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(7) ABSTRACT

The ultrasonic diagnostic apparatus is equipped with: a gra-
dient calculating section that calculates gradients of the vol-
ume data voxel values; a feature calculating section that cal-
culates the feature values of the voxels on the basis of the
gradients and the direction of the ultrasonic beam and calcu-
lates a feature space on the basis of the feature values; an
object-voxel determining section that determines the voxels
that correspond to the object on the basis of the feature space;
a voxel removing section that removes voxels that are closer
to the probe than the object; and an ultrasonic image gener-
ating unit that generates ultrasonic images that correspond to
the object from the volume data from which the voxels closer
to the probe have been removed.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC IMAGE
RENDERING METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, in particular to an ultrasonic diagnostic
apparatus and an ultrasonic diagnostic image rendering
method for rendering an image of an object to be examined.

DESCRIPTION OF RELATED ART

[0002] When a fetus is rendered using a conventional ultra-
sonic diagnostic apparatus, the depth of the fetus and a region
of interest including the fetus have been manually set for
removing the part of which the depth is shallower than the
fetus (the part which is closer to the probe than the fetus) from
the image. Also for rendering a fetus using a conventional
ultrasonic diagnostic apparatus, the setting of the border of a
region of interest has been executed by detecting the border of
the region of interest using the volume data, detecting and
labeling plural voxels in plural borders that are interlined to
each other, comparing the labeled voxel groups, and setting
the voxels included in the voxel group having the largest
number of voxels as the border of the region of interest (for
example, see Patent Document 1).

[0003] Also in a conventional ultrasonic diagnostic appa-
ratus, the border points between an observation object and a
non-observation object have been determined on the basis of
the position having the largest luminance gradient in a 2-di-
mensional image which is selected from the 3-dimensional
data (for example, see Patent Document 2).

PRIOR ART DOCUMENTS

Patent Documents

[0004] Patent Document 1: JP-A-2010-221018
[0005] Patent Document 2: JP-A-2006-288471
SUMMARY OF INVENTION
Technical Problem
[0006] However, since the setting of the border of interest

has been executed by detecting the border of the region of
interest and setting the border on the basis of the voxel group
having the largest number of voxels in the detected border, a
huge amount of calculation has been required for rendering
an observation target (for example, a fetus) which remains as
a problem.

[0007] The objective of the present invention is to provide
an ultrasonic diagnostic apparatus and an ultrasonic image
rendering method capable of rendering a surface image of an
object with a small amount of calculation.

Brief Summary of the Invention

[0008] The ultrasonic diagnostic apparatus of the present
invention comprises:
[0009] a gradient calculating section configured to cal-
culate the gradient of voxel values in the volume data;
[0010] a feature calculating section configured to calcu-
late the feature values of the voxels on the basis of the
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gradients and the direction of the ultrasonic beam, and
calculate a feature space on the basis of the feature
values;

[0011] an object-voxel determining section configured
to determine the voxels corresponding to the object on
the basis of the feature space;

[0012] a volume data processing unit equipped with a
voxel removing section configured to remove the voxels
that are closer to the probe than the object; and

[0013] anultrasonic image generating unit configured to
generate an ultrasonic image corresponding to the object
from the volume data from which the voxels positioned
on the probe side have been removed.

Effect of the Invention

[0014] In accordance with the present invention, it is pos-
sible to provide an ultrasonic diagnostic apparatus and an
ultrasonic image rendering method capable of rendering a
surface image of an object with a small amount of calculation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows the conceptual configuration of an
ultrasonic diagnostic apparatus in Embodiment 1.

[0016] FIG. 2 shows the configuration of a volume data
processing unit 8 in Embodiment 1.

[0017] FIG. 3 shows the configuration of an object-voxel
determining section 803 in Embodiment 1.

[0018] FIG. 4 is a flowchart showing the operation of an
ultrasonic diagnostic apparatus in Embodiment 1.

[0019] FIG. 5(a) shows the volume data which is repre-
sented in the 3-dimensional structure, (#) shows the volume
data generated by a volume data generating unit, and (c)
shows a cross-section in rf¢-space.

[0020] FIG. 6 shows the volume data of a fetus in the uterus.
[0021] FIG. 7isa flowchart showing the operation in which
the volume data processing unit identifies a fetal surface.
[0022] FIG. 8(a) shows the operand range of operators
centering around a target voxel, and (b) shows the operator
coefficients to be multiplied by the respective voxel values.
[0023] FIG. 9 shows gradient vectors indicated by arrows
on a fetal median cross-sectional image.

[0024] FIG. 10(a) shows a 3-dimensional feature space
representing feature values, and (b) shows the distribution of
vector directions of the gradient vectors, (¢) shows the distri-
bution of the vector lengths in the gradient vectors, (d) shows
the distribution of vector directions of the gradient vectors
after filtering, and (e) shows the distribution of victor lengths
in the gradient vectors after filtering.

[0025] FIG. 11(a) shows the distribution in the distribution
region selected by a filtering part, (b) shows the frequency
distribution in the distribution regions categorized by the
depth ofthe voxels, and (¢) is a view showing that the variance
value is calculated for each cluster by a cluster selecting part.
[0026] FIG. 12 is a fetal median cross-sectional image in
the condition in which the voxels that are closer to a probe
than a fetal surface are removed.

[0027] FIG. 13 shows the configuration of an object-voxel
determining section in Embodiment 2.

[0028] FIG. 14(a) shows the distribution of vector lengths
and vector directions in a feature space, (b) shows the fre-
quency distribution of the vector lengths categorized by the
vector direction, and (¢) shows the frequency distribution of
vector directions categorized by the vector length.
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[0029] FIG. 15 shows a volume data processing unit in
Embodiment 3.
[0030] FIG. 16 shows the operand range of operators

adjusted by the operation unit.
[0031] FIG. 17 is a view showing that the operand range of
operators is variable.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The ultrasonic diagnostic apparatus related to the
present embodiment comprises:

[0033] avolume data generating unit configured to gen-
erate the volume data of an object by transmission/re-
ception of ultrasonic beams from/by a probe; and

[0034] avolume data processing unit configured to gen-
erate an ultrasonic image of the object which is gener-
ated by the volume data generating unit; and

[0035] an ultrasonic image generating unit configured to
generate the ultrasonic image corresponding to the
object,

[0036] wherein the volume data processing unit is
equipped with:

[0037] a gradient calculating section configured to cal-
culate the gradients of the voxel values in the volume
data;

[0038] a feature calculating section configured to calcu-
late the feature values of the voxels on the basis of the
gradient and the direction of the ultrasonic beam and to
calculate a feature space on the basis of the feature
values;

[0039] an object-voxel determining section configured
to determine the voxels corresponding to the object on
the basis of the feature space; and

[0040] a voxel removing section configured to remove
the voxels that are closer to the probe than the object.

[0041] In accordance with such configuration, by generat-
ing an ultrasonic image from the voxels determined based on
the direction of the ultrasonic beam and the gradients of the
voxel values, the gradients of the voxel values are character-
ized based on the direction of the ultrasonic beam and the
feature values which represent the feature of the voxels are
calculated for determining the voxels of the object based on
the feature space of the feature values, thereby making it
possible to render a surface image of the object.

[0042] Also, while a conventional ultrasonic diagnostic
apparatus detects the border of a region of interest and sets the
border of the region of interest on the basis of the voxel group
having the largest number of voxels in the border, when the
borders such as between the fat and the uterus or between the
fetal myelocoel and the region of which the depth is deeper
than the fetus that are interlinked to each other becomes large,
it can solve the problem of difficulty in distinguishing the
border of the region of interest.

[0043] Also, while the conventional ultrasonic diagnostic
apparatus sets the border points on the basis of the position
having the largest luminance gradient in the 2-dimensional
cross-sectional image, the present embodiment can solve the
problem of misidentifying a non-fetal surface region as a fetal
surface region, when the border is observed on the basis of
only the position having the largest luminance gradient in the
cross-sectional image extracted from the 3-dimensional
image and the luminance gradient is larger than that of the
fetal surface, for example in the case that multiple echo is
generated or the border between the fat and the uterus exists.
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[0044] Also, while there is a method of clustering the vox-
els equivalent to an object by the averaging method, etc.
which uses the barycenter of the voxel values for rendering
the image of the object, the present embodiment can solve the
problemofdifficulty inrendering an image of an object in real
time due to a huge amount of calculation required by the
clustering method.

[0045] Also in the present embodiment, the object-voxel
determining section comprises a cluster selecting part con-
figured to determine the voxels including the object on the
basis of the distribution of the vector length and/or the vector
direction of the gradient in the feature space.

[0046] In accordance with such configuration, a surface
image of an object can be rendered with a small amount of
calculation, since the voxels corresponding to the object is
determined from the distribution of the vector length or the
vector direction of the gradient in the feature space.

[0047] Also, the present embodiment is characterized in
that the vector direction of the cluster selecting part is
expressed by the inner product of the normalized victor of the
ultrasonic beam and the normalized vector of the gradient of
the voxel values in the volume data.

[0048] In accordance with such configuration, the feature
values which represent the feature of the voxels are calculated
by the inner product of the normalized vector of the ultrasonic
beam and the normalized vector of the gradient, whereby
making it possible to render a surface image of an object with
a small amount of calculation.

[0049] The present embodiment is also characterized in
that the distribution in the cluster selecting part is the fre-
quency distribution of the vector lengths or the vector direc-
tions categorized by the depth, wherein the index of the dis-
tribution is represented by at least one of the variance value,
standard deviation and average deviation on the basis of the
frequency distribution.

[0050] By such configuration, the voxels including the
object are determined by the variance values, standard devia-
tion or average deviation on the basis of the frequency distri-
bution of the vector lengths or the vector directions, whereby
the surface image of an object can be rendered with a small
amount of calculation.

[0051] The present embodiment is also characterized in
that the object-voxel determining section determines the vox-
els including the object by comparing the preset threshold
value and the feature values.

[0052] In accordance with such configuration, the feature
values can be easily distinguished by the threshold value,
whereby the surface image of an object can be rendered with
a small amount of calculation.

[0053] Also, the present embodiment is characterized in
that the object-voxel determining section comprises a distri-
bution calculating unit configured to calculate the distribution
of the vector lengths and/or the vector directions in the feature
space, and a threshold value determining unit configured to
determine the threshold value on the basis of the calculated
distribution.

[0054] In accordance with such configuration, the thresh-
old value to be used in the filtering part can be determined on
the basis of the distribution of the vector lengths or the vector
directions in a feature space.

[0055] The present embodiment is also characterized in
that the feature calculating section calculates the feature
space having the feature values of at least one of the vector
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lengths of the gradient, the vector direction of the gradient
and the depth of the voxels in the volume data voxel values.
[0056] In accordance with such configuration, since the
feature values which represent the feature of the voxels is
calculated from at least one of the vector lengths of the gra-
dient, the vector directions of the gradient and the depth so as
to distinguish an object on the basis of the feature space in
which the previously mentioned feature values are set as each
axis, the surface image of the object can be rendered.

[0057] Also, the present embodiment is characterized in
that the voxel removing section sets the voxel value of the
voxels that are positioned on the probe side as a predeter-
mined value.

[0058] In accordance with such configuration, the voxels
that are closer to the probe than an object can be removed by
setting a predetermined value on the voxels that are posi-
tioned on the probe side, thus the surface image of the object
can be rendered.

[0059] The present embodiment also is characterized in
that the voxel removing section sets the transparency on the
voxels that are positioned on the probe side.

[0060] In accordance with such configuration, by setting
the transparency of the voxels that are closer to the probe than
an object, the voxels that are on the probe side can be removed
and the surface image of the object can be rendered.

[0061] The present embodiment is also characterized in
that the gradient calculating section calculates the gradient in
three dimensions on the basis of operators, and the operand
range of the operators is variable.

[0062] Also, the present embodiment comprises a device
for setting the operand range of the gradient in three dimen-
sions, wherein the gradient calculating section calculates the
gradient in three dimensions on the basis of the set operand
range.

[0063] Inaccordance with any of the above-described con-
figuration, it is possible to remove the noise on an object
surface and to render a smooth surface image of the object
with a small amount of calculation by variably setting the
operand range.

[0064] The ultrasonic image rendering method related to
the present embodiment generates an ultrasonic image of an
object from the volume data obtained by the ultrasonic diag-
nostic apparatus having a probe, and includes:

[0065] a step of calculating the gradient of the voxel
values of the volume data;

[0066] a step of calculating the feature values of the
voxels on the basis of the vector directions of the gradi-
ent and the gradients of the voxel values so as to calcu-
late the feature space on the basis of the feature values;

[0067] astep of determining the voxels corresponding to
the object on the basis of the feature space;

[0068] astep of removing the voxels that are closer to the
probe than the object; and

[0069] a step of generating an ultrasonic image corre-
sponding to the object from the volume data from which
the voxels that are positioned on the probe side have
been removed.

[0070] The present embodiment is also characterized in
that the step for determining the voxels comprises a cluster
selecting step which determines the voxels including the
object based on the distribution of the vector lengths and/or
the vector directions of the gradients in the feature space.
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[0071] The present embodiment is also characterized in
that the step of determining the voxels determines the voxels
including the object by comparing the preset threshold value
and the feature values.

[0072] Also, the present embodiment is characterized in
that the step of calculating the feature space calculates a
feature space in which at least one of the vector-length and the
vector-direction of the gradient in the voxel values in the
volume data and the depth of the voxels is set as the feature
value.

[0073] Inaccordance with any of the above-described con-
figurations, by generating an ultrasonic image from the vox-
els determined on the basis of the direction of the ultrasonic
beam and the gradient of the voxel values, the gradient of the
voxel values are characterized by the direction of the ultra-
sonic beam and the feature values which represent the feature
ofthe voxels are calculated so as to determine the voxels of an
object on the basis of the feature space of the feature values,
thereby the surface image of the object can be rendered.

Embodiment 1

[0074] Theultrasonic diagnostic apparatus in Embodiment
1 of the present embodiment will be described below refer-
ring to the attached diagrams. FIG. 1 shows the conceptual
configuration of an ultrasonic diagnostic apparatus in the
present embodiment.

[0075] An ultrasonic diagnostic apparatus 1 comprises an
operation unit 2, a beam-direction instructing unit 3, a trans-
mitting/receiving unit 4, a probe 5, a volume data generating
unit 7, a volume data processing unit 8, an ultrasonic image
generating unit 9 and a display unit 10.

[0076] The operation unit 2 performs the operation of the
ultrasonic diagnostic apparatus 1, executes various setting for
rendering a 3-dimensional image of an object, and instructs
the rendering of the 3-dimensional image of the object. The
operation unit 2 also instructs the direction of the ultrasonic
beam to an ultrasonic-beam direction instructing unit. The
direction of the ultrasonic beam is transmitted to the volume
data generating unit 7 and the volume data processing unit 8
as the data.

[0077] The transmitting/receiving unit 4 generates trans-
mission signals of the ultrasonic beam irradiated in the direc-
tion of the ultrasonic beam which is instructed by the opera-
tion unit 2. The transmitting/receiving unit 4 transmits the
generated transmission signal to the probe 5, and receives the
reception signal from the probe 5. Also, transmitting/receiv-
ing unit 4 comprises a transmission circuit, transmission
delay circuit, reception circuit, reception delay circuit, etc. as
disclosed in JP-A-2001-252276.

[0078] The probe 5 converts the transmission signal trans-
mitted from the transmitting/receiving unit 4 into an acoustic
signal, and irradiates the ultrasonic beam to the object via a
medium. Also, the probe 5 converts the reflected echo signal
reflected in the object into a reception signal, and transmits
the converted signal to the transmitting/receiving unit 4.
[0079] The volume data generating unit 7 receives the
reception signal received by the probe 5 from the transmit-
ting/receiving unit 4, and generates the volume data of the
object on the basis of the reception signals.

Also, the volume data generating unit 7 associates the direc-
tion of the ultrasonic beam with the voxel values, and gener-
ates the volume data.

[0080] The volume data processing unit 8 processes the
volume data generated by the volume data generating unit 7,



US 2014/0018682 Al

and transmits the 3-dimensional image data of the target area
in the object to the ultrasonic image generating unit 9 as an
image projected on a 2-dimensional plane.

[0081] The ultrasonic image generating unit 9 generates an
ultrasonic image on the basis of the image data received from
the volume data processing unit 8. The display unit 10 dis-
plays an ultrasonic image generated by the ultrasonic image
generating unit 9.

[0082] FIG. 2 shows the configuration of the volume data
processing unit 8 in the present embodiment. As shown in
FIG. 2, the volume data processing unit 8 comprises a gradi-
ent calculating section 801, a feature calculating section 8§02,
an object-voxel determining section 803 and a voxel remov-
ing section 804.

[0083] The gradient calculating section 801 calculates the
gradient of the voxel values in the volume data generated by
the volume data generating unit 7. The gradient calculating
section 801 respectively calculates the gradient of the voxel
values in each axis-direction of the 3-dimensional coordi-
nates, and calculates the gradient vectors in three dimensions
(3-dimensional gradients).

[0084] The feature calculating section 802 receives the
direction of the ultrasonic beam from the beam-direction
instructing unit 3. The feature calculating section 802
receives the 3-dimensional gradients from the gradient cal-
culating section 801, and calculates the lengths and the direc-
tions of the gradient vectors on the basis of the gradients in
each axis-direction of the 3-dimensional coordinates.

[0085] Also, the feature calculating section 802 calculates
the normalized gradient vector of which the gradient vector
length is 1 (the normalized vector of the gradient) for each
voxel. The feature calculating section 802 calculates the nor-
malized beam vector of which the beam vector length of the
ultrasonic beam is 1 (the normalized vector of an ultrasonic
beam) for each voxel. The feature calculating section 802
calculates the inner product of the normalized victor of the
ultrasonic beam and the normalized vector of the gradient.
[0086] In other words, the feature calculating section 802
calculates the feature values of the voxels having the voxel
value on the basis of the ultrasonic-beam direction and the
gradient of the voxel values, and calculates the feature space
along with the depth of the voxels.

[0087] The object-voxel determining section 803 receives
from the feature calculating section 802 the feature space
having the feature value of at least one of the gradient vector
lengths, the gradient vector directions and the depth of the
voxels. The object-voxel determining section 803 distin-
guishes an object (for example, a fetal surface) on the basis of
a feature space, and determines the voxels corresponding to
the object. The object-voxel determining section 803 trans-
mits the coordinates of the determined voxels to the voxel
removing section 804.

[0088] The voxel removing section 804 removes the voxels
of the coordinate values that are shallower than the voxel
coordinate value of an object (the voxels that are closer to the
probe than the object) from the volume data, and transmits the
volume data from which the voxels have been removed to the
ultrasonic image generating unit 9.

[0089] FIG. 3 shows the configuration of the object-voxel
determining section 803 in the present embodiment. As
shown in FIG. 3, the object-voxel determining section 803
comprises a filtering part 805 and a cluster selecting part §06.
The object-voxel determining section 803 determines the
voxels corresponding to an object by comparing a preset
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threshold value and the feature value using the filtering part
805. For example, the filtering part 805 selects the feature
value larger than the threshold value as the feature value of the
object, and transmits the selected value to the cluster selecting
part 806.

[0090] The cluster selecting part 806 calculates the distri-
bution of the gradient vector lengths or the gradient vector
directions with respect to the depth of the voxels on the basis
of the feature space. The index of the distribution (variability,
etc.) 1s represented by the variance values. For example, the
cluster selecting part 806 counts the frequency of the gradient
vector lengths or the gradient vector directions categorized by
the depth of the voxels, divides the measured frequencies into
plural clusters on the basis of the frequency distribution, and
calculates the variance value for each cluster.

[0091] Thecluster selecting part 806 determines the voxels
corresponding to an object by comparing a preset threshold
value and the index of the distribution. For example, the
cluster selecting part 806 selects the cluster having the vari-
ance values that are greater than a predetermined value. The
cluster selecting part 806 determines the voxels correspond-
ing to an object on the basis of the depth of the voxels. For
example, the cluster selecting part 806 determines, from
among the clusters having the variance values that are greater
than a predetermined threshold value, the voxels having the
shallowest average value in the depth of the cluster as the
voxels corresponding to the object, and transmits the coordi-
nates of the determined voxels to the voxels removing unit
804.

[0092] Next, the operation of an ultrasonic diagnostic appa-
ratus in the present embodiment will be described. FIG. 4isa
flowchart showing the operation of an ultrasonic diagnostic
apparatus in the present embodiment. A case in which a fetal
surface in the uterus is displayed as an object will be
described in the present embodiment.

[0093] A userofthe ultrasonic diagnostic apparatus applies
the probe 5 on an object, and renders amedian cross-sectional
image (sagittal image) of a fetus in the uterus by 2-dimen-
sional ultrasonic scanning. Then the user determines the
direction of the probe 5 for 3-dimensional scanning on the
basis of the median cross-sectional image, and a 3-dimen-
sional key in the operation unit 2 is pushed down (step S101).
[0094] In this case, the information that the 3-dimensional
key is pushed down is transmitted to the beam-direction
instructing unit 3, and the beam-direction instructing unit 3
transmits the direction of the ultrasonic beam for 3-dimen-
sional scanning to the transmitting/receiving unit 4, volume
data generating unit 7, volume data processing unit 8 and
ultrasonic image generating unit 9 (step S102).

[0095] The transmitting/receiving unit 4 receives the direc-
tion of the ultrasonic beam, and generates the transmission
signal of the ultrasonic beam to be irradiated in the instructed
direction of the ultrasonic beam. The probe 5 starts the 3-di-
mensional scanning of the objecton the basis of the generated
transmission signal (step S103).

[0096] The probe 5 transmits the reception signal to the
volume data generating unit 7 via the transmitting/receiving
unit 4, and the volume data generating unit 7 arranges the
reception signal (reception echo) of the ultrasonic beam as the
voxel value in the instructed ultrasonic beam direction and
generates the volume data of the object (step S104).

[0097] The volume data processing unit 8 distinguishes the
fetal surface on the basis of the generated volume data,
removes the voxels that are closer to the probe than the fetal
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surface from the volume data, and transmits the volume data
from which the voxels have been removed to the ultrasonic
image generating unit 9 (step S105).

[0098] The ultrasonic image generating unit 9 generates an
image of the fetal surface which is projected on the 2-dimen-
sional plane on the basis of the volume data from which the
voxels that are closer to the probe than the fetal surface have
been removed, and transmits the image of the fetal surface to
the display unit 10 (step S106). The display unit 10 displays
the image of the fetal surface (step S107).

[0099] Next, the volume data which is generated by the
volume data generating unit 7 in step S104 of FIG. 4 will be
described referring to FIG. 5. As shown in FIG. 5(a), the
volume data generating unit 7 generates the volume data
which is represented in three dimensions. Ultrasonic beams
b1, b2 and b3 are respectively irradiated in scanning per-
formed using the probe 5, and the volume data generating unit
7 generates the volume data by setting the depth direction of
the ultrasonic beam as r-axis and the scan direction of the
ultrasonic beam as 8-axis and ¢-axis. The volume data gen-
erating unit 7 arranges the reception signal of the ultrasonic
beam as data in r-axis direction (ultrasonic-beam direction) in
accordance with 8-axis and ¢-axis in the scan direction, and
forms rB¢-space 70 as shown in FIG. 5(a). Also, the volume
data of an arbitrary cross-section 71 is extracted from the
rB¢-space 70 on the basis of the volume data generated by the
volume data generating unit 7 as shown in FIG. 5(b), and a
partial region (solid-line part) in the cross-section 71 in the
rB¢-space 70 is displayed on the display unit 10 as shown in
FIG. 5(c).

[0100] Next, the operation in step S105 will be described in
which the volume data processing unit 8 distinguishes the
surface of a fetus and removes the voxels that are closer to the
probe than the fetal surface from the volume data. FIG. 6
shows the volume data of a fetus in the uterus. While a
3-dimensional image projected on a 2-dimensional plane is
generally represented on the basis of the volume data in three
dimensions, a median cross-sectional image of a fetus in the
uterus will be shown here for the illustrative purpose.

[0101] As shown in FIG. 6, along the depth direction of the
ultrasonic beams b, a probe surface 60, a fat layer 61, a uterus
62, amniotic fluid 63, a fetal surface 64, a fetal anterior section
in high-echo region 65, a fetal low echo region 66, and a fetal
posterior section in high echo region 67 are generated by the
volume data generating unit 7 as the volume data. Regions F
denoted by oblique lines in FIG. 6 have weak reflected echo
signals with low luminance which are displayed darkly (low-
echo regions), and the regions without oblique lines have
strong reflected echo signals with high luminance which are
displayed brightly (high-echo regions). The uterus 62, the
fetal anterior section in high-echo region 65 and the fetal
posterior section in high-echo region 67 are high-echo
regions, and the fat layer 61, the amniotic fluid 63 and the fetal
low-echo region 66 are low-echo regions. The volume data
processing unit 8 distinguishes the fetal surface 64 which is
the border between the amniotic fluid 63 and the fetal anterior
section in high-echo region 65, and determines the voxels
corresponding to the fetal surface 64 from the volume data.

[0102] FIG.7is a flowchart showing the operation in which
the volume data processing unit 8 distinguishes the fetal
surface 64. The gradient calculating section 801 calculates
the gradient of the voxel values in the volume data using
operators (step S201). A known operator such as the Prewitt
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or Sobel may be used for calculating the gradient. Here,
simple operators are used for illustrative purpose.

[0103] FIG. 8(a) is a view showing the operand range of
operators centering around predetermined target voxels in
volume 80. FIG. 8(5) is a view showing the operator coeffi-
cients to be multiplied by the respective voxels. As shown in
FIG. 8(b), the gradient calculating section 801 calculates the
gradient of the target voxels by setting three voxels in each
coordinate-axis direction (the front and back, right and left,
and above and below) as the operand range. The gradient
calculating section 801 multiplies the voxel values of each
calculation target by the operator coefficient and sums up the
multiplication results for each coordinate axis, and calculates
the totalized value as the gradient of each coordinate axis. For
example in FIG. 8(5), when the gradient of the vertical coor-
dinate-axis is calculated, the voxel value of a target voxel 81
is multiplied by operator coefficient “0”, the voxel value of a
voxel 82 is multiplied by the operator coefficient “1”, the
voxel value of a voxel 83 is multiplied by operator coefficient
“~17, and the totalized value of the previously multiplied
values is recorded as the gradient of the vertical coordinate-
axis. In the same manner, the gradients of the other two
coordinate-axes are calculated. Then by shifting the target
voxel to the adjacent voxel and repeating the same calcula-
tion, the gradient of the entire volume is calculated for each
coordinate axis. Accordingly, the gradients of the respective
voxels in the volume data are calculated by the gradient
calculating section 801, and the gradients become the vectors
having the components in each coordinate-axis direction
(3-dimensional gradients).

[0104] In a case in which the gradient of a target voxel is
calculated by operators shown in FIG. 8(5), if all the voxels
adjacent to a target voxel have the same voxel value, all of the
respective coordinate-axis direction components of the gra-
dient become “0”. On the other hand, if the voxels adjacent to
a target voxels have different voxel values along a predeter-
mined coordinate direction (for example, the vertical coordi-
nate-axis direction) and all of the adjacent voxels in the other
coordinate-axis directions have the same voxel value, the
gradients become the vectors which have the components
only in the predetermined coordinate-axis direction (vertical
coordinate-axis direction). In this manner, the gradient cal-
culating section 801 calculates the 3-dimensional gradients as
the gradient vectors.

[0105] Next, the feature calculating section 802 calculates
the inner product of the normalized vector of the gradient
vector length, gradient vector direction and the ultrasonic
beam and the normalized vector of the gradient as the feature
value of the voxels, on the basis of the 3-dimensional gradi-
ents received from the gradient calculating section 801 (step
S202).

[0106] The object-voxel determining section 803 distin-
guishes the fetal surface on the basis of the feature value
whichis calculated by the feature calculating section 802, and
determines the voxels corresponding to the fetal surface (step
S203).

[0107] The operation of the object-voxel determining sec-
tion 803 will be described referring to FIG. 9~FIG. 12. FIG.
9 is a median cross-sectional image of a fetus on which the
gradient vectors are denoted by arrows. While the gradient is
usually calculated for all voxels in the volume, only the gra-
dient vectors with large length are mainly indicated in the
diagram for illustrative purpose. The lengths of the arrows
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indicate the gradient vector lengths, and the directions of the
arrows indicate the gradient vector directions.

[0108] As shown in FIG. 9, the portions with long gradient
vectors are a border A between the fat layer 61 and the uterus
62, a border B between the uterus 62 and the amniotic fluid
63, a border C between the amniotic fluid 63 and the fetal
anterior section in high-echo region 65, a border D between
the fetal anterior section in high-echo region 65 and the fetal
low-echo region 66 and a border E between the fetal low-echo
region 66 and the fetal posterior section in high-echo region
67. The directions of the vectors in border A and border B are
about the same as ultrasonic beam b (i.e., variability is com-
paratively small), but the vector directions are opposite. The
vector directions in Border A are the depth direction, and the
vector directions in border B are the opposite to the depth
direction. The vector directions of the gradient vectors in
border C and border E are about the same as the direction of
ultrasonic beam b (depth direction), but the directions are
varied (i.e., variability is comparatively great). The vector
direction of the gradient vectors in border D is on the probe
side (opposite to the depth direction), but the directions are
varied (i.e., variability is comparatively great). The gradient
vectors of region F besides borders A~F (not shown in the
diagram) have shorter vector lengths compared to the gradi-
ent vectors in borders A~E, and the variability in vector
directions is great.

[0109] FIG. 10 shows the distribution of the vector lengths
and vector directions of the gradient vectors with respect to
the voxel depth. FIG. 10(a) shows a 3-dimensional feature
space representing the feature values (the vector length is
denoted by Ivl, the vector direction is denoted by w-u, and the
voxel depth is denoted by r). The vector direction is repre-
sented by the vector direction with respect to the direction of
ultrasonic beam b, and concretely expressed by the inner
product w-u of the normalized vector of ultrasonic beam b and
the normalized vector of the gradient. In w-u, w is the unit
vector of ultrasonic beam b (normalized beam vector), and u
is the normalized gradient vector which is normalized by
dividing gradient vector v by the gradient vector length Ivl.
[0110] FIG.10(b) shows the distribution of vector direction
w-u of the gradient vector with respect to the voxel depth r.
FIG. 10(c) shows the distribution of vector length Iv| of the
gradient vector with respect to the vector depth r. While the
feature values are represented by the 3-dimensional feature
space of vector length |vl, vector direction w~u and depth r,
they are divided for illustrative purpose in the diagram into
vector direction w-u and vector length |vl with respect to
voxel depth r. As shown in FIG. 10(b), vector directions w-u
with respect to voxel depth r are distributed, and vector direc-
tions w-u in borders A~E and region F shown in FIG. 9 are
distributed respectively in distribution regions A~F. Since
region F shown in FIG. 9 has large variability of vector
directions w-u compared to borders A~E, distribution region
F is distributed overall as shown in FIG. 10(b). On the other
hand, as shown in FIG. 10(c), vector lengths Iv| with respect
to depth r are distributed, and vector lengths Ivl in borders
A~E and regionF shown in FIG. 9 are distributed respectively
in distribution regions A~F. Since region F shown in FIG. 9
has weak reflected echo signals with low luminance com-
pared to borders A~E, distribution region F is distributed with
small values as shown in FIG. 10(c).

[0111] The object-voxel determining section 803 distin-
guishes the fetal surface 64 (border C) on the basis of the
feature values, and determines the voxels of the distribution
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region in border C. There is a conventional technique referred
to as clustering for specifying the distribution region of a
border. However, when volume data in a 3-dimensional fea-
ture space is performed with the clustering using the conven-
tional technique, it takes a long period of time for the clus-
tering process. Therefore in the present embodiment, the
method in which the object-voxel determining section 803
determines the voxels corresponding an object by comparing
apresent threshold value and the feature value and the method
of determining the voxels corresponding to an object by com-
paring a present threshold value and the index of distribution
(variability) are used for rendering border C (the surface
image of an object) with a small amount of calculation.
[0112] The object-voxel determining section 803 deter-
mines the voxels corresponding to an object by comparing a
preset threshold value and the feature value using the filtering
part 805 (step S203). As shown in FIG. 10(), when a preset
threshold value of vector direction w-u is set as T1, the filter-
ing part 805 performs filtering and selects the distribution in
the region having the value of vector direction w-u which is
larger than preset threshold value T1. As a result of filtering on
the basis of threshold value T1, a part of distribution region F
and distribution regions A, C and E are selected. Also as
shown in FIG. 10(c). when a preset threshold value of vector
length Ivl is set as T2, the filtering part 805 performs filtering
and selects the distribution in the region of vector length Ivl
having the value larger than threshold value T2. As a result of
filtering on the basis of threshold T2, distribution regions A, C
and E are selected. In other words, when the filtering part 805
performs filtering on the basis of threshold value T1 and
threshold value T2, distribution regions A, C and E are
selected and unnecessary borders B, D and region F are
removed using the feature values in the borders as shown in
FIGS. 10(d) and (e).

[0113] Theclusterselecting part 806 included in the object-
voxel determining section 803 calculates the index (variabil-
ity) of the distribution in vector length Iv| or vector direction
w-u with respect to the voxel depth (step S204). FIG. 11(a)
shows the distribution of distribution regions A, C and E
selected by the filtering part 805. FIG. 11(5) is the frequency
distribution of distribution regions A, C and E categorized by
the depth of voxels. Either one of vector length |v] and vector
direction w-u with respect to the voxel depth may be used for
the frequency distribution.

[0114] As shown in FIG. 11(5), the cluster selecting part
806 distinguishes each frequency distribution of distribution
regions A, C and E. In order to distinguish the frequency
distribution of the distribution regions respectively, the incli-
nation of the curve in the frequency distribution may be
calculated by the first-order differential, etc. and the places in
which the inclination changes from the negative to the posi-
tive can be used as a border.

[0115] As for the inclination of the frequency distribution,
the inclination of a straight line by which the frequencies for
each class are connected may be used, or the inclination of the
curve in which the smoothing process is executed on the
frequency distributions connected by a straight line may be
used.

[0116] As shown in FIG. 11(c), the cluster selecting part
806 divides the frequency distribution into plural clusters
(clusters of distribution regions A, C and E) by distinguishing
the frequency distribution in each of distribution regions A, C
and E, and calculates the variation values based on the fre-
quency distribution of each cluster. Since depth r in the ultra-
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sonic beam direction of order A between the fat layer 61 and
the uterus 62 shown in FIG. 9 is approximately constant
compared to borders C and E, the variance value in distribu-
tion region A corresponding to border A is small compared to
the other distribution regions C and E. Therefore, when a
preset threshold value is set as T3, the cluster selecting part
806 selects the clusters having the variance value which is
larger than threshold value T3 (distribution regions C and E)
as shown in FIG. 11(c). Further, the cluster selecting part 806
determines the cluster which has the shallowest average value
of depth r in the cluster from among the selected clusters
(distribution region C) as the voxels corresponding to the fetal
surface 65 (border C) (step S205). That is, the cluster select-
ing part 806 selects distribution region C on the basis of
threshold value T3 and depth r, then removes unnecessary
borders A and E.

[0117] FIG.12is afetalmedian cross-sectional image from
which border C is selected and the voxels in border C (the
voxels closer to the probe than the fetal surface) have been
removed. As shown in FIG. 12, the voxel removing section
804 removes the voxels having the coordinate values which
are shallower than that of the voxels in border C correspond-
ing to the selected distribution region C from the volume data
(step S206). In addition, any method for removing the voxels
from the volume data may be used which is appropriate for
the operation of the ultrasonic image generating unit 9. For
example, when the maximum value projection method is used
by the ultrasonic image generating unit 9, the voxels can be
removed by setting the voxel value of the voxels as 0. Also,
when the image forming method referred to as the ray tracing
or volume ray casting is used by the ultrasonic image gener-
ating unit 9, since the transparency for each voxel can be
treated, the voxels can be removed by setting the transparency
of the voxels.

[0118] The ultrasonic image generating unit 9 forms the
image of the fetal surface 64 by 2-dimensionally projecting
the volume data from which the voxels have been removed,
and the display unit 10 displays the formed image of the fetal
surface 64.

[0119] As described above, in accordance with the ultra-
sonic diagnostic apparatus in the present embodiment, the
feature values which represent the feature of the voxels is
calculated by generating an ultrasonic image from the detet-
mined voxels based on the gradient of the ultrasonic beam
directions and the voxel values and characterizing the gradi-
ents of the voxel values by the ultrasonic beam directions,
whereby making it possible to render an image of the fetal
surface 64 with a small amount of calculation.

[0120] Also when a fetus grows in the uterus as the preg-
nancy progresses, the fetal surface 64 (border C) and the
endometrial membrane (border B) starts coming into con-
tract. Even in such a case, the fetal surface 64 can be distin-
guished by the ultrasonic diagnostic apparatus in the present
embodiment. That is, the ultrasonic diagnostic apparatus in
the present embodiment is capable of appropriately removing
the region in which the fetal surface 64 (border C) and the
endometrial membrane (border B) come into contact,
whereby making it possible to render an image of the fetal
surface 64.

[0121] In concrete terms, the ultrasonic reflected signals
from the region in which the fetal surface 64 (border C) and
endometrial membrane (border B) come into contract
become very weak because no amniotic fluid is included
therein, thus absolute value (vector length) Ivl of the gradient
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which is calculated in the gradient calculating section 801
becomes small, and the region becomes included in distribu-
tion region F shown in FIG. 10(c). On the other hand, even
when the fetal surface 64 and the endometrial membrane
come into contact, since the ultrasonic reflected signals
reflected in a fetal cranium which is equivalent to the fetal
surface 64 are more intense than the ultrasonic reflected sig-
nals reflected in the surrounding tissue, the voxel values ofthe
fetal cranium become larger values than the voxel values in
the surrounding tissues, thus absolute value vl of the gradient
in the fetal cranium calculated in the gradient calculating
section 801 become larger than that in the surrounding tissue.
This vector length Iv| of the fetal cranium is included in
distribution region C shown in FIG. 10(c¢), the fetal cranium
surface which is equivalent to the fetal surface 64 can be
distinguished. Therefore, even when the fetal surface 64 (bor-
der C) and the endometrial membrane (border B) come in
contact, the fetal surface 64 can be appropriately distin-
guished.

[0122] Also, by providing the operation unit 2 with devices
such as a variable dial for respectively adjusting threshold
values T1~T3 and GUI, it is possible to adjust the accuracy in
distinguishing the fetal surface 64.

Second Embodiment

[0123] Theultrasonic diagnostic apparatus in Embodiment
2 related to the present invention will be described below
referring to the attached diagrams. Unless specifically men-
tioned, other configuration is the same as that of the ultrasonic
diagnostic apparatus in Embodiment 1.

[0124] FIG. 13 shows the configuration of the object-voxel
determining section 803 in the present embodiment.

[0125] The object-voxel determining section 803 com-
prises a distribution calculating part 807 and a threshold value
determining part 808. The distribution calculating part 807
calculates the distribution of the vector lengths and vector
directions of the gradient vectors in a feature space on the
basis of the feature values calculated by the feature calculat-
ing section 802. In the present embodiment, the frequency
distribution calculating part 807 calculates the frequency dis-
tribution categorized by vector length vl of the gradient vec-
tors and the frequency distribution categorized by the vector
direction w-u. The threshold value determining part 808
determines threshold values T1 and T2 to be used in the
filtering part 805 based on the distribution of the vector
lengths and vector directions calculated by the distribution
calculating part 807. The threshold value determining part
808 transmits the determined threshold values T1 and T2 to
the filtering part 805.

[0126] Next, the operation of the distribution calculating
part 807 and the threshold value determining part 808 will be
described referring to FIG. 14. FIG. 14(a) shows the distri-
bution of vector lengths |vl and vector directions w-u in a
feature space. FIG. 14(b) shows the frequency distribution of
vector length |vl categorized by vector direction w-u. FIG.
14(c) shows the frequency distribution of vector direction w-u
categorized by vector length [vl.

[0127] The distribution calculating part 807 calculates the
distribution of vector lengths Iv| and vector directions w-u in
a feature space as shown in FIG. 14(a). Since the vector
directions of the gradients in borders A, C and E shown in
FIG. 9 are in the direction of ultrasonic beam b (depth direc-
tion) in FIG. 14(a), vector directions w-u in borders A, C and
E are mainly distributed in the distribution regions having the
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value of 0 or above. Also, since borders B and D are in the
direction opposite to ultrasonic beam b (depth direction),
vector directions w-u of borders B and D are mainly distrib-
uted in the distribution regions having the value of 0 or below.
Further, since vector lengths |vl of the gradient vectors in
region F are short compared to those in borders A~E and the
variability of vector directions w-u is great, region F is dis-
tributed as shown in F1G. 14(a).

[0128] The threshold value determining part 808 deter-
mines threshold value T1 for distinguishing distribution
regions A, C and E and distribution regions B and D, and
determines threshold value T2 for distinguishing distribution
regions A~FE and distribution region F as shown in FIG. 14(a).
For example, the binarization process can be used as the
method for determining threshold values T1 and T2. As
shown in FIGS. 14(5) and (¢), since the frequency distribution
of vector length Iv| and vector direction w-u in a feature space
indicates the bimodal distribution having two peaks each, the
value at which the ratio between the interclass variance and
the intra-class variance reaches the maximum can be respec-
tively determined as threshold values T1 and T2. Also by
calculating the inclination of the curve in the frequency dis-
tribution as shown in FIGS. 14(b) and (c) by the first-order
differential, the portions in which the inclination between the
two peaks change from the negative to the positive may be
determined as threshold values T1 and T2.

[0129] The determined threshold values T1 and T2 are
transmitted to the filtering part 805, and the filtering part 805
selects the voxels that are in the distribution region in which
vector direction w-u is larger than threshold value T1 and
vector length Iv| is larger than threshold value T2 based on the
distribution in the feature space of vector length Ivl, vector
direction w-u and depth r, as shown in FIGS. 10(4) and (c).
[0130] In this manner, it is possible to determine threshold
values T1 and T2 by providing the distribution calculating
part 807 and the threshold value determining part 808.

Embodiment 3

[0131] Theultrasonic diagnostic apparatus in Embodiment
3 related to the present invention will be described below
referring to the diagrams. Unless specifically mentioned,
other configuration is the same as that of the ultrasonic diag-
nostic apparatus in Embodiments 1 and 2. The ultrasonic
diagnostic apparatus in the present embodiment comprises a
device for setting the operand range of the gradient in three
dimensions (operand range setting section), and the gradient
calculating section 801 calculates the 3-dimensional gradient
on the basis of the set operand range.

[0132] FIG. 15 shows the volume data processing unit 8 in
the present embodiment. The gradient calculating section 801
in the volume data processing unit 8 is connected to the
operation unit 2. The operation unit 2 changes the operand
range of the operation to be used by the gradient calculating
section 801 for calculating the gradient.

[0133] Next, the operation of the operation unit 2 for chang-
ing the operand range of an operation will be described. When
an image of a fetal surface is generated from the volume data,
anoise may appear in the vicinity of the fetal surface. Here, a
noise is referred to structural objects which end up being
displayed as a part of the fetal surface such as variegated
acoustic interference referred to as an acoustic noise or a
speckle, multiple echo and intra-amniotic fluid floatage.
Since a noise appears near the fetal surface and has a strong
ultrasonic reflected signal, the gradient in the portion at which
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the noise appears is mainly included in distribution region C
of the feature space shown in FIG. 10() and (c). Also, the
noise is localized in the region which is smaller than the fetal
surface. By using the localization of the noise, the gradient
calculating unit 801 calculates the gradient not to be included
in distribution region C in the feature space shown in FIG.
10(%) and (c).

[0134] In order to calculate the gradient not to be included
in distribution region C, the operand range of the operation is
changed by the operation unit 2. In this manner, the gradient
is calculated using the operation having the property that
vector length [vl of the localized noise becomes small and
vector length vl in the vicinity of the fetal surface is unlikely
to be small.

[0135] FIG. 16 shows the operand range of the operation
which is adjusted by the operation unit 2. The operand range
of the operation shown in FIG. 16 is wider than the operand
range shown in FIG. 8(5). In other words, the operand range
in each coordinate axis is widened by two voxels compared to
that of FIG. 8(5). By calculating the gradient in target voxels
using such an operation, vector length |v| of the gradient is
reduced with respect to the localized noise, and the reduction
rate of vector length Ivl in the fetal surface can be made small
compared to the reduction rate of vector length Ivl in the
noise, whereby making it possible to selectively identify a
large structural object such as the fetal surface. In other
words, while a noise is included in distribution region C in the
feature space shown in FIG. 10(5) and (¢) when the gradient
of a noise is calculated by the operation shown in FIG. 8(),
the noise can be canceled by calculating it using the operation
shown in FIG. 16 so that the noise is included in distribution
region F in the feature space shown in FIG. 10(b) and (¢) to be
removed with distribution region F. F1G. 17 is a view showing
that the operand range of an operation is variable. In the
diagram, the operand range of an operation is indicated by d.
An operand range d is transmitted from the operation unit 2
which is connected to the gradient calculating section 801.
The operand range d is set as 1 in the operation shown in FIG.
8(b), and d is set as 2 in the operation shown in FIG. 16. By
changing d to the value which is larger than 1, the operand
range of the operation can be widened to the region which is
respectively apart by d in the front and back, right and left, and
top and bottom of the coordinate axis. In this manner, a large
structural object such as a fetal surface can be selectively
identified by changing d, which makes it possible to remove
a structural object which is smaller than the fetal surface (a
noise, etc.) and to remove a noise which interferes the gen-
eration of a smooth fetal surface image.

[0136] The preferable embodiments according to the
present invention have been described above. However, the
present invention is not limited to these embodiments, and
various kinds of alterations or modifications can be made by
persons skilled in the art within the scope of the technical idea
disclosed in this application.

[0137] For example, while vector length vl of the gradient,
vector direction w-u of the gradient and voxel depth r are used
as the feature values in the above-described embodiments, at
least one of vector length |vl, vector direction w-u and voxel
depth r may also be used as the feature values.

[0138] A case in which vector direction w-u of gradients
and voxel depth r are set as the feature values will be
described referring to FIG. 10. As shown in FIG. 10(b), when
distribution regions A~F are distributed in the feature space of
vector direction w-u and voxel depth r, distribution regions A,
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C and E and a part of distribution region F are selected by the
filtering part 805. In this case, threshold value T1 which is
determined from the distribution of vector directions w-uina
feature space may also be used as shown in FIG. 14(b).
[0139] Then as shown in FIG. 11, the cluster selecting part
806 determines the cluster (distribution region C) as the vox-
els corresponding to the fetal surface 64 (border C) based on
the frequency distribution of the distribution region catego-
rized by voxel depth r (frequency distribution of vector direc-
tions w-u). In a case in which vector direction w-u and voxel
depthr are set as the feature values, while a part of distribution
region F is included in addition to distribution region Cin the
cluster selected by the cluster selecting part 806, the voxels
corresponding to the fetal surface 64 (border C) can be deter-
mined based on the feature space of vector direction w-u and
voxel depth rby adjusting operand range d of the operation for
calculating the gradient and removing distribution region F.
In this case, it is preferable to set operand range d as 2 or
above.

[0140] A case in which vector length Iv] of the gradient and
voxel depth r are set as the feature values will be described
referring to FIG. 10. As shown in FIG. 10(c), when distribu-
tion regions A~F are distributed in the feature space of vector
length Ivl and voxel depth 1, distribution regions A, B, C, D
and E are selected by the filtering part 805. In this case,
threshold value T2 which is determined from the distribution
of vector length Iv| in the feature space may also be used as
shown in FIG. 14(c).

[0141] Then as shown in FIG. 11, the cluster selecting part
806 removes the clusters (distribution regions A and B) hav-
ing the variation value which is smaller than threshold value
3 based on the frequency distribution of the distribution
region categorized by voxel depth r (frequency distribution of
vector length |vl), and selects the clusters (distribution
regions C, D and E) having the variation value which is larger
than threshold value T3. As described above, the vectors in
border A and border B are in the direction which is approxi-
mately the same as the direction of ultrasonic beam b with
comparatively small variability, thus the variation values in
distribution regions A and B become comparatively small
which is smaller than threshold value T3, and are removed by
the cluster selecting part 806.

[0142] Then an image of the fetal surface 64 (border C) can
be created, by rendering the very front surface in the line of
sight from among distribution regions C, D and E that are
selected by the cluster selecting part 806. For rendering the
very front surface in the line of sight, a known rendering
method such as volume ray casting or ray tracing can be
applied.

[0143] A case in which vector direction w-u and vector
length vl of the gradient are set as the feature values will be
described referring to FIG. 14. As shownin F1G. 14, threshold
values T1 and T2 are determined, and the filtering part 805
selects distribution regions A, C and E on the basis of thresh-
old values T1 and T2. Then a region of interest (ROI) is set in
the region which is estimated as a fetus, and distribution
region A which is comparatively shallow region is removed.
[0144] In this case, since distribution region B of border B
which is in the vicinity of the fetal surface 64 (border C) is
already removed, the ROI can be easily set in the region which
is estimated as the fetus. By rendering the very front surface
in the line of sight from among distribution regions C and E
which remained after removal of distribution region A, an
image of the fetal surface 64 (border C) can be created.
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[0145] Also, by using the property such as the compara-
tively small variability of vector directions w-u in border A
and border B and uniformity in vector lengths Ivl in border A
and border B, by using vector direction w-u and/or vector
length || as the feature values, the fetal surface 64 (border C)
can be depicted by rendering the very front surface in the line
of sight from the remained distribution regions after appro-
priate removal of distribution regions A and B.

[0146] In this manner, at least one or two of vector length
Ivl, vector direction w-u and voxel depth r may also be used as
the feature value.

[0147] Also, while the first-order differential or binariza-
tion process is used for distinguishing the frequency distribu-
tion of distribution regions in the above-described embodi-
ments, other methods for distinguishing the frequency
distribution of distribution regions may also be used such as
using the portion having the minimum value between the
peaks in the frequency distribution. Also, while the index of
distribution is represented by the variance value in the above-
described embodiments, other values such as standard devia-
tion or average deviation may also be used.

[0148] Also, while the frequency distribution is used in the
above-described embodiments, other methods for distin-
guishing the distribution of the feature values in a feature
space may also be used.

INDUSTRIAL APPLICABILITY

[0149] The ultrasonic diagnostic apparatus in the present
invention is effective in rendering a surface image of an object
with a small amount of calculation by generating an ultra-
sonic image from determined voxels based on the direction of
the ultrasonic beam and gradients of the voxel values, calcu-
lating the feature values which represent the feature of the
voxels by characterizing gradients of the voxel values by the
direction of the ultrasonic beam and determining the voxels of
the object based on the feature values in a feature space, in
particular as the ultrasonic diagnostic apparatus, etc. for ren-
dering an image of a fetal surface.

DESCRIPTION OF REFERENCE NUMERALS

[0150] 1 ultrasonic diagnostic apparatus
[0151] 2 operation unit

[0152] 3 beam direction instructing unit
[0153] 4 transmitting/receiving unit

[0154] 5 probe

[0155] 7 volume data generating unit

[0156] 8 volume data processing unit

[0157] 9 ultrasonic image generating unit
[0158] 10 display unit

[0159] 801 gradient calculating section
[0160] 802 feature calculating section
[0161] 803 object-voxel determining section
[0162] 804 voxel removing section

[0163] 805 filtering part

[0164] 806 cluster selecting part

[0165] 807 distribution calculating part
[0166] 808 threshold value determining part

1. An ultrasonic diagnostic apparatus comprising;

a volume data generating unit configured to generate vol-
ume data of an object to be examined by transmitting and
receiving ultrasonic beams via a probe;
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a volume data processing unit configured to generate an
ultrasonic image of the object which is generated by the
volume data generating unit; and

an ultrasonic image generating unit configured to generate
the ultrasonic image corresponding to the object;

wherein the volume data processing unit is equipped with:

a gradient calculating section configured to calculate the
gradient of the voxel values in the volume data;

a feature calculating section configured to calculate fea-
ture values of the voxel values on the basis of the
gradient and the ultrasonic beam direction and calcu-
late a feature space on the basis of the feature values;

an object-voxel determining section configured to dete-
mine the voxels corresponding to the object on the
basis of the feature space; and

avoxel removing section configured to remove the vox-
els that are closer to the probe than the object.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the object-voxel determining section comprises a
cluster selecting part configured to determine the voxels
including the object based on the vector length and/or the
vector direction of the gradients in the feature space.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein the vector direction in the cluster selecting part is
expressed by the inner product of the normalized vector of the
ultrasonic beam and the normalized vector of gradients in the
voxel values in the volume data.

4. The ultrasonic diagnostic apparatus according to claim

2, wherein:

the distribution in the cluster selecting part is the frequency
distribution of the vector lengths or the vector directions
categorized by the depth; and

the index of the distribution is represented by at least one of
the variance value, standard deviation and average
deviation on the basis of the frequency distribution.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein the object-voxel determining section determines
the voxels including the object by comparing a preset thresh-
old value with the feature values.

6. The ultrasonic diagnostic apparatus according to claim

5, wherein the object-voxel determining section comprises:

a distribution calculating part configured to calculate the
vector length and/or vector direction of the gradients in
the feature space; and

athreshold value determining part configured to determine
the threshold value on the basis of the distribution.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein the feature calculating section calculates a feature
space in which at least one of the vector length and vector
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direction of gradients in the volume data voxel values and the
depth of the voxels is set as the feature value.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the voxel removing section sets the voxel value of
the voxels that are positioned on the probe side as a predeter-
mined value.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the voxel removing section sets the transparency
of the voxels that are positioned on the probe side.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the gradient calculating section calculates the gra-
dients in three dimensions on the basis of an operation, and
the operand range of the operation is variable.

11. The ultrasonic diagnostic apparatus according to claim
1, comprising a device for setting the operand range of the
gradients in three dimensions, wherein the gradient calculat-
ing section calculates the gradients in three dimensions on the
basis of the set operand range.

12. An ultrasonic image rendering method for generating
an ultrasonic image of an object to be examined from the
volume data acquired by an ultrasonic diagnostic apparatus
provided with a probe, including:

calculating gradients of voxel values in the volume data;

calculating feature values of voxels based on the vector

directions of the gradients and the gradients of the voxel
values, and calculating a feature space on the basis ofthe
feature values;

determining the voxels corresponding to the object on the

basis of the feature space;

removing the voxels that are closer to the probe than the

object; and

generating an ultrasonic image corresponding to the object

from the volume data from which the voxels that are
positioned on the probe side have been removed.

13. The ultrasonic image rendering method according to
claim 12, wherein the determination of the voxels comprises
selecting of a cluster which determines the voxels including
the object on the basis of the distribution of the vector lengths
and/or the vector directions of the gradients in the feature
space.

14. The ultrasonic image rendering method according to
claim 12, wherein the determination of the voxels determines
the voxels including the object by comparing a preset thresh-
old value and the feature values.

15. The ultrasonic image rendering method according to
claim 12, wherein the calculation of the feature space calcu-
lates a feature space in which at least one of the vector length
and vector direction of gradients in the volume data voxel
values and the depth of the voxels is set as the feature values.
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