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(57) ABSTRACT

An ultrasonic diagnostic apparatus includes a transmit-re-
ceive unit for driving an ultrasonic probe to perform trans-
mission/reception of ultrasound and outputting each echo
signal received by the ultrasonic probe, wherein transmit-
receive unit causes a first elastic image ultrasonic transmis-
sion/reception operation and a second elastic image ultra-
sonic transmission/reception operation to be performed at
predetermined time intervals for obtaining echo signals each
used to generate an elastic image of the biological tissue, and
causes non-elastic image ultrasonic transmission/reception to
be performed for obtaining an echo signal used to generate a
non-elastic image related to the biological tissue. An elastic
image processing unit calculates a physical quantity related to
elasticity of the biological tissue based on the two echo sig-
nals generates the elastic image based on the physical quan-
tity, and a non-elastic image processing unit generates the
non-elastic image.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2008-300872 filed Nov. 26, 2008,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The embodiments described herein relate to an
ultrasonic diagnostic apparatus, and particularly to an ultra-
sonic diagnostic apparatus and a program capable of repre-
senting an elastic image indicative of the hardness or softness
of a biological tissue.

[0003] An ultrasonic diagnostic apparatus wherein an elas-
tic image indicative of the hardness or softness of a biological
tissue is displayed on a normal B-mode image in overlaid
form, has been disclosed in, for example, a Japanese Unex-
amined Patent Publication No. 2000-60853 or the like. Inthis
type of ultrasonic diagnostic apparatus, the elastic image is
formed as follows: The transmission/reception of ultrasound
is first carried out while repeating pressure by an ultrasonic
probe and its relaxation in a state in which the ultrasonic
probe is being brought into contact with a subject. Then, a
physical quantity related to elasticity of each part in the bio-
logical tissue is calculated from two echo signals different in
time from each other, which have been obtained by perform-
ing such transmission/reception of ultrasound. The elasticity
of the biological tissue is imaged in color based on the cal-
culated physical quantity related to the elasticity.

[0004] When the elastic image obtained in the above-de-
scribed manner is displayed, it has been practised to display
an elastic image on a B-mode image indicative of the form of
a biological tissue in overlaid form with a view toward mak-
ing it possible to grasp which part of biological tissue repre-
sents an elastic image. In this case, there is a need to form the
elastic image and the B-mode image from the corresponding
echo signal.

[0005] Here, there is, for example, a case in which a con-
dition for transmitting ultrasound for obtaining an echo signal
used to generate an elastic image and a condition for trans-
mitting ultrasound for obtaining an echo signal used to gen-
erate a B-mode image differ from each other. In such a case,
there is a need to perform in different time phases, the trans-
mission/reception of the ultrasound for obtaining the echo
signal used to generate the elastic image and the transmissiorn/
reception of the ultrasound for obtaining the echo signal used
to generate the B-mode image. Since the two echo signals
different in time from each other are required to generate the
elastic image as described above, the transmission/reception
of ultrasound for obtaining an echo signal used to generate an
elastic image has heretofore been carried out twice and there-
after the transmission/reception of ultrasound for obtaining
an echo signal used to generate a B-mode image has been
carried out.

[0006] Meanwhile, there is a need to calculate the physical
quantity related to the elasticity of the biological tissue from
the two echo signals different in time acquired while repeat-
ing the pressure to the biological tissue and its relaxation as
described above with a view toward generating the elastic
image. Therefore, the physical quantity cannot be calculated
properly so long as sufficient application of pressure or reduc-
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tion in pressure is not done while the two echo signals are
acquired, so that a satisfactory elastic image cannot be
obtained. Tt is thus necessary to perform the double ultrasonic
transmission/reception for obtaining the echo signal used to
generate the elastic image at a certain degree of intervals.
Therefore, after the double ultrasonic transmission/reception
for obtaining the echo signal used to generate the elastic
image has been performed at the certain degree of intervals,
the ultrasonic transmission/reception for obtaining the echo
signal used to generate the B-mode image is carried out, thus
encountering a difficulty in terms of a frame rate.

[0007] It is desirable that the problems described previ-
ously are solved.

BRIEF DESCRIPTION OF THE INVENTION

[0008] Theinvention according to a first aspect provides an
ultrasonic diagnostic apparatus including an ultrasonic probe
for performing transmission/reception of ultrasound on a bio-
logical tissue; a transmit-receive unit for driving the ultra-
sonic probe to perform the transmission/reception of the
ultrasound and outputting each echo signal received by the
ultrasonic probe, the transmit-receive unit causing one elastic
image ultrasonic transmission/reception and another elastic
image ultrasonic transmission/reception for obtaining echo
signals each used to generate an elastic image of the biologi-
cal tissue to be performed at predetermined time intervals and
causing non-elastic image ultrasonic transmission/reception
for obtaining an echo signal used to generate a non-elastic
image related to the biological tissue, other than the elastic
image to be performed between the one elastic image ultra-
sonic transmission/reception and said another elastic image
ultrasonic transmission/reception; an elastic image process-
ing unit for calculating a physical quantity related to elasticity
of the biological tissue, based on the two echo signals differ-
ent in time obtained by the one elastic image ultrasonic trans-
mission/reception and said another elastic image ultrasonic
transmission/reception and generating the elastic image,
based on the physical quantity; and a non-elastic image pro-
cessing unit for generating the non-elastic image, based on
the echo signal obtained by the non-elastic image ultrasonic
transmission/reception.

[0009] Theinvention according to a second aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the first aspect, the transmit-receive unit outputs
the echo signal to the elastic image processing unit upon the
elastic image ultrasonic transmission/reception, whereas
upon the non-elastic image ultrasonic transmission/recep-
tion, the transmit-receive unit outputs the echo signal to the
non-elastic image processing unit.

[0010] The invention according to a third aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the first aspect, the non-elastic image processing
unit is a B-mode image processing unit for generating a
B-mode image, and the transmit-receive unit causes B-mode
image ultrasonic transmission/reception for obtaining an
echo signal used to generate a B-mode image to be performed
as the non-elastic image ultrasonic transmission/reception.
[0011] The invention according to a fourth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the third aspect, the transmit-receive unit outputs
the echo signal to the elastic image processing unit upon the
elastic image ultrasonic transmission/reception, whereas
upon the B-mode image ultrasonic transmission/reception,
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the transmit-receive unit outputs the echo signal to the
B-mode image processing unit.

[0012] Theinvention according to a fifth aspect provides an
ultrasonic diagnostic apparatus including a combination unit
for combining the elastic image and the B-mode image
together in the invention according to each of the third and
fourth aspects.

[0013] The invention according to a sixth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the first aspect, the non-elastic image processing
unit is a color Doppler image processing unit for generating a
color Doppler image, and the transmit-receive unit causes
color Doppler image ultrasonic transmission/reception for
obtaining an echo signal used to generate a color Doppler
image to be performed as the non-elastic image ultrasonic
transmission/reception.

[0014] The invention according to a seventh aspect pro-
vides an ultrasonic diagnostic apparatus wherein in the inven-
tion according to the sixth aspect, the transmit-receive unit
outputs the echo signal to the elastic image processing unit
upon the elastic image ultrasonic transmission/reception,
whereas upon the color Doppler image ultrasonic transmis-
sion/reception, the transmit-receive unit outputs the echo sig-
nal to the color Doppler image processing unit.

[0015] The invention according to an eighth aspect pro-
vides an ultrasonic diagnostic apparatus wherein in the inven-
tion according to each of the sixth and seventh aspects, the
color Doppler image processing unit has an extraction part for
extracting a signal indicative of a blood flow component from
the echo signal.

[0016] The invention according to a ninth aspect provides
an ultrasonic diagnostic apparatus including a combination
unit for combining the elastic image and the color Doppler
image together in the invention according to any one of the
sixth through eight aspects.

[0017] The invention according to a tenth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the first aspect, the non-elastic image processing
unit is provided in plural form and the respective non-elastic
image processing units generate non-elastic images different
in type from one another, and the transmit-receive unit causes
transmission/reception for the respective non-elastic images
to be performed as the non-elastic image ultrasonic transmis-
sion/reception.

[0018] The invention according to an eleventh aspect pro-
vides an ultrasonic diagnostic apparatus wherein in the inven-
tion according to the tenth aspect, the transmit-receive unit
outputs the echo signal to the elastic image processing unit
upon the elastic image ultrasonic transmission/reception,
whereas upon the non-elastic image ultrasonic transmission/
reception, the transmit-receive unit outputs the echo signal to
its corresponding non-elastic image processing unit of the
non-elastic image processing units.

[0019] Theinvention according to atwelfthaspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the tenth aspect, each of the non-elastic image
processing units is a B-mode image processing unit for gen-
erating a B-mode image and a color Doppler image process-
ing unit for generating a color Doppler image, and the trans-
mit-receive unit causes B-mode image ultrasonic
transmission/reception for obtaining an echo signal used to
generate the B-mode image and color Doppler image ultra-
sonic transmission/reception for obtaining an echo signal
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used to generate the color Doppler image to be performed as
the non-elastic image ultrasonic transmission/reception.
[0020] The invention according to a thirteenth aspect pro-
vides an ultrasonic diagnostic apparatus wherein in the inven-
tion according to the twelfth aspect, the transmit-receive unit
outputs the echo signal to the elastic image processing unit
upon the elastic image ultrasonic transmission/reception, the
transmit-receive unit outputs the echo signal to the B-mode
image processing unit upon the B-mode image ultrasonic
transmission/reception, and the transmit-receive unit outputs
the echo signal to the color Doppler image processing unit
upon the color Doppler image ultrasonic transmission/recep-
tion.

[0021] The invention according to a fourteenth aspect pro-
vides an ultrasonic diagnostic apparatus including a combi-
nation unit for combining the B-mode image and the color
Doppler image together in the invention according to each of
the twelfth and thirteenth aspects.

[0022] The invention according to a fifteenth aspect pro-
vides a program for causing a computer of an ultrasonic
diagnostic apparatus to execute a transmitting/receiving func-
tion for driving an ultrasonic probe to cause transmission/
reception of ultrasound to be performed on a biological tissue
and outputting echo signals received by the ultrasonic probe,
said transmitting/receiving function causing one elastic
image ultrasonic transmission/reception and another elastic
image ultrasonic transmission/reception for obtaining echo
signals each used to generate an elastic image of the biologi-
cal tissue to be performed at predetermined time intervals and
causing non-elastic image ultrasonic transmission/reception
for obtaining an echo signal used to generate a non-elastic
image related to the biological tissue, other than the elastic
image to be performed between the one elastic image ultra-
sonic transmission/reception and said another elastic image
ultrasonic transmission/reception; an elastic image generat-
ing function for calculating a physical quantity related to
elasticity of the biological tissue, based on the two echo
signals different in time obtained by the one elastic image
ultrasonic transmission/reception and said another elastic
image ultrasonic transmission/reception and generating the
elastic image, based on the physical quantity; and a non-
elastic image generating function for generating the non-
elastic image, based on the echo signal obtained by the non-
elastic image ultrasonic transmission/reception.

[0023] In embodiments, since the non-elastic image ultra-
sonic transmission/reception is carried out between the one
elastic image ultrasonic transmission/reception and another
elastic image ultrasonic transmission/reception at the prede-
termined time intervals, a frame rate can be enhanced.
[0024] Further objects and advantages of the embodiments
described herein will be apparent from the following descrip-
tion of the preferred embodiments of the invention as illus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is ablock diagram showing a configuration of
an ultrasonic diagnostic apparatus according to a first
embodiment of the invention.

[0026] FIG. 2is ablock diagram showing a configuration of
a B-mode image processing unit employed in the ultrasonic
diagnostic apparatus shown in FIG. 1.

[0027] FIG. 3is ablock diagram showing a configuration of
an elastic image processing unit employed in the ultrasonic
diagnostic apparatus shown in FIG. 1.



US 2010/0130861 A1

[0028] FIG. 4 is a diagram showing timings provided to
perform ultrasonic transmission/reception for elastic images
and ultrasonic transmission/reception for B-mode images in
the ultrasonic diagnostic apparatus shown in FIG. 1.

[0029] FIG.5isablockdiagram showing a configuration of
an ultrasonic diagnostic apparatus according to a second
embodiment of the invention.

[0030] FIG. 6 is a block diagram showing a detailed con-
figuration of a color Doppler image processing unit employed
in the ultrasonic diagnostic apparatus shown in FIG. 5.
[0031] FIG. 7 is a diagram showing timings provided to
perform ultrasonic transmission/reception for elastic images,
ultrasonic transmission/reception for B-mode images and
ultrasonic transmission/reception for color Doppler images in
the ultrasonic diagnostic apparatus shown in FI1G. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0032] An ultrasonic diagnostic apparatus and a program
according to the invention will hereinafter be described in
detail based on the accompanying drawings.

First Embodiment

[0033] A first embodiment will first be explained. FIG. 1 is
a block diagram showing a configuration of an ultrasonic
diagnostic apparatus according to the first embodiment of the
invention, FIG. 2 is a block diagram showing a configuration
ofaB-mode image processing unit employed in the ultrasonic
diagnostic apparatus shown in FIG. 1, FIG. 3 is a block
diagram showing a configuration of an elastic image process-
ing unit employed in the ultrasonic diagnostic apparatus
shown in FIG. 1, and FIG. 4 is a diagram showing timings
provided to perform ultrasonic transmission/reception for
elastic images and ultrasonic transmission/reception for
B-mode images in the ultrasonic diagnostic apparatus shown
in FIG. 1, respectively.

[0034] Theultrasonic diagnostic apparatus 1 shown in FIG.
1 is equipped with an ultrasonic probe 2, a transmit-receive
unit 3, a B-mode image processing unit 4, an elastic image
processing unit 5, a combination unit 6 and a display unit 7.
Further, the ultrasonic diagnostic apparatus 1 includes a con-
troller or control unit 8 and an operation unit 9.

[0035] The ultrasonic probe 2 performs the transmission/
reception of ultrasound on a subject. The ultrasonic probe 2
performs the transmission/reception of the ultrasound while
repeating pressure and relaxation in a state of being brought
into contact with the subject thereby to make it possible to
obtain elastic images.

[0036] The transmit-receive unit 3 drives the ultrasonic
probe 2 to perform the transmission/reception of the ultra-
sound. The transmit-receive unit 3 performs signal process-
ing such as phasing-adding processing on each echo signal
obtained by the transmission/reception of the ultrasound.
Then, the transmit-receive unit 3 outputs the echo signals
subjected to the signal processing to the B-mode image pro-
cessing unit 4 and the elastic image processing unit 5. The
details of the transmission/reception of the ultrasound by the
transmit-receive unit 3 will be described later. The transmit-
receive unit 3 is one example illustrative of an embodiment of
a transmit-receive unit according to the invention.

[0037] The B-mode image processing unit 4 has a signal
processor 41 and a B-mode image generating part 42. The
signal processor 41 performs signal processing such as loga-
rithmic compression, envelop detection or the like on the echo
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signals set every sound ray from the transmit-receive unit 3.
The B-mode image generation part 42 generates B-mode
image frame data, based on a signal outputted from the signal
processor 41. The B-mode image processing unit 4 is one
example illustrative of an embodiment of a non-elastic image
processing unit according to the invention.

[0038] The elastic image processing unit 5 has a physical
quantity calculator 51 and an elastic image generating part52.
The elasticimage processing unit5 is one example illustrative
of an embodiment of an elastic image processing unit accord-
ing to the invention. Described concretely, the physical quan-
tity calculator 51 calculates displacements produced due to
deformation of respective parts or regions of a biological
tissue as physical quantities related to the elasticity of the
biological tissue, based on the echo signals set every sound
ray from the transmit-receive unit 3. Described specifically,
the physical quantity calculator 51 performs an autocorrela-
tion calculation on two echo signals different in time from
each other on the same sound ray thereby to calculate dis-
placements of the respective parts.

[0039] Theelastic image generation part 52 generates elas-
tic image frame data, based on the displacements due to the
deformation of the biological tissue, which have been calcu-
lated by the physical quantity calculator 51. Described con-
cretely, the elastic image generation part 52 provides hue
information about the red, green and blue according to the
displacements and generates elastic image frame data having
color information.

[0040] The combination unit 6 has a frame memory (not
shown) that stores therein the B-mode image frame data
generated by the B-mode image processing unit 4 and the
elastic image frame data generated by the elastic image pro-
cessing unit 5. The combination unit 6 combines these
B-mode image frame data and elastic image frame data
together. The combination unit 6 is one example illustrative of
an embodiment of a combination unit according to the inven-
tion. An ultrasonic image obtained by combining them using
the combination unit 6 is displayed on the display unit 7.

[0041] The control unit 8 has a CPU (Central Processing
Unit) or the like. The control unit 8 controls the transmit-
receive unit 3, the B-mode image processing unit 4, the elastic
image processing unit 5, the combination unit 6 and the
display unit 7, based on an operation input signal inputted
from the operation unit 9 and a program stored in advance.

[0042] Theoperation of the ultrasonic diagnostic apparatus
1 according to the present embodiment will now be explained.
The transmit-receive unit 3 drives the ultrasonic probe 2 to
perform the transmission of ultrasound to a biological tissue
of the subject, thereby acquiring echo signals. Upon the trans-
mission/reception of the ultrasound from the ultrasonic probe
2, the pressure applied by the ultrasonic probe 2 and its
relaxation are repeated in a state in which the ultrasonic probe
2 is being brought into contact with the surface of the bio-
logical tissue.

[0043] Thetransmission/reception of the ultrasound will be
described in detail. As shown in FIG. 4, the transmit-receive
unit 3 causes ultrasonic transmission/reception E1, E2, E3,
E4, ... for elastic images to be executed at intervals of time t.
Here, the time t corresponds to the time from the start of the
elastic image ultrasonic transmission/reception to the start of
the following elastic image ultrasonic transmission/recep-
tion. The time t is set to such time that the next elastic image
ultrasonic transmission/reception is started after the comple-
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tion of the elastic image ultrasonic transmission/reception
with an interval left therebetween.

[0044] Incidentally, as will be described later, the calcula-
tion of each displacement by the physical quantity calculator
51 is performed based on two echo signals obtained by the
elastic image ultrasonic transmission/reception adjacent to
each other on a time sequence basis to generate an elastic
image. Based on the echo signal obtained by the elastic image
ultrasonic transmission/reception E1 and the echo signal
obtained by the elastic image ultrasonic transmission/recep-
tion E2, for example, the calculation of each displacement by
the physical quantity calculator 51 is performed to generate
elastic image frame data EFD1. The calculation of each dis-
placement by the physical quantity calculator 51 is performed
based on the echo signal obtained by the elastic image ultra-
sonic transmission/reception E2 and an echo signal obtained
by the elastic image ultrasonic transmission/reception E3 to
generate an elastic image frame data EFD2 corresponding to
the following frame. Further, the calculation of each displace-
ment by the physical quantity calculator 51 is performed
based on the echo signal obtained by the elastic image ultra-
sonic transmission/reception E3 and an echo signal obtained
by the elastic image ultrasonic transmission/reception E4 to
generate elastic image frame data EFD3 corresponding to the
next frame.

[0045] Here, one elastic image ultrasonic transmission/re-
ception and another elastic image ultrasonic transmission/
reception correspond to their corresponding ultrasonic trans-
mission/reception for elastic images, adjacent to each other
on a tine sequence basis. For example, one elastic image
ultrasonic transmission/reception and another elastic image
ultrasonic transmission/reception where the elastic image
frame data EFD1 is generated respectively correspond to the
elastic image ultrasonic transmission/reception E1 and the
elastic image ultrasonic transmission/reception E2. One elas-
tic image ultrasonic transmission/reception and another elas-
tic image ultrasonic transmission/reception where the elastic
image frame data EFD2 is generated respectively correspond
to the elastic image ultrasonic transmission/reception B2 and
the elastic image ultrasonic transmission/reception E4. Fur-
ther, one elastic image ultrasonic transmission/reception and
another elastic image ultrasonic transmission/reception
respectively correspond to the ultrasonic transmission/recep-
tion E3 for the elastic image and the ultrasonic transmission/
reception E4 for the elastic image.

[0046] The transmit-receive unit 3 performs ultrasonic
transmission/reception B1, B2, B3, . . . for B-mode images,
for obtaining echo signals used to produce the B-mode
images at the B-mode image processing unit 4 between the
one elastic image ultrasonic transmission/reception and
another elastic image ultrasonic transmission/reception. For
example, the transmit-receive unit 3 causes the ultrasonic
transmission/reception B1 for the B-mode image to be per-
formed between the elastic image ultrasonic transmission/
reception E1 and the elastic image ultrasonic transmission/
reception E2. The transmit-receive unit 3 causes the
ultrasonic transmission/reception B2 for the B-mode image
to be performed between the elastic image ultrasonic trans-
mission/reception E2 and the elastic image ultrasonic trans-
mission/reception E3. Further, the transmit-receive unit 3
causes the ultrasonic transmission/reception B3 for the
B-mode image to be performed between the elastic image
ultrasonic transmission/reception E3 and the elastic image
ultrasonic transmission/reception E4.
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[0047] When the respective elastic image ultrasonic trans-
mission/reception E1, E2, E3, B4, . . . are being carried out,
the transmit-receive unit 3 outputs echo signals to the elastic
image processing unit 5. When the respective B-mode image
ultrasonic transmission/reception B1, B2, B3, . . . are being
carried out, the transmit-receive unit 3 outputs echo signals to
the B-mode image processing unit 4.

[0048] The B-mode image processing unit 4 sequentially
generates B-mode image frame data, based on the echo sig-
nals from the transmit-receive unit 3. For example, the
B-mode image processing unit 4 generates B-mode image
frame data BFD1, based on the echo signal obtained by the
B-mode image ultrasonic transmission/reception B1 and gen-
erates B-mode image frame data BFD2, based on the echo
signal obtained by the B-mode image ultrasonic transmis-
sion/reception B2. Further, the B-mode image processing
unit 4 generates B-mode image frame data BFD3, based on
the echo signal obtained by the B-mode image ultrasonic
transmission/reception B3. The respective B-mode image
frame data BFD1, BFD2, BFD3, . . . are outputted to the
combination unit 6 and sequentially stored in the frame
memory (not shown).

[0049] The elastic image processing unit 5 sequentially
generates elastic image frame data, based on the two echo
signals different in time from the transmit-receive unit 3. For
example, the elastic image processing unit 5 performs the
calculation of a displacement by the physical quantity calcu-
lator 51, based on the echo signal obtained by the ultrasonic
transmission/reception E1 for the elastic image and the echo
signal obtained by the ultrasonic transmission/reception E2
for the elastic image. Hence, the elastic image generation part
52 generates elastic image frame data EFD1 from the result of
calculation. Similarly, the elastic image processing unit 5
generates elastic image frame data EFD2, based on the echo
signal obtained by the ultrasonic transmission/reception E2
for the elastic image and the echo signal obtained by the
ultrasonic transmission/reception E3 for the elastic image.
The elastic image processing unit 5 generates elastic image
frame data EFD3, based on the echo signal obtained by the
ultrasonic transmission/reception E3 for the elastic image and
the echo signal obtained by the ultrasonic transmission/recep-
tion F4 for the elastic image. The respective elastic image
frame data EFD1, EFD2, EFD3, . . . are outputted to the
combination unit 6 and sequentially stored in the frame
memory (not shown).

[0050] The combination unit 6 combines both B-mode
image frame data and elastic image frame data together to
generate an ultrasonic or ultrasonic image obtained by over-
laying each elastic image on its corresponding B-mode
image. The ultrasonic image is outputted to the display unit 7
and displayed thereon. Described concretely, the combina-
tion unit 6 combines B-mode image frame data BFD1 and
elastic image frame data EFD1 together to generate an ultra-
sonic image G1, which in turn is displayed on the display unit
7. The combination unit 6 generates an ultrasonic image G2
from B-mode image frame data BFD2 and elastic image
frame data EFD2 and generates an ultrasonic image G3 from
B-mode image frame data BFD3 and elastic image frame data
EFD3. These ultrasonic images G2 and G3 are sequentially
displayed on the display unit 7.

[0051] According to the ultrasonic diagnostic apparatus 1
according to the present embodiment as described above, for
example, the ultrasonic image G1 is generated based on the
echo signals obtained by the ultrasonic transmission/recep-
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tion E1 and E2 for the elastic images and the echo signal
obtained by the ultrasonic transmission/reception Bl for the
B-mode image. The ultrasonic image G2 is generated based
on the echo signals obtained by the ultrasonic transmission/
reception E2 and E3 for the elastic images and the echo signal
obtained by the ultrasonic transmission/reception B2 for the
B-mode image. Further, the ultrasonic image G3 is generated
based on the echo signals obtained by the ultrasonic trans-
mission/reception E3 and E4 for the elastic images and the
echo signal obtained by the ultrasonic transmission/reception
B3 for the B-mode image. That is, in the ultrasonic diagnostic
apparatus 1 according to the present embodiment, the
B-mode image ultrasonic transmission/reception is carried
out between one elastic image ultrasonic transmission/recep-
tion and another elastic image ultrasonic transmission/recep-
tion both used to generate one ultrasonic image. Here, in the
conventional example, one elastic image ultrasonic transmis-
sion/reception and another elastic image ultrasonic transmis-
sion/reception both used to generate one ultrasonic image are
carried out at predetermined intervals in a manner similar to
the present embodiment, and the B-mode image ultrasonic
transmission/reception is thereafter performed. Thus, accord-
ing to the present embodiment, a frame rate can be enhanced
as compared with such a conventional example.

[0052] According to the present embodiment as well, the
displacement in position between the B-mode image and the
elastic image with respect to the ultrasonic image can be
suppressed. This will be explained citing as an example the
case where the ultrasonic image G1 is generated, for example.
When the autocorrelation calculation is performed between
the echo signal obtained by theultrasonic transmission/recep-
tion E1 for the elastic image and the echo signal obtained by
the ultrasonic transmission/reception E2 for the elastic image
on the basis of the echo signal obtained by the elastic image
ultrasonic transmission/reception E1 thereby to generate the
elastic image frame data EFDI1, the time interval between the
ultrasonic transmission/reception B1 for the B-mode image
and the ultrasonic transmission/reception E1 for the elastic
image becomes shorter than conventional. Since the biologi-
cal tissue is moving due to the pressure and relaxation by the
ultrasonic probe 2 upon the transmission/reception of ultra-
sound here, the time interval between the B-mode image
ultrasonic transmission/reception B1 and the elastic image
ultrasonic transmission/reception E1 becomes short, so that
the displacement in position between the B-mode image and
the elastic image can be suppressed.

Second Embodiment

[0053] A second embodiment will next be explained. FIG.
5is ablock diagram showing a configuration of an ultrasonic
diagnostic apparatus according to the second embodiment of
the invention, FIG. 6 is a block diagram showing a detailed
configuration of a color Doppler image processing umt
employed in the ultrasonic diagnostic apparatus shown in
FIG. 5, and FIG. 7 is a diagram showing timings provided to
perform ultrasonic transmission/reception for elastic images,
ultrasonic transmission/reception for B-mode images and
ultrasonic transmission/reception for color Doppler images in
the ultrasonic diagnostic apparatus shown in FIG. 5, respec-
tively. In FIG. 5, the same reference numerals are respectively
attached to the same components as those in the first embodi-
ment, and their detailed explanations will therefore be omit-
ted.
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[0054] The ultrasonic diagnostic apparatus 20 shown in
FIG. 5 is equipped with a color Doppler image processing
unit 21 for generating color Doppler image frame data, based
on echo signals outputted from the transmit-receive unit 3.
The present color Doppler image processing unit 21 is one
example illustrative of an embodiment of a non-elastic image
processing unit in the invention.

[0055] As shown in FIG. 6, the color Doppler image pro-
cessing unit 21 has a quadrature detector 211, an MTI (Mov-
ing Target Indication) filter 212, an autocorrelation calcula-
tion part 213, an average flow rate or velocity calculation part
214, a variance calculation part 215, a power calculation part
216 and a color Doppler image generation part 217.

[0056] The color Doppler image processing unit 21 first
quadrature-detects an echo signal obtained by performing
ultrasonic transmission/reception for a color Doppler image
by the transmit-receive unit 3, through the quadrature detec-
tor 211. Next, the MTI filter 212 MTI-processes the post-
quadrature detection signal thereby to remove a component
caused by the motion of a biological tissue, which occurs due
to the pressure and relaxation of the biological tissue by the
ultrasonic probe 2, thus resulting in the extraction of only a
signal indicative of a blood flow component. Here, the MTI
filter 212 is one example illustrative of an embodiment of an
extraction part in the invention.

[0057] The autocorrelation calculation part 213 performs
an autocorrelation calculation on a signal outputted from the
MTI filter 212. The average velocity calculation part 214
determines a flow velocity V in response to the output of the
autocorrelation calculation part 213. The variance calculation
part 215 determines a variance T of a flow velocity in response
to the output of the autocorrelation calculation part 213. The
power calculation part 216 determines power PW in response
to the output of the autocorrelation calculation part 213.
[0058] The color Doppler image generation part 217 gen-
erates color Doppler image frame data, based on the flow
velocity V, variance T and power PW. As the color Doppler
image frame data, at least one of flow velocity distribution
image frame data obtained by combining the flow velocity V
and variance T together, power Doppler image frame data
using the power PW or variance-added power Doppler image
frame data obtained by combining the power PW and vari-
ance T together, and variance image frame data using a vari-
ance T is generated. The color Doppler image frame data is
outputted to the combination unit 6.

[0059] Incidentally, thecolor Dopplerimage framedatahas
such hue information that it can be distinguished from each
elastic image when disposed on the display unit 7 as a color
Doppler image.

[0060] The operation of the ultrasonic diagnostic apparatus
20 according to the present embodiment will now be
described. In the present embodiment, color Doppler image
frame data outputted from the color Doppler image process-
ing unit 21 is stored in the corresponding frame memory (not
shown) of the combination unit 6 in addition to B-mode
image frame data outputted from the B-mode image process-
ing unit 4 and elastic image frame data outputted from the
elastic image processing unit 5. The combination unit 6 com-
bines the B-mode image frame data, the color Doppler image
frame data and the elastic image frame data together to gen-
erate an ultrasonic image with both a color Doppler image and
an elastic image overlaid on a B-mode image.

[0061] The transmission/reception of ultrasound for
obtaining echo signals each used to generate an ultrasonic
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image will be described based on FIG. 7. The transmit-re-
ceive unit 3 performs B-mode image ultrasonic transmission/
reception and color Doppler image ultrasonic transmission/
reception between one elastic image ultrasonic transmission/
reception and another elastic image ultrasonic transmission/
reception, which are used to generate one ultrasonic image.
Described concretely, the transmit-receive unit 3 performs
ultrasonic transmission/reception Bl for a B-mode image and
ultrasonic transmission/reception C1 for a color Doppler
image between ultrasonic transmission/reception E1 for an
elastic image and ultrasonic transmission/reception E2 for an
elastic image, which are used to generate an ultrasonic image
G1. The transmit-receive unit 3 performs ultrasonic transmis-
sion/reception B2 for a B-mode image and ultrasonic trans-
mission/reception C2 for a color Doppler image between the
elastic image ultrasonic transmission/reception E2 and elastic
image ultrasonic transmission/reception E3, which are used
to generate an ultrasonic image G2. Further, the transmit-
receive unit 3 performs ultrasonic transmission/reception B3
for a B-mode image and ultrasonic transmission/reception C3
for a color Doppler image between the elastic image ultra-
sonic transmission/reception E3 and elastic image ultrasonic
transmission/reception E4, which are used to generate an
ultrasonic image G3.

[0062] When each of the elastic image ultrasonic transmis-
sion/reception E1, E2, E3, E4, . . . is being carried out, the
transmit-receive unit 3 outputs an echo signal to the elastic
image processing unit 5. When each of the B-mode image
ultrasonic transmission/reception B1, B2, B3, . . . is being
carried out, the transmit-receive unit 3 outputs an echo signal
to the B-mode image processing unit 4. Further, when each of
the color Doppler image ultrasonic transmission/reception
C1,C2,C3, .. . is being performed, the transmit-receive unit
3 outputs an echo signal to the color Doppler image process-
ing unit 21. In response to the echo signals outputted from the
transmit-receive unit 3, the elastic image processing unit 5
generates elastic image frame data, the B-mode image pro-
cessing unit 4 generates B-mode image frame data, and the
color Doppler image processing unit 21 generates color Dop-
pler image frame data, respectively. The ultrasonic images are
formed as described above based on these frame data.
[0063] Since the ultrasonic transmission/reception for the
B-mode image and the ultrasonic transmission/reception for
the color Doppler image are performed between one elastic
image ultrasonic transmission/reception and another elastic
image ultrasonic transmission/reception both used to gener-
ate one ultrasonic image even by the ultrasonic diagnostic
apparatus 20 of the present embodiment described above, a
frame rate can be enhanced.

[0064] In a manner similar to the first embodiment, dis-
placements in position between the elastic image, the B-mode
image and the color Doppler image can be suppressed.
[0065] Although the invention has been described above by
the preferred embodiments, it is needless to say that the preset
invention can be changed in various ways within the scope not
departing from the gist thereof. For example, an ultrasonic
image obtained by combining only two of an elastic image
and a color Doppler image together may be generated and
displayed. A non-elastic image processing unit is not limited
to the B-mode image processing unit 4 and the color Doppler
image processing unit 21.

[0066] In the second embodiment, the ultrasonic image
obtained by combining the B-mode image frame data and the
color Doppler image frame data together, and the ultrasonic
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image obtained by combining the B-mode image frame data
and the elastic image frame data together may be displayed on
the display unit 7 side by side without displaying the ultra-
sonic image obtained by combining the B-mode image frame
data, the color Doppler image frame data and the elastic
image frame data together.

[0067] Further, as a physical quantity related to the elastic-
ity of the biological tissue, the distortion and elastic modulus
of the biological tissue are known in addition to the displace-
ment due to the deformation of the biological tissue. The
distortion or elasticity of each part in the biological tissue may
be calculated based on two echo signals from the biological
tissue, which are different in time from each other, to generate
an elastic image in a manner similar to the above.

[0068] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit and receive

ultrasound on a biological tissue;

a transmit-receive unit configured to:

drive the ultrasonic probe to perform the transmission/
reception of the ultrasound and output each echo sig-
nal received by the ultrasonic probe;

cause a first elastic image ultrasonic transmission/recep-
tion operation and a second elastic image ultrasonic
transmission/reception operation to be performed at
predetermined time intervals for obtaining echo sig-
nals each used to generate an elastic image of the
biological tissue; and

cause a non-elastic image ultrasonic transmission/re-
ception operation to be performed for obtaining an
echo signal used to generate a non-elastic image
related to the biological tissue;

an elastic image processing unit configured to calculate a

physical quantity related to elasticity of the biological
tissue based on the two echo signals obtained by the first
and second elastic image ultrasonic transmission/recep-
tion operations and generate the elastic image based on
the physical quantity; and

a non-elastic image processing unit configured to generate

the non-elastic image based on the echo signal obtained
by the non-elastic image ultrasonic transmission/recep-
tion operation.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmit-receive unit is configured to:

output the echo signal to the elastic image processing unit

after each elastic image ultrasonic transmission/recep-
tion operation; and

output the echo signal to the non-elastic image processing

unit after the non-elastic image ultrasonic transmission/
reception operation.

3. The ultrasonic diagnostic apparatus according to claim
1, wherein the non-elastic image processing unit comprises a
B-mode image processing unit configured to generate a
B-mode image, and

wherein the transmit-receive unit is configured to cause a

B-mode image ultrasonic transmission/reception opera-
tion to be performed for obtaining an echo signal used to
generate the B-mode image as the non-elastic image
ultrasonic transmission/reception operation.
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4. The ultrasonic diagnostic apparatus according to claim
3, wherein the transmit-receive unit is configured to:

output the echo signal to the elastic image processing unit

after each elastic image ultrasonic transmission/recep-
tion operation; and

output the echo signal to the B-mode image processing unit

after the B-mode image ultrasonic transmission/recep-
tion operation.

5. The ultrasonic diagnostic apparatus according to claim
3, further comprising a combination unit configured to com-
bine the elastic image and the B-mode image.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the non-elastic image processing unit comprises a
color Doppler image processing unit configured to generate a
color Doppler image, and

wherein the transmit-receive unit is configured to cause a

color Doppler image ultrasonic transmission/reception
operation to be performed for obtaining an echo signal
used to generate the color Doppler image as the non-
elastic image ultrasonic transmission/reception opera-
tion.

7. The ultrasonic diagnostic apparatus according to claim
6, wherein the transmit-receive unit is configured to:

output the echo signal to the elastic image processing after

elastic image ultrasonic transmission/reception opera-
tion;

output the echo signal to the color Doppler image process-

ing unit after the color Doppler image ultrasonic trans-
mission/reception operation.

8. The ultrasonic diagnostic apparatus according to claim
6, wherein the color Doppler image processing unit com-
prises an extraction part configured to extract a signal indica-
tive of a blood flow component from the echo signal.

9. The ultrasonic diagnostic apparatus according to claim
6, further comprising a combination unit configured to com-
bine the elastic image and the color Doppler image.

10. The ultrasonic diagnostic apparatus according to claim
8, further comprising a combination unit configured to com-
bine the elastic image and the color Doppler image.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the non-elastic image processing unit comprises a
plurality of non-elastic image processing units, and wherein
the non-elastic image processing units are configured to gen-
erate non-elastic images different in type from one another,
and

wherein the transmit-receive unit configured to cause

transmission/reception for the respective non-elastic
images to be performed as the non-elastic image ultra-
sonic transmission/reception.

12. The ultrasonic diagnostic apparatus according to claim
11, wherein upon the transmit-receive unit is configured to:

output the echo signal to the elastic image processing unit

after each elastic image ultrasonic transmission/recep-
tion operation; and

output the echo signal to its corresponding non-elastic

image processing unit of the non-elastic image process-
ing units after the corresponding non-elastic image
ultrasonic transmission/reception operation.

13. The ultrasonic diagnostic apparatus according to claim
11, wherein each of the non-elastic image processing units
comprises a B-mode image processing unit configured to
generate a B-mode image and a color Doppler image process-
ing unit for generating a color Doppler image, and
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wherein the transmit-receive unit is configured to cause a
B-mode image ultrasonic transmission/reception opera-
tion to be performed for obtaining an echo signal used to
generate the B-mode image and a color Doppler image
ultrasonic transmission/reception operation to be per-
formed for obtaining an echo signal used to generate the
color Doppler image as the non-elastic image ultrasonic
transmission/reception.

14. The ultrasonic diagnostic apparatus according to claim
13, wherein the transmit-receive unit is configured to:

output the echo signal to the elastic image processing unit
after the elastic image ultrasonic transmission/reception
operation;
output the echo signal to the B-mode image processing unit
after the B-mode image ultrasonic transmission/recep-
tion operation; and
output the echo signal to the color Doppler image process-
ing unit after the color Doppler image ultrasonic trans-
mission/reception operation.
15. The ultrasonic diagnostic apparatus according to claim
13, further comprising a combination unit configured to com-
bine the B-mode image and the color Doppler image.

16. A program for causing a computer of an ultrasonic
diagnostic apparatus to execute the following:

a transmitting/receiving function that causes a processor
to:
drive an ultrasonic probe to cause transmission/recep-
tion of ultrasound to be performed on a biological
tissue;
output echo signals received by the ultrasonic probe;

cause a first elastic image ultrasonic transmission/recep-
tion operation and a second elastic image ultrasonic
transmission/reception operation to be performed at
predetermined time intervals for obtaining echo sig-
nals each used to generate an elastic image of the
biological tissue;

cause a non-elastic image ultrasonic transmission/re-
ception operation to be performed between the first
and second elastic image ultrasonic transmission/re-
ception operations for obtaining an echo signal used
to generate a non-elastic image related to the biologi-
cal tissue;

an elastic image generating function that causes a proces-
sor to calculate a physical quantity related to elasticity of
the biological tissue based on the two echo signals
obtained by the first and second elastic image ultrasonic
transmission/reception operations and generate the elas-
tic image based on the physical quantity; and

a non-elastic image generating function that causes a pro-
cessor to generate the non-elastic image based on the
echo signal obtained by the non-elastic image ultrasonic
transmission/reception operation.

17. An ultrasonic diagnosis method comprising:

transmitting and receiving ultrasound on a biological tis-
sue;

performing a first elastic image ultrasonic transmission/
reception operation and a second elastic image ultra-
sonic transmission/reception operation at predeter-
mined time intervals for obtaining echo signals each
used to generate an elastic image of the biological tissue;
and
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performing a non-elastic image ultrasonic transmission/
reception operation for obtaining an echo signal used to
generate a non-elastic image related to the biological
tissue;

calculating a physical quantity related to elasticity of the
biological tissue based on the two echo signals obtained
by the first and second elastic image ultrasonic transmis-
sion/reception operations;

generating the elastic image based on the physical quan-
tity; and

generating the non-elastic image based on the echo signal
obtained by the non-elastic image ultrasonic transmis-
sion/reception operation.
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18. The ultrasonic diagnosis method according to claim 17,
further comprising combining the elastic image and the non-
elastic image.

19. The ultrasonic diagnosis method according to claim 17,
wherein the non-elastic image is a B-mode image, the method
further comprising combining the elastic image and the
B-mode image.

20. The ultrasonic diagnosis method according to claim 17,
wherein the non-elastic image is a color Doppler image, the
method further comprising combining the elastic image and
the color Doppler image.
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