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(57) ABSTRACT

An ultrasonic imaging apparatus includes a 3D tomographic
image data capturing device which captures 3D tomographic
image data from a 3D region inside a subject, a region-of-
interest setting device which sets a 3D region of interest
corresponding to the 3D region in an image memory, a surface
image extracting device which extracts data on a surface
image, in the 3D region of interest, of a massive tissue
included in the 3D region, a stereoscopic display generating
device which generates stereoscopic display data, and a dis-
play device which displays the stereoscopic display data. The
region-of-interest setting device displays a 2D tomographic
image of a 2D region including the massive tissue on the
display device, allows setting of a marker indicating a periph-
ery of the massive tissue in the 2D tomographic image, and
generates the 3D region of interest according to data on the
marker’s position.
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ULTRASONIC IMAGING APPARATUS AND
IMAGE PROCESSING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2007-190483 filed Jul. 23, 2007, and
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The subject matter disclosed herein relates to an
ultrasonic imaging apparatus and an image processing appa-
ratus which extract a surface image of a massive tissue in a
subject from 3D tomographic image data on the subject and
display it stereoscopically.

[0003] Recently, inthe field of diagnostic imaging using an
ultrasonic imaging apparatus, volume rendering in which a
surface image of a massive tissue such as a fetus is extracted
according to 3D tomographic image data and displayed ste-
reoscopically has been performed. This stereoscopic display
makes it easy for an operator to get an overall picture of the
massive tissue (for example, see Japanese Patent Application
No. 2003-204963).

[0004] TInthis surface image extraction, positional informa-
tion on a massive tissue region to be extracted is specified
using a 2D region of interest as set in a corresponding 2D
tomographic image. As for the 2D region of interest including
the massive tissue region, the operator forms a borderline
constituting the boundary of the 2D region of interest, using a
cursor on the 2D tomographic image. A 3D region of interest
is formed by automatically expanding the borderline in a
direction orthogonal to the 2D tomographic image.

[0005] However, according to the above background art,
the position of the stereoscopically displayed surface image
of the massive tissue is not well balanced in the 3D region of
interest. In other words, the boundary constituting the surface
of the massive tissue falls within the 2D region of interest but
may not fall within the automatically expanded 3D region of
interest. If that is the case, a stereoscopic display of the
surface image is not a stereoscopic display spreading all over
the 3D region of interest but a stereoscopic display only in a
limited part of the region.

[0006] Since the purpose of a stereoscopic display of a
surface image is to enable one to grasp an overall picture of a
massive tissue easily, a stereoscopic display only in a limited
region is not desirable. Therefore, the operator has to set a 2D
region of interest repeatedly so that the boundary constituting
the surface of the massive tissue spreads all over the 3D region
of interest, which means that it takes much time and labor to
obtain a final stereoscopic display.

[0007] On the other hand, in a clinical scene, a subject will
feel much relieved if an image of her fetus is stereoscopically
shown to her. In this case, if it should take time and labor to
make a stereoscopic display of the fetus after capturing 3D
tomographic image data, it would be frustrating and undesir-
able for both the operator and the subject.

[0008] For the above reasons, it is imperative to realize an
ultrasonic imaging apparatus and an image processing appa-
ratus that easily and quickly set a 2D region of interest to
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maximize the spread of a boundary constituting the surface of
a massive tissue over a 3D region of interest.

BRIEF DESCRIPTION OF THE INVENTION

[0009] It is desirable that the problems described previ-
ously are solved.

[0010] Anultrasonic imaging apparatus according to a first
aspect of the invention is characterized by including a 3D
tomographic image data capturing device which captures 3D
tomographic image data from a 3D region inside a subject, a
region-of-interest setting device which sets a 3D region of
interest corresponding to the 3D region in an image memory
that stores the 3D tomographic image data, a surface image
extracting device which extracts data on a surface image, in
the 3D region of interest, of a massive tissue included in the
3D region using the 3D tomographic image data, a stereo-
scopic display generating device which generates stereo-
scopic display data to display the surface image data stereo-
scopically, and a display device which displays the
stereoscopic display data, wherein the region-of-interest set-
ting device displays a 2D tomographic image of a 2D region
including the massive tissue on the display device, allows
manual setting of a marker indicating a periphery of the
massive tissue in the 2D tomographic image, and generates
the 3D region of interest with the marker in the vicinity of the
center according to data on the marker’s position in the 2D
tomographic image.

[0011] According to the first aspect of the invention, the
region-of-interest setting device generates a 3D region of
interest in which a periphery of the massive tissue is almost
centrally positioned.

[0012] An ultrasonic imaging apparatus according to a sec-
ond aspect of the invention is characterized by including a 3D
tomographic image data capturing device which captures 3D
tomographic image data from a 3D region inside a subject, a
region-of-interest setting device which sets a 3D region of
interest corresponding to the 3D region in an image memory
that stores the 3D tomographic image data, a surface image
extracting device which extracts data on a surface image, in
the 3D region of interest, of a massive tissue included in the
3D region using the 3D tomographic image data, a stereo-
scopic display generating device which generates stereo-
scopic display data to display the surface image data stereo-
scopically, and a display device which displays the
stereoscopic display data, wherein the region-of-interest set-
ting device includes a massive tissue cross section display
device which displays a 2D tomographic image of a 2D
region including the massive tissue, a massive tissue bound-
ary setting device which allows a linear massive tissue bound-
ary to be set manually on a periphery of the massive tissue
appearing in the 2D tomographic image, a 2D region-of-
interest generating device which generates a 2D region of
interest including the massive tissue boundary in the vicinity
of the center, and a 3D region-of-interest generating device
which generates a 3D region of interest by expanding a region
of interest of the same shape as the 2D region of interest, ina
direction orthogonal to the 2D region.

[0013] According to the second aspect of the invention, in
the region-of-interest setting device, the massive tissue cross
section display device displays a 2D tomographic image of a
2D region including the massive tissue, the massive tissue
boundary setting device allows a linear massive tissue bound-
ary to be set manually on a periphery of the massive tissue
appearing in the 2D tomographic image, the 2D region-of-
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interest generating device generates a 2D region of interest
including the massive tissue boundary in the vicinity of the
center, and the 3D region-of-interest generating device gen-
erates a 3D region of interest by expanding a region of interest
of the same shape as the 2D region of interest, in a direction
orthogonal to the 2D region.

[0014] The ultrasonic imaging apparatus according to a
third aspect of the invention, in the ultrasonic imaging appa-
ratus of the second aspect, further includes an orthogonal
3-sectional plane formation device to form tomographic
image data on three orthogonal sectional planes which are
orthogonal to each other in the 3D region.

[0015] According to the third aspect of the invention, a
main tomographic image data portion of 3D tomographic
image data is extracted from tomographic image data on three
orthogonal sectional planes.

[0016] The ultrasonic imaging apparatus according to a
fourth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus of the third aspect, the display
device displays tomographic image data on the three orthogo-
nal sectional planes.

[0017] According to the fourth aspect of the invention, an
operator easily grasps the main content of the 3D tomo-
graphic image data from the displayed tomographic image
data on the three orthogonal sectional planes.

[0018] The ultrasonic imaging apparatus according to a
fifth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to fourth aspects, the 3D tomographic image data capturing
device includes a probe array in which piezoelectric elements
are one-dimensionally arranged in an arc or linear pattern,
and an ultrasonic probe which mechanically scans the probe
array repeatedly in a mechanical scan direction orthogonal to
the direction of the one-dimensional arrangement.

[0019] According to the fifth aspect of the invention, 3D
tomographic image data is captured in real time by mechani-
cally scanning the one-dimensionally arranged probe array.
[0020] The ultrasonic imaging apparatus according to a
sixth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to the fifth aspect, the
orthogonal 3-sectional plane formation device forms, as one
of the three orthogonal sectional planes, a sectional plane
including an electronic scan direction as the direction of the
one-dimensional arrangement and, as another of the three
orthogonal sectional planes, a plane including the mechanical
scan direction.

[0021] According to the sixth aspect of the invention, the
sectional planes among the three orthogonal sectional planes
are made to coincide with the electronic scan direction and
mechanical scan direction.

[0022] The ultrasonic imaging apparatus according to a
seventh aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to the sixth aspect,
the massive tissue cross section display device makes the 2D
region coincide with the sectional plane including the elec-
tronic scan direction, among the three orthogonal sectional
planes.

[0023] According to the seventh aspect of the invention, the
2D region of interest is set in a sectional plane oriented in the
electronic scan direction.

[0024] The ultrasonic imaging apparatus according to an
eighth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to fourth aspects, the 3D tomographic image data capturing
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device includes an ultrasonic probe having a 2D probe array
in which piezoelectric elements are two-dimensionally
arranged in a planar pattern.

[0025] According to the eighth aspect of the invention, 3D
tomographic image data is captured more quickly by the 2D
probe array.

[0026] The ultrasonic imaging apparatus according to a
ninth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to eighth aspects, the massive tissue boundary setting device
includes a marker setting device which sets two markers on
the 2D tomographic image and takes aline connecting the two
markers as the massive tissue boundary.

[0027] According to the ninth aspect of the invention, a
massive tissue boundary included in the 2D tomographic
image is easily specified.

[0028] The ultrasonic imaging apparatus according to a
tenth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to ninth aspects, the 2D region-of-interest generating device
generates a 2D region of interest which is comprised of two
regions of equal areas with the massive tissue boundary
between them.

[0029] According to the tenth aspect of the invention, the
massive tissue boundary is positioned in the vicinity of the
center of the 2D region of interest.

[0030] The ultrasonic imaging apparatus according to an
eleventh aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to ninth aspects, the 2D region-of-interest generating device
generates a 2D region of interest which is comprised of two
regions of almost equal lengths in a direction orthogonal to
the massive tissue boundary in the 2D tomographic image
with the massive tissue boundary between them.

[0031] According to the eleventh aspect of the invention,
the massive tissue boundary is positioned in the vicinity of the
center of the 2D region of interest.

[0032] The ultrasonic imaging apparatus according to a
twelfth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to eleventh aspects, the 3D region-of-interest generating
device positions the 2D region of interest centrally in a direc-
tion orthogonal to the 2D region of interest in the 3D region of
interest.

[0033] According to the twelfth aspect of the invention, the
massive tissue boundary is positioned in the vicinity of the
center of the 2D region of interest and spreads all over the 3D
region of interest more surely.

[0034] The ultrasonic imaging apparatus according to a
thirteenth aspect of the invention is characterized in that, in
the ultrasonic imaging apparatus according to any of the
second to twelfth aspects, the 3D region-of-interest generat-
ing device includes an input device to enter a size to which the
2D region of interest is expanded in a direction orthogonal to
the 2D region of interest.

[0035] According to the thirteenth aspect of the invention,
the size of the 3D region of interest in the direction orthogonal
to the 2D region is adjusted.

[0036] The ultrasonic imaging apparatus according to a
fourteenth aspect of the invention is characterized in that, in
the ultrasonic imaging apparatus according to any of the
second to thirteenth aspects, the surface image extracting
device includes an input device to enter a threshold used in
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extracting surface image data from the 3D tomographic
image data in the 3D region of interest, using pixel values.
[0037] According to the fourteenth aspect of the invention,
a surface image and a stereoscopic display of the surface
image are clear with less noise.

[0038] The ultrasonic imaging apparatus according to a
fifteenth aspect of the invention is characterized in that, in the
ultrasonic imaging apparatus according to any of the second
to fourteenth aspects, the stereoscopic display generating
device displays the surface image data in shaded form.
[0039] According to the fifteenth aspect of the invention,
dueto shading, the stereoscopic display is easy to understand.
[0040] An image processing apparatus according to a six-
teenth aspect of the invention is characterized by including an
image memory which stores 3D tomographic image data in a
subject, a region-of-interest setting device which sets a 3D
region of interest in a 3D region in which the 3D tomographic
image data is captured, a surface image extracting device
which extracts data on a surface image of a massive tissue
included in the 3D region of interest using the 3D tomo-
graphic image data, a stereoscopic display generating device
which generates stereoscopic display data to display the sur-
face image data stereoscopically, and a display device which
displays the stereoscopic display data, wherein the region-of-
interest setting device includes a massive tissue cross section
display device which displays a 2D tomographic image of a
2D region including the massive tissue, a massive tissue
boundary setting device which allows a linear massive tissue
boundary to be set manually on a periphery of the massive
tissue appearing in the 2D tomographic image, a 2D region-
of-interest generating device which generates a 2D region of
interest including the massive tissue boundary in the vicinity
of the center, and a 3D region-of-interest generating device
which generates a 3D region of interest by expanding a region
of interest of the same shape as the 2D region of interest, in a
direction orthogonal to the 2D region.

[0041] In one embodiment, a 2D region of interest is set so
that the massive tissue boundary is included in the 3D region
of interest to the maximum extent, and therefore an optimum
stereoscopic image is obtained from the beginning and the
trouble of setting a 2D region of interest repeatedly is saved
and an optimum surface image is easily and quickly dis-
played.

[0042] Further objects and advantages of the embodiments
of the present invention described herein will be apparent
from the following description as illustrated in the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG.11isablockdiagram showing the general struc-
ture of an ultrasonic imaging apparatus.

[0044] FIG.2is asectional view showing the structure of an
ultrasonic probe according to an embodiment.

[0045] FIG. 3 isanexplanatory view showing 3D operation
of the ultrasonic probe according to the embodiment.

[0046] FIG. 4 is a functional block diagram showing the
functional structure of the control section according to the
embodiment.

[0047] FIG. 5 is an explanatory view showing a 3D region
captured by the ultrasonic probe and three orthogonal sec-
tional planes in the 3D region.

[0048] FIGS. 6A, 6B, and 6C are explanatory views show-
ing the process of generating a surface image from a 2D
region of interest set in a sectional plane A.
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[0049] FIG. 7 is a block diagram showing the functional
structure of a region-of-interest setting means according to
the embodiment.

[0050] FIG. 8 is a flowchart showing operation of the
region-of-interest setting means according to the embodi-
ment.

[0051] FIGS.9A, 9B, and 9C are explanatory views show-
ing markers set in 2D tomographic images in the sectional
plane A.

[0052] FIG. 10 is an explanatory view showing a typical
example of a 2D region of interest generated from markers in
a 2D tomographic image.

[0053] FIGS. 11A, 11B, and 11C are explanatory views
showing another example of a 2D region of interest generated
from markers.

DETAILED DESCRIPTION OF THE INVENTION

[0054] Next, embodiments of the invention as an ultrasonic
imaging apparatus will be described referring to the accom-
panying drawings. It does not limit the invention.

[0055] First, the general structure of an ultrasonic imaging
apparatus 100 according to this embodiment will be
described. FIG. 1 is a block diagram showing the general
structure of the ultrasonic imaging apparatus 100 according
to this embodiment. The ultrasonic imaging apparatus 100
includes an ultrasonic probe 10, an image capturing section
102, an image memory 104, an image display control section
105, adisplay section 106, an input section 107, and a control
section 108. Here, the ultrasonic probe 10, the image captur-
ing section 102, the image memory 104 and the control sec-
tion 108’s image capture controller (which will be described
later) constitute a 3D tomographic image data capturing
means.

[0056] The ultrasonic probe 10 is a part which transmits or
receives ultrasonic waves, namely radiates ultrasonic waves
in a specific direction of a sectional plane of a subject 2 and
receives ultrasonic echoes reflected each time from the inside
of the subject 2 as temporally successive sound rays. On the
other hand, the ultrasonic probe 10 performs an electronic
scan and a mechanical scan while changing the direction of
ultrasonic radiation successively. As will be detailed later, the
ultrasonic probe 10, which includes a probe array as piezo-
electric elements arranged in an array pattern in the electronic
scan direction, and a mechanical scanning means for
mechanically scanning the probe array orthogonally to this
arrangement, captures 3D tomographic image data from a3D
region inside the subject 2.

[0057] The image capturing section 102 includes a trans-
ceiver, a B-mode processor, and a Doppler processor. The
transceiver, which is connected with the ultrasonic probe 10
by a coaxial cable, generates an electrical signal to activate
the piezoelectric elements of the ultrasonic probe 10. The
transceiver also carries out first-stage amplification of
reflected ultrasonic echoes that it has received.

[0058] The B-mode processor performs processing to gen-
erate, in real time, a B-mode image from a reflected ultrasonic
echo signal amplified by the transceiver and the Doppler
processor extracts phase change information from the
reflected ultrasonic echo signal amplified by the transceiver
and calculates, in real time, blood flow data such as average
velocity as average frequency in frequency shift, power and
variance.

[0059] The image memory 104 is a large capacity memory
which stores the B-mode image data captured by the image
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capturing section 102, Doppler image data including blood
flow data and similar data. The image memory 104 is, for
example, a hard disk or the like.

[0060] The image display control section 105 performs
display frame rate conversion for the B-mode image data
generated by the B-mode processor and the blood flow data
generated by the Doppler processor and controls the image
display form or position.

[0061] The display section 106 includes a CRT (Cathode
Ray Tube) or LCD (Liquid Crystal Display) and displays a
B-mode image or Doppler image or the like.

[0062] The input section 107 includes a keyboard and a
mouse or the like and an operator enters an operation input
signal through it. At the input section 107, an entry operation
is made to select a B-mode display or Doppler processing
display, an entry operation with a cursor or the like is made to
perform image processing of the displayed image data or an
entry operation is made to specify the Doppler imaging area
for Doppler processing. Furthermore, information for
mechanically scanning the probe array of the ultrasonic probe
10, such as scan mode, mechanical scan speed, maximum
oscillation angle and scan start, is sent from the input section
107 to the control section 108.

[0063] The control section 108 includes an image capture
controller which controls operation of components of the
ultrasonic imaging apparatus including the ultrasonic probe
according to the operation input signal entered through the
input section 107 and the stored program or data, and an
image processor which performs image processing using 3D
tomographic image data stored in the image memory 104.
The image capture controller controls the position of the
probe array inside the ultrasonic probe 10 according to infor-
mation on the ultrasonic probe 10 sent from the input section
107 such as scan mode, mechanical scan speed, maximum
oscillation angle and scan start. The image processor of the
control section 108 will be described in detail later.

[0064] FIG.2isaprobe sectional view showing the internal
structure of the ultrasonic probe 10. The ultrasonic probe 10
includes a cover 51, a gripper 52, a probe array 17, a coupling
fluid 47, and a drive gear 21, a drive shaft 24, a stepping motor
28, a belt 33 and a rotation controller 25 which constitute a
mechanical scanning means. Here the cover 51 and gripper 52
constitute a case which houses the probe array 17, coupling
fluid 47, and the drive gear 21, stepping motor 28, belt 33 and
rotation controller 25 which constitute the mechanical scan-
ning means. The x. y and 7 coordinate axes shown in the figure
are common to all the drawings with such coordinate axes and
suggest positional relations among the drawings. Here, the x
axis is oriented in the electronic scan direction, the y axis in
the mechanical scan direction, and the z axis in the longitu-
dinal direction of the gripper 52.

[0065] The cover 51, made of translucent film, has the
shape of an arc along the trajectory of the probe array 17 to be
mechanically scanned in an arc pattern. The material of the
cover 51 is an acoustic impedance material that transmits
ultrasonic waves generated by the probe array 17 and
reflected ultrasonic echoes from the subject 2 with low loss.
[0066] The gripper 52 is made of moldable plastic or simi-
lar material and has a shape that allows the operator to hold
the ultrasonic probe 10 easily and firmly.

[0067] The probe array 17 has a convex linear scan type
probe. This linear scan type probe has a plurality of piezo-
electric elements arranged in an array pattern in the electronic
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scan direction orthogonal to the mechanical scan direction
and performs an electronic scan along this arrangement.
[0068] The probe array 17 performs a mechanical scan in
the mechanical scan direction by the mechanical scanning
means. The mechanical scanning means has the drive shaft
24, an oscillating means which lies along the electronic scan
direction. As the drive shaft 24 rotates, the probe array 17’s
probe surface in contact with the cover 51 oscillates along an
arc trajectory in the mechanical scan direction. The inside of
the cover 51 in which the probe array 17 lies is filled with
coupling fluid 47 where there is least loss in acoustic coupling
between the probe array 17 and the cover 51.

[0069] The drive shaft 24 is mechanically connected with
the stepping motor 28 through the drive gear 21 and belt 33.
The stepping motor 28 rotates a given angle with high accu-
racy as intended upon input of control pulses from the rotation
controller 25. With this rotation, the mechanically connected
drive shaft 24 and probe array 17 rotate in the mechanical scan
direction as well.

[0070] The rotation controller 25 has a pulse generator that
generates pulses to drive the stepping motor 28 and a pulse
controller that controls the pulses. The rotation controller 25
controls the stepping motor 28 and the rotation angle of the
probe array 17 according to control information from the
image capturing section 10 to oscillate the probearray 17 with
the drive shaft 24 as the center of rotation.

[0071] For example, when no scan is made, the rotation
controller 25 lets the probe array 17 stay at the home position
where it is oriented in the z-axis direction fully facing the
subject. The rotation controller 25 starts scanning from the
home position in a given mechanical scan direction according
to the probe array 17°s maximum oscillation angle measured
from its frontal position opposite to the subject and the probe
array 17’s scan speed in the mechanical scan direction which
have been entered through the input section 107 by the opera-
tor. After that, upon receipt of an instruction to stop scanning
from the input section 107 as given by the operator, the
rotation controller 25 returns the probe array 17 to the home
position and stops scanning.

[0072] FIG. 3 is an explanatory view which schematically
shows scans in the electronic scan direction and the mechani-
cal scan direction orthogonal to the electronic scan direction
which are performed using the ultrasonic probe 10, and a 3D
region 8 inside the subject 2 which is captured during scan-
ning. The ultrasonic probe 10 performs an electronic scan in
the electronic scan direction in which the piezoelectric ele-
ments of the probe array 17 are arrayed, and captures tomo-
graphic image data. Then, the ultrasonic probe 10 moves the
probearray 17 in the mechanical scan direction orthogonal to
the electronic scan direction and again performs an electronic
scan there to capture tomographic image data and repeats this
sequence. 3D tomographic image data in the 3D region 8
inside the subject 2 is thus captured.

[0073] FIG. 4 is a functional block diagram showing the
functional structure of the control section 108. The control
section 108 includes an image capture controller 59 and an
image processor 60 and further the image processor 60
includes an orthogonal 3-sectional plane formation means 71,
aregion-of-interest setting means 72, a surface image extract-
ing means 73 and a stereoscopic display generating means 74.
[0074] The image capture controller 59 captures 3D tomo-
graphic image data in the 3D region 8 as shown in FIG. 3 and
stores it in a 3D memory area of the image memory 104. The
3D memory area is an address space that corresponds to the
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3D region 8 where the captured tomographic image data in
different spots of the 3D region 8 are stored at corresponding
addresses.

[0075] The orthogonal 3-sectional plane formation means
71 forms 2D tomographic image data on three orthogonal
sectional planes which are orthogonal to each other in the 3D
region 8, according to the 3D tomographic image data stored
in the 3D memory area of the image memory 104.

[0076] FIG. 5is an explanatory view schematically show-
ing three orthogonal sectional planes set in the 3D region 8.
The three orthogonal sectional planes are sectional plane A
81, sectional plane B 82, and sectional plane C 83. The
sectional plane A 81 is parallel to the x-z axis plane and
represents a sectional plane in the electronic scan direction at
the home position. The sectional plane B 82 is parallel to the
y-z axis plane and represents a sectional plane in the mechani-
cal scan direction. The sectional plane C 83 is parallel to the
x-y axis plane and is an opposite sectional plane facing the
plane of contact of the ultrasonic probe 10 with the subject 2.
The position of the sectional plane A 81 in the mechanical
scan direction, the position of the sectional plane B 82 in the
electronic scan direction and the depth position of the sec-
tional plane C 83 from the plane of contact of the ultrasonic
probe 10 with the subject 2 can be changed by an instruction
from the input section 107.

[0077] The orthogonal 3-sectional plane formation means
71 extracts tomographic image data from 3D memory areas of
the image memory 104 which correspond to the sectional
plane A 81, sectional plane B 82 and sectional plane C 83 of
the 3D region 8 and displays it on the display section 106. For
these tomographic images, the frame rate at which the images
are rewritten is lower than that for a single 2D B-mode image
but the image data is updated almost in real time.

[0078] The region-of-interest setting means 72 sets a 3D
region of interest in the 3D memory area of the image
memory 104 corresponding to the 3D region. The 3D region
of interest is set so as to include a massive tissue such as a
fetus in the womb. How to set a 3D region of interest will be
detailed later.

[0079] The surface image extracting means 73 extracts sur-
face image data on a massive tissue from the 3D tomographic
image data in the set 3D region of interest. This extraction
process extracts, for example, 3D tomographic image data in
a 3D region of interest obtained by expanding a 2D region of
interest in a sectional plane parallel to the sectional plane A 81
in the y-axis direction as shown in FIG. 5. Then, using the 3D
tomographic image data, a surface image contour is extracted
in each 2D tomographic image of each 2D region of interest
and a single surface image is formed by arranging these
contours in the y-axis direction. For example, if the subject 2
is a pregnant woman, the ultrasonic probe 10 is placed on her
abdominal area so that a surface image of the fetus in the
womb is formed using 3D tomographic image data on the
whole womb.

[0080] FIGS. 6A, 6B, and 6C are explanatory views sche-
matically showing a process in which a contour is obtained
from data on each 2D tomographic image and such contours
are combined to create a surface image. Although the 2D
region of interest and 3D region of interest as shown in FIG.
6A and FIG. 6C have the shape of a rectangle and a rectan-
gular parallelpiped respectively for easy understanding, actu-
ally a 2D region of interest set in a 2D tomographic image is
fan-shaped and also the relevant 3D region of interest 67 has
a shape similar to the 3D region shown in FIG. 5.
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[0081] FIG. 6A is an example of a 2D region of interest 61
parallel to the sectional plane 81 in the 3D region of interest.
A tomographic image of a fetus 62 as amassive tissue appears
in the lower part of the 2D region of interest 61 and an
amniotic fluid 63 is seen in the upper part thereof.

[0082] FIG. 6B is a contour image 65 obtained by extrac-
tion of a contour line 64 on the surface of the fetus 62 from the
2D region of interest 61 shown in FIG. 6A. Here, in contour
extraction, assuming that the intensity of reflected ultrasonic
echoes at contours should be higher than at surrounding tis-
sues, using an experimentally determined initial threshold or
a threshold specified through the input section 107, the con-
tour 64 is obtained by selecting pixel points that exceed the
threshold.

[0083] FIG. 6C is a surface image 66 created in a 3D region
of interest 67 by arranging contour images similar to the
contour image 65 in the sectional plane A 81 as obtained in
FIG. 6B along the y-axis direction. The facial shape of the
fetus 62 is roughly created by an array of contour images 65.
The 3D region of interest 67 is a region set inside the 3D
region 8 by the region-of-interest setting means 72 and will be
described in detail later. The x, y and z coordinate axes shown
in FIG. 6C represent the positional relation of FIG. 6C with
other figures but do not represent any positional relations of
FIGS. 6A and 6B.

[0084] The stereoscopic display generating means 74 gen-
erates stercoscopic display data obtained by doing rendering
such as shading on the surface image 66 extracted by the
surface image extracting means 73 and displays it on the
screen of the display section 106. For stereoscopic display of
the surface image 66, stereoscopic display data is created by
specifying the direction of the operator’s line of sight or the
like through the input section 107 and doing shading using a
diffused reflection surface model or the like.

[0085] FIG. 7isablock diagram showing the detailed func-
tional structure of the region-of-interest setting means 72 for
setting a 3D region of interest 67 as shown in FIG. 6. The
region-of-interest setting means 72 includes a massive tissue
cross section display means 41, a massive tissue boundary
setting means 42, a 2D region-of-interest generating means
43, and a 3D region-of-interest generating means 44. The
functions of the massive tissue cross section display means
41, massive tissue boundary setting means 42, 2D region-of-
interest generating means 43 and 3D region-of-interest gen-
erating means 44 will be explained in detail below in connec-
tion with operation of the region-of-interest setting means 72.
[0086] Next, operation of the region-of-interest setting
means 72 will be explained referring to FIG. 8. FIG. 8 is a
flowchart showing operation of the region-of-interest setting
means 72. First, the operator displays 2D tomographic image
data on a massive tissue inside the subject 2, for example a
fetus, on the display section 106 by the massive tissue cross
section display means 41 (Step S801). The massive tissue
cross section display means 41 displays 2D tomographic
image data on the sectional plane A 81 as extracted from the
3D tomographic image data captured by the ultrasonic probe
10 by the orthogonal 3-sectional plane formation means 71.
Here, the sectional plane A 81 is data on a tomographic image
in the electronic scan direction at the home position that is
central in the mechanical scan direction.

[0087] FIG. 9A is an example of a 2D tomographic image
91 including a tomographic image of the fetus 62 in the
sectional plane A 81 at the home position as shown in FIG. 5.
The operator presses the ultrasonic probe 10 on the subject 2
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in a way that a 2D tomographic image 91 containing the
amniotic fluid 63 and fetus 62 comes in the sectional plane A
81 of the 3D region 8.

[0088] Then, the operator sets two markers 93 and 94 along
the surface of the fetus 62 appearing as a massive tissue in the
2D tomographic image 91 by the massive tissue boundary
setting means 42 (Step S802). The massive tissue boundary
setting means 42 puts two markers 93 and 94 along an almost
linear surface of the fetus 62 in the 2D tomographic image 91
by a marker setting means such as a cursor positioning mouse
or trackball. FIG. 9B illustrates two markers 93 and 94 set on
the image of the fetus 62. F1G. 9B shows that the two markers
93 and 94 have been set along the face of the fetus 62 which
is almost linear, using a mouse or trackball.

[0089] FIG. 9C is an explanatory view showing line 95
which connects the markers 93 and 94 set in the 2D tomo-
graphic image 91. Here, the line 95 connecting the markers 93
and 94 virtually traces the face of the fetus 62, indicating the
massive tissue boundary.

[0090] After that, the 2D region-of-interest generating
means 43 generates a 2D region of interest 61 inside the 2D
tomographic image 91 according to the markers 93 and 94
and the line 95 (Step S803). FIG. 10 is an explanatory view
showing an example of the 2D region of interest 61 generated
by the 2D region-of-interest generating means 43. The 2D
region-of-interest generating means 43 generates the 2D
region of interest 61 as a region in which the line 95 is in the
vicinity of its center.

[0091] Here, the 2D region-of-interest generating means 43
generates, for example, a 2D region of interest 61 enclosed by
line segments 96 and 97 passing through the markers 93 and
94 in sound ray directions in which ultrasonic echoes are
received and transmitted, and line segments 98 and 99 in the
scan direction which make the area of the amniotic fluid 63
and fetus 62 almost equally divided with the line 95 between
them. The value of the area is entered through the input
section 107 by the operator.

[0092] The positions of the line segments 98 and 99 in the
scan direction can also be such that the lengths of the line
segments 96 and 97 are equal with the markers 93 and 94
between them. Also, the abovementioned area and line seg-
ment length may be specified by the operator through the
input section 107.

[0093] FIGS. 11A, 11B, and 11C are explanatory views
showing variations of the 2D region of interest 61 generated
by the 2D region-of-interest generating means 43. Although
the line 95 shown in the 2D tomographic image 91 of FIG. 10
is set 50 as to be almost oriented in the electronic scan direc-
tion, it can be oriented in different directions in the plane of
the 2D tomographic image 91 depending on the orientation of
the body surface to be stereoscopically displayed. The gen-
erated 2D region of interest 61 varies depending on the ori-
entation of the line 95 in the 2D tomographic image 91.
[0094] FIG. 11A is an explanatory view showing a 2D
region of interest 34 in which markers 31 and 32 indicating
the boundary of a massive tissue are arranged along the sound
ray direction and line 33 connecting the markers 31 and 32 is
oriented in the sound ray direction. The 2D region of interest
34 is formed by such line segments in the scan direction that
the line 33 bisects the area in the electronic scan direction, and
line segments which connect the ends of these line segments.
[0095] FIG. 11B is an explanatory view showing a 2D
region of interest 38 in which markers 35 and 36 indicating
the boundary of a massive tissue are arranged with an angle
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with respect to the sound ray direction and the acute-angled
portion where the angle formed between line 37 connecting
the markers 35 and 36 and the sound ray direction does not
exceed 90 degrees is oriented in the sound ray direction. The
2D region of interest 38 is formed by such line segments
passing through the markers 35 and 36 in the scan direction
that the line 37 bisects the area in the electronic scan direction,
and line segments in the sound ray direction which connect
the ends of these line segments.

[0096] FIG. 11C is an explanatory view showing a 2D
region of interest 39 in which markers 41 and 42 indicating
the boundary of a massive tissue are arranged with an angle
with respect to the sound ray direction and the acute-angled
portion where the angle formed between line 43 connecting
the markers 35 and 36 and the sound ray direction does not
exceed 90 degrees is oriented in a direction opposite to the
sound ray direction. The 2D region of interest 39 is formed by
such line segments passing through the markers 41 and 42 in
the sound ray direction that the line 43 bisects the area in the
sound ray direction, and line segments in the scan direction
which connect the ends of these line segments.

[0097] Referring again to FIG. 8, the 3D region-of-interest
generating means 44 generates a 3D region of interest 67
using the generated 2D region of interest 61 (Step S804). The
3D region-of-interest generating means 44 expands the 2D
region of interest 61 in the mechanical scan direction using
information on the angle of oscillation from the center in the
mechanical scan direction of the probe array 17. Conse-
quently a 3D region of interest 67, a reduced form of the 3D
region shown in FIG. 5, is formed in the image memory 104
and this process is ended.

[0098] Here, since 2D regions of interest 61, 34, 38 and 39
in which lines 95, 33, 37 and 43 constituting massive tissue
boundaries are in the vicinity of the center are set in the
sectional plane A 81 located at the home position, a 3D region
of interest obtained by expanding a 2D region of interest in the
mechanical scan direction includes the massive tissue bound-
ary to the maximum extent possible. How the massive tissue
boundary spreads in the mechanical scan direction from the
home position as the center is not determined, the massive
tissue boundary does not always spread all over a sectional
plane corresponding to the sectional plane C 83 in the 3D
region of interest.

[0099] After this process is ended, the image processor 60
stereoscopically displays the surface image 66 on the display
section 106 using the surface image extracting means 73 and
stereoscopic display generating means 74.

[0100] As explained so far, in this embodiment, in setting a
2D region of interest 61, markers 93 and 94 are set on a linear
surface of the massive tissue, and a 2D region of interest 61
whose area or length is almost equally divided by line 95
connecting the markers 93 and 94 is generated, so that the
surface image 66 is included to the maximum extent in the 3D
region of interest 67 generated by expanding the 2D region of
interest 61 at the home position in the mechanical scan direc-
tion and a stereoscopic display is quickly made without the
need for the operator to repeat the procedure for rendering an
optimum stereoscopic image.

[0101] Although this embodiment uses an ultrasonic probe
10 which mechanically scans with a one-dimensional array of
piezoelectric elements, an ultrasonic probe which has a 2D
probe array with piezoelectric elements two-dimensionally
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arranged on a plane may be used instead. In this case, 3D
tomographic image data in the 3D region 8 can be captured
only by an electronic scan.

[0102] Furthermore, although the image processor 60 is
included in the control section 108 in this embodiment, alter-
natively animage processing apparatus with acomputing part
and an image memory may be provided separately from the
ultrasonic imaging apparatus so that this image processing
apparatus is used to perform the same function as the image
processor 60.

[0103] 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 imaging apparatus comprising:

a3D tomographic image data capturing device configured
to capture 3D tomographic image data from a 3D region
inside a subject;

a region-of-interest setting device configured to set a 3D
region of interest corresponding to the 3D region in an
image memory that stores the 3D tomographic image
data;

a surface image extracting device configure to extract data
on a surface image of'a massive tissue included in the 3D
region using the 3D tomographic image data, wherein
the surface image is within the 3D region of interest;

astereoscopic display generating device configured to gen-
erate stereoscopic display data to display the surface
image data stereoscopically; and

a display device configured to display the stereoscopic
display data, wherein said region-of-interest setting
device is further configured to:
display a 2D tomographic image of a 2D region includ-

ing the massive tissue on said display device;
receive a manual setting of a marker indicating a periph-
ery of the massive tissue in the 2D tomographic
image; and
generate the 3D region of interest with the marker in the
vicinity of the center according to data on the marker’s
position in the 2D tomographic image.

2. An ultrasonic imaging apparatus comprising;

a 3D tomographic image data capturing device configured
to capture 3D tomographic image data from a 3D region
inside a subject;

a region-of-interest setting device configured to set a 3D
region of interest corresponding to the 3D region in an
image memory that stores the 3D tomographic image
data;

asurface image extracting device configured to extract data
on a surface image of'a massive tissue included in the 3D
region using the 3D tomographic image data, wherein
the surface image is within the 3D region of interest;

astereoscopic display generating device configured to gen-
erate stereoscopic display data to display the surface
image data stereoscopically; and

a display device configured to display the stereoscopic
display data, wherein said region-of-interest setting
device comprises:
amassive tissue cross section display device configured

to display a 2D tomographic image of a 2D region
including the massive tissue;
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a massive tissue boundary setting device configured to
receive a manually set linear massive tissue boundary
on a periphery of the massive tissue appearing in the
2D tomographic image;

a 2D region-of-interest generating device configured to
generate a 2D region of interest including the massive
tissue boundary in the vicinity of the center; and

a 3D region-of-interest generating device configured to
generate a 3D region of interest by expanding a region
of interest of the same shape as the 2D region of
interest, in a direction orthogonal to the 2D region.

3. The ultrasonic imaging apparatus of claim 2, further
comprising an orthogonal 3-sectional plane formation device
configured to form tomographic image data on three orthogo-
nal sectional planes which are orthogonal to each other in the
3D region.

4. The ultrasonic imaging apparatus of claim 3, wherein
said display device is configured to display tomographic
image data on the three orthogonal sectional planes.

5. The ultrasonic imaging apparatus of claim 2, wherein
said 3D tomographic image data capturing device comprises:

a probe array comprising a plurality of piezoelectric ele-

ments that are one-dimensionally arranged in one of an

arcuate pattern and a linear pattern; and

an ultrasonic probe configured to manually scan said probe

array repeatedly in a mechanical scan direction orthogo-

nal to a direction of the one-dimensional arrangement.

6. The ultrasonic imaging apparatus of claim 5, wherein
said orthogonal 3-sectional plane formation device s config-
ured to form, as one of the three orthogonal sectional planes,
a sectional plane including an electronic scan direction as the
direction of the one-dimensional arrangement and, as another
of the three orthogonal sectional planes, a plane including the
mechanical scan direction.

7. The ultrasonic imaging apparatus of claim 6, wherein
said massive tissue cross section display device is configured
to orient the 2D region such that the 2D region coincides with
the sectional plane including the electronic scan direction,
among the three orthogonal sectional planes.

8. The ultrasonic imaging apparatus of claim 2, wherein
said 3D tomographic image data capturing device comprises
an ultrasonic probe having a 2D probe array in which piezo-
electric elements are two-dimensionally arranged in a planar
pattern.

9. The ultrasonic imaging apparatus of claim 2, wherein
said massive tissue boundary setting device comprises a
marker setting device configured to set two markers on the 2D
tomographic image and to take a line connecting the two
markers as the massive tissue boundary.

10. The ultrasonic imaging apparatus of claims 3, wherein
said massive tissue boundary setting device comprises a
marker setting device configured to set two markers on the 2D
tomographic image and to take a line connecting the two
markers as the massive tissue boundary.

11. The ultrasonic imaging apparatus of claim 4, wherein
said massive tissue boundary setting device comprises a
marker setting device configured to set two markers on the 2D
tomographic image and to take a line connecting the two
markers as the massive tissue boundary.

12. The ultrasonic imaging apparatus of claim 5, wherein
said massive tissue boundary setting device comprises a
marker setting device configured to set two markers on the 2D
tomographic image and to take a line connecting the two
markers as the massive tissue boundary.
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13. The ultrasonic imaging apparatus of claim 6, wherein
said massive tissue boundary setting device comprises a
marker setting device configured to set two markers on the 2D
tomographic image and to take a line connecting the two
markers as the massive tissue boundary.

14. The ultrasonic imaging apparatus of claim 2, wherein
said 2D region-of-interest generating device is configured to
generate a 2D region of interest which is comprised of two
regions of equal areas with the massive tissue boundary
between them.

15. The ultrasonic imaging apparatus of claim 2, wherein
2D region-of-interest generating device is configured to gen-
erate a 2D region of interest which is comprised of two
regions of approximately equal lengths in a direction
orthogonal to the massive tissue boundary in the 2D tomo-
graphic image with the massive tissue boundary between
them.

16. The ultrasonic imaging apparatus of claim 2, wherein
said 3D region-of-interest generating device is configured to
position the 2D region of interest centrally in a direction
orthogonal to the 2D region of interest in the 3D region of
interest.

17. The ultrasonic imaging apparatus of claim 2, wherein
3D region-of-interest generating device comprises an input
device configured to receive an entered size to which the 2D
region of interest is expanded in a direction orthogonal to the
2D region of interest.

18. The ultrasonic imaging apparatus of claim 2, wherein
said surface image extracting device comprises an input
device configured to receive an entered threshold used in
extracting surface image data from the 3D tomographic
image data in the 3D region of interest, using pixel values.
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19. The ultrasonic imaging apparatus of claim 2, wherein
said stereoscopic display generating device is configured to
display the surface image data in shaded form.

20. An image processing apparatus comprising:

an image memotry configured to store 3D tomographic
image data of a subject;

a region-of-interest setting device configured to set a 3D
region of interest in a 3D region in which the 3D tomo-
graphic image data is captured,

asurface image extracting device configured to extract data
on a surface image of'a massive tissue included in the 3D
region of interest using the 3D tomographic image data;

astereoscopic display generating device configured to gen-
erate stereoscopic display data to display the surface
image data stereoscopically; and

a display device configured to display the stereoscopic
display data, wherein said region-of-interest setting
device comprises:
amassive tissue cross section display device configured

to display a 2D tomographic image of a 2D region
including the massive tissue;

a massive tissue boundary setting device configured to
receive a manually set linear massive tissue boundary
on a periphery of the massive tissue appearing in the
2D tomographic image;

a 2D region-of-interest generating device configured to
generate a 2D region of interest including the massive
tissue boundary in the vicinity of the center; and

a 3D region-of-interest generating device configured to
generate a 3D region of interest by expanding a region
of interest of the same shape as the 2D region of
interest, in a direction orthogonal to the 2D region.
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