US 20120053464A1
a9 United States

12y Patent Application Publication (o) Pub. No.: US 2012/0053464 A1

Murashita (43) Pub. Date: Mar. 1, 2012
(54) ULTRASONIC IMAGE PROCESSING G L LA & 600/443
APPARATUS 57) ABSTRACT

In an ultrasonic image processing apparatus, an original
image in the form of a three-dimensional ultrasonic image is
generated from volume data based on the volume rendering
(73) Assignee: HITACHI ALOKA MEDICAL method. Directional interpolation processing is then applied
’ LTD., Tokyo (JP) ’ to the original image. More specifically, a corresponding

- point corresponding to a noted pixel in the display image is

first determined on the original image. Then, on the original
(21) Appl. No.: 13/211,781 image, a plurality of candidate directions extending through
the corresponding point are set, and a dispersion value is

computed for each of the candidate directions. Further, a

(22) Filed: Aug. 17,2011 normal direction with the maximum dispersion value is speci-
fied among the candidate directions, and a reference direction
along the contour of a tissue is determined in the direction
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(30) Foreign Application Priority Data orthogonal to the specified normal line. Alternatively, the
reference direction is determined as a direction with the mini-
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tions. Based on a plurality of pixel values existing in the
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pixel is computed. Contrast emphasis processing is further
(51) Int.CL applied following the directional interpolation processing, as
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ULTRASONIC IMAGE PROCESSING
APPARATUS

BACKGROUND

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic image
processing apparatus, and more particularly to technology for
enhancing the image quality of a three-dimensional ultra-
sonic image.

[0003] 2. Description of Related Art

[0004] An ultrasonic image processing apparatus is an
apparatus which forms an ultrasonic image based on data
acquired by transmission and reception of ultrasound or
which processes such an ultrasonic image, and is configured
as an ultrasonic diagnosis apparatus or an information pro-
cessing apparatus. Here, an information processing apparatus
is a computer which processes data transmitted from an ultra-
sonic diagnosis apparatus, for example. In an ultrasonic
image processing apparatus, an ultrasonic image to be formed
or to be processed includes a two-dimensional ultrasonic
image, a three-dimensional ultrasonic image, or the like.
[0005] By applying a volume rendering method to volume
data (a set of echo data) acquired from a three-dimensional
space within a living organism (a living body), a three-dimen-
sional ultrasonic image (a volume rendering image) is
formed. More specifically, first, a plurality of rays (virtual
lines of sight, which correspond to an operation path) extend-
ing from a point of view are set with respect to the volume
data, and then a predetermined operation is executed in a
repeated manner sequentially for sample points existing on
each of'the rays, thereby obtaining a pixel value for each ray.
Finally, a three-dimensional image is formed as a set of a
plurality of pixel values corresponding to the plurality of rays.
(See JP 10-33538 A, for example.)

[0006] The algorithm of general volume rendering is
expressed by the following formula. In the following formula,
I represents a pixel value (a brightness value), e(i) represents
an echo intensity (an echo value) on a sample point on a ray,
and o(e(i)) represents the opacity (a degree of opaqueness), in
which i represents the number of a sample point.

I=2fe(i)*o(e(i))*(1-o_out(i-1))] (1)

[0007] wherein o_out(i)=2o(e(i))*(1-o_out(i-1))

Here, the operation is completed when the sum of the opaci-
ties reaches 1 or when the sample point is outside the opera-
tion range, and the value of I at this time is mapped on a
projection plane. The above formula (1) is only an example,
and various other algorithms for the volume rendering pro-
cessing are known.

[0008] Here, as the display methods for a three-dimen-
sional image, there are known a four-view display in which
four images are displayed within a single screen (e.g. display
of three orthogonal cross-sectional images and a 3D image),
atwo-view display in which two images are displayed within
a single screen (e.g. display of a cross-sectional image and a
3D image), a one-view display in which a single image is
displayed within a single screen (e.g. display of a 3D image),
or the like. As the time required for processing single volume
data is generally in proportion to the number of pixels on the
projection plane (i.e. the number of rays), among the three
methods described above, the one-view display method
requires the longest processing time. The larger the monitor
size, as the number of pixels forming the display image
increases, the processing time becomes longer accordingly.
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As such, in general, there is a problem concerning formation
of a three-dimensional image in that the amount of computa-
tion is large and the burden on the CPU is large. While the use
of high-speed processors can be considered, in this case,
another problem of increased cost would also arise.

[0009] While it is desirable to reduce the number of rays to
thereby decrease the amount of computation in order to deal
with the above problems, if the number of rays is simply
decreased, the resolution of the three-dimensional image is
lowered or the size of the three-dimensional image is reduced.
Application of linear interpolation processing can therefore
be considered. With the linear interpolation processing, it is
possible to increase the apparent number of pixels and the
resolution. This processing, however, causes the image to be
blurred, which leads to a problem of a reduction in image
quality. The problem of reduction in image quality would also
arise when an image is simply enlarged.

[0010] Tt is generally pointed out that a three-dimensional
ultrasonic image generated by the volume rendering method
lacks sharpness and has unclear contours. Here, the conven-
tional general interpolation processing references four, eight,
or sixteen vicinity pixels existing around a noted pixel. In
other words, in the conventional general interpolation pro-
cessing, the range to be referenced extends equally in all
directions around the noted pixel. In the conventional art, it is
not possible to adaptively change the interpolation condition
in accordance with the structure of a tissue.

[0011] JP 2010-125 A discloses an apparatus for forming
an image of cartilage included in the knee joint. This refer-
ence describes, starting from paragraph 0042, the contents of
pre-processing which is executed prior to the cartilage image
forming processing. The pre-processing is executed in units
of slice data (two-dimensional frames). More specifically,
among a plurality of line segments extending through a noted
pixel, a line segment having the maximum dispersion value is
specified and a line segment which is orthogonal to that
specified line segment is further specified. Then, an average
value of a plurality of pixel values existing on that orthogonal
line segment is calculated and is used as an updated pixel
value for the noted pixel. This processing is applied to each
slice data before formation of a cartilage image, and therefore
is not processing which is applied to a 3D image after the
volume rendering. Further, JP 2010-125 A does not describe
special directional interpolation processing having a magni-
fication changing function (a resolution changing function).

SUMMARY OF THE INVENTION

[0012] An advantage of the present invention is to enhance
the image quality of a three-dimensional ultrasonic image or
to reduce the amount of computation for generating a three-
dimensional ultrasonic image.

[0013] Another advantage of the present invention is to
enable formation of a three-dimensional ultrasonic image
having excellent image quality even when the number of rays
is small.

[0014] In accordance with an aspect of the present inven-
tion, an apparatus of the present invention includes a render-
ing unit which sets a plurality of rays with respect to volume
data acquired from a three-dimensional space within a living
organism and executes a rendering operation along each ray
to generate an original image in the form of a three-dimen-
sional image, and a directional interpolation processing unit
which generates a display image based on the original image,
the directional interpolation processing unit applying direc-
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tional interpolation processing based on the original image to
each of noted pixels forming the display image to thereby
generate an interpolated pixel value for the noted pixel,
wherein with the directional interpolation processing, a pixel
reference direction for computing the interpolated pixel value
is determined in a direction of flow of a tissue which is
three-dimensionally represented in the original image.

[0015] With the above structure, an original image is first
generated in the form of a three-dimensional image by vol-
ume rendering processing, and then, directional interpolation
processing is applied to the original image to generate a
display image based on the original image. The directional
interpolation processing is not processing which equally ref-
erences a whole region around a corresponding point (a point
of interest) serving as a center, but is processing which deter-
mines a pixel reference direction in the direction of flow of a
tissue and computes an interpolated pixel value by using a
plurality of pixel values arranged in the pixel reference direc-
tion. Accordingly, with this processing, the contour of a tissue
can be clarified, so that blurring generated on the three-di-
mensional image can be improved. Stated inversely, even if
the number of rays is reduced to form a three-dimensional
image having low resolution, by applying the directional
interpolation processing to the three-dimensional image in an
ex-post manner, a three-dimensional image of high resolution
can be generated. As such, the reduction in the amount of
computation and the enhancement of the image quality can be
accomplished simultaneously. Preferably, the display image
is an image having a magnification or a resolution which is
different from a magnification or a resolution of the original
image, and the magnification or the resolution is changed at
the time of the directional interpolation processing.

[0016] Preferably, the directional interpolation processing
unit includes an evaluation value computation unit which sets
a plurality of mutually different candidate directions on the
original image, using a corresponding point corresponding to
the noted pixel as a reference, and computes an evaluation
value indicating a variation in pixel values in each of the
candidate directions; a direction determination unit which
determines the pixel reference direction based on a plurality
of evaluation values which are computed; and an interpolated
pixel value computation unit which computes the interpo-
lated pixel value based on a plurality of pixel values concern-
ing a plurality of pixels arranged in the pixel reference direc-
tion. The pixel reference direction is a direction along a
contour (boundary) of a tissue. It is possible to either obtain a
normal direction with respect to the contour first and then
determine the pixel reference direction which is orthogonal to
the normal direction, or to directly determine the pixel refer-
ence direction as a direction parallel to the contour. In the
former case, the pixel reference direction may be determined
by specifying a candidate direction with the maximum dis-
persion value among a plurality of candidate directions and
determining the direction orthogonal to the specified direc-
tion. In this case, the pixel reference direction may be deter-
mined as one of the plurality of candidate directions, or the
pixel reference direction may be determined between two
candidate directions. Alternatively, the pixel reference direc-
tion may be determined as a direction with the minimum
dispersion value among the plurality of candidate directions.
[0017] Preferably, as a result of applying the directional
interpolation processing to each of pixels forming the display
image, the display image corresponding to an enlarged image
ofthe original image is generated, and an enlargement ratio of
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the display image is determined based on the number of rays
which is set for generating the original image. As the number
of pixels forming a three-dimensional image is determined in
accordance with the number of images (the number of views)
which are displayed simultaneously in a single screen, it
would be desirable to first determine the number of rays
corresponding to the smallest image and, when it becomes
necessary to display a larger image, to increase the magnifi-
cation in the direction interpolation processing in accordance
with a ratio of change of the size. In other words, the magni-
fication may be changed in accordance with the number of
views, with the number of rays being fixed independently of
the number of views.

[0018] Preferably,apost processing unit which applies post
processing to the display image which is generated by the
directional interpolation processing is further provided, and
the post processing is processing for adjusting a contrast of
the display image.

[0019] Preferably, with the contrast adjusting processing,
when an input pixel value is greater than a background aver-
age brightness value, based on the input pixel value, an output
pixel value which is greater than the input pixel value is
output, and when an input pixel value is smaller than the
background average brightness value, based on the input
pixel value, an output pixel value which is smaller than the
input pixel value is output.

[0020] A program according to the present invention is an
ultrasonic image processing program which is executed in an
information processing apparatus and includes a module
which sets a plurality of rays with respect to volume data
acquired from a three-dimensional space within a living
organism and executes a rendering operation along each ray,
to thereby generate an original image in the form of a three-
dimensional image; and a directional interpolation process-
ing module which generates a display image based on the
original image, the directional interpolation processing mod-
ule applying directional interpolation processing on the basis
of the original image to each of noted pixels forming the
display image to generate an interpolated pixel value for the
noted pixel, and the directional interpolation processing
includes processing of setting a plurality of mutually different
candidate directions on the original image, using a corre-
sponding point corresponding to the noted pixel as a refer-
ence, and computing an evaluation value indicating a varia-
tion in pixel values in each of the candidate directions,
processing of determining a pixel reference direction for
computing an interpolated pixel value from among the plu-
rality of candidate directions, based on a plurality of evalua-
tion values which are computed, and processing of computing
the interpolated pixel value based on a plurality of pixel
values concerning a plurality of pixels arranged in the pixel
reference direction. In the directional interpolation process-
ing, the pixel reference direction is determined in a direction
of flow ofatissue which is three-dimensionally represented in
the original image. The information processing apparatus
may be a computer, an ultrasonic diagnostic apparatus, or the
like. The directional interpolation processing may be treated
as independent processing. The above-described program can
be stored in a recording medium such as a CD-ROM, and can
be installed in an information processing apparatus via such a
recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] A preferred embodiment of the present invention
will be described in detail by reference to the following fig-
ures, wherein:
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[0022] FIG. 1 is a block diagram illustrating the whole
structure of an ultrasonic diagnosis apparatus according to the
present invention;

[0023] FIG. 2 is a view conceptually illustrating volume
rendering and directional interpolation processing;

[0024] FIG. 3 is a conceptual view illustrating the content
of the directional interpolation processing;

[0025] FIG. 4 is a view illustrating a plurality of candidate
lines which are set with respect to a corresponding point;
[0026] FIG. 5 is a view illustrating a normal line which is
orthogonal to a contour direction;

[0027] FIG. 6is a view illustrating a reference line which is
orthogonal to the normal line;

[0028] FIG. 7 is a flow chart illustrating the content of the
directional interpolation processing;

[0029] FIG. 8 is a view illustrating the directional interpo-
lation processing performed as post processing and the fol-
lowing contrast emphasis processing;

[0030] FIG. 9 is a view for explaining determination of
weight K based on a dispersion value;

[0031] FIG. 10 is a view illustrating an original image;
[0032] FIG.11isaview illustrating a result of conventional
linear interpolation processing;

[0033] FIG. 12 is a view illustrating a result of the direc-
tional interpolation processing according to the present
embodiment;

[0034] FIG. 13 is a view for explaining the operation of the
directional interpolation processing according to the present
embodiment;

[0035] FIG. 14 illustrates four-view display;

[0036] FIG. 15 illustrates two-view display; and

[0037] FIG. 16 illustrates one-view display.

DESCRIPTION OF EMBODIMENTS

[0038] A preferred embodiment of the present invention
will be described in detail with reference to the accompanying
drawings.

[0039] FIG. 1 is a block diagram illustrating the whole
structure of a preferred embodiment of an ultrasonic image
processing apparatus according to the present invention. In
the present embodiment, the ultrasonic image processing
apparatus is configured as an ultrasonic diagnosis apparatus.
[0040] More specifically, an ultrasonic diagnosis apparatus
is an apparatus which is used in the medical field and forms an
ultrasonic image by transmission and reception of ultrasound
to and from a living organism. In the present embodiment,
ultrasound is transmitted and received with respect to a three-
dimensional region within a living organism, thereby acquir-
ing volume data. Based on the volume data which are
acquired, a three-dimensional ultrasonic image serving as a
volume rendering image or one or more tomographic images
are formed, as will be described in detail below.

[0041] A 3D probe 10 is an ultrasonic probe for capturing
three-dimensional echo data. In the present embodiment, the
3D probe 10 includes a 1D array transducer and a mechanical
scanning mechanism for mechanically scanning the 1D array
transducer. The 1D array transducer is formed of a plurality of
transducer elements which generate an ultrasonic beam. The
ultrasonic beam is then electronically scanned in the element
arrangement direction, thereby forming a scan plane. When
the 1D array transducer is mechanically scanned, the scan
plane is moved in a swinging manner so that a three-dimen-
sional space is formed. In FIG. 1, “r” indicates a depth direc-
tion, “0” indicates an electronic scanning direction of the
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ultrasonic beam, “¢” indicates a mechanical scanning direc-
tion of the scan plane, “S” indicates the scan plane, and “V”
indicates a three-dimensional space. Instead of the mechani-
cal scanning method described above, a 2D array transducer
may be used to electronically scan an ultrasonic diagnosis
apparatus beam in a two-dimensional manner.

[0042] The3D probe 10 has a transmission/reception plane
which is brought into contact with a surface of the living
organism. In the present embodiment, the 3D probe 10 is
brought into contact with the abdomen of a pregnant woman.
A transmission unit 12, which is a transmission beam former,
supplies a plurality of transmission signals having a predeter-
mined delay relationship to the plurality of transducer ele-
ments, thereby forming a transmission beam. At the time of
reception, echoes from within the living organism are
received by the plurality of transducer elements, which then
output a plurality of reception signals to a receiving unit 14.
The receiving unit 14 is a receiving beam former; i.e., a phase
alignment and summation processing unit in which delay
processing is applied to the plurality of reception signals and
the plurality of delayed reception signals are summed. Con-
sequently, a receiving beam is electronically formed and a
reception signal (beam data) after the phase alignment and
summation processing corresponding to the receiving beam
is output. The beam data are stored in a 3D memory 15.
[0043] The 3D memory 15 includes a storage space (data
processing space) corresponding to a three-dimensional
space (actual space) in the living organism. Specifically, each
echo data item forming the beam data is mapped to a corre-
sponding address within the storage space. With the writing
of the data in the 3D memory 15, coordinates conversion
processing is applied, or with the reading of the data from the
3D memory 15, coordinates conversion processing is applied.
[0044] A tomographic image forming unit 16 is a module
which forms one or a plurality of tomographic images corre-
sponding to one or a plurality of cross-sectional planes which
are set with respect to the three-dimensional space. Each
tomographic image is a monochrome B-mode image. The
position of each cross sectional plane can be arbitrarily set by
a user. The tomographic image forming unit 16 reads a set of
echo data corresponding to the cross sectional planes which
are thus set from the 3D memory and forms a tomographic
image based on the read data. The tomographic image which
is formed is output to a display processing unit 20 via an
image processing unit 18. The image processing unit 18 has
various image processing functions which may include direc-
tional (or anisotropic) interpolation processing which will be
described below. The display processing unit 20 synthesizes a
plurality of images to form a single display image and outputs
image data representing the display image to a display unit
26.

[0045] A rendering unit 22 is a module which executes
volume rendering processing. Specifically, the rendering unit
22 executes processing for forming a three-dimensional
image by using the volume data which are read from the 3D
memory 15. A variety of algorithms have been proposed as
rendering methods. More specifically, the rendering unit 22
sets a plurality of rays with respect to the volume data and
executes a rendering operation for each ray, thereby comput-
ing pixel values. Thus, a three-dimensional image (original
image) is generated as a set of a plurality of pixel values. At
this time, a magnification W is referenced, and the number of
rays is determined based on the magnification W. In the
present embodiment, the rays are basically thinned out as
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compared with the conventional art. In other words, accord-
ing to the present embodiment, the original image having low
resolution is generated with a small number of rays, and then
post processing is performed with respect to the original
image to thereby form a display image having high resolu-
tion.

[0046] An image processing unit 24 is a module which
executes the directional interpolation processing. More spe-
cifically, the image processing unit 24 also performs change
of the magnification (resolution) simultaneously with the
interpolation processing, as will be described in detail below.
In any case, by applying such directional interpolation pro-
cessing to the original image, it is possible to generate a
display image having an emphasized clear contour, whose
resolution or magnification has been changed. Post process-
ing may be further applied to such a display image, as
required. In the present embodiment, contrast emphasis pro-
cessing is applied as the post processing. The image having
been subjected to such processing is transmitted to the display
processing unit 20. When operations are performed by the
image processing unit 24, the magnification W is referenced
as required.

[0047] In FIG. 1, each of the functions illustrated in the
stages after the 3D memory 15 is implemented as software
processing. A control unit which is formed of a CPU and an
operation program is omitted in FIG. 1. The directional inter-
polation processing and the rendering processing described
above may be executed by an information processing appa-
ratus such as a computer. In this case, the volume data sup-
plied from the ultrasonic diagnosis apparatus on-line or off-
line is processed by such an information processing
apparatus.

[0048] FIG. 2 illustrates the rendering processing and the
directional interpolation processing. Reference numeral 30
designates a storage space corresponding to a three-dimen-
sional space within a living organism, and in this storage
space 30, volume data 31, which in this embodiment are
volume data of a fetus, are present. A point of view 28 is set at
an arbitrary position with respect to the storage space 30 or
the volume data 31. Further, a plurality of rays (lines of sight)
34 originating from the point of view 28 are determined. In
this case, a plurality of rays 34 are set so as to extend through
the volume data 31. A screen 32 is a projection plane, and a
plurality of pixels on the screen 32 correspond to the plurality
of rays on a one-to-one basis. In this illustrated example,
reference numeral 32a indicates a pixel. The rendering opera-
tion; i.e., the voxel operation, is executed along each ray
sequentially concerning a plurality of voxels (sample points)
existing on each ray, and a brightness value serving as a final
operation result is mapped as a pixel value of a pixel corre-
sponding to that ray. By repeating this operation for each ray,
the original image (a three-dimensional image) is formed as a
set of a plurality of pixel values.

[0049] According to the present embodiment, the direc-
tional interpolation processing; i.e., special post processing,
which is designated by numeral reference 36, is applied to
such an original image. Consequently, it is possible to form a
display image having a high resolution on a display plane 38.
Here, reference numeral 38a designates pixels forming the
display plane 38. On the display plane 38, a display image in
the form of a three-dimensional image, which is enlarged or
whose resolution has been increased, is formed. In this
embodiment, with the directional interpolation processing
which is performed as such post processing, an apparent
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resolution can be increased and also the contours can be
clarified. Accordingly, under the precondition that such post
processing is to be executed, a speedy rendering operation
can be performed by reducing the number of rays in the
volume rendering, to thereby lessen the processing load.
Specifically, as will be described below, after the number of
rays is first set based on a small three-dimensional image in
four-view display as a precondition, the magnification during
the directional interpolation processing is increased, so that a
large image can be formed. With this method, one-view dis-
play can be achieved with an amount of three-dimensional
computation which is similar to that for a four-view image.
[0050] FIG. 3 illustrates a concept of the directional inter-
polation processing 36A. In FIG. 3, a view on the left side
illustrates an original image 32A, and an image on the right
side illustrates a display image (display plane) 38. With the
directional interpolation processing 36 A performed based on
the original image 32A, the display image 38 which is
enlarged or whose resolution has been increased can be
formed. More specifically, each of pixels forming the display
image 38 is sequentially determined as a noted point 40. As
illustrated by reference numeral 44, a corresponding point (a
point of interest) 42 corresponding to a noted point 40 is
determined on the original image 32A. Then, by applying the
processing illustrated in FIGS. 4 to 6, which will be described
below, an interpolated pixel value concerning the noted point
is finally obtained, and is mapped as a value of the noted point
40.

[0051] More specifically, FIG. 4 illustrates an original
image and also illustrates a group of candidate lines 46
extending through the corresponding point. The group of
candidate lines 46 is formed of a plurality of candidate lines
arranged in radial directions, and the angle pitch between two
adjacent candidate lines is uniform, and all the candidate lines
have the same length. As a matter of course, uneven pitches
may be adopted or the length of each line may be set adap-
tively. After setting the group of candidate lines 46 as
described above, for each candidate line 48, with reference to
a plurality of pixel values existing on that candidate line 48, a
dispersion value is computed based on these pixel values.
Specifically, an evaluation value indicating the degree of
variation of the pixel values is computed. After a plurality of
dispersion values corresponding to the plurality of candidate
lines are computed, a candidate line having the maximum
value among these values is determined as illustrated in FIG.
5. In the example illustrated in FIG. 5, such a candidate line is
represented as anormal line 48A. Specifically, the normal line
48A is set in a direction substantially orthogonal to a periph-
eral edge 49A of a tissue 49 such that the normal line 48A
extends through the corresponding point 42. Then, as illus-
trated in FIG. 6, a reference line 48B is further set as a line
which is orthogonal to the normal line 48 A. The reference line
48B is a line along (parallel to) the peripheral edge 49A.
Further, a plurality of sampling points; i.e., a line of sampling
points 50 existing on such a reference line 48B, are deter-
mined, and with reference to a plurality of pixel values of
these sampling points, an interpolated pixel value is com-
puted as an average value or a weighted average value. Spe-
cifically, such an interpolated pixel value is a brightness value
corresponding to the corresponding point 42; more specifi-
cally, an interpolated pixel value of the noted point 40 illus-
trated in FIG. 3.

[0052] As described above, in spite of referring to the sur-
roundings of a noted point or a corresponding point uni-
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formly, by referring to a plurality of pixel values along the
direction of a flow of tissue and obtaining an interpolated
pixel value based on the plurality of pixel values, there can be
formed a three-dimensional ultrasonic image with an empha-
sized contour or a clarified contour. Further, as described
above, the advantage that, even in the case of generating an
original image with low resolution by reducing the number of
rays, a three-dimensional image having high resolution can
be formed based on such an original image in an ex-post
manner, can be achieved. Although, in the example described
above, after the normal line is determined from among the
plurality of candidate lines the reference line which is
orthogonal to the normal line is obtained, it is also possible to
specify the minimum dispersion value from among a plurality
of dispersion values and then determine a candidate line
having the minimum dispersion value as the reference line. In
either case, it is desirable to set a plurality of search lines
using a corresponding point or a noted point as a center and
evaluate these lines individually, and then determine the
direction of the flow of tissue as the evaluation result.

[0053] FIG. 7 illustrates a flowchart for explaining the pro-
cedure described above. Specifically, a noted point is set on
the display image in step S10, and in step S12 a corresponding
point thereof is determined on the original image and a plu-
rality of candidate directions extending through the corre-
sponding point are set. In step S14, a dispersion value is
computed for each of the candidate directions. Then, the
candidate direction with the maximum dispersion value is
specified as the normal direction in step S16, and further, the
reference direction, which is orthogonal to the normal direc-
tion, is determined in step S18. The reference direction is a
direction along the contour of a tissue. As described above, as
amatter of course, following step S14, the reference direction
may be directly specified by determining the direction with
the minimum dispersion value. In step S20, with reference to
a plurality of pixel values concerning a plurality of sampling
points existing in the reference direction, an interpolated
pixel value is computed as an average value or a weighted
average value thereof. In this case, a single line of pixel values
existing in the reference direction may be referenced or a
plurality of lines may be referenced. Specifically, the inter-
polated pixel value may be obtained by setting a window
extending in a rectangular shape and referencing the pixel
values in the window.

[0054] FIG. 8 illustrates a plurality of post processing
operations to be applied in stages. In the first stage, directional
interpolation processing is applied, as indicated by a direc-
tional interpolation processing unit 52. In the second stage,
contrast emphasis processing is applied, as indicated by a
contrast emphasis processing unit 54. The contrast emphasis
processing unit 54 includes a gradation determination unit 56,
a sharpness determination unit 58, and a sharpness execution
unit 60. The gradation determination unit 56 is a module
which computes an average value within a window having
mxm pixels, for example. The sharpness determination unit
58 is a module which computes a weight K based on the
dispersion value within that window. The function which is
used for computing the weight K will be described below with
reference to FIG. 9. The sharpening execution unit 60 obtains
a pixel value as an output value, based on the pixel value I of
a pixel which is currently being noted and the average value I'
within the window, and further in consideration of the weight
K. More specifically, I+Kx(I-I") is computed. This computa-
tion is processing in which, if the brightness value of the noted
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pixel value is greater than the background average brightness
value, the brightness value is increased, whereas if the bright-
ness value of the noted pixel value is smaller than the back-
ground average brightness value, the brightness value is
decreased. However, as it is desirable that the brightness value
is not changed greatly in the situation in which the dispersion
value is great, the weight K is applied as a suppression coef-
ficient.

[0055] More specifically, the weight K is determined
according to the function 62A illustrated in FIG. 9, for
example. In FIG. 9, the horizontal axis represents a dispersion
value and the vertical axis represents the weight K. When the
dispersion value is al or smaller, K=1.0, for example, is set as
the weight, and when the dispersion value is within the range
between al and a2, greater the dispersion value, the smaller
the weight K. Further, when the dispersion value is a2 or
greater, the weight K is set to 0. With this structure, when the
dispersion value is low, the contrast is emphasized, and as the
dispersion value increases, such emphasis processing is
reduced, and finally no emphasis processing is performed. As
a matter of course, such a function 62A is only one example,
and the function as indicated by reference numeral 62B can
also be used. Here, as illustrated in FIG. 8, for computation of
the weight K, it is also possible to increase and decrease the
parameter k to thereby allow the user to vary the function
shape. For example, such a parameter k is a coefficient to be
multiplied by a dispersion value.

[0056] FIG. 10 illustrates an original image, and FIG. 11
illustrates a result to which conventional linear interpolation
processing has been applied to the original image. For the
linear interpolation processing, the magnification has been
changed. As illustrated in FIG. 11, when non-directional gen-
eral linear interpolation processing is applied, the image qual-
ity is significantly lowered. In other words, the image content
is blurred. FIG. 12 illustrates a result in which the directional
interpolation processing is applied to the original image. As
illustrated in FIG. 12, the image quality of the original image
is maintained even with the change of magnification, and the
image content is rather made superior, in that the contour of a
fetus is clearly displayed. Stated inversely, on the precondi-
tion that such post processing is to be performed, rapid three-
dimensional image formation can be performed even when
the number of rays is reduced to decrease the amount of
computation.

[0057] FIG. 13 illustrates the effects of the post processing
described above. In FIG. 13, the horizontal axis represents a
location of a pixel and the vertical axis represents a brightness
value. Numeral reference 100 represents a result of conven-
tional non-directional linear interpolation processing, and
numeral reference 102 represents a result of the directional
interpolation processing according to the present embodi-
ment. In the latter processing, unevenness is emphasized;
particularly, the contour is emphasized, as illustrated, so that
image quality is enhanced.

[0058] FIG. 14 illustrates four-view display as an image to
be displayed within the display screen 104. The four-view
display is formed of a 3D image and three B-mode images.
The three B-mode images are orthogonal to each other. FIG.
15 illustrates a two-view display which is formed of a 3D
image and a single B-mode image. FIG. 16 illustrates a one-
view display which is formed of a single 3D image. In the
present embodiment, after formation of the three-dimen-
sional image as illustrated in FIG. 4, for example, a slightly
larger three-dimensional image as illustrated in FIG. 15 or a
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large three-dimensional image as illustrated in FIG. 16 can be
configured. Specifically, it is possible to generate an enlarged
three-dimensional image or a three-dimensional image hav-
ing increased resolution in a simple manner, without increas-
ing the number ofrays. Further, control is performed such that
the magnification is automatically changed in accordance
with the number of views.

[0059] Although in the above embodiment the directional
interpolation processing is applied to a three-dimensional
image of a fetus, similar processing may be applied to other
tissues. For example, the processing described above may be
applied to a three-dimensional Doppler image representing
blood flow. In this case, the directional interpolation process-
ing may be applied to information of each color forming the
three primary colors. Further, while contrast processing is
applied after the directional interpolation processing in the
above embodiment, the latter processing need not be always
performed and may be applied as necessary.

[0060] While the preferred embodiment of the present
invention has been described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without
departing from the spirit or scope of the appended claims.

What is claimed is:

1. An ultrasonic image processing apparatus comprising:

a rendering unit which sets a plurality of rays with respect
to volume data acquired from a three-dimensional space
within aliving organism and executes a rendering opera-
tion along each ray, to thereby generate an original
image in the form of a three-dimensional image; and

a directional interpolation processing unit which generates
a display image based on the original image, the direc-
tional interpolation processing unit applying directional
interpolation processing on the basis of the original
image to each of noted pixels forming the display image
to generate an interpolated pixel value for the noted
pixel,

wherein in the directional interpolation processing, a pixel
reference direction for computing the interpolated pixel
value is determined in a direction of flow of a tissue
which is three-dimensionally represented in the original
image.

2. The ultrasonic image processing apparatus according to

claim 1, wherein

the display image is an image having a magnification or a
resolution which is different from a magnification or a
resolution of the original image, and

the magnification or the resolution is changed at the time of
the directional interpolation processing.

3. The ultrasonic image processing apparatus according to

claim 1, wherein

the directional interpolation processing unit comprises:

an evaluation value computation unit which sets a plurality
of mutually different candidate directions on the original
image, using a corresponding point corresponding to the
noted pixel as a reference, and computes an evaluation
value indicating a variation in pixel values in each of the
candidate directions;

a direction determination unit which determines the pixel
reference direction based on a plurality of evaluation
values which are computed; and

an interpolated pixel value computation unit which com-
putes the interpolated pixel value based on a plurality of
pixel values concerning a plurality of pixels arranged in
the pixel reference direction.

4. The ultrasonic image processing apparatus according to

claim 1, wherein
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as aresult of applying the directional interpolation process-
ing to each of pixels forming the display image, the
display image corresponding to an enlarged image ofthe
original image is generated, and an enlargement ratio of
the display image is determined based on the number of
rays which is set for generating the original image.

5. The ultrasonic image processing apparatus according to

claim 1, further comprising:

a post processing unit which applies post processing to the
display image which is generated by the directional
interpolation processing,

wherein the post processing is processing for adjusting a
contrast of the display image.

6. The ultrasonic image processing apparatus according to

claim 5, wherein

with the contrast adjusting processing, when an input pixel
value is greater than a background average brightness
value, based on the input pixel value, an output pixel
value which is greater than the input pixel value is out-
put, and when an input pixel value is smaller than the
background average brightness value, based on the input
pixel value, an output pixel value which is smaller than
the input pixel value is output.

7. The ultrasonic image processing apparatus according to

claim 1, wherein

the volume data are volume data of a fetus.

8. An ultrasonic image processing program which is
executed in an information processing apparatus, the program
comprising;

a module which sets a plurality of rays with respect to
volume data acquired from a three-dimensional space
within a living organism and executes a rendering opera-
tion along each ray, to thereby generate an original
image in the form of a three-dimensional image; and

a directional interpolation processing module which gen-
erates a display image based on the original image, the
directional interpolation processing module applying
directional interpolation processing on the basis of the
original image to each of noted pixels forming the dis-
play image to generate an interpolated pixel value for the
noted pixel,

the directional interpolation processing including:

processing of setting a plurality of mutually different can-
didate directions on the original image, using a corre-
sponding point corresponding to the noted pixel as a
reference, and computing an evaluation value indicating
a variation in pixel values in each of the candidate direc-
tions;

processing of determining a pixel reference direction for
computing an interpolated pixel value from among the
plurality of candidate directions, based on a plurality of
evaluation values which are computed; and

processing of computing the interpolated pixel value based
on a plurality of pixel values concerning a plurality of
pixels arranged in the pixel reference direction,

wherein in the directional interpolation processing, the
pixel reference direction is determined in a direction of
flow of a tissue which is three-dimensionally repre-
sented in the original image.

9. The ultrasonic image processing program according to

claim 8, wherein

in the directional interpolation processing, processing of
changing a magnification or a resolution is executed
simultaneously with the interpolation processing.

* * * #* ok
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