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(54) Ultrasonic volume data processing device

(57) An ultrasonic volume data processing device
which forms a three-dimensional image of a target tissue
in a living body is provided. A range in which a rendering
process is applied is limited by a three-dimensional re-
gion of interest (3D-ROI). The three-dimensional region
of interest has a clipping plane as a rendering start sur-
face. A shape of the clipping plane can be deformed into
a convex shape or a concave shape by a user operation,
and the clipping plane may be freely inclined in two-di-
mensional directions. With this configuration, for exam-
ple, the clipping plane can be suitably positioned in a gap
between a face of a fetus and a placenta. When the
curved clipping plane is used, a striped pattern noise
tends to be formed in the three-dimensional image. In
order to resolve or reduce the striped pattern noise, a
special voxel calculation is applied to a final voxel of each
ray in the voxel calculation for each ray.
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Description

BACKGROUND

Technical Field

[0001] The present invention relates to an ultrasonic volume data processing device, and in particular, to a setting
technique of a three-dimensional region of interest (3D-ROI) for limiting a range within which a three-dimensional image
process is applied.

Background Art

[0002] In recent years, in the medical field, three-dimensional ultrasonic diagnosis is becoming widespread. For ex-
ample, in the field of obstetrics, ultrasound is transmitted to and from a three-dimensional space including a fetus in the
mother (transmission and reception space), and volume data (three-dimensional ultrasonic data) are obtained. A ren-
dering process is applied to the volume data to form a three-dimensional image of the fetus. As a method of forming the
three-dimensional image, methods such as volume rendering are known. In volume rendering, a plurality of rays (lines
of sight) are set passing through the space for which the image is to be formed, and a voxel calculation is successively
executed from a start point to an end point on each ray. A final result of the voxel calculation for each ray is set as a
pixel value of the ray. A three-dimensional image is formed as a collection of a plurality of pixel values calculated for the
plurality of rays. Other known image processing methods include surface rendering, accumulated projection, etc.
[0003] When a three-dimensional image of a target tissue to be formed into an image is to be formed, it is desirable
to prevent, to the extent possible, image formation of other tissues (non-target tissues) adjacent to the target tissue.
More specifically, in the volume rendering, during the process of proceeding with the voxel calculation on each ray, if
the voxel calculation is also applied to other tissues existing at a nearer side (side near the viewpoint) of the target tissue,
a problem may occur in that the target tissue is hidden behind the other tissues and the target tissue cannot be observed
in the three-dimensional image which is ultimately formed. For example, in a three-dimensional image representing the
fetus in the womb, there may be a problem in that the face of the fetus, which is most desired to be observed, is hidden
behind the placenta existing in front of the fetus.
[0004] In consideration of this, a three-dimensional region of interest (3D-ROI) is employed. The three-dimensional
region of interest generally is a partial space existing in a three-dimensional data processing space, and is a space for
limiting the range within which the rendering process is applied. The above-described problem can be solved by setting
the three-dimensional region of interest in the three-dimensional data processing space in a manner such that the fetus
(more specifically, data corresponding to the fetus) is positioned in the three-dimensional region of interest and the
placenta (more specifically, data corresponding to the placenta) is positioned outside of the three-dimensional region of
interest. In the three-dimensional data processing space, the three-dimensional region of interest is conceptually viewed
as a three-dimensional figure. Normally, the three-dimensional region of interest has a rendering start surface. For
example, when a three-dimensional image of a fetus is formed, the rendering start surface is manually or automatically
set such that the rendering start surface is positioned between the face of the fetus and the placenta. Because the
rendering start surface has a tissue-separating function, the rendering start surface may be called a clipping plane.
[0005] Background Art Reference 1 (JP 2004-113603 A) discloses a technique for changing a shape of the three-
dimensional region of interest. According to this technique, a cubic shape with a particular corner portion cut out in a
slanted manner may be created as the three-dimensional region of interest. Background Art Reference 2 (JP2004-33658
A) discloses a three-dimensional region of interest having a free curved surface defined based on a plurality of points.
Background Art Reference 3 (JP 2006-61698 A (USP 7,433,504)) discloses a three-dimensional region of interest having
a free curved surface. In the technique disclosed in Background Art Reference 3, the shape of the free curved surface
is defined by designation of the coordinates by the user on two orthogonal cross sections. A special point called a virtual
point is used in order to reflect the coordinate designation for one cross section to the other cross section. Background
Art Reference 4 (JP 2001-145631 A) discloses a technique for automatically setting the three-dimensional region of
interest. Background Art Reference 5 (JP 2000-339486 A) discloses a technique for changing a sampling interval in
order to prevent formation of a striped pattern caused by the volume rendering.
[0006] Because the tissue for which an image is desired to be formed and the shape of the tissue for which an image
is not desired to be formed have various shapes in the living body, it is not suitable to employ a simple cubic shape as
the shape of the three-dimensional region of interest. In particular, when the clipping plane which is the rendering start
surface is set as a simple plane, it would become difficult to sufficiently separate a tissue for which the image is to be
formed and the tissue for which the image is not to be formed. Therefore, the technique described in Background Art
Reference 1 cannot be employed.
[0007] Meanwhile, in order to reduce the load of the user and shorten the examination time, it is desired that the three-
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dimensional region of interest can be set easily and quickly. In particular, it is desired that the position, shape, and
orientation of the rendering start surface can be set easily and quickly. However, because the technique described in
Reference 2 requires that a plurality of points be individually positioned along the shape of the surface of the tissue on
a tomographic image, a load for the operation tends to be imposed.
[0008] Research conducted by the present inventors has revealed that, in many cases, the surface shape of the tissue
for which an image is to be formed and the surface shape of the tissue for which an image is not to be formed are either
approximate convex surfaces or approximate concave shapes. In addition, it is found that, in many cases, the gap
between the tissues is inclined with respect to a center axis of the three-dimensional region of interest (rendering
centerline). Based on this knowledge from experiences, the technique disclosed in Background Art Reference 3 cannot
be employed in order to sufficiently separate the target tissue. Although the technique of Background Art Reference 3
can freely change the shape of the upper surface (clipping plane) of the three-dimensional region of interest, the overall
inclination of the upper surface cannot be changed. The height of the four corners of the upper surface is always the
same, and inserting the upper surface in an inclined gap is extremely difficult. In the technique disclosed in Background
Art Reference 3, the three-dimensional region of interest itself may be inclined relative to the volume data. However, in
this case, other problems may occur, such as a change in the rendering direction or inclusion, in the three-dimensional
region of interest, of a tissue for which an image formation is not required. The above-described problem is a first problem
to be solved.
[0009] In the case where the volume rendering is executed using the three-dimensional region of interest, if one or
both of a start surface and an end surface of rendering is curved, the path lengths of the rays would not be uniform. If
an array of sampling points is determined with a predetermined sampling interval based on a particular regularity on the
rays, there is a problem that a periodicity is generated along the curving direction, and a striped pattern is formed on
the ultrasonic image. For example, when the clipping plane (that is, the rendering start surface) is a convex spherical
surface or a concave spherical surface, a striped pattern of a multiple-ring shape tends to be formed, and, when the
clipping plane has a shape such as a semi-cylinder, a vertical striped pattern tends to be formed. In particular, when a
strong reflective object is present around the end surface, such a problem becomes significant. When the array of sample
points is matched among the plurality of rays, the start surface would become a stair shape. In this case, if a strong
reflective object exists near the start surface, a striped pattern tends to form to a significant extent. In either case, when
the path lengths and positions are not uniform among the plurality of rays, the above-described problem tends to occur.
As such a striped shape significantly degrades the appearance of the three-dimensional ultrasonic image and obscures
disease diagnosis, inhibition of the striped pattern is strongly desired. This problem is a second problem to be solved.

SUMMARY

(1) Solution to First Problem

[0010] A first advantage of the present invention is that an orientation of the clipping plane in the three-dimensional
region of interest to which the rendering is applied can be suitably set. In other words, the first advantage is that an
orientation and a shape of the clipping plane in the three-dimensional region of interest to which the rendering is applied
can be set independently and quickly, to enable reduction of the load of the user during operation and shortening of the
examination time.
[0011] According to one aspect of the present invention, there is provided an ultrasonic volume data processing device
comprising a three-dimensional region-of-interest setting unit which sets a three-dimensional region of interest for a
rendering process with respect to ultrasonic volume data obtained from a three-dimensional space in a living body, and
a three-dimensional ultrasonic image forming unit which executes the rendering process using data in the three-dimen-
sional region of interest, to form a three-dimensional ultrasonic image, wherein the three-dimensional region of interest
has a clipping plane which spatially separates a target tissue and a non-target tissue, and the three-dimensional region-
of-interest setting unit comprises a deformation unit which deforms the clipping plane and an inclination unit which causes
the entirety of the clipping plane to be inclined.
[0012] In the above-described configuration, the ultrasonic volume data are obtained by transmission and reception
of ultrasound to and from a three-dimensional space in a living body. The three-dimensional region-of-interest setting
unit sets a virtual three-dimensional region of interest with respect to the ultrasonic volume data. The three-dimensional
region of interest is a partial region in which the rendering process is applied. The rendering process is desirably a
process based on the volume rendering, but may be any of other processes. The three-dimensional region of interest
has a clipping plane which functions as a separating surface or a boundary surface. The clipping plane is in particular
a rendering start surface, but may be any of other surfaces. In any case, the clipping plane is a surface targeted to
spatially separate the target tissue for which an image is to be formed and a non-target tissue for which the image is not
to be formed. The three-dimensional region-of-interest setting unit comprises a deformation unit and an inclination unit,
which are desirably realized as functions of software. The deformation unit deforms the shape of the clipping plane. In
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this case, the clipping plane may be deformed by moving one or a plurality of representative points through which the
clipping plane passes. Preferably, the shape of the clipping plane is determined by a height position of a representative
point. The inclination unit causes the entire clipping plane to be inclined after or before deformation of the clipping plane.
There may be employed a structure which can cause the clipping plane to de inclined only in a first direction, but
preferably, there is employed a structure which causes the clipping plane to be inclined in both a first direction and a
seconddirection. In either case, if the entire clipping plane can be inclined, the clipping plane can be inclined to match
the inclination direction of the gap between tissues in a state where two tissue surfaces oppose each other. When, for
example, the clipping plane has four corners, the heights of the four corners can be arbitrarily set according to the two-
dimensional inclination of the clipping plane. The clipping plane may be deformed and then inclined, or the clipping plane
may be inclined and then deformed. Alternatively, there may be employed a configuration which allows simultaneous
or alternate deformation and inclination, in a free manner. When it becomes necessary to correct the size by the inclination
of the clipping plane, an enlarging process (or reducing process) is applied to the clipping plane.
[0013] According to the above-described configuration, there can be obtained an advantage that the clipping plane
can be set easily and quickly between a target tissue and a non-target tissue in a living body. In particular, because the
shape of the clipping plane can be set to a suitable shape, and, at the same time, the orientation of the clipping plane
can be set to a suitable orientation, the quality of the rendering process result can be improved. For example, when a
three-dimensional image of the fetus is formed, it is possible to easily avoid a problem such as that the face of the fetus
is hidden behind the placenta. The ultrasonic volume data processing device may be formed with an ultrasonic diagnosis
apparatus, by a computer which processes data obtained by the ultrasonic diagnosis apparatus, or by another device.
[0014] According to another aspect of the present invention, it is desirable that, in the ultrasonic volume data processing
device, the deformation unit deforms the clipping plane into a convex shape or a concave shape. As, based on experience,
the shape of the gap between tissues is in many cases a concave surface or a convex surface, it is desirable to enable
selection of both the convex shape and the concave shape as the shape of the clipping plane. Alternatively, it is also
possible to employ as the clipping plane a surface having a complex shape with a plurality of depressions and projections.
However, in consideration of the operability of the user, it is preferable to employ a structure which allows quick designation
of a simple convex clipping plane or concave clipping plane by moving in a vertical direction a representative point at
the center.
[0015] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the clipping plane has a first horizontal direction, a second horizontal direction, and a vertical direction as three
directions of inclination movement, and the deformation unit determines a height in the vertical direction for a represent-
ative point of the clipping plane according to a parameter h designated by a user. The three directions move while
maintaining an orthogonal relationship. The vertical direction corresponds to a direction of normal, and, with setting of
the height of the representative point in the vertical direction, the deformation direction and radius of curvature of the
clipping plane can be freely set.
[0016] According to another aspect of the present invention, it is desirable that, in the ultrasonic volume data processing
device, shapes on both sides of the representative point are in a line symmetric relationship in the first horizontal direction,
and shapes on both sides of the representative point are in a line symmetric relationship in the second horizontal direction.
With such a symmetry, it is possible to allow the user to intuitively and easily recognize the three-dimensional region of
interest.
[0017] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the inclination unit determines a two-dimensional inclination orientation of the clipping plane according to a first
inclination angle θ1 and a second inclination angle θ2. By allowing independent setting of the inclination angles in two
directions, it is possible to accurately match the clipping plane in a direction of existence of the gap between tissues.
[0018] According to another aspect of the present invention, it is preferable that the ultrasonic volume data processing
device further comprises a size adjustment unit which adjusts a size of the clipping plane according to an inclination
angle of the clipping plane. When the clipping plane is inclined, a projected figure of the clipping plane may not match
the projected figure of the three-dimensional region of interest, resulting in occurrence of a spatial deviation between
the projected figures. In consideration of this, the sizes of the projected figure can be matched by executing size adjustment
of the clipping plane (in particular, an enlargement process). With this configuration, a normal three-dimensional shape
can be maintained. In place of the size adjustment of the clipping plane, it is also possible to execute size adjustment
of the region of interest itself. In addition to the enlargement correction, a reduction correction may be employed.
[0019] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the size adjustment unit increases the size of the clipping plane as the inclination angle of the clipping plane is
increased. In this case, it is desirable to employ a configuration such that the size of the clipping plane is changed while
maintaining similarity in shape.
[0020] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, in a first step, the deformation unit creates a clipping plane after deformation; in a second step after the first step,
the inclination unit causes the clipping plane after deformation to be inclined, to create a clipping plane after deformation
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and inclination; and, in a third step after the second step, the size adjustment unit adjusts the size of the clipping plane
after deformation and inclination, to create a clipping plane after deformation, inclination, and size adjustment. With such
a configuration, calculation can be simplified, and a software process can be executed quickly.
[0021] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the deformation unit creates first three-dimensional shape data as the clipping plane after deformation, the
inclination unit creates second three-dimensional shape data as the clipping plane after deformation and inclination by
a rotational conversion of the first three-dimensional shape data, the size adjustment unit creates third three-dimensional
shape data as the clipping plane after deformation, inclination, and size adjustment by an enlargement conversion of
the second three-dimensional shape data, and a voxel calculation start point on each ray when the rendering process
is executed is defined based on the third three-dimensional shape data. The clipping plane may be represented by a
function, rather than with spatially distributed points.
[0022] According to another aspect of the present invention, it is preferable that the ultrasonic volume data processing
device further comprises a tomographic image forming unit which forms a first tomographic image and a second tomo-
graphic image which are orthogonal to each other, based on the ultrasonic volume data; a graphic image forming unit
which forms a first graphic image and a second graphic image representing two cross sections of the three-dimensional
region of interest which are orthogonal to each other; and a display unit which displays a first display image in which the
first graphic image is combined over the first tomographic image and displays a second display image in which the
second graphic image is combined over the second tomographic image, wherein, when the three-dimensional region
of interest is changed, contents of the first graphic image and the second graphic image are changed in connection with
the change of the three-dimensional region of interest. The user can recognize the position, shape, or the like of the
three-dimensional region of interest through such first display image and second display image.
[0023] According to another aspect of the present invention, it is preferable that the ultrasonic volume data processing
device further comprises a storage unit which stores a plurality of initial parameter sets, and a selection unit which selects
a particular parameter set from the plurality of initial parameter sets, wherein the three-dimensional region-of-interest
setting unit sets an initial three-dimensional region of interest according to the particular parameter set. By preparing in
advance a plurality of initial parameter sets corresponding to a plurality of initial shapes, it is possible to quickly set a
desired three-dimensional region of interest, and the load imposed on the user in such a case can be reduced. It is
preferable to configure the device such that a parameter set defining a three-dimensional region of interest which has
been set in the past can be additionally registered and used at a later time.

(2) Solution to Second Problem

[0024] A second advantage of the present invention is that a striped pattern formed on the three-dimensional image
is reduced or resolved.
[0025] According to one aspect of the present invention, there is provided an ultrasonic volume data processing device
comprising a three-dimensional region-of-interest setting unit which sets a three-dimensional region of interest in which
a rendering process is applied, with respect to ultrasonic volume data, and a three-dimensional ultrasonic image forming
unit which forms a three-dimensional ultrasonic image by setting a plurality of rays for the three-dimensional region of
interest and repeatedly executing a voxel calculation along each ray, wherein the plurality of voxel calculations for each
ray include a special voxel calculation for inhibiting formation of a striped pattern caused by at least one of a start surface
and an end surface in the three-dimensional region of interest being curved.
[0026] According to the above-described configuration, in a case where a rendering process is executed using a three-
dimensional region of interest, even when one of the rendering start surface and the rendering end surface in the three-
dimensional region of interest is curved, because a special voxel calculation for inhibiting the formation of the striped
pattern is executed, when the three-dimensional image is displayed, the striped pattern is not formed or, even if the
striped pattern is formed, the striped pattern does not become notable. With such a configuration, it is possible to improve
the quality of the three-dimensional image. The above-described special process can be applied when at least one of
the rendering start surface and the rendering end surface in the three-dimensional region of interest is non-planar or
when the path lengths of the plurality of rays which are set in the three-dimensional region of interest vary along the
direction of arrangement of the rays.
[0027] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the special voxel calculation is a voxel calculation which uses a fraction of less than a certain sampling interval
caused when a plurality of sampling points are set for each ray at the certain sampling interval. With this configuration,
the non-uniformity among the rays can be recognized as the fraction, and a process for reducing the non-uniformity can
be executed using the fraction.
[0028] According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
device, the fraction corresponds to a distance between a voxel which is one voxel before the end surface, and the end
surface. According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing
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device, the special voxel calculation is a voxel calculation for an end voxel determined based on the end surface and in
which the distance acts as a weight value. According to another aspect of the present invention, it is preferable that, in
the ultrasonic volume data processing device, the end voxel is a voxel determined by the certain sampling interval.
According to another aspect of the present invention, it is preferable that, in the ultrasonic volume data processing device,
the end voxel is a voxel which is additionally set on the end surface and which is not determined by the certain sampling
interval.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1 is a block diagram showing the overall structure of an ultrasonic volume data processing device according
to a preferred embodiment of the present invention.
FIG. 2 is a diagram exemplifying an image displayed on a display.
FIG. 3 is a diagram for explaining a rendering process using a three-dimensional region of interest.
FIG. 4 is a diagram showing a plurality of parameter sets stored in a storage unit.
FIG. 5 is a conceptual diagram for explaining a creation process of a three-dimensional region of interest.
FIG. 6 is a conceptual diagram showing a clipping plane after deformation.
FIG. 7 is a conceptual diagram showing a clipping plane after deformation and inclination.
FIG. 8 is a conceptual diagram showing a clipping plane after deformation, inclination, and enlargement.
FIG. 9 is a flowchart for explaining a method of setting a three-dimensional region of interest.
FIG. 10 is a diagram showing a YX cross sectional shape and a YZ cross sectional shape of the three-dimensional
region of interest.
FIG. 11 is a flowchart showing a creation process of the YX cross sectional shape of the three-dimensional region
of interest.
FIG. 12 is a flowchart showing a creation process of the YZ cross sectional shape of the three-dimensional region
of interest.
FIG. 13 is a diagram showing a phenomenon where positions of end points become non-uniform among a plurality
of rays.
FIG. 14 is a diagram showing a striped pattern formed on a three-dimensional image.
FIG. 15 is a diagram for explaining two methods for inhibiting formation of the striped pattern.
FIG. 16 is a diagram showing a method of matching the plurality of end points for the plurality of rays.
FIG. 17 is a diagram showing elimination of the striped pattern through application of the method of a preferred
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0030] Preferred embodiments of the present invention will now be described with reference to the drawings.

(1) Setting of Three-Dimensional Region of Interest

[0031] FIG. 1 is a block diagram showing an ultrasonic diagnostic apparatus functioning as an ultrasonic volume data
processing device. The ultrasonic diagnostic apparatus is used in the medical field, and has a function to form a three-
dimensional image of a tissue within a living body by transmitting and receiving ultrasound. In the present embodiment,
the target tissue for which an image is to be formed is a fetus. Alternatively, images of other tissues may be formed.
[0032] A probe 10 is a transmitting and receiving unit for capturing three-dimensional echo data. In the present em-
bodiment, the probe 10 comprises a 1-D array transducer, and a scanning mechanismwhich mechanically scans the 1-
D array transducer. An ultrasonic beam is formed by the 1-D array transducer, a scan plane is formed by electrical
scanning of the ultrasonic beam, and a three-dimensional space 12 which is a three-dimensional echo data capturing
space is formed by mechanically scanning the scan plane. Alternatively, a 2-D array transducer may be provided for the
probe 10, and the ultrasonic beam may be two-dimensionally and electrically scanned. With such a structure also, the
three-dimensional space 12 can be formed. As the electrical scan method, methods such as electrical sector scanning,
electrical linear scanning, etc. are known. The probe 10 is brought into contact with a surface of a body. Alternatively,
a probe which is inserted into a body cavity may be used. When an ultrasonic diagnosis of a fetus is executed, the probe
10 is brought into contact with a surface of a stomach portion of the mother, and the ultrasound is transmitted and
received in this state.
[0033] A transmitting and receiving unit 16 functions as a transmission beam former and a reception beam former.
Specifically, upon the transmission, a plurality of transmission signals are supplied from the transmitting and receiving
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unit 16 to the probe 10, and a transmission beam is formed. Upon the reception, a reflected wave from the living body
is received by the probe 10, and a plurality of reception signals are output from the probe 10 to the transmitting and
receiving unit 16. In the transmitting and receiving unit 16, a phase alignment and summation process for the plurality
of reception signals is executed, and beam data are output as a reception signal after the phase alignment and summation.
Various signal processes performed by signal processing modules (not shown) are applied to the beam data, and
processed beam data are stored in a 3-D memory 18. One beam data set comprises a plurality of echo data sets aligned
in the beam direction.
[0034] The 3-D memory 18 has a data space corresponding to the three-dimensional space 12. In the 3-D memory
18, volume data are stored as a collection of echo data obtained from the three-dimensional space 12. The volume data
actually is formed by coordinate conversion and interpolation processes for the plurality of echo data sets. Alternatively,
volume data comprising Doppler information may be formed. Alternatively, coordinate conversion for each echo data
set may be executed not when the data are written but when the data are read.
[0035] A volume rendering unit 20 executes a rendering process using data within a three-dimensional region of
interest according to rendering conditions given from a controller 36, to form a three-dimensional image. The image data
is output to a display processor 22. Various methods are known as the volume rendering method, and these methods
may be selectively used. Alternatively, other image processes such as surface rendering may be used in place of the
volume rendering.
[0036] Tomographic image forming units 24, 26, and 28 are modules which form black-and-white B mode tomographic
images. In the present embodiment, three tomographic images (triplane) corresponding to three cut surfaces passing
through the center point (origin) of the three-dimensional region of interest are formed. Alternatively, the cut surfaces
may be formed to be movable in an X direction, a Y direction, or a Z direction to be described later. The data of three
tomographic images formed by the tomographic image forming units 24, 26, and 28 are output to the display processor
22. The conditions necessary for the image processing of the tomographic image forming units 24, 26, and 28 are
provided from the controller 36.
[0037] Figure image forming units 30, 32, and 34 are modules which form graphic images displayed in an overlaid
manner on the three tomographic images. In the present embodiment, the figure image forming unit 30 forms a graphic
image representing a YX cross section of the region of interest, and the figure image forming unit 32 forms a graphic
image representing a YZ cross section of the three-dimensional region of interest. The figure image forming unit 34
forms a graphic image representing the other cross sectional shape of the three-dimensional region of interest. The
images thus formed are output to the display processor 22. Conditions and data necessary for image formation by the
figure image forming units 30, 32, and 34 are provided from the controller 36.
[0038] The display processor 22 comprises an image-combining function, forms a display image based on the plurality
of input images, and outputs data representing the display image to a display 42. An example of images to be displayed
on the display 42 will be described later with reference to FIG. 2.
[0039] In the present embodiment, the controller 36 is formed from a CPU and an operation program. The volume
rendering unit 20, the tomographic image forming units 24, 26, and 28, and the figure image forming units 30, 32, and
34 are realized as functions of software. A storage unit 38 is connected to the controller 36, and an input unit 40 is
connected to the controller 36. In the present embodiment the input unit 40 is formed from an operation panel, and the
operation panel comprises a keyboard, a trackball, etc. The user can use the input unit 40 to input necessary numerical
values for setting the three-dimensional region of interest. The storage unit 38 stores, in advance, a plurality of parameter
sets, which will be described later with reference to FIG. 4. In addition, a work area is secured in the storage unit 38,
and shape data representing the clipping plane are stored in the work area as necessary. In the present embodiment,
the controller 36 has a setting function of the three-dimensional region of interest. This function will be described later
with reference to FIGs. 5 - 12.
[0040] FIG. 2 shows an example of an image displayed on the display. Reference numeral 44 represents a display
image. The display image 44 includes three tomographic images 46, 48, and 50, and further includes a three-dimensional
image 52. The three tomographic images 46, 48, and 50 are in orthogonal relationship to each other, and form the
triplane as a whole. More specifically, the tomographic image 46 is a tomographic image representing the YX cross
section, and a cross sectional shape SYX as a graphic image is included in the tomographic image 46. The cross sectional
shape SYX represents the YX cross section of the three-dimensional region of interest, and includes a curve 118 repre-
senting a cross section of the clipping plane. Reference numeral 54 represents a tissue for which an image is to be
formed, and reference numeral 56 represents a tissue for which an image is not to be formed. The curve 118 is curved
and inclined along a gap between the tissue 54 and the tissue 56.
[0041] The tomographic image 48 includes a cross sectional shape SYZ representing the YZ cross section of the three-
dimensional region of interest and includes a curve 128 representing the YZ cross section of the clipping plane. The
curve 128 is inclined and curved along a gap between the tissue 54 for which an image is to be formed and the tissue
56 for which an image is not to be formed, and spatially separates these two tissues. Alternatively, in place of the curves
118 and 128 having a convex shape, curves 118 and 128 having a concave shape may be set.
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[0042] In the tomographic image 50, a cross sectional shape 58 of a quadrangle shape representing the XZ cross
section of the three-dimensional region of interest is represented. The position and size of the three-dimensional region
of interest can be arbitrarily changed by the user. As will be described in detail later, the shape and orientation of the
clipping plane can be arbitrarily set by the user.
[0043] The three-dimensional image 52 is an image formed using data belonging to the three-dimensional region of
interest which is set as described above. In the present embodiment, as will be described below with reference to FIG.
3, the clipping plane corresponds to the rendering start surface, and a plurality of rays are set in parallel to each other
along the Y direction. The viewpoint is at an upper part in the Y direction (on a side of the origin). In the rendering process,
a plurality of voxel data sets are sampled on each ray. Each voxel data set is formed by referring to a plurality of actual
data sets existing around sample points and through interpolation. When the interpolation process is executed, data
outside of the three-dimensional region of interest may be referred to.
[0044] FIG. 3 shows a rendering process using the three-dimensional region of interest as a conceptual view. For a
three-dimensional region of interest V, a plurality of rays 64 are set in parallel to each other along the Y direction. The
configuration is not limited to parallel projection, and other projection methods may be applied. A clipping plane 60 in
the three-dimensional region of interest V can be deformed and inclined in the present embodiment. The clipping plane
60 corresponds to the rendering start surface, as already described. The surface on the side opposite the clipping plane
60 is an end surface 62, which is represented as a bottom plane in FIG. 3. On each ray, voxel calculation is successively
executed with a predetermined sampling interval. For each voxel, an amount of output light is calculated based on an
amount of input light, and, in this case, opacity (degree of unclearness or non-transparency) serves as a parameter.
When the voxel calculation is successively proceeded for each ray and reaches the end surface 62, the voxel calculation
on that ray is completed. Alternatively, when the amount of output light calculated for each voxel reaches a maximum
value (for example, 1.0), the voxel calculation is completed. The amount of output light at the time of completion of the
voxel calculation becomes the pixel value. In other words, the pixel value of a pixel 70 corresponding to a ray 64 on a
virtual screen 68 is determined as a final amount of output light determined for the ray 64. As a result of similar processes
for the plurality of rays, a three-dimensional image is constructed on the screen 68.
[0045] FIG. 4 shows a plurality of parameter sets stored in the storage unit shown in FIG. 1. When one of the parameter
sets, parameter set 74, is considered, the parameter set 74 includes a coordinate (X0, Y0, Z0) of the origin C of the three-
dimensional region of interest, a size (XW, YW, ZW) of the three-dimensional region of interest, an amount of offset in
the Y direction (Y+), a height h of the clipping plane, and inclination angles θX and θZ of the clipping plane. The configuration
shown in FIG. 4 is merely exemplary, and other configurations may be employed. In the present embodiment, for example,
8 initial shapes are determined as the three-dimensional region of interest, and 8 parameter sets 74 corresponding to
the 8 initial shapes are registered in the storage unit. Therefore, the user can instantaneously set a three-dimensional
region of interest having a desired initial shape by selecting a parameter set, and may apply a necessary modification.
Alternatively, the parameter set representing the modified three-dimensional region of interest may be additionally reg-
istered in the storage unit.
[0046] FIG. 5 shows a flow of the process related to the formation of the clipping plane as a conceptual diagram.
Reference numeral 76 represents a function of the controller 36, and reference numeral 38A represents a work area on
the storage unit 38. Reference numeral 74A represents a parameter set selected by the user. The parameters of the
parameter set 74A can be arbitrarily changed by the user as shown by reference numeral 90. At a first stage, the
parameter set 74A is referred to, and, by a spline process shown with reference numeral 78, a deformed clipping plane
is formed. A normal line of the clipping plane is not inclined. That is, the clipping plane at this stage is a clipping plane
before inclination. Specific examples of the clipping plane at this stage will be described in detail later with reference to
FIG. 6 or the like. The clipping plane before inclination and after deformation created by the spline process 78 is actually
created as three-dimensionalshape data,andthethree-dimensionalshapedata are temporarily stored in the work area
38A. The shape data are represented with reference numeral 80.
[0047] At a second stage, a rotational conversion process 82 is executed. More specifically, based on the parameter
set 74A, the two-dimensional rotational conversion process 82 is applied to the shape data 80, and shape data 84
representing the clipping plane after inclination are created and stored in the work area 38A. The shape data 84 are
transient data.
[0048] At a third stage, an enlargement conversion process 86 is applied to the shape data 84. With the enlargement
conversion process 86, shape data 88 representing the clipping plane after enlargement are created, and are stored in
the work area 38A. With the enlargement conversion process 86, the clipping plane to be actually functioned is established.
In other words, the creation of the three-dimensional region of interest is completed. When any of the parameters is
changed by the user as shown by reference numeral 90, the processes from the first stage to the third stage are executed
again, with the change of the parameter as a trigger, and the three-dimensional region of interest is instantaneously
updated.
[0049] Next, a creation process of the three-dimensional region of interest will be described in more detail with reference
to FIGs. 6 - 9.
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[0050] FIG. 6 shows a three-dimensional region of interest V1 at an initial state. The three-dimensional region of
interest V1 is a region which virtually exists in a data process space. That is, the body portion other than the clipping
plane 112 to be described below exists only as a numerical condition of the rendering process range, and no actual
three-dimensional image is present. For the explanation of the present embodiment, however, in order to facilitate
understanding of the technical content, the three-dimensional region of interest is represented as a figure that can be
visually recognized. Alternatively, all of the three-dimensional region of interest may be created as a three-dimensional
figure (or graphic data).
[0051] The three-dimensional region of interest V1 has an origin C, and a spatial position of the origin C is determined
by an origin coordinate (X0, Y0, Z0) included in the above-described parameter set. The sizes of the three-dimensional
region of interest V1 in the X direction, Y direction, and Z direction are determined by size information (XW, YW, ZW)
included in the above-described parameter set 74. The size information may define the overall width in the respective
directions or a half width thereof. In FIG. 6, O represents a reference point, which is a point on a center line 100. The
reference point O is a rotational center (fixed point) when the clipping plane 112 is inclined, as will be described later.
When it is desired to adjust only the height of the reference point in the Y direction without affecting the size in the Y
direction, a value of the offset value Y+ may be changed. With the change of the value, the size on the upper side can
be freely changed while maintaining the origin C. A height h is defined as a distance from the origin O along the center
line 100. A point which is distanced from the reference point O by a distance h is a representative point P. When the
parameter h has a positive value, the representative point P is positioned above the reference point O and, on the other
hand, when the parameter h has a negative value, the representative point P is positioned below the reference point O.
[0052] In FIG. 6, 8 corners of the three-dimensional region of interest V1 are represented by a1, a2, a3, a4, a5, a6,
a7, and a8. The middle points of the sides are represented by a12, a23, a34, a14, a56, a67, a78, and a58.
[0053] Creation of the clipping plane 112 will now be described in detail. When the representative point P is determined
by the parameter h as described above, a curve 104 is created as a basic line similar to a backbone, through a spline
interpolation calculation based on the representative point P and two end points P1 and P2. The end point P1 is the
point a12 described above and the end point P2 is the point a34 described above. The curve 104 has a shape which is
line symmetric in the Z direction with a representative point P therebetween.
[0054] When the curve 104 is determined as described above, a plurality of spline curves 106 and 108 are sequentially
created between a side L1 and a side L3. More specifically, a plurality of end points P3, P4, P5, and P6 are determined
in equal spacing for a side L2 and a side L4, and, similarly, a plurality of passing points are determined in the Z direction
in equal spacing on the curve 104. For each position in the Z direction, the spline interpolation calculation is executed
using the two end points and one passing point, to create a spline curve. In FIG. 6, a spline interpolation curve connecting
the end points P3 and P4 is represented with reference numeral 106, and a spline interpolation curve connecting the
end points P5 and P6 is represented with reference numeral 108. By creating such curves at respective positions in the
Z direction, a curve array 110 can be formed, and, with the curve array 110, the clipping plane 112 at a state before
inclination is constructed. The clipping plane 112 is in reality made of three-dimensional shape data. In the example
configuration of FIG. 6, the plurality of spline interpolation curves are created aligned in the Z direction, but alternatively,
the plurality of spline interpolation curves may be created aligned in the X direction.
[0055] With the process of the first stage as described above, the clipping plane 112 which is not inclined is created.
Next, as shown in FIG. 7, an inclined clipping plane 114 is created. More specifically, inclination angles θx and θz forming
a part of the parameter set are referred to, and the clipping plane is inclined in both the X direction and the Z direction.
This process may be understood as inclination of a normal line 115, but the normal line itself is not calculated in the
present embodiment. In order to facilitate understanding of the technical content, FIG. 7 shows a normal line. By the
coordinate conversion of the three-dimensionalshape data,the clipping plane afterinclination 114 is constructed.
[0056] The normal line 115 is a line connecting the reference point O and a representative point after inclination P’.
An inclination angle of the normal line 115 in the X direction is θX described above and an inclination angle of the normal
line 115 in the Z direction is θZ described above. The clipping plane 114 has four corners b1, b2, b3, and b4. Because
the clipping plane 112 shown in FIG. 6 is simply inclined, in the state shown in FIG. 7, the corners b1, b2, b3, and b4
are not on the 4 vertical sides and are positioned inside the 4 vertical sides. With such a configuration, the three-
dimensional region of interest cannot be formed. In consideration of this, in the present embodiment, an enlargement
process for creating a similar shape of the clipping plane 114 is executed. More specifically, the clipping plane 114 is
enlarged in two horizontal directions including a u direction and a v direction, and at the same time the clipping plane
114 is also enlarged in the direction of the normal line 115 (vertical direction after inclination). The position of the reference
point is not changed. The clipping plane after the enlargement is also constructed as three-dimensional shape data.
[0057] FIG. 8 shows a clipping plane 116 after enlargement. As a result of the enlargement process, 4 corners c1,
c2, c3, and c4 are positioned on 4 vertical sides. With this configuration, a three-dimensional region of interest V2
including the clipping plane after inclination 116 is constructed. The three-dimensional region of interest V2 has a shape
surrounded by 8 points c1, c2, c3, c4, a5, a6, a7, and a8. Meanwhile, in order to confirm the three-dimensional region
of interest V2 on two tomographic images, cross sectional shape SYX and SYZ are created. In this case, a curve is
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created through spline interpolation calculation similar to that described above on a cross section connecting two end
points c12 and c34, and, on a cross section orthogonal to this cross section also, the above-described curve is created
through spline interpolation calculation between two end points c14 and c23. Creation of these cross sectional shapes
will be described in more detail later with reference to FIGS. 10 - 12.
[0058] FIG. 9 is a flowchart of a creation process of the three-dimensional region of interest described above. First,
at S101, a user selects an initial shape to be actually used from among a plurality of initial shapes. More specifically,
the parameter set corresponding to the initial shape selected by the user is recognized and referred to. In S102, a clipping
plane before inclination is created based on an origin coordinate C (X0, Y0, Z0) of the three-dimensional region of interest,
size (XW, YW, ZW) , offset Y+, and height h of the clipping plane. In this creation process, the above-described spline
interpolation calculation is executed. With this process, three-dimensional shape data representing the clipping plane
is created. In S103, the clipping plane before inclination is spatially rotated based on the inclination angles θX and θZ,
to create the clipping plane after inclination. The clipping plane after inclination is also constructed with three-dimensional
shape data. In S104, an enlargement process is applied to the clipping plane after inclination. In this case, a process
for enlarging the shape while maintaining the similar shape as described above is executed. An enlargement percentage
can be uniquely determined based on the inclination angles θX and θZ. With the above-described processes, the clipping
plane to be actually used is constructed as the three-dimensional shape data. In S105, a three-dimensional region of
interest having the clipping plane constructed as described above is determined. The actual body of the three-dimensional
region of interest actually includes three-dimensional shape data, and numerical value information defining a rendering
range from the three-dimensional shape data. In S106, a volume rendering process is actually executed on the data in
the three-dimensional region of interest. With this process, a three-dimensional image is formed, and the image data
are displayed on the display screen. In S107, it is judged whether or not the above-described process is to be continued,
and, when the above-described process is to be continued, it is judged in S108 whether or not there is a change for any
of the parameters by the user. When it is judged that there is a change, the processes from S102 are repeatedly executed.
[0059] As described, according to the present embodiment, the clipping plane can be constructed as a simple convex
plane or concave plane, and the clipping plane can be inclined in two directions. Therefore, even when the gap between
the tissue for which an image is to be formed and the tissue for which an image is not to be formed is two-dimensionally
inclined as shown in FIG. 2, the orientation of the clipping plane can be suitably set. In the present embodiment, because
the shape of the clipping plane can be defined by defining only the height of the representative point forming the center
point of the clipping plane, the process is easily understood by the user and confusion by the user can be prevented. It
has been found through experimentation that, even when the clipping plane has a simple shape as described above,
the matching of the clipping plane to the actual shape of the living body tissue is superior. In the present embodiment,
the shapes on both sides of the representative point are in the line symmetric relationship in both the X direction and
the Y direction, but alternatively, it is also possible to employ non-symmetric shapes on the respective sides of the
representative point. Any of the 6 planes of a three-dimensional figure (a cube) may be employed as the clipping plane.
It is desirable to employ a configuration such that the three-dimensional region of interest can be freely rotated with
respect to the volume data.
[0060] Next, a creation method of the cross sectional shapes SYX and SYZ of the three-dimensional region of interest
shown in FIG. 2 will be described with reference to FIGs. 10 - 12.
[0061] In the present embodiment, the creation of the three-dimensional region of interest and the creation of the
cross-sectional shape of the three-dimensional region of interest are realized by calculation processes which are inde-
pendent from each other. In FIG. 10, (A) shows a creation process of the cross sectional shape SYX and (B) shows a
creation process of the cross sectional shape SYZ.
[0062] In (A) , an apparent representative point P10 is determined as follows. First, based on the height h on the center
line 110, a curve along a depth direction (Z direction) is created through spline interpolation. The curve is rotated and
enlarged based on the inclination angle θZ. Then, on the resulting curve, a point of intersection with the center line 110
is identified. The intersection is the apparent representative point P10. This method, however, is merely an exemplary
method. In (A) , reference numeral 212 represents an initial curve. The initial curve 212 is created as a spline curve
connecting the apparent representative point P10 and two end points a14 and a23. Various methods may be employed
as the interpolation method for this purpose. The interpolation method to be used may be switched as necessary. Similar
to the above-described creation process of the clipping plane, the rotational conversion is applied to the curve 212 based
on the inclination angle θX in the X direction, and a curve after the rotation is represented by reference numeral 216.
Two end points in the curve are shown with a14’ and a23’ , and a representative point aftermovement is shown with
P10X. A straight line connecting the reference point O and the representative point after movement P10X is an apparent
normal line 214. The representative point P10X and the normal line 14 are not actually calculated. A shape after an
enlargement process is applied to the curve 216 is a curve 218. Two ends c14 and c23 thereof are positioned on left
and right vertical sides. As a result of such a process, the YX cross section SYX of the three-dimensional region of interest
is created as a box shape surrounded by 4 points c14, c23, a67, and a58. The YX cross section SYX is actually displayed
over the tomographic image as a graphic image in an overlaid manner.
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[0063] The YZ cross section SYZ is created in a similar manner. More specifically, in (B) , a curve 222 is created
through the spline interpolation calculation of 3 points P12, a12, and a34, and the curve 222 is rotationally converted
based on the inclination angle θZ in the Z direction. The rotated curve is represented with reference numeral 226. A
representative point P12Y is shown on an apparent normal line 224. The apparent normal line 224 and the representative
point P12Y are not actually calculated. In (B), two end points a12’ and a34’ are deviated from the left and right vertical
lines to the inside. A result of application of an enlargement process on the curve 226 is a curve 228. The two ends c14
and c23 thereof are positioned on the left and right vertical lines. With this process, the YZ cross sectional shape SYZ
is created. The YZ cross sectional shape SYZ is displayed over the tomographic image in an overlaid manner.
[0064] FIG. 11 is a flowchart of the creation process of the cross sectional shape SYX shown in (A) of FIG. 10. In S201,
a parameter set selected by the user is referred to. In S202, a curve which is not inclined is created based on the selected
parameter set. In S203, an inclined curve is created based on the inclination angle θX in the X direction. In S204, an
enlargement process is applied on the curve after inclination based on the inclination angle θX. In S205, a cross sectional
shape SYX is determined as a box shape including the curve after the enlargement process, and is displayed on the
tomographic image as a graphic. In S206, it is judged whether or not the above-described process is to be continued,
and, if in S207 it is judged that any of the parameters has been changed; more specifically, when it is judged that a
parameter related to the cross sectional shape SYX has been changed, the processes from S202 are repeatedly executed.
[0065] FIG. 12 is a flowchart of the creation process of the cross sectionals shape SYZ shown in (B) in FIG. 10. The
content is basically identical to the content of FIG. 11, and, thus, will be briefly described.
[0066] InS301, initial data is referred to, and, in S302, a parameter set is referred to and a curve which is not inclined
is created based on the parameter set. In S303, an inclination process is executed based on the inclination angle θZ in
the Z direction, and an inclined curve is created. In S304, an enlargement percentage is determined based on the
inclination angel θZ, and a curve after enlargement is created as a result of application of the enlargement process on
the inclined curve. In S305, the cross sectional shape SYZ including the enlarged curve is determined and is displayed
over the tomographic image. In S306, it is judged whether or not the above-described process is to be continued, and,
if the process is to be continued, in S307 it is judged whether or not a value of a parameter which affects the cross
sectional shape SYZ has been changed. When it is judged that a parameter has been changed, the processes from
S302 are executed repeatedly.
[0067] In the above-described embodiment, because the process in the creation of the cross sectional shape is mainly
in the two-dimensional space, there can be obtained an advantage that the process can be quickly executed.

(2) Improvement of Image Quality of Three-Dimensional Image (Removal or Reduction of Striped Pattern Noise)

[0068] As has already been described, when the rendering start surface (or rendering end surface) is set as a curved
surface, a striped pattern (striped pattern noise) which is unnecessary tends to be generated on the three-dimensional
image. A method of solving this problem will now be described. The process described below is executed by the volume
rendering unit 20 shown in FIG. 1. Conditions necessary for this process are provided from the controller 36.
[0069] FIG. 13 schematically shows a three-dimensional region of interest V. The three-dimensional region of interest
V comprises a clipping plane 300, which is a two-dimensionally curved plane and which forms the rendering start surface
in this example configuration. A plurality of rays (calculation paths) 304 are set for the three-dimensional region of interest
V. On each ray 304, normally, a plurality of sampling points 306 are defined with a certain pitch. A start point which is
the first sampling point is defined by the clipping plane 304 functioning as the rendering start surface. Normally, the start
point is defined on the clipping plane 304. In FIG. 13, an individual sampling point is represented as a rectangular box
having a predetermined length. In each sampling point, for example, 8 data points existing around the sampling point
are referred to, and, with an interpolation calculation based on these data points, data of the sampling point (voxel data)
are generated. Next, for each sampling point, for example, the following voxel calculation is executed. 

[0070] In the above-described equation, COUTi represents an amount of output light (output brightness value) of an
ith voxel and CINi represents an amount of input light (input brightness value) of the ith voxel. CINi is the amount of output
light of the (i-1) th voxel, COUTi-1. A parameter αi represents opacity (degree of unclearness), and (1-αi) consequently
represents clearness. A parameter ei represents an echo value of the ith voxel (voxel value generated by interpolation
calculation). In other words, the calculation of the amount of output light is executed for each voxel (voxel calculation).
The voxel calculation is sequentially and repeatedly executed from the start point.
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[0071] As an ending condition of the voxel calculation, normally two end conditions are determined. A first ending
condition is a condition to define that the voxel calculation is to end when the next voxel calculation exceeds an end
surface 302. This is a condition for forming an image of only the inside of the three-dimensional region of interest V. The
second ending condition is, for example, a condition to define that the voxel calculation is to end when the amount of
output light reaches a maximum value.
[0072] Because the rendering start surface is curved, the sampling positions are not uniform among the plurality of
rays. For the same reason, the position of the final voxel (voxel at the time when the ending condition is met) in each
ray 304 is also not uniform, and the distance to the rendering end surface 302 would differ for each ray (refer to FIG.
13). When observed in the horizontal direction, a step 308 of number of data points also occurs. Because the distance
to the rendering end surface 302 changes in a periodic manner, the periodicity tends to appear in the image. FIG. 14
schematically shows a three-dimensional image. For the reason shown in FIG. 13, an unnecessary striped pattern 314
is caused in addition to the three-dimensional image of the tissue. The striped pattern reflects the form of the curvature
of the clipping plane, and a striped pattern of a multiple-ring shape or a striped pattern of multiple parallel lines may be
formed. Such a striped pattern is a significant obstruction in observation of the image, and surprises the examinee who
does not know the circumstances.
[0073] FIG. 15 exemplifies two methods for solving this problem. A method (A) represents a first example method,
and a method (B) represents a second example method. In the first example method, a plurality of sampling points
(voxels) 306 are defined on the ray 304. The interval between the sampling points is a constant, and is an interval of
1.0 in FIG. 15. Reference numeral 302 represents the end surface. A distance r exists as a gap between the final voxel
En and the end surface 302. The distance r has a value of less than 1.0. In the first example method, a calculation
represented by the following equation (2) ; that is, a calculation including weighting, is executed in place of the calculation
with the equation (1) as an exceptional process for only the final voxel. 

[0074] In equation (2), COUTn represents the amount of output light of the final voxel. In other words, while in the
related art, the echo value of the final voxel has been used for the voxel calculation, in the first example method, a weight
by the parameter r is applied to the echo value of the final voxel, wherein 0 ≤ r < 1.0. By applying such a weighting
process based on the distance r to each ray, it is possible to reduce or resolve the steps in the brightness value which
occur in a periodic manner in the direction of alignment of the rays.
[0075] Next, a second example method shown by (B) will be described. Whereas the voxel having an echo value en
is the final voxel in the method of related art, in the second example method, the final voxel is a voxel having the next
echo value en+. The final voxel is forcefully set on the end surface 302. For the final voxel, a calculation of equation (3)
is executed as an exception in place of the calculation of equation (1). 

[0076] In equation (3), COUTn+ is the amount of output light which is finally output, and is converted to the brightness
value. Such a process is applied to each ray. Compared to the first example method, because the pixel value can be
determined using the echo values up to the echo value on the end surface 302 in the second example method, an image
process faithful to the shape of the three-dimensional region of interest can be realized. In particular, the distance to the
final surface does not differ among the rays, and, because the weight based on the distance r from the previous voxel
is applied to the echo value which is finally added to each ray, the periodicity of the brightness change in the direction
of alignment of the ray can be reduced, and, in particular, occurrence of the step in the brightness value can be sufficiently
reduced and resolved. In equations (2) and (3), when the opacity α is determined based on the echo value e, the opacity
α is determined for the final voxel based on a result of multiplication of the echo value e and the weight r.
[0077] FIG. 16 shows a calculation target range when the second example method is applied. In FIG. 16, reference
numeral 306b represents a voxel previous to a final voxel 306+. Because the contribution of the final voxel 306+ among
rays depends on the distance r from the previous voxel 306b to the end surface 302, the step can be effectively resolved.
FIG. 17 schematically shows results of three-dimensional image process when the first example method and the second
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example method are applied. The striped pattern 314 shown in FIG. 14 has now disappeared. With such a process, the
noise which is obstructive for observation can be reduced, and the image quality can be improved.
[0078] In the first and second example methods described above, the distance r acts on the final echo value, but
alternatively, the distance r may act directly on the opacity or directly on the brightness value.
[0079] In the above-described embodiment, a solution method for a problem caused by periodical change of the
distance between the end surface and the final voxel has been described, but the application of the method is not limited
to such a configuration, and a method similar to the above-described method may be applied to a case where the
positions of the sampling points are matched among rays instead of the start voxel on the ray being matched to the
curved start surface. More specifically, in such a case, a fractional distance is caused between the start voxel and the
start surface. Therefore, the distance may be recognized as the weight, and the calculation condition may be modified
to reflect the distance on the pixel value. Alternatively, a smoothing process along the direction of alignment of the rays,
techniques for randomly correcting the brightness value or echo value, etc. may be combined with the above-described
method. In any case, it is desirable to suitably correct the rendering condition to reduce the periodicity and minimize
degradation of the original image. The necessity or unnecessity of the partial correction may be selected by the user or
may be automatically determined based on an image evaluation result.

Claims

1. An ultrasonic volume data processing device comprising:

a three-dimensional region-of-interest setting unit which sets a three-dimensional region of interest for a ren-
dering process with respect to ultrasonic volume data obtained from a three-dimensional space in a living body;
and
a three-dimensional ultrasonic image forming unit which executes the rendering process using data in the three-
dimensional region of interest, to form a three-dimensional ultrasonic image, wherein
the three-dimensional region of interest has a clipping plane which spatially separates a target tissue and a
non-target tissue, and
the three-dimensional region-of-interest setting unit comprises:

a deformation unit which deforms the clipping plane; and
an inclination unit which causes an entirety of the clipping plane to be inclined.

2. The ultrasonic volume data processing device according to Claim 1, wherein
the deformation unit deforms the clipping plane into a convex shape or a concave shape.

3. The ultrasonic volume data processing device according to Claim 2, wherein
the clipping plane has a first horizontal direction, a second horizontal direction, and a vertical direction as three
directions of inclination movement, and
the deformation unit determines a height in the vertical direction for a representative point of the clipping plane
according to a parameter h designated by a user.

4. The ultrasonic volume data processing device according to Claim 3, wherein
shapes on respective sides of the representative point are in a line symmetric relationship in the first horizontal
direction, and
shapes on respective sides of the representative point are in a line symmetric relationship in the second horizontal
direction.

5. The ultrasound volume data processing device according to Claim 1, wherein
the inclination unit determines a two-dimensional inclination orientation of the clipping plane according to a first
inclination angle θ1 and a second inclination angle θ2.

6. The ultrasonic volume data processing device according to Claim 1, further comprising:

a size adjustment unit which adjusts a size of the clipping plane according to an inclination angle of the clipping
plane.

7. The ultrasonic volume data processing device according to Claim 6, wherein
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the size adjustment unit increases the size of the clipping plane as the inclination angle of the clipping plane is
increased.

8. The ultrasonic volume data processing device according to Claim 7, wherein
in a first step, the deformation unit creates a clipping plane after deformation;
in a second step after the first step, the inclination unit causes the clipping plane after deformation to be inclined,
to create a clipping plane after deformation and inclination; and
in a third step after the second step, the size adjustment unit adjusts the size of the clipping plane after deformation
and inclination, to create a clipping plane after deformation, inclination, and size adjustment.

9. The ultrasonic volume data processing device according to Claim 8, wherein
the deformation unit creates first three-dimensional shape data as the clipping plane after deformation;
the inclination unit creates second three-dimensional shape data as the clipping plane after deformation and incli-
nation by a rotational conversion of the first three-dimensional shape data;
the size adjustment unit creates third three-dimensional shape data as the clipping plane after deformation, inclina-
tion, and size adjustment by an enlargement conversion of the second three-dimensional shape data; and
a voxel calculation start point on each ray when the rendering process is executed is defined based on the third
three-dimensional shape data.

10. The ultrasonic volume data processing device according to Claim 1, further comprising:

a tomographic image forming unit which forms a first tomographic image and a second tomographic image
which are orthogonal to each other, based on the ultrasonic volume data;
a graphic image forming unit which forms a first graphic image and a second graphic image representing two
cross sections of the three-dimensional region of interest which are orthogonal to each other; and
a display unit which displays a first display image in which the first graphic image is combined over the first
tomographic image and displays a second graphic image in which the second graphic image is combined over
the second tomographic image, wherein
when the three-dimensional region of interest is changed, contents of the first graphic image and the second
graphic image are changed in connection with the change of the three-dimensional region of interest.

11. The ultrasonic volume data processing device according to Claim 1, further comprising:

a storage unit which stores a plurality of initial parameter sets; and
a selection unit which selects a particular parameter set from the plurality of initial parameter sets, wherein
the three-dimensional region-of-interest setting unit sets an initial three-dimensional region of interest according
to the particular parameter set.

12. A program having a function to set a three-dimensional region of interest for rendering with respect to ultrasonic
volume data obtained from a three-dimensional space in a living body and executed by an ultrasonic volume data
processing device, the program comprising:

a clipping plane creating module to create a clipping plane which is a plane included in the three-dimensional
region of interest and which spatially separates a target tissue and a non-target tissue, wherein
the clipping plane creating module comprises:

a deforming function to deform the clipping plane based on an input of a user, and
an inclining module to cause an entirety of the clipping plane to be inclined based on an input of the user.

13. The ultrasonic volume data processing device according to Claim 1, wherein
the target tissue is a fetus, and the non-target tissue is a womb or a placenta.

14. The ultrasonic volume data processing device according to Claim 1, wherein
the three-dimensional ultrasonic image forming unit forms the three-dimensional ultrasonic image by setting a plurality
of rays for the three-dimensional region of interest and repeatedly executing a voxel calculation along each ray, and
the plurality of voxel calculations for each ray include a special voxel calculation for inhibiting occurrence of a striped
pattern caused by at least one of a start surface and an end surface in the three-dimensional region of interest being
curved.
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15. The ultrasonic volume data processing device according to Claim 14, wherein
the special voxel calculation is a voxel calculation which uses a fraction of less than a certain sampling interval
caused when a plurality of sampling points are set for each ray at the certain sampling interval.

16. An ultrasonic volume data processing device comprising:

a three-dimensional region-of-interest setting unit which sets a three-dimensional region of interest in which a
rendering process is applied, with respect to ultrasonic volume data; and
a three-dimensional ultrasonic image forming unit which forms a three-dimensional ultrasonic image by setting
a plurality of rays for the three-dimensional region of interest and repeatedly executing a voxel calculation along
each ray, wherein
the plurality of voxel calculations for each ray include a special voxel calculation for inhibiting occurrence of a
striped pattern caused by at least one of a start surface and an end surface in the three-dimensional region of
interest being curved.

17. The ultrasonic volume data processing device according to Claim 16, wherein
the special voxel calculation is a voxel calculation which uses a fraction of less than a certain sampling interval
caused when a plurality of sample points are set for each ray at the certain sampling interval.

18. The ultrasonic volume data processing device according to Claim 17, wherein
the fraction corresponds to a distance between a voxel which is one voxel before the end surface and the end surface.

19. The ultrasonic volume data processing device according to Claim 18, wherein
the special voxel calculation is a voxel calculation for an end voxel determined based on the end surface and in
which the distance acts as a weight value.

20. The ultrasonic volume data processing device according to Claim 19, wherein
the end voxel is a voxel determined by the certain sampling interval.

21. The ultrasonic volume data processing device according to Claim 20, wherein
the end voxel is a voxel which is additionally set on the end surface and which is not determined by the certain
sampling interval.

22. A program which functions in an ultrasonic volume data processing device which processes ultrasonic volume data,
the program comprising:

a module to set a three-dimensional region of interest in which a rendering process is applied, with respect to
the ultrasonic volume data; and
a module to form a three-dimensional ultrasonic image by setting a plurality of rays for the three-dimensional
region of interest and repeatedly executing a voxel calculation along each ray, wherein
the plurality of the voxel calculations for each ray include a special voxel calculation for inhibiting occurrence
of a striped pattern caused by at least one of a start surface and an end surface in the three-dimensional region
of interest being curved.
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