic detecting pulses DP11,
DP12 and second ultrasonic detecting pulses DP21, DP22
are transmitted/received a plurality of number of times in
respective acoustic lines positioned differently from previ-
ous positions within the region of interest R. Once trans-
missions/receptions of the first ultrasonic detecting pulses
DP11, DP12 and second ultrasonic detecting pulses DP21,
DP22 have been conducted in all acoustic lines within the
region of interest R, transmissions/receptions of the first
ultrasonic detecting pulses DP1 and second ultrasonic
detecting pulses DP2 for producing an elasticity image in
one frame are completed.

[0072] Next, a second variation will be described. In the
second variation, each time the first push pulse PP1 and
second push pulse PP2 are transmitted, they are transmitted
to positions different from previous positions. In particular,
similarly to the first embodiment described above, for a start,
the control section 8 causes the first push pulse PP1 and
second push pulse PP2 to be simultaneously transmitted to
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the vicinity of one edge and the vicinity of the other edge in
the region of interest R, as shown in FIG. 13.

[0073] Next, similarly to the embodiment described
above, the control section 8 causes a plurality of first
ultrasonic detecting pulses DP1 and a plurality of second
ultrasonic detecting pulses DP2 to be alternately transmitted/
received, as shown in FIG. 14. The first ultrasonic detecting
pulses DP1 and second ultrasonic detecting pulses DP2 are
transmitted/received in respective ones of acoustic lines.
Then, after a specified number of times of transmissions/
receptions of the first ultrasonic detecting pulses DP1 and
second ultrasonic detecting pulses DP2 have been con-
ducted, the control section 8 causes the first push pulse PP1
and second push pulse PP2 to be transmitted again, as shown
in FIG. 15. The positions to which the second set of the first
push pulse PP1 and second push pulse PP2 are transmitted
are different from those for the first set. The positions of the
first push pulse PP1 and second push pulse PP2 for the
second set are such ones that their distances to correspond-
ing first ultrasonic detecting pulse DP1 and second ultra-
sonic detecting pulse DP2 (a first ultrasonic detecting pulse
DP1 and a second ultrasonic detecting pulse DP2 to be
transmitted/received next, which will be described below;
see FIG. 16) are the same as those for the first set.

[0074] Next, similarly to the embodiment described
above, the control section 8 causes a plurality of first
ultrasonic detecting pulses DP1 and a plurality of second
ultrasonic detecting pulses DP2 to be alternately transmitted/
received, as shown in FIG. 16. Thereafter, until the first
ultrasonic detecting pulses DP1 and second ultrasonic
detecting pulses DP2 are transmitted/received in all acoustic
lines within the region of interest R, a transmission of the
first push pulse PP1 and second push pulse PP2, and
transmissions/receptions of their corresponding first ultra-
sonic detecting pulses DP1 and second ultrasonic detecting
pulses DP2 are conducted. The first push pulse PP1 and
second push pulse PP2 are transmitted such that their
distances to corresponding first ultrasonic detecting pulse
DP1 and second ultrasonic detecting pulse DP2 are equal.

[0075] Next, a second embodiment will be described.
Particulars different from those in the first embodiment will
be described hereinbelow.

[0076] In the present embodiment, the number and trans-
mission positions of simultaneously transmitted push pulses
are different from those in the first embodiment. In the
present embodiment, the control section 8 causes a first push
pulse PP1, a second push pulse PP2, and a third push pulse
PP3 to be simultaneously transmitted to different positions,
as shown in FIG. 17.

[0077] The positions of the first push pulse PP1, second
push pulse PP2, and third push pulse PP3 will now be
described. It is assumed that the region of interest R is
divided into three sub-regions R1, R2, R3 for convenience
of explanation. The sub-regions R1, R2, R3 are arranged
side by side in this order from one edge of the region of
interest R in an azimuthal direction. The first push pulse PP1
is transmitted in the outside of the sub-region R1 to the
vicinity of one edge of the sub-region R1 in the azimuthal
direction (on the left side to the sub-region R1). The second
push pulse PP2 is transmitted in the outside of the sub-region
R2 to the vicinity of one edge of the sub-region R2 in the
azimuthal direction (on the left side to the sub-region R2).
The third push pulse PP3 is transmitted in the outside of the
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sub-region R3 to the vicinity of one edge of the sub-region
R3 in the azimuthal direction (on the left side to the
sub-region R3).

[0078] As shown in FIG. 18, the first push pulse PP1
generates a first shear wave W1 propagating in a direction
away from the first push pulse PP1 (a direction of an arrow
in FIG. 18). The second push pulse PP2 generates a second
shear wave W2 propagating in a direction away from the
second push pulse PP2 (a direction of an arrow in FIG. 18).
The third push pulse PP3 generates a third shear wave W3
propagating in a direction away from the third push pulse
PP3 (a direction of an arrow in FIG. 18).

[0079] The first shear wave W1 is detected by first ultra-
sonic detecting pulses DP1, which will be discussed later,
within the sub-region R1. The second shear wave W2 is
detected by second ultrasonic detecting pulses DP2, which
will be discussed later, within the sub-region R2. The third
shear wave W3 1is detected by third ultrasonic detecting
pulses DP3, which will be discussed later, within the sub-
region R3.

[0080] After transmitting the first push pulse PP1, second
push pulse PP2, and third push pulse PP3, the control section
8 drives the ultrasonic probe 2 to transmit/receive a first
ultrasonic detecting pulse DP1 for detecting the first shear
wave W1 (not shown in FIG. 19) propagating within the
sub-region R1, a second ultrasonic detecting pulse DP2 for
detecting the second shear wave W2 (not shown in FIG. 19)
propagating within the sub-region R2, and a third ultrasonic
detecting pulse DP3 for detecting the third shear wave W3
(not shown in FIG. 19) propagating within the sub-region
R3, as shown in FIG. 19.

[0081] The first ultrasonic detecting pulse DP1, second
ultrasonic detecting pulse DP2, and third ultrasonic detect-
ing pulse DP3 are transmitted/received in respective ones of
acoustic lines different from one another. The first ultrasonic
detecting pulse DP1 is transmitted/received within the sub-
region R1 to/from the vicinity of one edge (near the first
push pulse PP1) of the sub-region R1 in the azimuthal
direction. The second ultrasonic detecting pulse DP2 is
transmitted/received within the sub-region R2 to/from the
vicinity of one edge (near the second push pulse PP2) of the
sub-region R2 in the azimuthal direction. The third ultra-
sonic detecting pulse DP3 is transmitted/received within the
sub-region R3 to/from the vicinity of one edge (near the
third push pulse PP3) of the sub-region R3 in the azimuthal
direction.

[0082] The position of the first ultrasonic detecting pulse
DP1 is on the right side to the first push pulse PP1. The
position of the second ultrasonic detecting pulse DP2 is on
the right side to the second push pulse PP2. The position of
the third ultrasonic detecting pulse DP3 is on the right side
to the third push pulse PP3. That is, the position of the first
ultrasonic detecting pulse DP1 relative to the first push pulse
PP1, the position of the second ultrasonic detecting pulse
DP2 relative to the second push pulse PP2, and the position
of the third ultrasonic detecting pulse DP3 relative to the
third push pulse PP3 are on the same side as one another in
the azimuthal direction. Therefore, in the present embodi-
ment, the positions to/from which the first ultrasonic detect-
ing pulse DP1, second ultrasonic detecting pulse DP2, and
third ultrasonic detecting pulse DP3 are transmitted/received
are on the same side as one another in the azimuthal
direction relative to their corresponding push pulses.
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[0083] The control section 8 causes a plurality of the first
ultrasonic detecting pulses DP1, a plurality of the second
ultrasonic detecting pulses DP2, and a plurality of the third
ultrasonic detecting pulse DP3 to be transmitted/received in
respective ones of acoustic lines. In particular, in a period
after transmitting/receiving the first ultrasonic detecting
pulse DP1 for a start and before transmitting/receiving the
first ultrasonic detecting pulse DP1 again in the same
acoustic line, the control section 8 causes the second ultra-
sonic detecting pulse DP2 and third ultrasonic detecting
pulse DP3 to be transmitted/received in this order. There-
fore, transmissions/receptions are conducted in the order of
the first ultrasonic detecting pulse DP1, second ultrasonic
detecting pulse DP2, and third ultrasonic detecting pulse
DP3. Numerals 1 through 9 in FIG. 19 designate the order
of the first ultrasonic detecting pulse DP1, second ultrasonic
detecting pulse DP2, and third ultrasonic detecting pulse
DP3 to be transmitted/received.

[0084] Once the control section 8 has conducted a speci-
fied number of transmissions/receptions of the first ultra-
sonic detecting pulses DP1, second ultrasonic detecting
pulses DP2, and third ultrasonic detecting pulses DP3, it
causes the first push pulse PP1, second push pulse PP2, and
third push pulse PP3 to be transmitted again. The positions
to which the second set of the first push pulse PP1, second
push pulse PP2, and third push pulse PP3 are transmitted
may be the same as or different from those for the first set.
In case that the first push pulse PP1, second push pulse PP2,
and third push pulse PP3 are transmitted to different posi-
tions between the first and second sets, the positions for the
first push pulse PP1, second push pulse PP2, and third push
pulse PP3 are such ones that their distances to corresponding
first ultrasonic detecting pulse DP1, second ultrasonic
detecting pulse DP2, and third ultrasonic detecting pulse
DP3 (a first ultrasonic detecting pulse DP1, a second ultra-
sonic detecting pulse DP2, and a third ultrasonic detecting
pulse DP3 to be transmitted/received next, which will be
described below; see FIG. 20) are the same as those for the
first set.

[0085] Next, the control section 8 causes a first ultrasonic
detecting pulse DP1 for detecting the first shear wave W1
generated by the first push pulse PP1 in the second set, a
second ultrasonic detecting pulse DP2 for detecting the
second shear wave W2 generated by the second push pulse
PP2 in the second set, and a third ultrasonic detecting pulse
DP3 for detecting the third shear wave W3 generated by the
third push pulse PP3 in the second set to be transmitted/
received, as shown in FIG. 20. The first ultrasonic detecting
pulses DP1, second ultrasonic detecting pulses DP2, and
third ultrasonic detecting pulses DP3 corresponding to the
second set of the first push pulse PP1, second push pulse
PP2, and third push pulse PP3 are transmitted/received in
respective acoustic lines adjacent to those for the first set
(not shown in FIG. 20), as in the first embodiment.

[0086] Transmissions/receptions of the first ultrasonic
detecting pulses DP1, second ultrasonic detecting pulses
DP2, and third ultrasonic detecting pulses DP3 for the
second set are conducted a specified number of times in this
order, as in the first set. Thereafter, in a similar way, a
transmission of the first push pulse PP1, second push pulse
PP2, and third push pulse PP3, and transmissions/receptions
of their corresponding first ultrasonic detecting pulses DP1,
second ultrasonic detecting pulses DP2, and third ultrasonic
detecting pulses DP3 are repeated. Once transmissions/
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receptions of the first ultrasonic detecting pulses DPI,
second ultrasonic detecting pulses DP2, and third ultrasonic
detecting pulses DP3 have been conducted in all acoustic
lines within the region of interest R, transmissions/recep-
tions of the first ultrasonic detecting pulses DP1, second
ultrasonic detecting pulses DP2, and third ultrasonic detect-
ing pulses DP3 for producing an elasticity image in one
frame are completed.

[0087] According to the ultrasonic diagnostic apparatus 1
in the present embodiment, again, in a period after the first
ultrasonic detecting pulse DP1 has been transmitted/re-
ceived and before the first ultrasonic detecting pulse DP1 is
transmitted again in the same acoustic line, the second
ultrasonic detecting pulse DP2 and third ultrasonic detecting
pulse DP3 are transmitted/received. Thus, the frame rate can
be improved threefold.

[0088] In the present embodiment, similarly to the first
variation of the first embodiment, for one push pulse,
corresponding ultrasonic detecting pulses may be transmit-
ted/received in a plurality of acoustic lines.

[0089] While the present invention has been described
with reference to the embodiments, it will be easily recog-
nized that the present invention may be practiced with
several modifications without departing from the spirit and
scope thereof. For example, in the second embodiment, the
number of simultaneously transmitted push pulses is not
limited to three and any plural number of push pulses may
be applied.

1. An ultrasonic diagnostic apparatus comprising:

a processor for executing a program conducting transmis-
sion control for, after transmitting an ultrasonic push
pulse to biological tissue of a subject by an ultrasonic
probe, transmitting a plurality of ultrasonic detecting
pulses for detecting a shear wave generated in said
biological tissue by said push pulse in the same acous-
tic line in said biological tissue by said ultrasonic
probe;

said processor executing a program conducting transmis-
sion control for, after simultaneously transmitting a
plurality of said push pulses to different positions,
transmitting each of said ultrasonic detecting pulses for
detecting each respective shear wave generated by each
of said push pulses in a different acoustic line;

and in a transmission of each of said ultrasonic detecting
pulses, transmitting, in a period after transmitting an
ultrasonic detecting pulse for detecting a shear wave
generated by one of said plurality of push pulses in a
certain acoustic line and before transmitting said ultra-
sonic detecting pulse again in the same acoustic line;

an ultrasonic detecting pulse for detecting a shear wave
generated by a push pulse different from said push
pulse in another acoustic line.

2. The ultrasonic diagnostic apparatus as recited in claim

1, further comprising: a display section in which an elasticity
image having a mode of display according to the elasticity
of biological tissue based on echo signals for said ultrasonic
detecting pulses is displayed in a two-dimensional region.

3. The ultrasonic diagnostic apparatus as recited in claim

2, wherein said ultrasonic detecting pulses are transmitted to
said two-dimensional region, and an ultrasonic detecting
pulse for detecting a shear wave generate by one of said
plurality of push pulses is transmitted in an acoustic line
lying at a predetermined distance from said push pulse,
wherein said predetermined distance is smaller than a dis-
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tance from said ultrasonic detecting pulse to a push pulse
different from said push pulse.

4. The ultrasonic diagnostic apparatus as recited in claim
1, wherein said processor executes a program for transmit-
ting said ultrasonic detecting pulses in one acoustic line for
one said push pulse.

5. The ultrasonic diagnostic apparatus of claim 1, wherein
said processor executes a program for transmitting said
ultrasonic detecting pulses in a plurality of acoustic lines for
one said push pulse.

6. The ultrasonic diagnostic apparatus as recited in claim
5, wherein said processor executes a program conducting
transmission control for, in a period after transmitting an
ultrasonic detecting pulse for detecting a shear wave gen-
erated by one of said plurality of push pulses in a certain
acoustic line and before transmitting said ultrasonic detect-
ing pulse again in the same acoustic line, transmitting
another ultrasonic detecting pulse for detecting a shear wave
generated by said push pulse in another acoustic line.

7. The ultrasonic diagnostic apparatus of claim 2, wherein
said two-dimensional region is divided into a plurality of
sub-regions, and each of said ultrasonic detecting pulses for
detecting a shear wave generated by each of said plurality of
push pulses is transmitted in each respective sub-region.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
a position to which each of said ultrasonic detecting pulses
for detecting a shear wave generated by each of said
plurality of push pulses simultaneously transmitted to dif-
ferent positions is transmitted is on a side opposite to each
other with respect to a corresponding push pulse in an
azimuthal direction of said ultrasonic probe.

9. The ultrasonic diagnostic apparatus of claim 1, wherein
a position to which each of said ultrasonic detecting pulses
for detecting a shear wave generated by each of said
plurality of push pulses simultaneously transmitted to dif-
ferent positions is transmitted is on the same side as each
other with respect to a corresponding push pulse in an
azimuthal direction of said ultrasonic probe.

10. The ultrasonic diagnostic apparatus of claim 2,
wherein said processor executes a program of a measure-
ment-value calculating function for calculating a measured
value with respect to the elasticity of said biological tissue
based on echo signals for said ultrasonic detecting pulses.

11. The ultrasonic diagnostic apparatus as recited in claim
10, wherein said measurement-value calculating function is
a velocity-of-propagation calculating function of calculating
a velocity of propagation of said shear wave.

12. The ultrasonic diagnostic apparatus as recited in claim
10, wherein said measurement-value calculating function is
an elasticity-value calculating function of calculating an
elasticity value of biological tissue based on the velocity of
propagation of said shear waves.

13. The ultrasonic diagnostic apparatus of claim 10,
wherein said elasticity image has a mode of display accord-
ing to said measured value.

14. A program causing a processor in an ultrasonic
diagnostic apparatus to conduct a transmission control func-
tion of, after transmitting an ultrasonic push pulse to bio-
logical tissue of a subject by an ultrasonic probe, transmit-
ting a plurality of ultrasonic detecting pulses for detecting a
shear wave generated in said biological tissue by said push
pulse in the same acoustic line in said biological tissue by
said ultrasonic probe, wherein:
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said transmission control function is a function of, after
simultaneously transmitting a plurality of said push
pulses to different positions, transmitting each of said
ultrasonic detecting pulses for detecting each respec-
tive shear wave generated by each of said push pulses
in a different acoustic line;

and in a transmission of each of said ultrasonic detecting
pulses, transmitting, in a period after transmitting an
ultrasonic detecting pulse for detecting a shear wave
generated by one of said plurality of push pulses in a
certain acoustic line and before transmitting said ultra-
sonic detecting pulse again in the same acoustic line, an
ultrasonic detecting pulse for detecting a shear wave
generated by a push pulse different from said push
pulse in another acoustic line.
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