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(for example, an area sandwiched between the subject graph
and the reference graph) may be used.

[0059] A resultofthe determination made by the normality/
abnormality determination unit 34 is displayed in, for
example, the monitor 14 (step S7).

[0060] Although a result of the determination made by the
normality/abnormality determination unit 4 is displayed in
step S7 in the above description, Only the rate of change
calculated in step S4 or the graph (the subject graph) gener-
ated in step S5 as a parameter for determining whether the
subject P is normal or abnormal may be displayed in the
monitor 14, or the subject graph and the reference graph may
be displayed so that they can be compared with each other.

[0061] It is to be noted that, in this embodiment, the ultra-
sonic Doppler image input by the image filter unit 31 is a
three-dimensional image in the description, but the ultrasonic
Doppler image may be a two-dimensional image. In this case,
a predetermined range (constituent elements) may be defined
as a size and a shape of an operator so that a rate of change of
the number of pixels constituting a bloodstream present
region included in each of the ultrasonic Doppler images
before and after the opening processing can be calculated.

[0062] Furthermore, in this embodiment, the opening pro-
cessing in the morphological operation is executed as the
noise reduction processing using the noise reduction filter in
the above explanation, but processing other than the opening
processing may be executed as the noise reduction process-
ing, and it is possible to execute processing by using an image
filter that can extract features of a shape (a distribution) of the
bloodstream signal such as a low-pass filter based on Fourier
transformation (in the case of the low-pass filter, the operator
is a cutoff frequency) or a smoothing filter for images. More-
over, it is also possible to adopt a threshold filter that hides a
flow rate value or a power value that is not greater than a
threshold value (in the case of the threshold filter, the operator
is a cutoff threshold value), an erosion filter using the mor-
phological operation, a median filter that substitutes an inter-
mediate value in a kernel domain for a pixel value at the center
in the kernel domain (in the case of the median filter, the
operator is in a kernel range), and others. It is to be noted that,
according to the erosion filter, there is carried out processing
for leaving only pixels that overlap when an image A is
arranged to overlap an image A' obtained by moving the
image A for a length corresponding to several pixels in a
direction of the constituent elements. In the case of this ero-
sion filter, the operator is a moving length of the image A'
corresponding to pixels.

[0063] Additionally, in this embodiment, although the fea-
ture information representing an amount of change in the
number of image constituent elements with respect to a
change in characteristics of the filter is generated by varying
the definition of the operator in the opening processing that is
executed with respect to the ultrasonic Doppler image in the
above description, other parameters may be varied as a
change in characteristics of the filter. Specifically, for
example, it is possible to change transmission power or a
frequency when the ultrasonic wave is transmitted from the
ultrasonic probe 12 or a temperature on a scan surface of the
subject P. In this case, there is generated feature information
indicative of an amount of change in the number of image
constituent elements (for example, the number of voxels)
constituting a bloodstream present region included in the
ultrasonic Doppler image with respect to such a change.
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[0064] It is to be noted that, in regard to a frequency when
the ultrasonic wave is transmitted from the ultrasonic probe
12, for example, a center frequency can be changed in the
range of 2 MHz to 6 MHz.

[0065] Further, a temperature on a scan surface of the sub-
ject P can be changed by, for example, providing a heater to
the ultrasonic probe 12 or utilizing heat generation when the
ultrasonic probe 12 operates. It is to be noted that a tempera-
ture on the scan surface of the subject P can be detected by, for
example, disposing a temperature sensor to the ultrasonic
probe 12 in advance.

[0066] Furthermore, in the ultrasonic diagnostic apparatus
10, there is a technology for carrying out one set of ultrasonic
transmission/reception, which is repeatedly performed while
reversing a phase polarity on the same scan line, or one set of
ultrasonic transmission/reception, which is repeatedly per-
formed while changing an amount of amplitude modulation,
on the same scan line more than once, combining a plurality
of sets of reflection wave data received as a result of the
ultrasonic transmission/reception, and generating an image
by using the combined sets of reflection wave data (which
will be referred to as a pulse subtraction repeat transmission/
reception technology hereinafter). According to this technol-
ogy, a band corresponding to a frequency band of the trans-
mitted ultrasonic wave is suppressed from the reflection wave
data obtained by combining one set of reflection wave data,
and a plurality of sets of extracted non-linear component data
are combined. Based on this combination of the sets, non-
linear component data having an excellent signal-to-noise
ratio (an SN ratio)can be extracted.

[0067] Inthe case of the ultrasonic diagnostic apparatus 10
to which this pulse subtraction repeat transmission/reception
technology is applied, it is possible to generate feature infor-
mation indicative of an amount of change in the number of
image constituent elements (the number of voxels) constitut-
ing a bloodstream present region included in the ultrasonic
Doppler image with respect to a change in number of sets of
ultrasonic transmission/reception performed based on such a
pulse subtraction repeat transmission/reception technology.
[0068] Moreover, in this embodiment, although the image
constituent elements constituting the bloodstream present
region included in the ultrasonic Doppler image can be
extracted by filtering the ultrasonic Doppler image in the
above description, this embodiment can be applied to ultra-
sonic images other than the ultrasonic Doppler image. Spe-
cifically, image constituent elements (for example, voxels)
constituting a region of microstructures included in an ultra-
sonic image like a B-mode image may be extracted by execut-
ing, for example, contrast false alarm rate (CFAR) processing
on the ultrasonic image. In this case, feature information
indicative of an amount of change in the number of image
constituent elements (the number of voxels) with respect to a
change in, for example, kernel of the CFAR filter or in trans-
mission power or frequency of the ultrasonic wave is gener-
ated. Likewise, image constituent elements (for example,
voxels) constituting a region of a predetermined luminance
range included in an ultrasonic image like a B-mode image
may be extracted by filtering the ultrasonic image. In this
case, for example, feature information indicative of an
amount of change in the number of image constituent ele-
ments (the number of voxels) with respect to a change in
luminance range is generated.

[0069] That is, this embodiment can be applied to a situa-
tion where the number of image constituent elements consti-
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tuting a specific region included in an ultrasonic image varies
with respect to a comprehensive change in characteristics
including, for example, transmission power or a frequency of
the ultrasonic wave.

[0070] As described above, in this embodiment, the ultra-
sonic wave is transmitted or received to or from the subject
through the ultrasonic probe, an echo signal concerning a
scan surface is generated, data of'an ultrasonic Doppler image
concerning a rate or power of bloodstream of the subject
associated with the scan surface is generated based on the
echo signal, the noise reduction processing is executed with
respect to the ultrasonic Doppler image, and feature informa-
tion indicative of dependence of a rate of change in the num-
ber of image constituent elements (the number of voxels or
the number of pixels) constituting a bloodstream present
region included in the ultrasonic Doppler image caused by the
noise reduction processing with respect to a change in filter
characteristics of the noise reduction filter is generated,
whereby features of a distribution of a bloodstream signal
included in the ultrasonic Doppler image can be quantita-
tively extracted. That is, the feature information generated in
this embodiment represents features of a bloodstream confor-
mation (a distribution), the dependence on the selection of a
region of interest is low, and hence robustness is higher than
that of the number of image constituent elements simply
constituting the bloodstream present region.

[0071] Additionally, in this embodiment, when the gener-
ated feature information is compared with feature informa-
tion that is stored in the database and serves as a reference,
whether the bloodstream conformation of the subject P is
normal or abnormal can be determined.

[0072] Further, in this embodiment, since the generated
feature information is displayed by using an index of a
numerical value or a graphic form, an examiner can evaluate
the bloodstream conformation of the subject P based on the
index.

[0073] TItisto be noted that, in this embodiment, features of
a distribution of the bloodstream signal are quantitatively
extracted from an ultrasonic Doppler image obtained by the
ultrasonic diagnostic apparatus 10 in the above description,
but any other ultrasonic image such as a B-mode image can be
adopted as a target. Further, an image obtained by any other
diagnostic device such as an X-ray device, a CT device, or an
MRI device may be used as a target. That is, this embodiment
enables quantitatively extracting features of a distribution of
a signal in an image even though this is an image other than an
ultrasonic Doppler image obtained by the ultrasonic diagnos-
tic apparatus 10. Furthermore, in general, Doppler scan can
detect not only the bloodstream but also “movement of a
moving tissue” like a cardiac wall, for example. That is, since
not only the bloodstream but also moving objects in general in
the subject can be detected in the ultrasonic Doppler image, it
is also possible to quantitatively extract features of a distri-
bution of a moving object (i.e., a signal other than the blood-
stream signal) that moves in the subject from the ultrasonic
Doppler image.

[0074] Moreover, in this embodiment, whether the subject
P is normal or abnormal is determined by extracting features
of a distribution of a bloodstream signal (a bloodstream
present region) included in a ultrasonic Doppler image in the
above description, but a vascular structure or the like can be
determined in accordance with features of the distribution of
the bloodstream signal. Specifically, in a case where a degree
of noise reduction of the noise reduction filter is increased, if
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a change in number of pixels in an image is large, it can be
determined that “many fine blood vessels are included or fine
bloodstream distributions disperse due to inflammation of a
tissue”. On the contrary, if a change in number of pixels in the
image is small, it can be determined that “many thick blood
vessels are included”.

[0075] Additionally, in this embodiment, although the ref-
erence graph stored in the normality/abnormality database
28c includes a graph which is generated when the processing
of steps S1 to S5 is executed with respect to an ultrasonic
Doppler image of a normal or abnormal subject in the above
description, the reference graph that can serve as a reference
for the subject graph can suffice. Specifically, the normality/
abnormality database 28¢ may store, for example, a graph that
is generated by executing the same processing on an ultra-
sonic Doppler image obtained from symmetrical regions of
interest (for example, a right knee and a left knee, or a right
kidney and a left kidney) with respect to a region of interest
from which an ultrasonic Doppler image of the subject P can
be acquired. As a result, for example, when features of distri-
butions of bloodstream signals in the corresponding left and
right regions of interest in the subject P are compared, nor-
mality or abnormality of the subject P can be determined.
Furthermore, reference graphs associated with various kinds
of disease conditions may be prepared in the normality/ab-
normality database 28¢ in advance, and the reference graphs
may be compared with the subject graph, whereby a disease
condition of the subject P can be identified. Besides, for
example, when subject graphs of the same subject are previ-
ously generated before and after an surgical operation and
these graphs are compared, a degree of prognostic improve-
ment can be determined.

[0076] 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 diagnostic apparatus comprising:

an ultrasonic probe;

an ultrasonic transmission/reception unit which transmits
or receives ultrasonic waves to or from a subject through
the ultrasonic probe and generates an echo signal relat-
ing to a scan surface;

an image generation unit which generates an ultrasonic
image relating to the scan surface based on the echo
signal,

a filter which executes filter processing with respect to the
ultrasonic image and extracts image constituent ele-
ments; and

feature information generation unit which generates fea-
ture information indicative of an amount of change in
number of the extracted image constituent elements with
respect to a change in characteristics of the filter.

2. The apparatus according to claim 1,

wherein the filter executes noise reduction processing with
respect to the ultrasonic image as the filter processing.
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3. The apparatus according to claim 1, further comprising:

adatabase which previously stores feature information that
serves as a reference with respect to the generated fea-
ture information; and

a determination unit which compares the generated feature
information with the feature information that is stored in
the data base and serves as the reference, and determines
whether the generated feature information is normal or
abnormal based on a result of the comparison.

4. The apparatus according to claim 1, further comprising
adisplay processing unit which displays the generated feature
information in the form of an index of a numerical value or a
graphic form.

5. The apparatus according to claim 1,

wherein the image generation unit generates an ultrasonic
Doppler image indicative of a rate or power of blood-
stream of the subject, and

the filter executes the filter processing with respect to the
ultrasonic Doppler image and extracts image constituent
elements constituting a bloodstream present region
included in the ultrasonic Doppler image.

6. The apparatus according to claim 1,

wherein the filter executes contrast false alarm rate (CFAR)
processing with respect to the ultrasonic image and
extracts image constituent elements constituting a
region of microstructures included in the ultrasonic
image.

7. The apparatus of claim 1,

wherein the filter executes the filter processing with respect
to the ultrasonic image and extracts image constituent
elements constituting a region of a predetermined lumi-
nance range included in the ultrasonic image.

8. A medical image processing apparatus comprising:

an image storage unit which stores an ultrasonic image;

a filter which executes filter processing with respect to the
ultrasonic image and extracts image constituent ele-
ments; and

a feature information generation unit which generates fea-
ture information indicative of an amount of change in
number of the extracted image constituent elements with
respect to a change in characteristics of the filter.

9. The apparatus according to claim 8,

wherein the filter executes noise reduction processing with
respect to the ultrasonic image as the filter processing.

10. The apparatus according to claim 8, further compris-
ing:

adatabase which previously stores feature information that
serves as a reference with respect to the generated fea-
ture information; and

a determination unit which compares the generated feature
information with the feature information that is stored in
the data base and serves as the reference, and determines
whether the generated feature information is normal or
abnormal based on a result of the comparison.

11. The apparatus according to claim 8, further comprising
adisplay processing unit which displays the generated feature
information in the form of an index of a numerical value or a
graphic form.

12. The apparatus according to claim 8,

wherein the ultrasonic image comprises an ultrasonic Dop-
pler image indicative of a rate or power of bloodstream
of the subject, and

the filter executes the filter processing with respect to the
ultrasonic Doppler image and extracts image constituent
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elements constituting a bloodstream present region
included in the ultrasonic Doppler image.

13. The apparatus according to claim 8,

wherein the filter executes contrast false alarm rate (CFAR)

processing with respect to the ultrasonic image and
extracts image constituent elements constituting a
region of microstructures included in the ultrasonic
image.

14. The apparatus according to claim 8,

wherein the filter executes the filter processing with respect

to the ultrasonic image and extracts image constituent
elements constituting a region of a predetermined lumi-
nance range included in the ultrasonic image.
15. A medical image processing method which is executed
by a medical image processing apparatus comprising an
image storage unit which stores an ultrasonic image, the
method comprising:
executing filter processing with respect to the ultrasonic
image and extracting image constituent elements; and

generating feature information indicative of an amount of
change in number of the extracted image constituent
elements with respect to a change in characteristics in
the filter processing.

16. The method according to claim 15,

wherein the executing comprises executing noise reduction

processing with respect to the ultrasonic image as the
filter processing.

17. The method according to claim 15,

wherein the medical image processing apparatus com-

prises a database which previously stores feature infor-
mation that serves as a reference with respect to the
generated feature information, and

the method further comprises comparing the generated

feature information with the feature information that is
stored in the data base and serves as the reference, and
determining whether the generated feature information
is normal or abnormal based on a result of the compari-
Son.

18. The method according to claim 15, further comprising
displaying the generated feature information in the form of an
index of a numerical value or a graphic form.

19. The method according to claim 15,

wherein the ultrasonic image comprises an ultrasonic Dop-

pler image indicative of a rate or power of bloodstream
of the subject, and

the executing comprises executing the filter processing

withrespect to the ultrasonic Doppler image and extract-
ing image constituent elements constituting a blood-
stream present region included in the ultrasonic Doppler
image.

20. The method according to claim 15,

wherein the executing comprises executing contrast false

alarm rate (CFAR) processing with respect to the ultra-
sonic image and extracting image constituent elements
constituting a region of microstructures included in the
ultrasonic image.

21. The method according to claim 15,

wherein the executing comprises executing the filter pro-

cessing with respect to the ultrasonic image and extract-
ing image constituent elements constituting a region of a
predetermined luminance range included in the ultra-
sonic image.
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ULTRASONIC DIAGNOSTIC APPARATUS,
MEDICAL IMAGE PROCESSING
APPARATUS, AND MEDICAL IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2012-
006036, filed Jan. 16, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, a medical image process-
ing apparatus, and a medical image processing method.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus is a diagnostic
apparatus that displays an image of intravital information; it is
inexpensive and free from danger of radiation exposure as
compared with other image diagnostic apparatuses such as an
X-ray diagnostic apparatus or an X-ray computed tomo-
graphic apparatus, and utilized as a useful apparatus for non-
invasive observation in real time. The ultrasonic diagnostic
apparatus can be widely applied, and it is applied to a diag-
nosis of a circulatory organ such as the heart, an abdominal
part such as the liver or a kidney, a peripheral blood vessel,
obstetrics and gynecology, or breast cancer.

[0004] Meanwhile, in orthopedics or a diagnosis of rheu-
matism and the like, generally, bloodstream information of a
region of interest is acquired by using the ultrasonic diagnos-
tic apparatus, and a health condition of a subject is ascertained
through an amount and a conformation of the bloodstream.
[0005] In recent years, an amount of bloodstream in a
region of interest is represented by, for example, the number
of pixels expressing a bloodstream signal (the number of
pixels constituting a bloodstream present region) in an ultra-
sonic image (for example, a color Doppler image or a power
Doppler image) including the bloodstream signal represent-
ing that a rate or power of the bloodstream is not lower than a
fixed value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1isaview showing a block configuration of an
ultrasonic diagnostic apparatus 10 according to an embodi-
ment;

[0007] FIG.2 isaview for explaining the detail of an image
generation circuit 24 depicted in FIG. 1;

[0008] FIG. 3 isaview for explaining the detail of an image
processing unit;

[0009] FIG. 4 is a flowchart showing a processing proce-
dure of the image processing unit 30 depicted in FIG. 3;
[0010] FIG. 5 is a view showing an example of a three-
dimensional ultrasonic Doppler image obtained when a finger
ofasubject P who is anormal person is determined as aregion
of interest;

[0011] FIG. 6 is a view showing an example of a three-
dimensional ultrasonic Doppler image obtained when a finger
of a subject P who is a rheumatic is determined as a region of
interest; and
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[0012] FIG. 7 is a view showing an example of a graph
produced when image processing is executed on the ultra-
sonic Doppler images shown in FIG. 5 and FIG. 6.

DETAILED DESCRIPTION

[0013] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus comprises an ultrasonic probe, an
ultrasonic transmission/reception unit, an image data genera-
tion unit, a filter, and a feature information generation unit.
The ultrasonic transmission/reception unit transmits/receives
ultrasonic waves to/from a subject through the ultrasonic
probe and generates an echo signal relating to a scan surface.
The image generation unit generates an ultrasonic image
relating to the scan surface based on the echo signal. The filter
executes filter processing with respect to the ultrasonic image
and extracts image constituent elements. The feature infor-
mation generation unit generates feature information indica-
tive of an amount of change in number of the extracted image
constituent elements with respect to a change in characteris-
tics of the filter.

[0014] The ultrasonic diagnostic apparatus according to
this embodiment will now be described hereinafter with ref-
erence to the drawings. It is to be noted that, in the following
description, like reference numerals denote constituent ele-
ments having substantially the same functions and structures,
and a duplicate description will be given only when it is
necessary.

[0015] FIG.1is aview showingablock configuration of the
ultrasonic diagnostic apparatus 10 according to this embodi-
ment. As shown in FIG. 1, the ultrasonic diagnostic apparatus
10 comprises an ultrasonic diagnostic apparatus main body
(which will be simply referred to as an apparatus main body
hereinafter) 11, an ultrasonic probe 12, an input device 13,
and amonitor 14. Further, the apparatus main body (a medical
image processing apparatus) 11 comprises a transmission/
reception unit 21, a B-mode processing unit 22, a Doppler
processing unit 23, an image generation circuit 24, a control
processor (CPU) 25, an internal memory 26, an interface unit
27, and a memory unit 28 having an image memory 28a and
a software storage unit 28b. It is to be noted that the transmis-
sion/reception unit 21 or the like included in the apparatus
main body 11 is constituted of hardware such as an integrated
circuit in some cases, but it may be a software program
modularized in terms of software. A function of each con-
stituent element will now be described hereinafter.

[0016] The ultrasonic probe 12 has piezoelectric vibrators
each of which generates an ultrasonic wave based on a drive
signal from the transmission/reception unit 21 and converts a
reflected wave from a subject P into an electrical signal,
matching layers provided to the piezoelectric vibrators, a
backing material that prevents the ultrasonic wave from being
propagated toward the rear side from the piezoelectric vibra-
tors, and others. When the ultrasonic wave is transmitted from
the ultrasonic probe 12 to the subject P, the transmitted ultra-
sonic wave is sequentially reflected on discontinuous surfaces
with acoustic impedances of body tissues, turned to an echo
signal, and received by the ultrasonic probe 12. An amplitude
of this echo signal is dependent on a difference between
acoustic impedances on the discontinuous surfaces where the
ultrasonic wave is reflected. Further, an echo when an ultra-
sonic pulse to be transmitted is reflected on moving blood-
stream or a surface of a cardiac wall or the like is subjected to
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frequency shift while being dependent on a speed component
of'a moving body in an ultrasonic transmitting direction due
to the Doppler effect.

[0017] The input device 13 is connected to the apparatus
main body 11 and has a trackball 13a, various switches/
buttons 135, a mouse 13¢, a keyboard 13d, and others con-
figured to fetch various instructions from an operator, condi-
tions, a setting instruction of a region of interest (ROI),
various image quality condition setting instructions, and oth-
ers.

[0018] Themonitor 14 displays morphological information
or bloodstream information in a biological body as an image
based on a video signal from the image generation circuit 24.

[0019] The transmission/reception unit 21 has a non-illus-
trated trigger generation circuit, a delay circuit, a pulsar cir-
cuit, and others. The pulsar circuit repeatedly generates a rate
pulse configured to form an ultrasonic wave to be transmitted
ata predetermined rate frequency fr Hz (a cycle; 1/fr second).
Further, the delay circuit supplies a delay time required for
converging the ultrasonic wave into a beam shape in accor-
dance with each channel and determining transmission direc-
tivity to each rate pulse. The trigger generation circuit applies
a drive pulse to the ultrasonic probe 12 at a timing based on
this rate pulse.

[0020] TItis to be noted that the transmission/reception unit
21 has a function that enables instantaneously changing a
transmission frequency, a transmission drive voltage, or the
like in accordance with an instruction from the control pro-
cessor 25. In regard to changing the transmission drive volt-
age in particular, this change can be realized by a linear
amplification type transmission circuit that can instanta-
neously change a voltage or a mechanism that electrically
switches power supply units.

[0021] Furthermore, the transmission/reception unit 21 has
an amplification circuit, an analog-to-digital converter, an
adder, and others which are not shown. The amplification
circuit amplifies the echo signal fetched through the ultra-
sonic probe 12 in accordance with each channel. The analog-
to-digital converter supplies a delay time required for deter-
mining reception directivity with respect to the amplified
echo signal, and then the adder executes addition processing.
Based on this addition, a reflection component from a direc-
tion associated with the reception directivity of the echo
signal is emphasized, and a comprehensive beam for ultra-
sonic transmission/reception is formed based on the reception
directional characteristic and the transmission directivity.

[0022] The B-mode processing unit 22 receives the echo
signal from the transmission/reception unit 21, executes loga-
rithm amplification, envelope demodulation processing, or
the like, and generates data that represents signal strength by
using luminance. This data is transmitted to the image gen-
eration circuit 24 and displayed in the monitor 14 as a B-mode
image representing the signal strength by using the lumi-
nance.

[0023] The Doppler processing unit 23 executes frequency
analysis of the rate information from the echo signal received
from the transmission/reception unit 21, extracts blood-
stream, tissue, and contrast medium echo components
obtained by the Doppler effect, and acquires bloodstream
information such as an average rate, dispersion, power, and
the like at multiple points. The obtained bloodstream infor-
mation is supplied to the image generation circuit 24 and
displayed in the monitor 14 as an average rate image, a dis-
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persion image, a power image, and an image which is a
combination of these images in colors.

[0024] Theimage generation circuit 24 converts a scan line
signal string of ultrasonic scan into a scan line signal string in
a general video format as typified by TV and the like and
generates an ultrasonic diagnostic image as a display image.
The ultrasonic diagnostic image generated by the image gen-
eration circuit 24 includes an ultrasonic Doppler image or the
like associated with, for example, a scan surface of the subject
P generated based on the echo signal concerning the scan
surface. It is to be noted that this ultrasonic Doppler image is
an image concerning a rate or power of the bloodstream in the
subject P and it includes a bloodstream signal indicating that,
for example, a rate or power of the bloodstream in the subject
P has a fixed value or a higher value. The image generation
circuit 24 has a storage memory that stores image data
mounted thereon, and an operator can call an image recorded
during an examination after a diagnosis, for example. It is to
be noted that data that has not been input to the image gen-
eration circuit 24 may be referred to as “raw data” in some
cases.

[0025] Here, FIG. 2 shows the detail of the image genera-
tion circuit 24. As shown in FIG. 2, the image generation
circuit 24 includes a signal processing circuit 24a, a scan
converter 245, and an image processing circuit 24c.

[0026] First, the signal processing circuit 24a executes fil-
tering for, for example, determining image quality on a scan
line level of the ultrasonic scan. An output from the signal
processing circuit 24a is supplied to the scan converter 245
and also stored in the image memory 284 in the memory unit
28.

[0027] The scan converter 245 converts a scan line signal
string of the ultrasonic scan into a scan line signal string in a
general video format as typified by TV and the like. An output
from the scan converter 245 is transmitted to the image pro-
cessing circuit 24¢.

[0028] Inthe image processing circuit 24¢, an output from
the scan converter 245 is subjected to image processing for
adjustment of luminance or contrast, a space filtering or the
like, or combined with character information or scale marks
of various setting parameters, or the like, and a resultant
signal is output to the monitor 14 as a video signal. In this
manner, a tomogram image representing a subject tissue
shape is displayed.

[0029] The control processor 25 has a function as an infor-
mation processing device (a computer) and is controlling
means that controls an operation of the apparatus main body
11. The control processor 25 reads a control program config-
ured to execute, for example, later-described image process-
ing from the internal memory 26, develops it on the software
storage unit 285 in the memory unit 28, and executes arith-
metic operations/control or the like concerning various kinds
or processing.

[0030] The internal memory 26 stores, for example, the
above-described control program, diagnostic information (a
patient ID, a doctor’s remark, and others), a diagnostic pro-
tocol, transmission/reception conditions, and any other data
groups. Further, the internal memory 26 is used for, for
example, storage of images in the image memory 28a as
required. Data in the internal memory 26 can be transferred to
a peripheral device outside the ultrasonic diagnostic appara-
tus 10 through an interface unit 27.

[0031] The interface unit 27 is an interface concerning the
input device 13, a network, and a new external storage device



US 2013/0184583 Al

(not shown). Data of an ultrasonic image and the like, an
analysis result, and others obtained in the ultrasonic diagnos-
tic apparatus 10 can be transferred to other devices by using
the interface unit 27 through the network.

[0032] It is to be noted that the image memory 28a is
formed of a storage memory that stores various kinds of
image data (for example, the ultrasonic Doppler image). This
image data can be called by, for example, an operator after a
diagnosis, and it can be reproduced like a still image or a
moving image that uses pieces of data. Further, the image
memory 28a stores an output signal immediately after the
transmission/reception unit 21 (which is called a radio-fre-
quency [RF] signal), an image luminance signal obtained
after passing through the B-mode processing unit 22 or the
Doppler processing unit 23, other raw data, image data
acquired through the network, and others as required.
[0033] An operation of the ultrasonic diagnostic apparatus
10 according to this embodiment will now be described here-
inafter. In the ultrasonic diagnostic apparatus 10 according to
this embodiment, image processing for quantitatively extract-
ing, for example, features of a distribution of a bloodstream
signal is executed. This image processing is executed by the
image processing unit in the ultrasonic diagnostic apparatus
10. It is to be noted that this image processing unit is realized
when the control processor 25 executes the control program
stored in the internal memory 26.

[0034] Here, FIG. 3 shows the detail of the image process-
ing unit. As shown in FIG. 3, the image processing unit 30
includes an image filter unit 31, a rate-of-change calculation
unit 32, and a graph generation unit 33.

[0035] The image filter unit 31 receives, for example, an
ultrasonic Doppler image including a bloodstream signal
indicating that a rate or power of the bloodstream is equal to
or above a fixed value from the image memory 28a. Accord-
ing to the bloodstream signal included in this ultrasonic Dop-
pler image, a bloodstream present region in a region of inter-
est is shown in the ultrasonic Doppler image. It is to be noted
that the ultrasonic Doppler image input by the image filter 31
is a two-dimensional or three-dimensional image.

[0036] The image filter unit 31 changes the bloodstream
signal included in the input ultrasonic Doppler image by a
function of the image processing filter. Alternatively, it
changes each pixel displayed as the bloodstream in the ultra-
sonic Doppler image by the function of the image processing
filter. The image filter unit 31 has, for example, a noise reduc-
tion filter that executes noise reduction processing (filter pro-
cessing) with respect to the ultrasonic Doppler image. The
ultrasonic Doppler images before and after the noise reduc-
tion processing are transferred to the rate-of-change calcula-
tion unit 32.

[0037] Therate-of-change calculation unit 32 compares the
ultrasonic Doppler images before and after the noise reduc-
tion processing. As a result, the rate-of-change calculation
unit 32 calculates a rate of change in the number of image
constituent elements constituting the bloodstream present
region included in each ultrasonic Doppler image (i.e., the
number of image constituent elements representing the
bloodstream signal in the ultrasonic Doppler image) caused
due to the noise reduction processing. It is to be noted that the
number of image constituent elements constituting the blood-
stream present region included in the ultrasonic Doppler
image is the number of voxels (three-dimensional pixels)
constituting the bloodstream present region when the ultra-
sonic Doppler image is a three-dimensional image, and it is
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the number of pixels constituting the bloodstream present
region when the ultrasonic Doppler image is a two-dimen-
sional image. Moreover, the rate-of-change calculation unit
32 calculates a rate of change associated with of filter char-
acteristics of the noise reduction filter. The rate of change
calculated by the rate-of-change calculation unit 32 is trans-
ferred to the graph generation unit 33.

[0038] The graph generation unit 33 generates feature
information (for example, a graph) indicating dependence of
the rate of change calculated by the rate-of-change calcula-
tion unit 32 with respect to a change in filter characteristics of
the noise reduction filter (an amount of change with respect to
a change in characteristics of the filter). The feature informa-
tion generated by the graph generation unit 33 is displayed in
the monitor 14 in the form of an index of a numerical value or
a graphic form.

[0039] Here, although omitted in FIG. 1, the memory unit
30 has a normality/abnormality database 28¢. This normality/
abnormality database 28¢ stores feature information that
serves as a reference with respect to the feature information
generated by the graph generation unit 33 in advance.
[0040] A normality/abnormality determination unit 34
compares the feature information generated by the graph
generation unit 33 with the feature information that is stored
in the normality/abnormality database 28¢ and serves as a
reference and thereby determines whether the feature infor-
mation generated by the graph generation unit 33 (i.e., the
subject P from which the ultrasonic Doppler image used for
generating the feature information is obtained) is normal or
abnormal. It is to be noted that the determination result
obtained by the normality/abnormality determination unit 34
is displayed in, for example, the monitor 14.

[0041] A processing procedure of the image processing
unit 30 shown in FIG. 3 will now be described with reference
to a flowchart in FIG. 4.

[0042] First, the image filter unit 31 included in the image
processing unit 30 receives, for example, an ultrasonic Dop-
pler image including the bloodstream signal stored in the
image memory 28a (step S1). It is to be noted that the ultra-
sonic Doppler image received by the image filter unit 31 is a
three-dimensional image in the following description.
[0043] Then, the image filter unit 31 executes the noise
reduction processing with respect to (the bloodstream signal
included in) the ultrasonic Doppler image input through the
noise reduction filter.

[0044] The noise reduction processing executed by the
image filter unit 31 will now be specifically explained. In the
following description, as the noise reduction processing,
opening processing in the morphological operation (which
will be simply referred to as opening processing hereinafter)
is executed. It is to be noted that the morphological operation
is processing used for various kinds of image processing such
as feature extraction of an image or noise reduction.

[0045] Inthis case, the image filter unit 31 defines an opera-
tor (a structural element representing a range where an opera-
tion is executed in the opening processing) required in the
opening processing (step S2). At this time, the image filter
unit 31 defines, for example, a size and a shape of the operator.
Here, it is assumed that, as the size and the shape of the
operator, a spherical voxel having a predetermined radius (for
example, a radius 1) is defined. The image filter unit 31 uses
the defined operator and executes the opening processing
with respect to the ultrasonic Doppler image (step S3). In the
opening processing, for example, each finer bloodstream
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structure than the defined operator (a portion of the blood-
stream present region represented by the bloodstream signal)
is weighted, and the bloodstream structure is removed from
the ultrasonic Doppler image. That is, the ultrasonic Doppler
image after execution of the opening processing is an image
from which a part (i.e., noise) of the bloodstream present
region included in the ultrasonic Doppler image before
execution of the opening processing has been removed.

[0046] Then, the rate-of-change calculation unit 32 com-
pares the ultrasonic Doppler images before and after the
opening processing and calculates a rate of change of the
number of voxels (a bloodstream count) constituting the
bloodstream present region included in the ultrasonic Dop-
pler image (step S4). In this case, the rate of change of the
number of voxels constituting the bloodstream present region
is represented as “the number of voxels constituting the
bloodstream present region included in the ultrasonic Dop-
pler image after the opening processing/the number of voxels
constituting the bloodstream present region included in the
ultrasonic Doppler image before the opening processing”
when the number of voxels constituting the bloodstream
present region included in the Ultrasonic Doppler image
before the opening processing is normalized as 1. It is to be
noted that the thus calculated rate of change is hardly affected
by selection of, for example, a position of the region of
interest.

[0047] 1t is to be noted that, when the definition of the
operator (the size and the shape of the operator) is changed, a
degree of removal of the bloodstream present region in the
ultrasonic Doppler image varies. In this embodiment, it is
assumed that such a definition of an operator (filter charac-
teristics) is appropriately changed and the rate of change is
calculated in accordance with each definition of the operator.
In other words, the processing of steps S2 to S4 is repeated in
accordance with, for example, each definition of the operator.

[0048] Then, the graph generation unit 33 generates, for
example, a graph (which will be referred to as a subject graph
hereinafter) as feature information representing dependence
of the rate of change calculated by the rate-of-change calcu-
lation unit 32 with respect to a change in definition of the
operator (the filter characteristics) (step S5). In the subject
graph, the rate of change calculated for each of the definitions
of the operator is shown.

[0049] Here, FIG. 5 shows an example of a three-dimen-
sional ultrasonic Doppler image (which will be referred to as
an ultrasonic Doppler image of a normal person) obtained
when a finger of the subject P who is the normal person is
determined as a region of interest. Further, FIG. 6 shows an
example of a three-dimensional ultrasonic Doppler image
(which will be referred to as an ultrasonic Doppler image of a
rheumatic hereinafter) obtained when a finger of the subject P
who is a rheumatic is determined as a region of interest.

[0050] As shown in FIG. 5 and FIG. 6, a bloodstream
present region (a bloodstream signal) included in the ultra-
sonic Doppler image of the rheumatic extensively spreads as
compared with the bloodstream present region included in the
ultrasonic Doppler image of the normal person due to, for
example, inflammation of a rheumatic region (namely, there
are many fine structures). That is, the bloodstream of the
rheumatic (the bloodstream present region included in the
ultrasonic Doppler image of the rheumatic) is characterized
in that it is in disorder as compared with that of the normal
person.
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[0051] FIG.7 shows an example of a graph generated when
the processing of steps S1 to S5 (the image processing) is
executed with respect to the ultrasonic Doppler images shown
in FIG. 5 and FIG. 6. It is to be noted that FIG. 7 shows each
rate of change when the size of the operator (here, a radius) is
changed from 1 to 7.

[0052] As described above, since the bloodstream present
region included in the ultrasonic Doppler image of the rheu-
matic is in disorder as compared with the bloodstream present
region included in the ultrasonic Doppler image of the normal
person (i.e., conformations of the bloodstream are different),
when the size of the operator (the radius) is changed from 1 to
7, different curves are drawn depending on the normal person
and the rheumatic as shown in FIG. 7. Specifically, since
many fine portions of the bloodstream present region (blood-
stream structures) are present in the ultrasonic Doppler image
of the rheumatic, even if the size of the operator is relatively
small, these structures are removed by the opening process-
ing. Therefore, in the graph generated from the ultrasonic
Doppler image of the rheumatic, the rate of change calculated
as described intensively varies from a lower level of the
operator size and the rate of change more rapidly approxi-
mates zero as compared with the graph generated from the
ultrasonic Doppler image of the normal person.

[0053] As described above, in this embodiment, when the
image processing is executed, the features of the distribution
of the bloodstream present region (the bloodstream signal)
included in the ultrasonic Doppler image can be quantita-
tively extracted as shown in FIG. 7.

[0054] Again referring to FIG. 4, the normality/abnormal-
ity determination unit 34 acquires (a graph representing) fea-
ture information that is stored in the normality/abnormality
database 28¢ and serves as areference. Itis to be noted that the
graph (which will be referred to as a reference graph herein-
after) that is stored in the normality/abnormality database 28¢
and serves as a reference includes a graph (which will be
referred to as a normality graph or an abnormality graph
hereinafter) generated by, for example, executing the process-
ing of steps S1 to S5 with respect to the three-dimensional
ultrasonic

[0055] Doppler image of the normal or abnormal subject.
[0056] The normality/abnormality determination unit 34
compares the subject graph with the acquired reference graph
and thereby determines whether a curve (i.e., the subject P)
drawn in the graph generated by the graph generation unit 33
is normal or abnormal (step S6). For example, in a case where
the reference graph is a normal graph, it can be determined
thatthe subject P is normal if the subject graph is similar to the
normal graph, or it can be determined that the subject P is
abnormal if the subject graph is largely different from the
normal graph. On the other hand, in a case where the refer-
ence graph is, for example, an abnormal graph, if the subject
graph is similar to the abnormal graph, it can be determined
that the subject P is abnormal.

[0057] As a specific example, when a correlation coeffi-
cient of the normal graph and the subject graph is calculated
and a correlation coefficient of the abnormal graph and the
subject graph is likewise calculated, it is possible to deter-
mined normality or abnormality in accordance with the graph
having the calculated high correlation coefficient.

[0058] Itisto benoted that, in the normality or abnormality
determination processing in step S6, an absolute quantitative
index (for example, a rate of change of the normalized num-
ber of voxels) may be used, or a relative quantitative index
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