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(7) ABSTRACT

According to one embodiment, an ultrasonic diagnosis appa-
ratus includes an ultrasonic probe and an ultrasonic scanning
unit configured to repeatedly scan an interior of an subject
with an ultrasonic wave via the ultrasonic probe and repeat-
edly acquire echo signals. An image generation unit generates
data of blood flow images based on the echo signals. An
interpolation processing unit identifies at least one pixel in
which clutter components occupy the majority of the pixel
value, and to interpolate a pixel value of the identified pixel
based on pixel values of at least two other blood flow images
corresponding to a substantially same cardiac phase as that of

Jun. 25,2009 (JP) oo, 2009-151140  the blood flow image including the identified pixel.
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THREE-DIMENSIONAL ULTRASONIC
DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2009-
151140, filed Jun. 25, 2009; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
three-dimensional ultrasonic diagnosis apparatus.

BACKGROUND

[0003] A ultrasonic diagnosis apparatus which equips a
color doppler mode displays the two-dimensional distribu-
tions of velocity, power, and variance based on a doppler
signal concerning a moving target such as a blood flow. This
apparatus can also display a three-dimensional blood flow
image or blood flow information at an arbitrary cross-sec-
tional position.

[0004] When visualizing a pulsating blood flow in, e.g., a
heart or artery, its cycle is analyzed, and received rasters are
rearranged, thereby three-dimensionally displaying the car-
diac motion for one heartbeat.

[0005] Some recent ultrasonic diagnosis apparatuses can
detect the blood flow of a fetus to diagnose the fetal develop-
mental state or fetal diseases. A color doppler method uses a
clutter filter which reduces tissue components (clutter com-
ponents) of a doppler signal.

[0006] The clutter filter reduces low-frequency compo-
nents of a doppler signal. Many clutter components are
reduced by the clutter filter. However, the clutter filter passes
the clutter components of quickly moving tissues together
with the blood flow components. The clutter components that
have passed through the clutter filter appear as clutter noise
which makes it difficult to clearly visualize the blood flow of
a fetus or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.11is ablock diagram showing the arrangement
of an ultrasonic diagnosis apparatus according to the embodi-
ment;

[0008] FIGS.2A and 2B are diagrams showing blood flow
image grouping of an image grouping processing unit in FIG.
1

[0009] FIG. 3 is a graph schematically showing a pixel
value change in the scanning order according to the embodi-
ment;

[0010] FIG. 4 is a graph schematically showing a pixel
value change in each cardiac phase according to the embodi-
ment;

[0011] FIG. 5 is a view for explaining interpolation pro-
cessing of a blood flow interpolation processing unit in FIG.
1

[0012] FIG. 6 is a view showing the (N=1)th image so as to
explain clutter region calculation processing of a clutter
region calculation unit in FIG. 1;

[0013] FIG. 7 is a view showing the Nth image so as to
explain clutter region calculation processing of the clutter
region calculation unit in FIG. 1; and
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[0014] FIG. 8is a view showing the (N+1)th image so as to
explain clutter region calculation processing of the clutter
region calculation unit in FIG. 1.

DETAILED DESCRIPTION

[0015] In general, according to one embodiment, an ultra-
sonic diagnosis apparatus includes an ultrasonic probe and an
ultrasonic scanning unit configured to repeatedly scan an
interior of an subject with an ultrasonic wave via the ultra-
sonic probe and repeatedly acquire echo signals. An image
generation unit generates data of blood flow images based on
the echo signals. An interpolation processing unit identifies at
least one pixel in which clutter components occupy the major-
ity of the pixel value, and to interpolate a pixel value of the
identified pixel based on pixel values of at least two other
blood flow images corresponding to a substantially same
cardiac phase as that of the blood flow image including the
identified pixel.

[0016] Clutter noise has low time continuity. In other
words, clutter noise has a high transitory characteristic. Clut-
ter noise largely varies over time. On the other hand, a blood
flow component has high time continuity. In this embodi-
ment, clutter noise is effectively reduced using the character-
istic difference between these two types of signal compo-
nents. A plurality of blood flow images are grouped for each
cardiac phase. A plurality of blood flow images of the same
group are arranged in accordance with the scanning time.
This discretizes the clutter noise both spatially and tempo-
rally. That is, the low time continuity of clutter noise is
enhanced by the grouping and arranging. Blood flow images
containing clutter noise are located between blood flow
images without clutter noise. Hence, filtering processing
enables to efficiently reduce clutter noise components.
[0017] FIG. 1 shows the arrangement of an ultrasonic diag-
nosis apparatus according to the embodiment. The ultrasonic
diagnosis apparatus has an ultrasonic probe 1. The ultrasonic
probe 1 includes a plurality of piezoelectric vibrators which
are one-dimensionally arrayed to generate an ultrasonic wave
upon receiving a driving signal from a transmission circuit 21
of a transmission/reception unit 2 and convert the wave
reflected by an object into an electrical signal, a matching
layer provided on the piezoelectric vibrators, and a backing
material for preventing ultrasonic wave propagation from the
piezoelectric vibrators to the rear. When the ultrasonic probe
1 transmits an ultrasonic wave to an subject, the transmitted
ultrasonic wave is successively reflected by the discontinuity
surfaces of acoustic impedance of internal tissues, and
received by the ultrasonic probe 1 as an echo signal. The
amplitude of the echo signal depends on the difference of
acoustic impedance on the discontinuity surfaces that have
reflected the ultrasonic wave. If the transmitted ultrasonic
pulse is reflected by a moving blood flow or cardiac wall
surface, the echo signal suffers frequency shift depending on
the velocity component of the moving body in the ultrasonic
wave transmission direction due to the Doppler effect.
[0018] A reception circuit 22 includes a preamplifier, A/D
converter, reception delay unit, adder, and the like. The
preamplifier amplifies the echo signal received via the ultra-
sonic probe 1 for each channel. The reception delay unit gives
a delay time necessary for determining the reception direc-
tivity to the amplified echo signal. The adder then performs
addition processing. With this addition, reflected components
from a direction corresponding to the reception directivity of
the echo signal are enhanced so that a total beam of ultrasonic
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transmission/reception is formed based on the reception
directivity and transmission directivity.

[0019] Under the control of a scanning control unit 3, the
transmission circuit 21 and the reception circuit 22 repeat
ultrasonic scanning of a two-dimensional cross section. Dur-
ing the repetitive ultrasonic scanning, the technician slowly
moves the ultrasonic probe 1 on the mother’s body surface
corresponding to, for example, the heart of a fetus, thereby
scanning a three-dimensional region including the fetal heart.
This scanning is called three-dimensional scanning. Note that
in this embodiment, B-mode scanning and color doppler
mode scanning are alternately repeated.

[0020] A B-mode processing circuit 4 receives the echo
signal from the reception circuit 22, and performs logarithmic
amplification, envelope detection, and the like, thereby gen-
erating so-called B-mode image data (form image data)
which expresses a signal strength as a luminance level so as to
reflect the internal structure as a change in luminance. A
two-dimensional (2D) image processing unit 11 converts the
two-dimensional display target image into a luminance image
or color image.

[0021] A color doppler mode processing circuit 5 extracts
the echo components of blood flows, tissues, and contrast
medium by the Doppler effect, and generates so-called color
flow mapping data (blood flow image data) that expresses the
spatial distributions of average velocity, variance, power, and
the like in color.

[0022] A biological cycle calculation circuit 6 extracts a
target organ which periodically changes its form, i.e., the
cardiac muscle contour of the fetus here from the form image
(B-mode image) data, and identifies the cardiac phase of each
form image during scanning based on the time-rate change of
the cardiac muscle contour. The cardiac phase of each image
during scanning may be measured using an electrocardio-
graph in place of the biological cycle calculation circuit 6.
Fach cardiac phase identified by the biological cycle calcu-
lation circuit 6 is supplied to an image grouping processing
unit 7 together with corresponding blood flow image data.
[0023] In FIG. 1, B-mode data is used in the biological
cycle calculating, however the color Doppler-mode data may
is used in the biological cycle calculating.

[0024] The image grouping processing unit 7 divides the
plurality of blood flow images generated by the color doppler
mode processing circuit 5 into a plurality of groups corre-
sponding to a plurality of cardiac phases in accordance with
the scanning timing. The image grouping processing unit 7
arranges a plurality of blood flow images of each group in
accordance with the scanning timing. Blood flow images
belonging to the same group result from echo signals
acquired by scanning in the same cardiac phase. Blood flow
images of the same group belong to different cardiac cycles.
The cardiac cycle indicates a time from, for example, a given
R wave to the next R wave of an electrocardiographic wave. A
cardiac phase indicates a position within the cardiac cycle.
Typically, the cardiac cycle is divided into 100 equal inter-
vals, and each position in the cardiac cycle is expressed as
percentage.

[0025] A clutter region calculation unit 9 compares the
pixel value of each blood flow image with a threshold prede-
termined mainly according to the clutter noise level of the
mother body, and specifies a region (clutter region candidate)
where pixels having pixel values larger than the threshold (a
pixel in which clutter components occupy the majority of a
pixel value) are connected to form a single lump. The clutter
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region calculation unit 9 compares the volume or area of the
specified clutter region candidate with a threshold predeter-
mined to detect a region that requires interpolation processing
because its size spatially impairs visual recognition ofa blood
flow region. A clutter region candidate having a volume or
area larger than the threshold is determined as an interpola-
tion target clutter region.

[0026] A blood flow interpolation processing unit 8
replaces the pixel values in the interpolation target clutter
region identified by the clutter region calculation unit 9 with
values calculated from the pixel values of blood flow images
belonging to the same group. More specifically, the blood
flow interpolation processing unit 8 interpolates the pixel
values in the interpolation target clutter region using the pixel
values of corresponding pixels of two blood flow images
which are in a cardiac phase at almost the same scanning
timing as that of the blood flow image including the interpo-
lation target pixels and also in cardiac cycles before and after
the blood flow image including the interpolation target pixels.
The interpolation processing may be performed based on four
or more blood flow images obtained in four or more cardiac
cycles in the vicinity of the cardiac cycle corresponding to the
interpolation target blood flow image.

[0027] A three-dimensional (3D) image processing unit 10
generates volume data or an arbitrary cross section image
(MPR) from a plurality of blood flow image data at different
scanning positions of three-dimensional scanning, including
the blood flow image interpolated by the blood flow interpo-
lation processing unit 8.

[0028] A digital scan converter (DSC) 12 converts the form
image data generated by the two-dimensional (2D) image
processing unit 11 and the volume data or cross section image
data generated by the 3D image processing unit 10 into a
video scanning scheme corresponding to a monitor 13, and
outputs the image data.

[0029] The operation of the embodiment will be described
next. In this embodiment, as shown in FIG. 2A, under the
control of the scanning control unit 3, the transmission circuit
21 and the reception circuit 22 repeat ultrasonic scanning of'a
two-dimensional cross section. Simultaneously, the techni-
cian slowly moves the probe 1 on the mother’s body surface
corresponding to, for example, the heart of a fetus. This
scanning is generally called three-dimensional scanning. The
three-dimensional scanning need not always be done by a
manual method. It may be performed by a mechanical method
of mechanically swinging a probe having a plurality of piezo-
electric vibrators arrayed one-dimensionally, or an electronic
method of electronically swinging the scanning surface using
a probe having a plurality of piezoelectric vibrators arrayed
two-dimensionally.

[0030] In this embodiment, B-mode scanning and color
doppler mode scanning are alternately repeated. In B-mode
scanning, the biological cycle calculation circuit 6 identifies
the cardiac phase of the fetus based on the form change of the
heart on the B-mode image. Pixels in the cardiac muscle
region of the fetus are extracted based on a corresponding
threshold. The size of the region can be identified relatively
accurately from a certain range concerning a size expected of
the heart of a fetus. Since the heart pulsates, its form periodi-
cally changes, as a matter of course. Hence, the scanning
timing of each B-mode image can be specified as a cardiac
phase based on the form change. Since B-mode scanning and
color doppler mode scanning are alternately repeated, the
cardiac phase of a scanning timing of a blood flow image is
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almost equivalent to the cardiac phase in B-mode scanning
immediately before (or immediately after) color doppler
mode scanning.

[0031] A plurality of blood flow images in which the car-
diac phases of the fetus are specified by the biological cycle
calculation circuit 6 are put into groups corresponding to the
cardiac phases by the image grouping processing unit 7 in
accordance with the scanning timing. That is, as shown in
FIG. 2B, the plurality of blood flow images are classified into
a plurality of blood flow image groups in accordance with the
cardiac phase of the heart of the fetus, and arrayed for each
blood flow image group in correspondence with the scanning
timing.

[0032] Next, the clutter region calculation unit 9 compares
each pixel value (one of the velocity, variance, and power) of
each blood flow image with a threshold predetermined in
accordance with the clutter noise level. A region where pixels
having pixel values larger than the threshold (pixels in which
clutter elements occupy the majority of a pixel value) are
connected to form a single lump is specified as a clutter region
candidate. The volume or area of the specified clutter region
candidate is compared with a predetermined threshold. A
clutter region candidate having a volume or area larger than
the threshold is identified as an interpolation target clutter
region. This is because a small clutter region does not impair
visual recognition of a blood flow region, whereas a clutter
region candidate that is large to some extent impairs visual
recognition of a blood flow region.

[0033] As shown in FIG. 5, the blood flow interpolation
processing unit 8 replaces the pixel values of pixels in the
identified clutter region with interpolation values calculated
from the pixel values of pixels at the same positions in the
immediately preceding and succeeding blood flow images
adjacent to the interpolation target blood flow image in the
array of the image group including the interpolation target
blood flow image. Thatis, the pixel values of the interpolation
target pixels are replaced with interpolation values calculated
from the pixel values of corresponding pixels of two blood
flow images which are in a cardiac phase at almost the same
scanning timing as that of the interpolation target blood flow
image and at the scanning timings before and after the blood
flow image including the interpolation target clutter region.
[0034] Apixelvalue(S, , )intheinterpolation targetblood
flow image is calculated as the average value of pixel values
(S, .- and (S, _.,) of pixels at the same position in the
immediately preceding and succeeding blood flow images by
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[0035] Note that the average value of two, immediately
preceding and succeeding frames is calculated as a typical
example. However, the average value of three, four, or more
frames may be calculated.

[0036] This allows to effectively remove the clutter region.
As shown in FIG. 3, clutter noise generally has low time
continuity. In other words, clutter noise has high transitory
tendency. On the other hand, a blood flow component tends to
have high time continuity. As in the embodiment, when the
blood flow images are rearranged for each cardiac phase, as
shown in FIG. 4, the blood flow images containing clutter
noise are dispersed both spatially and temporally, so clutter
noise typically appears only in one frame of each group and
hardly appears in preceding and succeeding frames. Addi-
tionally, an interpolation value calculated from blood flow
images of the same cardiac phase never largely deviates from
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the true value. It is therefore possible to effectively reduce the
clutter noise components and also perform interpolation
using reliable interpolation values. Localizing interpolation
for a clutter region that has great influence to conceal the
blood flow makes it possible to reduce the load of interpola-
tion processing and directly use the pixel values of a blood
flow portion without clutter components or with a few clutter
components. FIG. 6 shows an original blood flow image. FIG.
7 shows anidentified clutter region indicated by a broken line.
As is apparent from FIG. 8, interpolation processing of this
embodiment enables to recover a blood flow portion (indi-
cated by an arrow) that has been invisible due to clutter.
[0037] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic diagnosis apparatus comprising:

an ultrasonic probe;

an ultrasonic scanning unit configured to repeatedly scan

an interior of an subject with an ultrasonic wave via the

ultrasonic probe and repeatedly acquire echo signals;
an image generation unit configured to generate data of

blood flow images based on the echo signals; and

an interpolation processing unit configured to identify at

least one pixel in which clutter components occupy the
majority of the pixel value, and to interpolate a pixel
value of the identified pixel based on pixel values of at
least two other blood flow images corresponding to a
substantially same cardiac phase as that of the blood
flow image including the identified pixel.

2. The apparatus according to claim 1, wherein the inter-
polation processing unit specifies the pixel in which the clut-
ter components occupy the majority of the pixel value by
threshold processing.

3. The apparatus according to claim 2, wherein the inter-
polation processing unit localizes an interpolation target
range to a region which has one of a volume and area with a
value not less than a predetermined threshold and where a
single lump is formed by a plurality of pixels in which the
clutter components occupy the majority of a pixel value.

4. The apparatus according to claim 1, wherein the inter-
polation processing unit specifies, as the interpolation target
blood flow image, a blood flow image having a region which
has one of a volume and area with a value not less than a
predetermined threshold and where a single lump is formed
by a plurality of pixels in which the clutter components
occupy the majority of a pixel value.

5. The apparatus according to claim 1, wherein the inter-
polation processing unit specifies, as the other blood flow
images, a blood flow image corresponding to a cardiac cycle
immediately before a cardiac cycle corresponding to the
interpolation target blood flow image and a blood flow image
corresponding to an immediately succeeding cardiac cycle.

6. The apparatus according to claim 1, wherein the inter-
polation processing unit divides the plurality of blood flow
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images into a plurality of groups in accordance with a plural-
ity of cardiac phases, and executes interpolation processing in
each group.
7. The apparatus according to claim 6, wherein the inter-
polation processing unit specifies, as the other blood flow
images, a plurality of blood flow images at scanning timings
immediately before and after the interpolation target blood
flow image in each group.
8. The apparatus according to claim 7, wherein the inter-
polation processing unit specifies, as the other blood flow
images, a blood flow image corresponding to a cardiac cycle
immediately before the interpolation target blood flow image
and a blood flow image corresponding to an immediately
succeeding cardiac cycle.
9. The apparatus according to claim 1, further comprising
an image creation generation unit configured to create a
single blood flow image from a plurality of blood flow images
including the interpolated blood flow image.
10. The apparatus according to claim 1, wherein
the ultrasonic scanning unit repeats scanning while chang-
ing a scanning position in the interior of the subject, and

the image generation unit generates a single blood flow
image concerning an arbitrary cross section from a plu-
rality of blood flow images including the interpolated
blood flow image.

11. The apparatus according to claim 10, wherein the ultra-
sonic scanning unit repeats three-dimensional scanning for a
three-dimensional region in the subject.

12. An ultrasonic diagnosis apparatus comprising;

an ultrasonic probe;

an ultrasonic scanning unit configured to repeatedly scan

an interior of an subject with an ultrasonic wave via the
ultrasonic probe and repeatedly acquire echo signals;

an image generation unit configured to generate data of a

plurality of blood flow images based on the echo signals;
and

an interpolation processing unit configured to divide the

plurality of blood flow images into a plurality of groups
in accordance with a plurality of cardiac phases, and
executes interpolation processing for at least one pixel in
which clutter components occupy the majority of a pixel
value in each group.

13. The apparatus according to claim 12, wherein the inter-
polation processing unit specifies the pixel in which the clut-
ter components occupy the majority of the pixel value by
threshold processing.

14. The apparatus according to claim 13, wherein the inter-
polation processing unit localizes an interpolation target
range to a region which has one of a volume and area with a
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value not less than a predetermined threshold and where a
single lump is formed by a plurality of pixels in which the
clutter components occupy the majority of a pixel value.

15. The apparatus according to claim 13, wherein the inter-
polation processing unit specifies, as the other blood flow
images, a blood flow image corresponding to a cardiac cycle
immediately before a cardiac cycle corresponding to the
blood flow image including the at least one pixel in which the
clutter components occupy the majority of the pixel value and
a blood flow image corresponding to an immediately suc-
ceeding cardiac cycle.

16. The apparatus according to claim 13, further compris-
ing an image creation unit configured to create a single blood
flow image from a plurality of blood flow images including
the interpolated blood flow image.

17. The apparatus according to claim 13, wherein

the ultrasonic scanning unit repeats scanning while chang-
ing a scanning position in the interior of the subject, and

the image generation unit generates a single blood flow
image concerning an arbitrary cross section from a plu-
rality of blood flow images including the interpolated
blood flow image.
18. The apparatus according to claim 17, wherein the ultra-
sonic scanning unit repeats three-dimensional scanning for a
three-dimensional region in the subject.

19. An ultrasonic diagnosis apparatus comprising:
an ultrasonic probe;

an ultrasonic scanning unit configured to repeatedly scan
an interior of an subject with an ultrasonic wave via the
ultrasonic probe and repeatedly acquire echo signals;

an image generation unit configured to generate data of a
plurality of images based on the echo signals;

an interpolation processing unit configured to divide the
plurality of images into a plurality of groups in accor-
dance with a periodic motion phase of a specific part,
and interpolates a specific image using images of imme-
diately preceding and succeeding motion phases in each
group; and

a display image generation unit configured to generate a
single image from a plurality of images including the
interpolated image.
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