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7) ABSTRACT

An ultrasonic diagnostic apparatus comprises an operation
unit that arbitrarily specifies a cross-section; a specified
cross-section tomographic image constructing unit that cuts
and constructs a tomographic image of the specified cross-
section from tomographic volume data that is stored in the
volume data storing unit; a specified cross-section elastic
image constructing unit that cuts and constructs an elastic
image of the specified cross-section from elastic volume data
thatis stored in the volume data storing unit; and a display unit
that displays in parallel the tomographic image and the elastic
image that are constructed by the specified cross-section
tomographic image constructing unit and the specified cross-
section elastic image constructing unit.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC IMAGE DISPLAY
METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic image display method for
displaying a tomographic image or an elastic image showing
the hardness or softness of biological tissue of an object using
ultrasonic waves.

DESCRIPTION OF RELATED ART

[0002] An ultrasonic diagnostic apparatus has been used
for transmitting ultrasonic waves to the inside of an object to
be examined via an ultrasonic probe, generating volume data
by receiving the reflected echo signals in accordance with the
configuration of the biological tissue from the inside of the
object, and displaying a 3-dimensional tomographic image
and a 3-dimensional elastic image (forexample, Patent Docu-
ment 1). Further, a method is proposed to cut out an arbitrary
cross-section from the obtained volume data and display a
tomographic image (for example, Patent Document 2).

PRIOR ART DOCUMENTS

Patent Documents

[0003] Patent Document 1: JP-A-2008-259605
[0004] Patent Document 2: U.S. Pat. No. 6,413,219
[0005] The above-mentioned Patent Documents do not dis-

close the technique, with respect to the cross-section which is
arbitrarily cut out from volume data, to juxtapose and display
a tomographic image and an elastic image. Thus juxtaposing
and displaying of an elastic image and a tomographic image
of the cross-section which is arbitrarily cut out from volume
data has not been possible to perform.

[0006] Given this factor, the objective of the present inven-
tion is to provide a technique for displaying in parallel an
elastic image and a tomographic image of a cross-section
which is arbitrarily cut out from volume data.

BRIEF SUMMARY OF THE INVENTION

[0007] In order to achieve the above-described objective,
the ultrasonic diagnostic apparatus of the present invention
comprises:

[0008] an ultrasonic probe provided with transducers that
transmit/receive ultrasonic waves;

[0009] atransmission unit configured to transmit ultrasonic
waves to an object via an ultrasonic probe;

[0010] a reception unit configured to receive the reflected
echo signals from an object;

[0011] avolume data storing unit configured to store tomo-
graphic volume data and elastic volume data created by pro-
cessing the reflected echo signals;

[0012] an operation unit configured to arbitrarily specify a
cross-section;
[0013] a specified cross-section tomographic image con-

structing unit configured to cut out and construct a tomo-
graphic image of the specified cross-section from the tomo-
graphic volume data stored in the volume data storing unit;
[0014] a specified cross-section elastic image constructing
unit configured to cut out and construct an elastic image of the
specified cross-section from the elastic volume data stored in
the volume data storing unit; and
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[0015] a display unit configured to juxtapose and display
the tomographic image and the elastic image constructed by
the specified cross-section tomographic image constructing
unit and the specified cross-section elastic image constructing
unit. In addition, the tomographic image and the elastic image
here are cut out from the same specified cross-section.
[0016] Also, the ultrasonic diagnostic apparatus of the
present invention further comprises a synthesis processing
unit configured to synthesize a tomographic image and an
elastic image to create a synthetic image, and the display umt
displays the tomographic image and the synthetic image in
parallel.

Effect of the Invention

[0017] In accordance with the present invention, it is pos-
sible to juxtapose and display an elastic image and a tomo-
graphic image with respect to a cross-section which is arbi-
trarily cut out from volume data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows the configuration of the ultrasonic
diagnostic apparatus related to the present invention.

[0019] FIG. 2 is a display pattern of a specified cross-
section in an image display unit 109 of the present invention.
[0020] FIG. 3 is an MPR display pattern in the image dis-
play unit 109 of the present invention.

[0021] FIG. 4 is a display pattern of plural cross-sections
that are parallel to each other in the image display unit 109 of
the present invention.

[0022] FIG. 5 shows third and fourth embodiments of the
present invention.

[0023] FIG. 6 shows the fourth embodiment of the present
invention.

[0024] FIG. 7 shows a fifth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention will be described referring to
the attached diagrams.

Embodiment 1

[0026] FIG. 1 shows the configuration of an ultrasonic
diagnostic apparatus 101 related to the present invention. As
shown in FIG. 1, the ultrasonic diagnostic apparatus com-
prises an ultrasonic probe 103 to be used by applying to an
object 102, a transmission unit 104 configured to repeatedly
transmit ultrasonic waves to the object 102 via the ultrasonic
probe 103 at intervals, a reception unit 105 configured to
receive the time-series reflected echo signals generated from
the object 102, a transmission/reception control unit 106 con-
figured to control the transmission unit 104 and the reception
unit 105, and a phasing and adding unit 107 configured to
perform phasing and adding of the reflected echo signals
received by the reception unit 105.

[0027] Theultrasonic probe 103 is provided with a plurality
of transducers arrayed therein, to transmit/receive ultrasonic
waves to/from the object 102 via the transducers. The ultra-
sonic probe 103 is formed by a plurality of rectangle or
fan-shaped transducers, and is capable of mechanically
vibrating the transducers in the direction orthogonal to the
array direction of the plural transducers and transmitting/
receiving ultrasonic waves 3-dimensionally.
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[0028] Also, the ultrasonic probe 102 may also be provided
with 2-dimensional array of plural transducers to electroni-
cally control the transmission/reception of ultrasonic waves.
In concrete terms, the transducers arrayed on the ultrasonic
transmitting/receiving surface of the ultrasonic probe 103 are
cut off plurally also in the minor axis direction, and are
2-dimensionally arrayed for 1-k channels. Therefore, the
ultrasonic probe 103 is capable of scanning the ultrasonic
beams generated by electronic focusing in the minor axis
direction along the curvature of the ultrasonic transmitting/
receiving surface or the minor axis direction, so as to 3-di-
mensionally collect the RF signal frame data. In addition, the
ultrasonic probe 103 can execute measurement in the trans-
mitting/receiving direction (8,¢) at the same time as transmit-
ting/receiving ultrasonic waves.

[0029] The transmission unit 104 generates transmission
pulses for generating ultrasonic waves by activating the trans-
ducers of the ultrasonic probe 103. The transmission unit 104
has a function to set the convergent point of the transmitted
ultrasonic waves at a certain depth. Also, the reception unit
105 amplifies the reflected echo signal received by the ultra-
sonic probe 103 at a predetermined gain, and generates an RF
signal, i.e. a reception signal. The transmission/reception
control unit 106 controls devices such as the transmission unit
104 and the reception unit 106.

[0030] The phasing and adding unit 107 controls the phase
of the RF signal amplified in the reception unit 105, and
generates RF signal frame data (which is equivalent to RAW
data) by forming an ultrasonic beam with respect to one or
plural convergent points.

[0031] The ultrasonic diagnostic apparatus 101 is provided
with a tomographic image constructing unit 108 configured to
construct a tomographic image, for example a black and
white tomographic image on the basis of the RF signal frame
data which is generated by phasing and adding of the signals
in the phasing and adding unit 107, a black and white scan
converter 110 configured to convert the output signals from
the tomographic image constructing unit 108 to match them
for the display of the image display unit 109, a tomographic
volume data storing unit 111 configured to store the tomo-
graphic image frame data output from the black and white
scan converter 110 as the tomographic volume data, and a
specified cross-section tomographic image constructing unit
112 configured to construct an arbitrary tomographic image
from the tomographic volume data stored in the tomographic
volume data storing unit 111.

[0032] The tomographic image constructing unit 108
inputs the RF signal frame data from the phasing and adding
unit 107, and executes signal processing such as gain com-
pensation, log compression, detection, edge enhancement or
filtering so as to obtain tomographic image frame data. Also,
the black and white scan converter 110 is configured includ-
ing a coordinate converter, a frame memory for storing the
converted plural pieces of tomographic image frame data in
time series, and a controller. The black and white scan con-
verter 110 obtains the tomographic image frame data in the
object 102 stored in the frame memory as one image, reads
out the obtained tomographic image frame data in synchro-
nization with TV, and executes coordinate conversion on the
tomographic image frame data to match the data with the
display of the image display 109.

[0033] The plural sets of tomographic image frame data
output from the black and white scan converter 110 are stored
in the tomographic volume data storing unit 111. The tomo-
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graphic volume data storing unit 111 executes 3-dimensional
conversion with respect to the plural sets of tomographic
image frame data on the basis of the transmitting/receiving
direction (8,¢) which is equivalent to the acquisition position
of the tomographic image, generates and stores the tomo-
graphic volume data. The tomographic volume data in the
tomographic volume data storing unit 111 is read out to the
specified cross-section tomographic image constructing unit
112, and a tomographic image is constructed with respect to
the cross-section which is arbitrarily specified.

[0034] Theultrasonic diagnostic apparatus 101 is also pro-
vided with an RF signal frame data selecting unit 113 con-
figured to store the RF signal frame data output from the
phasing and adding unit 107 and select at least two pieces of
RF signal frame data, a displacement measuring unit 114
configured to measure the displacement in the biological
tissue of the object 102, an elasticity information calculating
unit 115 configured to acquire the strain or the elasticity
modulus from the displacement information measured in the
displacement measuring unit 114, an elastic image construct-
ing unit 116 configured to construct a color elastic image from
the strain or the elasticity modulus calculated in the elasticity
information calculating unit 115, an elastic scan converter
117 configured to convert the output signals from the elastic
image constructing unit 116 for matching the signals to the
display of the image display unit 109, an elastic volume data
storing unit 118 configured to store the elastic image frame
data output from the elastic scan converter 117 as the elastic
volume data, and a specified cross-section elastic image con-
structing unit 119 configured to construct an arbitrary elastic
image from the elastic volume data stored in the elastic vol-
ume data storing unit 118.

[0035] The RF signal frame data selecting unit 113 stores
the plural pieces of RF signal frame data from the phasing and
adding unit 107, and selects a pair of, i.e. two pieces of RF
signal frame data from the stored RF signal frame data group.
For example, the RF signal frame data selecting unit 113, at
the same time as sequentially storing the RF signal frame data
generated by the phasing adding unit 107 in time series, i.e. on
the basis of the frame rate of the image and selecting the
stored RF signal frame data (N) as first data, selects one piece
of RF signal frame data (X) from among the temporally stored
RF signal frame data group (N-1, N-2, N-3, ..., N-M) in the
past. Here, N, M and X are index numbers given to the RF
signal frame data, and are the positive integers.

[0036] Then the displacement measuring unit 114 executes
one-dimensional or two-dimensional correlation process
from the selected one pair of data pieces, i.e. RF signal frame
data (N) and RF signal frame data (X), and obtains one-
dimensional or two-dimensional displacement distribution in
relation to the displacement or the moving vector, i.e. the
direction and the size of the displacement in the biological
tissue corresponding to the respective points on the tomo-
graphic image. Here, the block matching method is used for
detecting moving vectors. The block matching method
divides an image into blocks formed by NxN pixels, focuses
on the block in a region of interest, searches the most approxi-
mated block to the focused block from the previous frame,
and executes a process to determine the sample value by
predictive encoding, i.e. the difference by referring to the
searched block.

[0037] The elasticity information calculating unit 115 cal-
culates the elasticity values of the strain or the elasticity
modulus of the biological tissue corresponding to the respec-
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tive points on the tomographic image from the moving vector
output from the displacement measuring unit 114 and the
pressure value output from a pressure measuring unit 121,
and generates the signals of the elastic image, i.e. the elastic
mage frame data on the basis of the elasticity values.

[0038] At this time, the strain data is calculated by perform-
ing spatial differentiation on the moving distance, for
example the displacement of the biological tissue. Also, the
elasticity modulus data is calculated by dividing the change of
pressure by the change of strain. For example, the displace-
ment measured by the displacement measuring unit 114 is set
as L (X) and the pressure measured by the pressure measuring
unit 121 is set as P(X), the strain AS(X) can be calculated by
performing the spatial differentiation on L(X) using the equa-
tion: AS(X)=AL(X)/AX. Also, the Young’s modulus Ym(X)
of the elasticity modulus data can be calculated by the equa-
tion: Ym=(AP(X))/AS(X). Since the elasticity modulus of the
biological tissue corresponding to the respective points on the
tomographic image can be obtained from this Young’s modu-
lus Ym, the 2-dimensional elastic image data can be consecu-
tively obtained. The Young’s modulus is the proportion of the
simple tensile stress added to a subject with respect to the
distortion generated in parallel to the tension.

[0039] The elastic image constructing unit 116 is config-
ured including a frame memory and an image processing
section, for storing the elastic image frame data output from
the elasticity information calculating unit 115 in the frame
memory in time series and executing image processing on the
stored elastic image frame data. The elastic scan converter
117 executes coordinate conversion on the elastic image
frame data from the elastic image constructing unit 116 to
match the data to the display of the image display unit 109.
[0040] The elastic volume data storing unit 118 executes
the 3-dimensional conversion on the plural pieces of elastic
image frame data on the basis of the transmitting/receiving
direction (8,¢) equivalent to the acquisition position of the
elastic image, generates and stores the elastic volume data.
The elastic volume data in the elastic volume data storing unit
118 is read out to the specified cross-section elastic image
constructing unit 119, and an elastic image with respect to the
arbitrarily specified cross-section is constructed.

[0041] The ultrasonic diagnostic apparatus 101 comprises
a synthesis processing unit 120 configured to perform pro-
cessing for displaying a tomographic image, an elastic image,
and a synthetic image in which a tomographic image and an
elastic image are synthesized, and the image display unit 109
configured to display the images output from the synthesis
processing unit 120.

[0042] Further, the ultrasonic diagnostic apparatus 101
comprises an operation unit 125 configured to arbitrarily
specify an elastic image to be displayed on the image display
unit 109 and a cross-section of the tomographic image, and a
specified cross-section control unit 124 configured to control
the specified cross-section tomographic image constructing
unit 112 and the specified cross-section elastic image con-
structing unit 119 to display a tomographic image and an
elastic image of the specified cross-section using the infor-
mation of the specified cross-section which is specified by the
operation unit 125. The operation unit 125 comprises devices
such as a keyboard and a trackball.

[0043] The ultrasonic diagnostic apparatus 101 disclosed
in the first embodiment comprises at least:

[0044] an ultrasonic probe 103 provided with transducers
that transmits/receives ultrasonic waves;
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[0045] atransmission unit 104 configured to transmit ultra-
sonic waves to the object 102 via the ultrasonic probe 103;
[0046] a reception unit 105 configured to receive the
reflected echo signals from the object 102;

[0047] avolumedatastoring unit 111 and 118 configured to
store the tomographic volume data and the elastic volume
data created by processing the reflected echo signals;

[0048] an operation unit 125 configured to arbitrarily
specify a cross-section,

[0049] a specified cross-section tomographic image con-
structing unit 112 configured to cut out and construct a tomo-
graphic image of the specified cross-section from the tomo-
graphic volume data stored in the volume data storing unit
111 and 118;

[0050] a specified cross-section elastic image constructing
unit 119 configured 1o cut out and construct an elastic image
of the cross-section from the elastic volume data stored in the
volume data storing unit 111 and 118; and

[0051] an image display unit 109 configured to juxtapose
and display the tomographic image and the elastic image
constructed by the specified cross-section tomographic image
constructing unit and the specified cross-section elastic image
constructing unit.

[0052] Theultrasonic probe 103 may also be configured to
execute ultrasonic scanning by a pressure control section 122
and a motor control section 123 for collecting the volume
data. For example, the ultrasonic probe 103 can control the
pressure to be applied vertically to the object 103 by the motor
control unit 123. Also, the ultrasonic probe 103 can 3-dimen-
sionally collect the RF signal frame data by moving the rect-
angle or fan-shaped plurality of transducers in the scan direc-
tion to collect the volume data. The motor control section 123
can also control to stop the movement of the plurality of
transducers in the scan direction at the time of controlling the
pressure.

[0053] The tomographic volume data storing unit 111 is
also capable of acquiring information on the pressed position
from the pressure control section 122, selecting and storing
the tomographic image frame data of the same pressed posi-
tion at all scanned positions in the minor-axis direction of the
tomographic volume data, at the time of storing one volume
of the tomographic image frame data output from the black
and white scan converter 110. In the same manner, the elastic
volume data storing unit 118 is also capable of acquiring the
information on the pressed position from the pressure control
section 122, selecting and storing the elastic image frame data
of the same pressed position at all scanned positions in the
minor-axis direction of the elastic volume data, at the time of
storing one volume of the elastic image frame data output
from the elastic scan converter 117.

[0054] Here, the process for displaying a specified cross-
section will be described. An examiner arbitrarily specifies a
cross-section of a tomographic image and an elastic image to
be displayed on the image display unit 109 using the opera-
tion unit 125. In concrete terms, the examiner rotates the
trackball of the operation unit 125, selects the position of a
specified cross-section in the tomographic image and the
elastic image to be displayed on the display unit 109, and
specifies a cross-section by a determination key of the key-
board.

[0055] A specified cross-section control unit 124 outputs
the control signal in accordance with the 3-dimensional posi-
tional information with respect to the specified cross-section
tomographic image constructing unit 112 and the specified
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cross-section elastic image constructing unit 119 using the
3-dimensional positional information of the specified cross-
section specified by the operation unit 125. The 3-dimen-
sional positional information includes the information on the
3-dimensional position and the direction of the specified
cross-section. In the case that plural specified cross-sections
are specified, the control signal has the information on the
number of specified cross-sections to be cut out.

[0056] The specified cross-section tomographic image
constructing unit 112 inputs the tomographic volume data
stored in the tomographic volume data storing unit 111 and
the control signal from the specified cross-section control unit
124, and associates the spatial 3-dimensional position and the
direction of the specified cross-section with the tomographic
volume data. Then the specified cross-section tomographic
image constructing unit 112 cuts out the tomographic image
which is associated with the specified cross-section from the
tomographic volume data, constructs a tomographic image in
the specified cross-section and outputs the image to the syn-
thesis processing unit 120.

[0057] The specified cross-section elastic image construct-
ing unit 119 inputs the elastic volume data stored in the elastic
volume data storing unit 118 and the control signal from the
specified cross-section control unit 124, and associates the
spatial 3-dimensional position and the direction of the speci-
fied cross-section with the elastic volume data. Then the
specified cross-section elastic image constructing unit 119
cuts out the elastic image which is associated with the cross-
section from the elastic volume data, constructs an elastic
image in the specified cross-section and outputs the image to
the synthesis processing unit 120.

[0058] Since the tomographic image constructed by the
specified cross-section tomgraphic image constructing unit
112 and the elastic image constructed by the specified cross-
section elastic image constructing unit 119 are cut out while
being associated with each other by the 3-dimensoinal posi-
tion and the direction in the same specified cross-section
output from the specified cross-section control unit 124, the
tomographic image and the clastic image are of the same
specified cross sections.

[0059] The synthesis processing unit 120 executes the out-
put processing of the tomographic images, elastic images and
synthetic images in which a tomographic image and an elastic
image are synthesized constructed by the specified cross-
section tomographic image constructing unit 112 and the
specified cross-section elastic image constructing unit 119.
Here, the processing of synthetic images will be described.
The synthesis processing unit 120 matches the position and
the direction of a tomographic image with those of an elastic
image on the basis of the 3-dimensional position and the
direction in the specified cross-section. Then the synthesis
processing unit 120 performs addition of the tomographic
image and the elastic image at a predetermined rate of syn-
thesis, and creates a synthetic image by executing hue con-
version (for example, RGB conversion). For example, an
elastic image is made translucent to be added at the time of
synthesizing a tomographic image and an elastic image, so
that a hard region in the elastic image and a low luminance
region in the tomographic image can be compared.

[0060] Also, the synthesis processing unit 120 displays any
of a tomographic image, elastic image and synthetic image in
aspecified cross-section, or selects plural images from among
the tomgraphic image, elastic image and synthetic image for
Juxtaposing and displaying the selected images respectively.
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Then the image display unit 109 displays the images output
from the synthesis processing unit 120.

[0061] Here,adisplay pattern of aspecified cross-sectionin
the image display unit 109 will be described referring to FIG.
2. The image display unit 109 displays an elastic image 201
on the left side, and juxtaposes a tomographic image 202 of
the same cross-section as the elastic image 201 on the right
side. While the elastic image 201 is displayed on the left side
of the image display unit 109 in the present embodiment, a
synthetic image in which the elastic image 201 and the tomo-
graphic image 202 are synthesized may instead be displayed.
Hereinafter, an elastic image or a synthetic image will be
referred to as an elastic image for simple description. Also,
the elastic image 201 is displayed along with a scale bar 203
for showing hardness.

[0062] The image display unit 109 is capable of synchro-
nizing the elastic image 201 and the tomographic image 202
for enlarging, reducing or rotating the images. The image
display unit 109 displays a scaling control panel 204 config-
ured to synchronize the elastic image 201 and the tomo-
graphic image 202 for enlarging or reducing the images, and
aparallel revolution control panel 205 configured to synchro-
nize and rotate the elastic image 201 and the tomographic
image 202. To the scaling control panel 204 and the parallel
revolution control panel 205, a check box is provided to be
checked when the panel is selected. In the case of synchro-
nizing the elastic image 201 and the tomographic image 202
for scaling, the examiner checks the checkbox of the scaling
control panel 204 using the operation unit 205, and moves the
bar which is displayed in the scaling control panel 204 to the
right or left. Scale of enlargement or reduction is set in accor-
dance with the position of the bar.

[0063] In the case of changing the scale of enlargement or
reduction by moving the bar displayed in the scaling control
panel 204 to the right or left, the image display unit 109
executes the process for displaying the elastic image 201 and
the tomographic image 202 with the same scale factor (scale
of enlargement or reduction) respectively, and displays the
elastic image 201 and the tomographic image 202. In other
words, the scaled elastic image 201 and the tomographic
image 202 are of the same cross-section displayed with the
same scale factor, and the tissue of the object 102 to be
displayed by the elastic image 201 and the tomographic
image 202 are the same size.

[0064] Also, in the case of synchronizing and rotating the
elastic image 201 and the tomographic image 201, the exam-
iner checks the check box of the parallel revolution control
panel 205 using the operation unit 205 and rotates the track-
ball of the operation unit 205. The rotation angle is set in
accordance with the rotation of the trackball. When the elastic
image 201 and the tomographic image 202 are rotated, the
image display unit 109 executes image processing to rotate
the images by setting the center of the respective screens as
the central axis so that the elastic image 201 and the tomo-
graphic image 202 are displayed with the same rotation
angles (same directions), and performs rotational display of
the elastic image 201 and the tomographic image 202. In
other words, the rotated elastic image 201 and the tomo-
graphic image 202 are of the same cross-section and have the
same rotation angle, and the tissue of the object 102 to be
displayed by the elastic image 201 and the tomographic
image 202 are displayed in the same direction. In addition, the
operation unit 205 is capable of arbitrarily setting the position
of the central axes.
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[0065] Inaccordance with the present embodiment, by jux-
taposing and displaying the elastic image 201 having the
elasticity information and the tomographic image 202 in the
same cross-section as that of the elastic image 201 on the
image display unit 109, the examiner can obtain the hardness
information from the elastic image 201 and the information
on the tissue structure from the tomographic image 202.
Therefore, the examiner can make a diagnosis effectively by
obtaining the biological information in relation to the object
102 without switching the screens.

[0066] While the elastic image 201 and the tomographic
image 202 are displayed in parallel on the image display unit
109 in the present embodiment, the images can also be jux-
taposed and displayed longitudinally. Also, the image display
unit 109 can perform hue modulation on the elastic image 201
independently.

Embodiment 2

[0067] The second embodiment will be described referring
to FIGS. 1-4. The difference from the first embodiment is that
the image display unit 109, when an elastic image (or a
synthetic image) displayed on the image display unit 109 is
specified by the operation unit 125, displays the tomographic
image of the same cross-section as that of the specified elastic
image in parallel with the elastic image.

[0068] As shown in the MPR display pattern in FIG. 3, the
image display unit 109 displays a rendering image 301 cre-
ated on the basis of the tomographic volume data and the
elastic volume data, and elastic images 302~304 in orthogo-
nal three cross-sections of the tomographic volume data and
the elastic volume data. The elastic images 302~304 are dis-
played with a scale bar 305 that shows hardness.

[0069] When the synthesis processing unit 120 executes
rendering by associating the 3-dimensional position and the
direction in the tomographic volume data stored in the tomo-
graphic volume data storing unit 111 with the elastic volume
data stored in the elastic volume data storing unit 118, the
image display unit 109 can display the rendering image 301.
The elastic images 302~304 in the orthogonal three cross-
sections are the elastic images cut out in the three cross-
sections that are orthogonal to each other in the space of the
tomographic volume data and the elastic volume data. The
elastic image 302~304 in the orthogonal three cross-sections
are constructed using the specified cross-section tomographic
image constructing unit 112 and the specified cross-section
elastic image constructing unit 119 as described in the first
embodiment.

[0070] Here, the examiner specifies the cross-sections of
the orthogonal three cross-sections for juxtaposing and dis-
playing the elastic image and the tomographic image using
the operation unit 125. In concrete terms, the examiner speci-
fies any of cross-sections A~C corresponding to the elastic
images 302~304 in the orthogonal three cross-sections using
the operation unit 125.

[0071] The present embodiment will be described assum-
ing that cross-section A is specified from among the orthogo-
nal three cross-sections. The specified cross-section control
unit 124 outputs the control signal having the 3-dimensional
positional information to the specified cross-section tomo-
graphic image constructing unit 112 and the specified cross-
section elastic image constructing unit 119 using the specified
cross-section information in the cross-section A which is
specified by the operation unit 125. The specified cross-sec-
tion tomographic image constructing unit 112 cuts out the
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tomographic image which is associated with the specified
cross-section of the cross-section A from the tomographic
volume data, constructs the tomographic image in the speci-
fied cross-section in the cross-section A, and outputs the
constructed image to the synthesis processing unit 120. The
specified cross-section elastic image constructing unit 119
cuts out the elastic image which is associated with the speci-
fied cross section of the cross-section A, constructs an elastic
image inthe specified cross-section of the cross-section A and
outputs the constructed image to the synthesis processing unit
120.

[0072] Thesynthesis processing unit 120 outputs the elastic
image (or a synthetic image) and the tomographic image in
the specified cross-section of the cross-section A that are
constructed by the specified cross-section tomographic image
constructing unit 112 and the specified cross-section elastic
image constructing unit 119. Accordingly, as shown in FI1G. 2,
the image display unit 109 can juxtapose and display the
elastic image 201 and the tomographic image 202 in any of
the orthogonal three cross-sections.

[0073] Also, as shown in the display pattern of parallel
multi-sections of FIG. 4, the image display unit 109 can
display an elastic image 401 in a predetermined specified
cross-section and elastic images 402~409 that are multi-sec-
tions cut outin parallel from the elastic image 401. The elastic
image 401 is displayed with a scale bar 410 that shows hard-
ness.

[0074] The elastic images 402~409 are orthogonal to the
elastic image 401, and are parallel to each other. Lines A~H
indicated on the elastic image 401 correspond to the cross-
sections A~H in the elastic images 402~409.

[0075] Here, the examiner specifies a cross-section in the
parallel multi-sections which is for juxtaposing and display-
ing the elastic image and the tomographic image using the
operation unit 125. In concrete terms, the examiner specifies
one of the cross-sections A~H corresponding to the elastic
images 402~409 in the parallel multi-sections as the specified
cross-section using the operation unit 125.

[0076] The present embodiment will be described assum-
ing that the cross-section D is specified from among the
parallel multi-sections. The specified cross-section control
unit 124 outputs the control signal having the 3-dimensoinal
positional information to the specified cross-section tomo-
graphic image constructing unit 112 and the specified cross-
section elastic image constructing unit 119 using the specified
cross-section information in the cross-section D which is
specified by the operation unit 125. The specified cross-sec-
tion tomographic image constructing unit 112 cuts out the
tomographic image which is associated with the specified
cross-section of the cross-section D from the tomographic
volume data, constructs the tomographic image in the speci-
fied cross-section of the cross-section D, and outputs the
constructed image to the synthesis processing unit 120. The
specified cross-section elastic image constructing unit 119
cuts out the elastic image which is associated with the speci-
fied cross-section of the cross-section D from the elastic
volume data, constructs the elastic image in the specified
cross-section of the cross-section D, and outputs the con-
structed image to the synthesis processing unit 120.

[0077] Thesynthesis processing unit 120 outputs the elastic
image (or a synthetic image) in which a tomographic image
and an elastic image are synthesized and the tomographic
image in the specified cross-section of the cross-section D
constructed by the specified cross-section tomographic image
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constructing unit 112 and the specified cross-section elastic
image constructing unit 119. Thus as shown in FIG. 2, the
image display unit 109 can juxtapose and display the elastic
image 201 and the tomographic image 202 in any specified
cross-section in the parallel multi-sections.

[0078] As mentioned above, the present embodiment is
capable of, when an elastic image is specified by the operation
unit 125 from among plural elastic images (or synthetic
images) displayed on the display unit 109, juxtaposing and
displaying the tomographic image of the same cross-section
as that of the specified elastic image.

[0079] Therefore, the examiner is capable of, in the condi-
tion that a plurality of elastic images are displayed, making a
diagnosis effectively by specifying a desired cross-section to
be used for diagnosis, juxtaposing and displaying the elastic
image and the tomographic image of the specified cross-
section.

Embodiment 3

[0080] The third embodiment will be described referring to
FIGS. 1 and 5. The difference of the present embodiment
from the first and second embodiments is that the image
display unit 109 can display the positional information of the
cross-section which is specified by the operation unit 125.
[0081] In the same method as in the first and second
embodiments, an elastic image 501 (or a synthetic image), a
tomographic image 502 of the same cross-section as that of
the elastic image 501, and a scale bar 507 are displayed on the
display unit 109.

[0082] Further, the positional information of the specified
cross-section is also displayed on the image display unit 109.
The image display unit 109 displays an orientation image 503
to be displayed so that the 3-dimensional position and the
direction of the cross-section of the elastic image 501 can be
visually identified and an orientation image 505 to be dis-
played so that the 3-dimensional position and the direction of
the cross-section of the tomographic image 502 can be visu-
ally identified.

[0083] The orientation image 503 is formed by a rendering
image 510 created on the basis of the tomographic volume
data and the elastic volume data and a slice plane 511 which
indicates the position of the specified cross-section of the
elastic image 501. Also, the X-axis, Y-axis and Z-axis are
displayed on the rendering image 510. In this manner, the
examiner can recognize that the slice plane 511 correspond-
ing to the specified cross-section is set on the X-Y plane.
[0084] The orientation image 505 is formed by a rendering
image 512 created on the basis of the tomographic volume
data and a slice plane 513 which indicates the position of the
specified cross-section of the tomographic image 502. The
X-axis, Y-axis and Z-axis are displayed on the rendering
image 512. In this manner, the examiner can recognize that
the slice plane 513 corresponding to the specified cross-sec-
tion is set on the X-Y plane. The rendering image 510 and the
rendering image 512 can also be replaced by a body mark
which indicates the imaging area of the object 102 to be
displayed.

[0085] Also, the image display unit 109 can display the
positional information of the specified cross-section as
numeric values 504 and 506. The numeric values 504 and 506
can be displayed, for example as -5 mm, by setting the
position of the Z-axis in the slice planes 511 and 513 as
numeric values.
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[0086] 1In this manner, the examiner can identify the posi-
tional information of the specified cross-section. While the
pattern that the slice planes 511 and 513 corresponding to the
specified cross-section is set on the X-Y plane is described in
the present embodiment, the cross-section can also be set on
the Y-Z plane, Z-X plane or other planes for displaying the
positional information of the specified cross-section in the
same manner as the above-described method.

Embodiment 4

[0087] The fourth embodiment will be described referring
to FIGS. 1,5 and 6. The difference of the present embodiment
from the first~third embodiments, in the case of resetting a
specified cross-section by the operation unit 125, is that the
tomographic image and the elastic image (or a synthetic
image) in the reset specified cross-section can be juxtaposed
and displayed on the image display unit 109.

[0088] First, as shown in. FIG. 5, the examiner synchro-
nizes and moves the slice plane 511 and the slice plane 513 in
the depth direction (Z-axis direction: arrow direction) using
the operation unit 125, and resets the cross-section. The speci-
fied cross-section control unit 124 outputs the control signal
in accordance with the 3-dimensional positional information
to the specified cross-section tomographic image construct-
ing unit 112 and the specified cross-section elastic image
constructing unit 119 using the 3-dimensional positional
information of the specified section which is reset by the
operation unit 125.

[0089] Then as shown in the first embodiment, the specified
cross-section tomographic image constructing unit 112 and
the specified cross-section elastic image constructing unit
119 cut out the tomographic image and the elastic image that
are associated with the reset cross-section on the basis of the
control signal, construct the tomographic image and the elas-
tic image in the specified cross-section, and outputs the con-
structed images to the synthetic processing unit 120. The
synthetic processing unit 120 performs output processing of
the tomographic image and the elastic image constructed by
the specified cross-section tomographic image constructing
unit 112 and the specified cross-section elastic image con-
structing unit 119. The image display unit 109 displays the
tomographic image and the elastic image on the same cross-
section that are associated and cut out by the 3-dimensional
position and the direction in the reset specified cross-section.

[0090] Therefore, by changing the position of the specified
cross-section of the tomographic image and the elastic image,
the examiner can observe the in-vivo structure and the chang-
ing state of hardness of the tissue in the object 102.

[0091] As shown in FIG. 6, the present embodiment also
resets one of the specified cross-section of the tomographic
image or the specified cross-section of the elastic image inde-
pendently, and displays the tomographic image or the elastic
image in the reset specified cross-section on the image dis-
play unit 109.

[0092] First, as shown in FIG. 6, the examiner moves only
the slice plane 513 in the depth direction (Z-axis direction:
arrow direction) using the operation unit 125, and resets the
specified cross-section. The specified cross-section control
unit 124 outputs the control signal in accordance with the
3-dimensional positional information to the specified cross-
section tomographic image constructing unit 112 using the
3-dimensional positional information of the specified cross-
section which is reset by the operation unit 125.
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[0093] Then as indicated in the first embodiment, the speci-
fied cross-section tomographic image constructing unit 112
cuts out the tomographic image which is associated with the
reset specified cross-section on the basis of the control signal,
constructs a tomographic image in the specified cross-sec-
tion, and outputs the constructed image to the synthesis pro-
cessing unit 120. The synthesis processing unit 120 performs
output processing of the tomographic image constructed by
the specified cross-section tomographic image constructing
unit 112. The image display unit 109 displays the tomo-
graphic image which is associated with and cut out by the
3-dimensional position and the direction in the reset cross-
section. Since only the cross-section of the slice plane 513 is
reset, the displayed tomographic image and the elastic image
are of the different cross-sections.

[0094] Inthis manner, the examiner can observe the chang-
ing state ofthe in-vivo structure or the hardness of tissue in the
object 102 by changing the position in the specified cross-
section of the tomographic image or the elastic image.

Embodiment 5

[0095] The fifth embodiment will be described referring to
FIGS. 1 and 7. The difference of the present embodiment
from the first~fourth embodiments is, when plural specified
cross-sections are set by the operation unit 125, that the
tomographic images and the elastic images in the plural
cross-sections canbe juxtaposed and displayed on the display
unit 109.

[0096] The examiner rotates the trackball of the operation
unit 125, and selects the positions of the plural cross-sections
of the tomographic images and the elastic images (or syn-
thetic images) to be displayed on the display unit 109.

[0097] The specified cross-section control unit 124 outputs
the control signal in accordance with the plural pieces of
3-diemnsional positional information to the specified cross-
section tomographic image constructing unit 112 and the
specified cross-section elastic image contrasting unit 119
using the plural pieces of 3-dimensional positional informa-
tion set by the operation unit 125. Since plural cross-sections
are specified, the control signal has the information on the
number of specified cross-sections to be cut out. It is assumed
in the present embodiment that two cross-sections are speci-
fied.

[0098] Then as shown in the first embodiment, the specified
cross-section tomographic image constructing unit 112 and
the specified cross-section elastic image constructing unit
119 cut out the tomographic image and the elastic image
associated with the set plural specified cross-sections (two
cross-sections) on the basis of the control signal, constructs
the tomographic images and the elastic images in the plural
cross-sections, and outputs the constructed images to the
synthesis processing unit 120. The synthetic processing unit
120 performs output processing of the tomographic images
and the elastic images constructed by the specified cross-
section tomographic image constructing unit 112 and the
specified cross-section elastic image constructing unit 119.
The image display unit 109 displays the tomographic images
and the elastic images in the plural cross-sections (two cross-
sections) by the 3-dimensional position and the direction in
the set plural cross-sections (two cross-sections). For
example, as shown in FIG. 7, the image display unit 109
displays a tomographic image 702 and an elastic image 701,
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and a tomgoraphic image 703 and an elastic image 704 in the
plural specified cross-sections (two specified cross-sections),
with a scale bar 705.

[0099] Inthis manner, the examiner can observe the chang-
ing state of the in-vivo structure and the hardness of tissue in
the object 102 by obtaining the information on the hardness of
tissue from the elastic images 701 and 703 in the plural
cross-sections as well as obtaining the information on the
tissue structure from the tomographic images 702 and 704.

DESCRIPTION OF REFERENCE NUMERALS

[0100] 101: ultrasonic diagnostic apparatus
[0101] 102: object

[0102] 103: ultrasonic probe

[0103] 104: transmission unit

[0104] 105: reception unit

[0105] 106: transmission/reception control unit
[0106] 107: phasing and adding unit

[0107] 108: tomographic image constructing unit
[0108] 109: image display unit

[0109] 110: black and white scan converter
[0110] 111: tomographic volume data storing unit
[0111] 112: specified cross-section tomographic image

constructing unit

[0112] 113: RF frame data selecting unit

[0113] 114: displacement measuring unit

[0114] 115: elasticity information calculating unit
[0115] 116: elastic image constructing unit

[0116] 117: elastic scan converter

[0117] 118: elastic volume data storing unit

[0118] 119: specified cross-section elastic image con-

structing unit

[0119] 120: synthetic processing unit

[0120] 121: pressure measuring unit

[0121] 122: pressure control unit

[0122] 123: motor control unit

[0123] 124: specified cross-section control unit
[0124] 125: operation unit

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe provided with transducers that trans-
mit/receive ultrasonic waves;

atransmission unit configured to transmit ultrasonic waves
to an object via the ultrasonic probe;

a reception unit configured to receive the reflected echo
signals from the object;

avolume data storing unit configured to store tomographic
volume data and elastic volume data created by process-
ing the reflected echo signals;

an operation unit configured to arbitrarily specify a cross-
section;

a specified cross-section tomographic image constructing
unit configured to cut out and construct a tomographic
image of the specified cross-section which is specified
by the operation unit from the tomographic volume data
stored in the volume data storing unit;

a specified cross-section elastic image constructing unit
configured to cut out and construct an elastic image of
the specified cross-section which is specified by the
operation unit from the elastic volume data stored in the
volume data storing unit; and

a display unit configured to juxtapose and display the
tomographic image and the elastic image that are con-
structed by the specified cross-section tomographic
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image constructing unit and the specified cross-section
elastic image constructing unit.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the tomographic image and the elastic image that
are cut out in the specified cross-section are of the same
cross-section.

3. The ultrasonic diagnostic apparatus according to claim
1, further comprising a synthesis processing unit configured
to create a synthetic image by synthesizing the tomographic
image and the elastic image, wherein the display unit displays
the tomographic image and the synthetic image in parallel.

4. The ultrasonic diagnostic apparatus according to claim
1, further comprising a specified cross-section control unit
configured to output a control signal in accordance with the
3-dimensional positional information to the specified cross-
section tomographic image constructing unit and the speci-
fied cross-section elastic image constructing unit using the
3-dimensional positional information of the specified cross-
section which is specified by the operation unit.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the 3-dimensional positional information includes
the 3-dimensional position and the direction of the specified
cross-section.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the specified cross-section tomographic image
constructing unit associates the spatial 3-dimensional posi-
tion and the direction of the specified cross-section with the
tomographic volume data stored in the volume data storing
unit, cuts out the tomographic image which is associated with
the specified cross-section from the tomographic volume
data, and constructs the tomographic image in the specified
cross-section.

7. The ultrasonic diagnostic apparatus according to claim
1, wherein the specified cross-section elastic image con-
structing unit associates the special 3-dimensional position
and the direction of the specified cross-section with the elastic
volume data stored in the volume data storing unit, cuts out
the elastic image which is associated with the specified cross-
section from the elastic volume data, and constructs the elas-
tic image in the specified cross-section.
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8. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit displays the elastic image and the
tomographic image in synchronization with the same scale of
enlargement or reduction.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit displays the elastic image and the
tomographic image in synchronization with the same rotation
angle.
10. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit, when the elastic image or the
synthetic image is specified by the operation unit, displays in
parallel the tomographic image in the same cross-section as
that of the specified elastic image or the synthetic image.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit displays the positional information
of a specified cross-section which is specified by the opera-
tion unit.
12. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit, when the specified cross-section
is reset by the operation unit, displays in parallel the tomo-
graphic image and the elastic image in the reset cross-section.
13. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit, when plural cross-sections are set
by the operation unit, displays in parallel tomographic images
and elastic images of the plural cross-sections.
14. An ultrasonic image display method including steps of:
transmitting ultrasonic waves to an object via an ultrasonic
probe;
receiving the reflected echo signals from the object;
storing tomographic volume data and elastic volume data
created by processing the reflected echo signals;
arbitrarily specifying a cross-section;
cutting out and constructing a tomographic image of the
cross-section specified from the tomographic volume
data cutting out and constructing an elastic image of the
cross-section specified from the elastic volume data; and
displaying the constructed tomographic image and the
elastic image in parallel to each other.
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