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IMAGE PROCESSING APPARATUS AND
ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-129714, filed on Jun. 30, 2017; and Japanese Patent
Application No. 2018-89822, filed on May 8, 2018, the
entire contents of all of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an image processing apparatus and an ultrasound diagnosis
apparatus.

BACKGROUND

[0003] Conventionally, judgment of whether a tumor is
malignant or benign is made by performing biopsy with a
tissue collected by a needle puncture or by performing an
image diagnosis process to evaluate the uptake amount of a
contrast agent. Because the needle puncture and adminis-
tration of the contrast agent both take trouble, there is a
demand for developing a method for making the judgment
in an easy and convenient manner without involving those
manipulations.

[0004] For example, it is reported that at least 5% of the
total population have a hemangioma, which is one type of
benign tumor. Accordingly, if it were possible to easily and
conveniently determine whether a site suspected to have a
tumor has a hemangioma or not, it would be helpful for
discriminating hemangiomas from other types of tumors.
However, because hemangiomas are tumors having little
blood flow, it is difficult to detect hemangiomas through
non-contrast imaging processes such as those using a Dop-
pler mode or the like.

[0005] Incidentally, it is known that hemangiomas appear
as a “fluttering” phenomenon in B-mode images obtained by
ultrasound diagnosis apparatuses. There are various theories
about what causes the fluttering phenomenon. It is safe to
say that, although not having completely been elucidated,
the fluttering phenomenon is one of characteristic observa-
tions from hemangiomas. However, it would be difficult,
even for skilled medical doctors, to diagnose hemangiomas
only from observing such fluttering in a B-mode image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.11is ablock diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus accord-
ing to a first embodiment;

[0007] FIG. 2 is a drawing for explaining a fluttering
phenomenon exhibited by a hemangioma;

[0008] FIG. 3 is a flowchart illustrating a processing
procedure performed by an ultrasound diagnosis apparatus
according to the first embodiment;

[0009] FIG. 4 is a flowchart illustrating a processing
procedure in an index value calculating process according to
the first embodiment;

[0010] FIG. 5 is a drawing for explaining a difference
calculating process performed by image processing circuitry
according to the first embodiment;
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[0011] FIG. 6 is a drawing for explaining a process per-
formed by a calculating function according to the first
embodiment;

[0012] FIG. 7 is a drawing for explaining a process
performed by an index image generating function according
to the first embodiment;

[0013] FIG. 8 is a drawing for explaining a difference
calculating process performed by the image processing
circuitry according to a modification example of the first
embodiment;

[0014] FIG. 9 is another drawing for explaining the dif-
ference calculating process performed by the image process-
ing circuitry according to the modification example of the
first embodiment;

[0015] FIG. 10 is a flowchart illustrating a processing
procedure in an index value calculating process according to
a second embodiment;

[0016] FIG. 11 is a block diagram illustrating an exem-
plary configuration of an image processing apparatus
according to another embodiment;

[0017] FIG. 12 is a drawing for explaining a filtering
process according to yet another embodiment;

[0018] FIG. 13 is another drawing for explaining the
filtering process according to said yet another embodiment;
and

[0019] FIGS. 14A and 14B are conceptual diagrams illus-
trating an orthogonal coordinate transformation.

[0020] FIG. 15 is a drawing for explaining a converting
process according to yet another embodiment.

DETAILED DESCRIPTION

[0021] An image processing apparatus according to an
embodiment includes processing circuitry. The processing
circuitry is configured to perform a speckle noise reducing
process on each of a plurality of images that were acquired
by using an ultrasound wave and are in a time series. The
processing circuitry is configured to calculate an index value
indicating fluttering of image signal intensities in each of
multiple positions within a region of interest, on the basis of
the plurality of images resulting from the speckle noise
reducing process.

[0022] Exemplary embodiments of an image processing
apparatus and an ultrasound diagnosis apparatus will be
explained below, with reference to the accompanying draw-
ings. The embodiments described below are not limited by
the explanations below. Further, it is possible to combine
each of the embodiments with any other embodiment or
conventional technique, so long as no conflict occurs in the
contents of the processing.

[0023] Further, in the embodiments below, an example
will be explained in which the present disclosure is applied
to an ultrasound diagnosis apparatus; however, possible
embodiments are not limited to this example. For instance,
the present disclosure is applicable not only to ultrasound
diagnosis apparatuses, but also to image processing appa-
ratuses and other medical image diagnosis apparatuses hav-
ing a function of processing images. Examples of applicable
image processing apparatuses include workstations and Pic-
ture Archiving Communication System (PACS) viewers.
Examples of other medical image diagnosis apparatuses
include opto-ultrasound diagnosis apparatuses (opto-acous-
tic imaging apparatuses), X-ray diagnosis apparatuses,
X-ray Computed Tomography (CT) apparatuses, Magnetic
Resonance Imaging (MRI) apparatuses, Single Photon
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Emission Computed Tomography (SPECT) apparatuses,
Positron Emission computed Tomography (PET) appara-
tuses, SPECT-CT apparatuses in each of which a SPECT
apparatus is combined with an X-ray CT apparatus, PET-CT
apparatuses in each of which a PET apparatus is combined
with an X-ray CT apparatus, or a group of apparatuses
including any of these apparatuses.

First Embodiment

[0024] FIG. 1is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus 1 accord-
ing to a first embodiment. As illustrated in FIG. 1, the
ultrasound diagnosis apparatus 1 according to the first
embodiment includes an apparatus main body 100, an ultra-
sound probe 101, an input interface 102, and a display 103.
The ultrasound probe 101, the input interface 102, and the
display 103 are connected so as to be able to communicate
with the apparatus main body 100. An examined subject
(hereinafter, “patient”) P is not included in the configuration
of the ultrasound diagnosis apparatus 1.

[0025] The ultrasound probe 101 includes a plurality of
transducer elements (e.g., piezoelectric transducer ele-
ments). Each of the plurality transducer elements is config-
ured to generate an ultrasound wave on the basis of a drive
signal supplied thereto from transmitting and receiving
circuitry 110 included in the apparatus main body 100
(explained later).

[0026] Further, each of the plurality of transducer ele-
ments included in the ultrasound probe 101 is configured to
receive a reflected wave from the patient Pand to convert the
received reflected wave into an electrical signal. Further, the
ultrasound probe 101 includes matching layers provided for
the transducer elements, as well as a backing member or the
like that prevents ultrasound waves from propagating rear-
ward from the transducer elements.

[0027] When an ultrasound wave is transmitted from the
ultrasound probe 101 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of discon-
tinuity of acoustic impedances at a tissue in the body of the
patient P and is received as a reflected-wave signal (an echo
signal) by each of the plurality of transducer elements
included in the ultrasound probe 101. The amplitude of the
received reflected-wave signal is dependent on the differ-
ence between the acoustic impedances on the surface of
discontinuity on which the ultrasound wave is reflected.
[0028] When a transmitted ultrasound pulse is reflected on
the surface of a moving blood flow, a cardiac wall, or the
like, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity com-
ponent of the moving members with respect to the ultra-
sound wave transmission direction.

[0029] Further, the first embodiment is applicable to any
of the following situations: The ultrasound probe 101 illus-
trated in FIG. 1 is a one-dimensional ultrasound probe in
which the plurality of piezoelectric transducer elements are
arranged in a row; The ultrasound probe 101 is a one-
dimensional ultrasound probe in which the plurality of
piezoelectric transducer elements arranged in a row are
mechanically caused to swing; and The ultrasound probe
101 is a two-dimensional ultrasound probe in which the
plurality of piezoelectric transducer elements are two-di-
mensionally arranged in a grid formation.

[0030] The input interface 102 corresponds to a mouse, a
keyboard, a button, a panel switch, a touch command screen,
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a foot switch, a trackball, a joystick, and/or the like. For
example, the input interface 102 is configured to receive
various types of setting requests from the operator of the
ultrasound diagnosis apparatus 1 and to transfer the received
various types of setting requests to the apparatus main body
100.

[0031] The display 103 is configured to display a Graphi-
cal User Interface (GUT) used by the operator of the ultra-
sound diagnosis apparatus 1 to input the various types of
setting requests through the input interface 102 and to
display ultrasound image data generated by the apparatus
main body 100 or the like.

[0032] The apparatus main body 100 is an apparatus
configured to generate the ultrasound image data on the
basis of the reflected-wave signals received by the ultra-
sound probe 101. As illustrated in FIG. 1, the apparatus main
body 100 includes the transmitting and receiving circuitry
110, signal processing circuitry 120, image processing cir-
cuitry 130, an image memory 140, storage 150, and pro-
cessing circuitry 160. The transmitting and receiving cir-
cuitry 110, the signal processing circuitry 120, the image
processing circuitry 130, the image memory 140, the storage
150, and the processing circuitry 160 are connected so as to
be able to communicate with one another.

[0033] The transmitting and receiving circuitry 110
includes a pulse generator, a transmission delay unit, a
pulser, and the like and is configured to supply the drive
signal to the ultrasound probe 101. The pulse generator is
configured to repeatedly generate a rate pulse used for
forming a transmission ultrasound wave, at a predetermined
rate frequency. Further, the transmission delay unit is con-
figured to apply a delay period that is required to converge
the ultrasound wave generated by the ultrasound probe 101
into the form of a beam and to determine transmission
directionality and that corresponds to each of the piezoelec-
tric transducer elements, to each of the rate pulses generated
by the pulse generator. Further, the pulser is configured to
apply the drive signal (a drive pulse) to the ultrasound probe
101 with timing based on the rate pulses. In other words, by
varying the delay periods applied to the rate pulses, the
transmission delay unit is able to arbitrarily adjust the
transmission directions of the ultrasound waves transmitted
from the surfaces of the piezoelectric transducer elements.
[0034] In this sitvation, the transmitting and receiving
circuitry 110 has a function that is able to instantly change
the transmission frequency, the transmission drive voltage,
and the like, for the purpose of executing a predetermined
scanning sequence on the basis of an instruction from the
processing circuitry 160 (explained later). In particular, the
function to change the transmission drive voltage is realized
by using a linear-amplifier-type transmission circuit of
which the value can be instantly switched or by using a
mechanism configured to electrically switch between a
plurality of power source units.

[0035] Further, the transmitting and receiving circuitry
110 includes a pre-amplifier, an Analog/Digital (A/D) con-
verter, a reception delay unit, an adder, and the like and is
configured to generate reflected-wave data by performing
various types of processes on the reflected-wave signals
received by the ultrasound probe 101. The pre-amplifier is
configured to amplify the reflected-wave signal for each of
the channels. The A/D converter is configured to perform an
A/D conversion on the amplified reflected-wave signals. The
reception delay unit is configured to apply a delay period
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required to determine reception directionality thereto. The
adder is configured to generate the reflected-wave data by
performing an adding process on the reflected-wave signals
processed by the reception delay unit. As a result of the
adding process performed by the adder, reflected compo-
nents from the direction corresponding to the reception
directionality of the reflected-wave signals are emphasized.
A comprehensive beam for the ultrasound transmission and
reception is formed according to the reception directionality
and the transmission directionality.

[0036] When scanning a two-dimensional region of the
patient P, the transmitting and receiving circuitry 110 causes
the ultrasound probe 101 to transmit an ultrasound beam in
a two-dimensional direction. Further, the transmitting and
receiving circuitry 110 generates two-dimensional reflected-
wave data from the reflected-wave signals received by the
ultrasound probe 101. As another example, when scanning a
three-dimensional region of the patient P, the transmitting
and receiving circuitry 110 causes the ultrasound probe 101
to transmit an ultrasound beam in a three-dimensional
direction. Further, the transmitting and receiving circuitry
110 generates three-dimensional reflected-wave data from
the reflected-wave signals received by the ultrasound probe
101.

[0037] For example, the signal processing circuitry 120 is
configured to generate data (B-mode data) in which the
signal intensity is expressed by a degree of brightness for
each sampling point, by performing a logarithmic amplifi-
cation, an envelope detection process, and/or the like on the
reflected-wave data received from the transmitting and
receiving circuitry 110. The B-mode data generated by the
signal processing circuitry 120 is output to the image
processing circuitry 130.

[0038] Further, for example, from the reflected-wave data
received from the transmitting and receiving circuitry 110,
the signal processing circuitry 120 is configured to generate
data (Doppler data) obtained by extracting, from each sam-
pling point in the scanned region, motion information based
on the Doppler effect on the moving members. More spe-
cifically, the signal processing circuitry 120 generates the
data (the Doppler data) obtained by extracting moving
member information such as average velocity, dispersion,
power, and the like with respect to multiple points, by
performing a frequency analysis to obtain velocity informa-
tion from the reflected-wave data and extracting blood
flows, tissues, contrast agent echo components based on the
Doppler effect. In this situation, examples of the moving
members include blood flows, tissues such as cardiac walls,
and the contrast agent. The motion information (blood flow
information) obtained by the signal processing circuitry 120
is forwarded to the image processing circuitry 130 and is
displayed on the display 103 in color as an average velocity
image, a dispersion image, a power image, or an image
combining any of these images.

[0039] The image processing circuitry 130 is configured to
generate the ultrasound image data from the data generated
by the signal processing circuitry 120. The image processing
circuitry 130 is configured to generate B-mode image data in
which intensities of the reflected waves are expressed by
degrees of brightness, from the B-mode data generated by
the signal processing circuitry 120. Further, the image
processing circuitry 130 is configured to generate Doppler
image data expressing the moving member information from
the Doppler data generated by the signal processing circuitry
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120. The Doppler image data is velocity image data, dis-
persion image data, power image data, or image data com-
bining any of these types of image data.

[0040] In this situation, generally speaking, the image
processing circuitry 130 converts (by performing a scan
convert process) a scanning line signal sequence from an
ultrasound scan into a scanning line signal sequence in a
video format used by, for example, television and generates
display-purpose ultrasound image data. More specifically,
the image processing circuitry 130 generates the display-
purpose ultrasound image data by performing a coordinate
transformation process compliant with the ultrasound scan-
ning mode used by the ultrasound probe 101. Further, as
various types of image processing processes besides the scan
convert process, the image processing circuitry 130 per-
forms, for example, an image processing process (a smooth-
ing process) to re-generate a brightness average value image,
an image processing process (an edge enhancement process)
that uses a differential filter inside an image, or the like, by
using a plurality of image frames resulting from the scan
convert process. Also, the image processing circuitry 130
combines additional information (text information of vari-
ous parameters, scale graduations, body marks, and the like)
with the ultrasound image data.

[0041] In other words, the B-mode data and the Doppler
data are each ultrasound image data before the scan convert
process. The data generated by the image processing cir-
cuitry 130 is the display-purpose ultrasound image data after
the scan convert process. When the signal processing cir-
cuitry 120 has generated three-dimensional data (three-
dimensional B-mode data and three-dimensional Doppler
data), the image processing circuitry 130 generates volume
data by performing a coordinate transformation process in
accordance with the ultrasound scanning mode used by the
ultrasound probe 101. Further, the image processing cir-
cuitry 130 generates the display-purpose two-dimensional
image data by performing any of various types of rendering
processes on the volume data.

[0042] The image memory 140 is a memory configured to
store therein the display-purpose images generated by the
image processing circuitry 130. Further, the image memory
140 is also capable of storing therein any of the data
generated by the signal processing circuitry 120. After a
diagnosis process, for example, the operator is able to
invoke any of the B-mode data and the Doppler data stored
in the image memory 140. The invoked B-mode data and
Doppler-data can serve as display-purpose ultrasound image
data after being routed through the image processing cir-
cuitry 130. When the description of the present embodiment
simply uses the term “image”, not only display-purpose
images in which colors are assigned to the pixels, but also
data sequences (which may be referred to as “image data”)
in which coordinates of the pixels are kept in correspon-
dence with pixel values (signal values) may be referred to
thereby.

[0043] The storage 150 is configured to store therein
control programs for performing ultrasound transmissions
and receptions, image processing processes, and display
processes as well as various types of data such as diagnosis
information (e.g., patient’s 1Ds, medical doctors’ observa-
tions), diagnosis protocols, various types of body marks, and
the like. Further, the storage 150 may be used, as necessary,
for saving therein any of the image data stored in the image
memory 140 and the like. Further, the data stored in the
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storage 150 may be transferred to an external apparatus via
a communication-purpose interface (not illustrated).

[0044] The processing circuitry 160 is configured to con-
trol the overall processes performed by the ultrasound
diagnosis apparatus 1. More specifically, the processing
circuitry 160 is configured to control processes performed
by the transmitting and receiving circuitry 110, the signal
processing circuitry 120, and the image processing circuitry
130, on the basis of the various types of setting requests
input by the operator via the input interface 102 and the
various types of control programs and various types of data
read from the storage 150. Further, the processing circuitry
160 is configured to exercise control so that the display 103
displays any of the display-purpose ultrasound image data
stored in the image memory 140.

[0045] Further, as illustrated in FIG. 1, the processing
circuitry 160 executes a calculating function 161, an index
image generating function 162, and an output controlling
function 163. The calculating function 161 is an example of
a calculating unit. The index image generating function 162
is an example of an image generating unit. The output
controlling function 163 is an example of an output con-
trolling unit.

[0046] In this situation, for example, the processing func-
tions executed by the constituent elements of the processing
circuitry 160 illustrated in FIG. 1, namely, the calculating
function 161, the index image generating function 162, and
the output controlling function 163, are each recorded in a
storage device (e.g., the storage 150) of the ultrasound
diagnosis apparatus 1 in the form of a computer-executable
program. The processing circuitry 160 is a processor con-
figured to realize the functions corresponding to the pro-
grams by reading and executing the programs from the
storage device. In other words, the processing circuitry 160
that has read the programs has the functions illustrated in the
processing circuitry 160 in FIG. 1. The processing functions
executed by the calculating function 161, the index image
generating function 162, and the output controlling function
163 will be explained later.

[0047] Incidentally, it is known that hemangiomas, which
are a type of benign tumors, appear as a “fluttering” phe-
nomenon in B-mode images obtained by the ultrasound
diagnosis apparatus 1. There are various theories about what
causes the fluttering phenomenon. It is safe to say that,
although not having completely been elucidated, the flutter-
ing phenomenon is one of characteristic observations from
hemangiomas.

[0048] FIG. 2 is a drawing for explaining the fluttering
phenomenon exhibited by a hemangioma. FIG. 2 illustrates
a B-mode image taken of the liver of the patient P. As
illustrated in FIG. 2, the hemangioma is rendered as a
shadow (a region rendered with brightness levels that are
different from those for other tissues) in a region R1 within
aregion of interest RO set in the B-mode image. The shadow
of the hemangioma has a characteristic of being exhibited as
spatial and temporal fluttering. In other words, the shadow
of the hemangioma is exhibited as “spatial fluttering” where
parts having higher degrees of brightness are present while
being mixed with parts having lower degrees of brightness
within the region R1, and also, as “temporal fluttering”
where the degree of brightness in the same position chrono-
logically rises and falls.

[0049] However, in some situations, it may be difficult to
diagnose hemangiomas only from observing such fluttering
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in a B-mode image. To cope with this situation, the ultra-
sound diagnosis apparatus 1 according to the first embodi-
ment executes the processing functions explained below, to
quantitatively evaluate such fluttering in images or to
emphasize the position of the fluttering.

[0050] In the embodiments described below, an example
will be explained in which the fluttering phenomenon of a
hemangioma rendered in B-mode images is evaluated; how-
ever, possible embodiments are not limited to this example.
For instance, the present disclosure makes it possible to
quantitatively evaluate changes not only of hemangiomas
but of any tissue exhibiting such a fluttering phenomenon in
images. Further, the present disclosure also makes it possible
to evaluate the fluttering phenomenon not only in B-mode
images, but also in other types of ultrasound images such as
Doppler images and medical images taken by other types of
medical image diagnosis apparatuses.

[0051] In the ultrasound diagnosis apparatus 1 according
to the first embodiment, the image processing circuitry 130
is configured to perform a speckle noise reducing process on
each of a plurality of images that were acquired by using an
ultrasound wave and are in a time series. The calculating
fanction 161 is configured to calculate an index value
indicating fluttering of image signal intensities in each of
multiple positions within a region of interest, on the basis of
the plurality of images resulting from the speckle noise
reducing process. As a result, the ultrasound diagnosis
apparatus 1 is able to quantitatively evaluate the fluttering in
the images.

[0052] Further, for example, in the ultrasound diagnosis
apparatus 1 according to the first embodiment, the index
image generating function 162 is configured to generate a
parametric image on the basis of the index values with
respect to the multiple positions within the region of interest.
As a result, the operator is able to browse the extent of
fluttering in the image.

[0053] A processing procedure performed by the ultra-
sound diagnosis apparatus 1 according to the first embodi-
ment will be explained, with reference to FIGS. 3 and 4.
FIG. 3 is a flowchart illustrating a processing procedure
performed by the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment. FIG. 4 is a flowchart illustrating
a processing procedure in an index value calculating process
according to the first embodiment. For example, the pro-
cessing procedure illustrated in FIG. 3 is started when an
instruction is received from the operator indicating that a
parametric image be displayed. The processing procedure
illustrated in FIG. 4 corresponds to the process at step S104
in FIG. 3.

[0054] Further, the following explanations will refer to
FIGS. 5t0 7. FIG. 5 is a drawing for explaining a difference
calculating process performed by the image processing
circuitry 130 according to the first embodiment. FIG. 6 is a
drawing for explaining a process performed by the calcu-
lating function 161 according to the first embodiment. FIG.
7 is a drawing for explaining a process performed by the
index image generating function 162 according to the first
embodiment.

[0055] At step S101, the processing circuitry 160 judges
whether or not the processes are to be started. For example,
when an instruction is received from the operator indicating
that a parametric image be displayed, the processing cir-
cuitry 160 determines that the processes are to be started
(step S101: Yes) and starts the processes at step S102 and
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thereafter. On the contrary, when the processes are not to be
started (step S101: No). the processes at step S102 and
thereafter are not started, and the processing functions are in
a standby state.

[0056] When the judgment result at step S101 is in the
affirmative, the image processing circuitry 130 reads a
plurality of images that are in a time series at step S102. For
example, the image processing circuitry 130 reads pieces of
B-mode image data corresponding to a plurality of temporal
phases and being arranged in a time series, from the image
memory 140. In a specific example, the image processing
circuitry 130 reads N pieces of B-mode image data in the
first to N-th frames, from the image memory 140 (where N
is a natural number). Further, with respect to the processes
described below, the processing target may be pieces of
B-mode image data corresponding to the entire scanned
region on which the ultrasound scan was performed or may
be only the pieces of image data of the region of interest.
Further, in the processes described below, an example will
be explained in which the plurality of images corresponding
to the N consecutive frames serve as the processing target;
however, possible embodiments are not limited to this
example. For instance, the processing target may be images
obtained by thinning out every other frame from the images
in the first to the N-th frames.

[0057] In the following sections, an example will be
explained in which the N pieces of B-mode image data have
already been taken and stored in the image memory 140 in
advance; however, possible embodiments are not limited to
this example. For instance, the image processing circuitry
130 may obtain the generated N pieces of B-mode image
data in a real-time manner. In that situation, for example,
after step S101, the operator performs an ultrasound scan to
obtain N frames by using the ultrasound probe 101. After
that, the image processing circuitry 130 is able to generate
the pieces of B-mode image data corresponding to the N
frames, on the basis of the pieces of B-mode data corre-
sponding to the N frames acquired in the ultrasound scan.
[0058] At step S103, the image processing circuitry 130
performs a movement correcting process to correct move-
ments between images on the plurality of images. For
example, the read N pieces of B-mode image data include
movements between images (positional shifts) caused by the
operator not holding the imaging device steadily or by body
movements (e.g., heartbeats). For this reason, the image
processing circuitry 130 identifies the positional shifts in the
images by performing a tracking process on the N pieces of
B-mode image data. After that, the image processing cir-
cuitry 130 generates a series of pieces of B-mode image data
containing no positional shifts in the time direction, by
correcting the identified positional shifts in the images.
[0059] At step S104, an index value calculating process is
performed. The index value calculating process is performed
by the image processing circuitry 130 and the calculating
function 161. The process performed at steps S201 through
S208 as the index value calculating process will be
explained, with reference to FIG. 4. The process at steps
S201 through S203 corresponds to a process of emphasizing
temporal fluttering (fluctuations in the pixel values). Further,
the process at steps S204 through S208 corresponds to a
process of calculating index values.

[0060] At step S201, the image processing circuitry 130
performs a Low-Pass Filter (LPF) process in the time
direction (the frame direction) on the plurality of images.
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For example, the image processing circuitry 130 applies an
LPF such as a moving average filter, a median filter, or the
like to pixel values that are arranged in the frame direction
and of which the quantity is equal to N, with respect to the
pixels in the B-mode images of which the quantity is equal
to N. As a result, the image processing circuitry 130 is able
to reduce radio frequency noise such as spike noise in the
time direction, within the image signal intensities in the time
direction. In this situation, the pixel values (brightness
values) serve as an example of the image signal intensities.
[0061] At step S202, the image processing circuitry 130
performs a speckle noise reducing process on the plurality of
images resulting from the LPF process. For example, the
image processing circuitry 130 applies, in the spatial direc-
tion, a median filter to the B-mode images of which the
quantity is equal to N. As a result, the image processing
circuitry 130 is able to reduce spike noise and speckle noise
in the spatial direction. The image processing circuitry 130
forwards the B-mode images of which the quantity is equal
to N and on which the speckle noise reducing process has
been performed, to the processing circuitry 160.

[0062] At step S203, the image processing circuitry 130
generates a plurality of difference images, by performing a
difference calculating process between images by using a
frame interval that is set in advance.

[0063] In this situation, it is considered that the image
signal intensities of the plurality of B-mode images in the
time series have mixed therein a fluttering component as a
background (hereinafter, “background component”), in
addition to a fluttering component caused by the heman-
gioma (hereinafter, “hemangioma component”). The flutter-
ing as the background includes fluttering caused by various
factors such as, for example, fluttering caused by tissues of
the liver, fluttering caused by manipulations of the operator,
fluttering caused by capability of the apparatus, fluttering
caused by speckles, and the like. Thus, the image processing
circuitry 130 performs the difference calculating process for
the purpose of eliminating, from the image signal intensities
of the B-mode images, any fluttering component having a
frequency different from the frequency of the fluttering
caused by the hemangioma.

[0064] The difference calculating process performed by
the image processing circuitry 130 according to the first
embodiment will be explained, with reference to FIG. 5.
FIG. 5 illustrates a process of generating a difference image
(bottom) from a B-mode image (top) by performing the
difference calculating process. More specifically, the top
section of FIG. 5 illustrates a chronological fluctuation in the
pixel value of a certain pixel in B-mode images. Further, the
bottom section of FIG. 5 illustrates a chronological fluctua-
tion in the pixel value (the difference value) of the certain
pixel in difference images. In FIG. 5, M denotes a natural
number. Further, M-4, M-3, M-2, M-1, M, M+1, and M+2
are each a value included in the range from 1 to N.

[0065] As illustrated in FIG. 5, the image signal intensities
of the plurality of B-mode images in the time series include
a hemangioma component (the solid line in the top section
of FIG. 5) and a background component (the broken line in
the top section of FIG. 5). In this situation, when one cycle
of the background component corresponds to four frames,
the background component in the M-th frame and the
background component in the (M-4)-th frame are substan-
tially equal to each other. Thus, the image processing
circuitry 130 cancels out the background components by
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subtracting the pixel value in the (M=4)-th frame from the
pixel value in the M-th frame. As a result, the image
processing circuitry 130 emphasizes the hemangioma com-
ponent in the M-th frame.

[0066] Similarly, the image processing circuitry 130
emphasizes the hemangioma component in the (M+1)-th
frame by subtracting the pixel value in the (M-3)-th frame
from the pixel value in the (M+1)-th frame. Further, the
image processing circuitry 130 emphasizes the hemangioma
component in the (M+2)-th frame by subtracting the pixel
value in the (M-2)-th frame from the pixel value in the
(M+2)-th frame.

[0067] In this manner, the image processing circuitry 130
performs the difference calculating process between the
B-mode images by using a frame interval of “4”. More
specifically, with respect to each of the pixels in the B-mode
images of which the quantity is equal to N, the image
processing circuitry 130 calculates a difference value from
the pixel value in the same position four frames ago (the
bottom section of FIG. 5). After that, by assigning the
calculated difference value to each of the pixels, the image
processing circuitry 130 generates difference images of
which the quantity is equal to N-4. Subsequently, the image
processing circuitry 130 forwards the generated difference
images of which the quantity is equal to N-4, to the
processing circuitry 160. In this situation, the frame interval
is set in advance (preset) in accordance with the image
taking site and the capability of the apparatus (the type of the
ultrasound probe 101, the scan sequence, and the like.).
[0068] Theillustration in FIG. 5 is merely an example, and
possible embodiments are not limited to this example. For
instance, although FIG. 5 illustrates the example in which
the frame interval is “4”, the value of the frame interval is
not limited to the one in this example. It is possible to set any
arbitrary value.

[0069] Further, although FIG. 5 illustrates the example in
which the frame interval is preset, possible embodiments are
not limited to this example. For instance, the frame interval
may be changed by the operator via the input interface 102.
In that situation, the operator designates (changes) the frame
interval while browsing the parametric image displayed as a
result of the process explained below. After that, the image
processing circuitry 130 performs the difference calculating
process by using the frame interval designated by the
operator. When the operator changes the frame interval, for
example, the chart in the top section of FIG. 5 may be
displayed on the display 103. Further, the parameter desig-
nated by the operator does not necessarily have to be the
frame interval, but may be any other parameter that can be
converted into a frame interval, such as the frequency, the
cycle, or the like.

[0070] Returning to the description of FIG. 4, at step S204,
with respect to each of the plurality of difference images, the
calculating function 161 obtains the absolute value of the
pixel value of each of the pixels. In this situation, the
difference value of each of the pixels in the difference
images may be a negative value. For this reason, the
calculating function 161 obtains the absolute value of the
difference value of each of the pixels. As a result, it is
possible to express the fluttering caused by the hemnan-
gioma included in the difference images, by using positive
values.

[0071] At step S205, with respect to each of the plurality
of difference images, the calculating function 161 calculates
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a summation value obtained by adding together the absolute
value of each of the pixels and absolute values of surround-
ing pixels thereof. For example, by using a small region (a
kernel), the calculating function 161 adds together the
absolute value of each of the pixels and the absolute values
of the surrounding pixels thereof.

[0072] As one example, let us discuss a situation in which
asmall region having a 3x3 rectangular shape is used. In that
situation, the calculating function 161 sets a small region in
each of the difference images in such a manner that the
center of the small region corresponds to a pixel of interest.
At this time, present in the small region are the pixel of
interest and eight surrounding pixels that are positioned in
the surroundings of the pixel of interest. The calculating
function 161 calculates, as a summation value of the pixel of
interest, a sum of the absolute value of the pixel of interest
and the absolute values of the eight surrounding pixels.

[0073] In this manner, with respect to each of the pixels in
the plurality of difference images, the calculating function
161 calculates a summation value with the surrounding
pixels thereof. Although the example was explained in
which the region having the 3x3 rectangular shape is used as
the small region, possible embodiments are not limited to
this example. It is possible to use a region having any
arbitrary shape and size.

[0074] At step S206, with respect to each of the plurality
of images resulting from the speckle noise reducing process,
the calculating function 161 calculates an average value of
the pixel value of each of the pixels and the pixel values of
the surrounding pixels thereof. For example, by using a
small region, the calculating function 161 calculates the
average value of the pixel value of each of the pixels and the
pixel values of the surrounding pixels thereof.

[0075] As one example, let us discuss a situation in which
asmall region having a 3x3 rectangular shape is used. In that
situation, the calculating function 161 sets a small region in
each of the B-mode images in such a manner that the center
of the small region corresponds to a pixel of interest. In that
situation, present in the small region are the pixel of interest
and eight surrounding pixels that are positioned in the
surroundings of the pixel of interest. The calculating func-
tion 161 calculates an average value of the pixel value of the
pixel of interest and the pixel values of the eight surrounding
pixels.

[0076] In this manner, with respect to each of the pixels in
the plurality of B-mode images, the calculating function 161
calculates an average value with the surrounding pixels
thereof. Although the example was explained in which the
region having the 3x3 rectangular shape is used as the small
region, possible embodiments are not limited to this
example. It is possible to use a region having any arbitrary
shape and size.

[0077] At step S207, for each of the pixels, the calculating
function 161 calculates a quotient value obtained by divid-
ing the summation value by the average value. For example,
the calculating function 161 divides the summation value of
each of the pixels in the M-th frame by the average value of
the pixel in the M-th frame. In this situation, the summation
value is the value calculated in the process at step S205. The
average value is the value calculated in the process at step
S206. Thus, the calculating function 161 calculates the
quotient value of each of the pixels for each of the frames
(the temporal phases).
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[0078] At step S208, the calculating function 161 calcu-
lates an index value by adding together, in the time direction,
the quotient values of each of the pixels. For example, the
calculating function 161 calculates the index value by add-
ing together the quotient values of a pixel in mutually the
same position in the plurality of frames.

[0079] An example of the process performed by the cal-
culating function 161 according to the first embodiment will
be explained with reference to FIG. 6. In FIG. 6, “Quotient
Value (X1,Y1)” denotes the quotient value in a pixel posi-
tion (X1,Y1). Further, “Index Value (X1,Y1)” denotes the
index value in the pixel position (X1,Y1). With reference to
FIG. 6, an example will be explained in which an index
value of each of the pixels contained in the region of interest
RO in FIG. 2 is to be calculated.

[0080] As illustrated in the top section of FIG. 6, the
calculating function 161 adds together quotient values (X1,
Y1) in mutually the same position in the first to the N-th
frames. In this situation, it is safe to say that the summation
value is a value obtained by adding together the fluctuation
in the time direction in each frame, with respect to the
frames of which the quantity is equal to N. Accordingly, the
calculating function 161 outputs the summation value (a
total) as an index value (X1,Y1) indicating fluttering corre-
sponding to the N frames (the bottom section of FIG. 6).
[0081] In this manner, with respect to each of the pixels
(the positions), the calculating function 161 calculates the
index value indicating fluttering in the N-th frame, on the
basis of the B-mode images in the first to the N-th frames of
which the quantity is equal to N. In this situation, each of the
index values indicates fluttering corresponding to the N
frames in the past.

[0082] Theillustration in FIG. 6 is merely an example, and
possible embodiments are no limited to this example. For
instance, FIG. 6 illustrates the example in which the partial
region of the B-mode images is set as the region of interest
RO; however, possible embodiments are not limited to this
example. For instance, when the entire scanned region of the
B-mode images is set as the region of interest RO, the
calculating function 161 is able to calculate an index value
of each of the pixels contained in the entire scanned region.
[0083] Further, for example, although FIG. 6 illustrates the
example in which the total of the quotient values in mutually
the same position in the N frames is calculated as the index
value, possible embodiments are not limited to this example.
For instance, the calculating function 161 may calculate a
statistical value of the quotient values in mutually the same
position in the N frames, as an index value. In other words,
the calculating function 161 is configured to calculate one
selected from between the total and a statistical value of the
quotient values of each of the pixels in the plurality of
images as the index value. As the statistical value, for
example, an average value, a median value, a standard
deviation, a variance, a sum of squares, or the like may be
used.

[0084] Returning to the description of FIG. 3, at step S105,
the index image generating function 162 generates a para-
metric image. For example, the index image generating
function 162 generates the parametric image by assigning a
color corresponding to the magnitude of each of the index
values output by the calculating function 161, to the perti-
nent pixel (position).

[0085] An example of the process performed by the index
image generating function 162 according to the first embodi-
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ment will be explained with reference to FIG. 7. FIG. 7
illustrates an example of the parametric image generated by
the index image generating function 162. With reference to
FIG. 7, an example will be explained in which an index
value is calculated for each of the pixels contained in the
region of interest RO illustrated in FIG. 2.

[0086] As illustrated in FIG. 7, the index image generating
function 162 generates a parametric image of a region R2
corresponding to the region of interest RO illustrated in FIG.
2. The parametric image is obtained by assigning a color
(degrees of hue, lightness, chroma, and the like) correspond-
ing to the magnitude of the index value of each of the pixels
contained in the region of interest RO to the pertinent
position in the region R2. In other words, the degrees of
darkness/lightness of the colors rendered in a region R3
within the region R2 are results of emphasizing the shadow
of the fluttering in the region R1 in FIG. 1.

[0087] Theillustration in FIG. 7 is merely an example, and
possible embodiments are not limited to this example. For
instance, FIG. 7 illustrates the example in which a partial
region of the B-mode images is set as the region of interest
RO; however, possible embodiments are not limited to this
example. For instance, when the entire scanned region of the
B-mode images is set as the region of interest R0, the index
image generating function 162 is able to generate a para-
metric image of the region corresponding to the entire
scanned region.

[0088] At step S106, the output controlling function 163
displays the parametric image. For example, the output
controlling function 163 causes the display 103 to display
the parametric image generated by the index image gener-
ating function 162. After that, the processing circuitry 160
ends the process.

[0089] The processing procedures illustrated in FIGS. 3
and 4 are merely examples, and possible embodiments are
not limited to the processing procedures illustrated in the
drawings. For example, the LPF process at step S201 and the
speckle noise reducing process at step S202 do not neces-
sarily have to be performed. Further, for example, the order
in which the LPF process at step S201 and the speckle noise
reducing process at step S202 may be exchanged with each
other.

[0090] Further, for instance, although FIG. 3 illustrates the
example in which the parametric image is displayed alone,
possible embodiments are not limited to this example. For
instance, the output controlling function 163 may display the
parametric image together with another medical image at the
same time. In one example, the output controlling function
163 may display the parametric image illustrated in FIG. 7
s0 as to be superimposed on the B-mode image illustrated in
FIG. 2 or so as to be positioned next to the B-mode image
illustrated in FIG. 2.

[0091] Further, for instance, although FIG. 3 illustrates the
example of an output mode in which the parametric image
is displayed, possible embodiments are not limited to this
example. For instance, the output controlling function 163
may output a representative value of the index values. In that
situation, the calculating function 161 calculates a represen-
tative value for a measured region, on the basis of the index
values in multiple positions within the measured region
corresponding to at least a part of the region of interest. For
example, when the operator sets the region R3 in FIG. 7 as
a measured region, the calculating function 161 calculates a
representative value by using the index values of the pixels
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in the region R3. In this situation, the representative value is,
for example, a statistical value such as an average value, a
median value, a maximum value, a minimum value, or the
like. Further, the output controlling function 163 causes the
display 103 to display the representative value for the region
R3 calculated by the calculating function 161.

[0092] Further, for example, the output controlling func-
tion 163 may display a histogram of the index values. The
histogram may be, for example, a chart in which the vertical
axis expresses frequency (the number of pixels), while the
horizontal axis expresses magnitudes of the index value.
When fluttering is detected, the chart of the histogram is
shifted sideways, as a whole, from a histogram correspond-
ing to a time when no fluttering is detected.

[0093] In other words, the output controlling function 163
is able to output information by using an output mode
selected, as appropriate, from among the parametric image,
the representative value, the histogram, and the like. Further,
the output destination to which the information is output by
the output controlling function 163 is not limited to the
display 103. For example, the output controlling function
163 may store the information to be output into the storage
150 or may transmit the information to an external appara-
tus.

[0094] Further, for example, FIG. 4 illustrates the example
in which, as the index value, the summation value is
calculated by adding together the quotient values of each of
the pixels in the time direction; however, possible embodi-
ments are not limited to this example. For instance, the
quotient values calculated at step S207 are also considered
as values indicating fluttering of the image signal intensities
in multiple positions. For this reason, the calculating func-
tion 161 may output the quotient values calculated at step
S207 as index values. In that situation, the process at step
S208 does not have to be performed.

[0095] As explained above, in the ultrasound diagnosis
apparatus 1 according to the first embodiment, the image
processing circuitry 130 is configured to perform the speckle
noise reducing process on each of the plurality of images
that were acquired by using the ultrasound wave and are in
the time series. The calculating function 161 is configured to
calculate the index value indicating the fluttering of the
image signal intensities in each of the multiple positions
within the region of interest, on the basis of the plurality of
images resulting from the speckle noise reducing process.
As a result, the ultrasound diagnosis apparatus 1 is able to
quantitatively evaluate the fluttering in the images.

[0096] Further, for example, as illustrated in FIG. 2, the
operator (a medical doctor) may find a shadow (the region
R1) in the B-mode images. In that situation, the operator
causes the display 103 to display the parametric image, by
using the ultrasound diagnosis apparatus 1 according to the
first embodiment. In this situation, when the shadow is
emphasized by using colors (brightness values) at a prede-
termined level or higher, as illustrated in the region R3 in
FIG. 7, the operator is able to learn that the site has fluttering
in the time direction. As a result, the operator is able to
determine that the shadow in the B-mode images represents
a hemangioma. Consequently, it is possible to easily and
conveniently discriminate hemangiomas, without perform-
ing the judgment process that uses a needle puncture or
administration of a contrast agent.

[0097] Further, for example, B-mode images may render
fluttering only in the spatial direction. For example, spatial
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fluttering may be exhibited due to speckles. In that situation,
it would be difficult to judge whether or not a hemangioma
is present only by observing the fluttering in the images.
However, because the ultrasound diagnosis apparatus 1
according to the first embodiment is able to detect the
fluttering in the time direction without detecting such flut-
tering that occurs only in the spatial direction, it is possible
to accurately discriminate hemangiomas.

[0098] Further, the fluttering component as the back-
ground (the background component) has a small impact on
the index values when the B-mode images have high degrees
of brightness, but has a large impact on the index values
when the B-mode images have low degrees of brightness.
Accordingly, when a site (e.g., the liver) having relatively
low degrees of brightness is observed, an impact of the
background component could be an issue. However, the
ultrasound diagnosis apparatus 1 according to the first
embodiment is configured to calculate the index values after
eliminating, from the image signal intensities, any fluttering
component having a frequency different from the frequency
of the fluttering. Consequently, the ultrasound diagnosis
apparatus 1 is able to accurately evaluate the fluttering in the
time direction, even from a site having relatively low
degrees of brightness.

[0099] Further, for example, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured
to calculate the index value indicating the fluttering of the
image signal intensities in each of the multiple positions
within the region of interest with respect to each of the
plurality of temporal phases, on the basis of each of the
plurality of images that were acquired by using the ultra-
sound wave and are in the time series. Further, the ultra-
sound diagnosis apparatus 1 is configured to calculate one
selected from between the sum and the statistical value of
the index values corresponding to the plurality of temporal
phases, with respect to each of the multiple positions within
the region of interest. With these arrangements, the ultra-
sound diagnosis apparatus 1 is able to quantitatively evalu-
ate the fluttering in the images.

[0100] A Modification Examples of the First Embodiment
[0101] In the first embodiment, the example is explained
in which the frame interval used in the difference calculating
process is set in advance. However, it is also possible to
automatically determine the frame interval.

[0102] For example, the image processing circuitry 130
may determine a frame interval in accordance with the
frequency of fluttering of image signal intensities included
in a region different from a measured region within a region
of interest. Further, the image processing circuitry 130
performs a difference calculating process by using the
determined frame interval.

[0103] The difference calculating process performed by
the image processing circuitry 130 according to a modifi-
cation example of the first embodiment will be explained,
with reference to FIGS. 8 and 9. FIGS. 8 and 9 are drawings
for explaining the difference calculating process performed
by the image processing circuitry 130 according to the
modification example of the first embodiment. FIG. 8 illus-
trates a B-mode image taken of the liver of the patient P.
FIG. 9 illustrates a chronological fluctuation in the pixel
value of a certain pixel in B-mode images.

[0104] Inthe example in FIG. 8, the operator sets a region
R4 in the region of interest RO. The region R4 is a region in
which liver tissues are rendered and that is different from the
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region R3 (the measured region) exhibiting the shadow. In
other words, the chronological fluctuations in the pixel
values in the region R4 include only the background com-
ponent, as illustrated in FIG. 9.

[0105] Accordingly, the image processing circuitry 130
calculates the frequency (or the cycle) of the background
component from the chronological fluctuation in the pixel
value illustrated in FIG. 9. After that, the image processing
circuitry 130 determines a frame interval in accordance with
the calculated frequency. In the example illustrated in FIG.
9, the image processing circuitry 130 determines the frame
interval to be “4”. After that, the image processing circuitry
130 performs the difference calculating process by using the
determined frame interval “4”. Because the details of the
difference calculating process are the same as those
explained with reference to FIG. 5, the explanation thereof
will be omitted.

[0106] With these arrangements, the ultrasound diagnosis
apparatus 1 according to the modification example of the
first embodiment is able to automatically determine the
frame interval to be used in the difference calculating
process. In this situation, the region R4 illustrated in FIG. 8
may be set manually by the operator or may be set auto-
matically. Further, when the operator changes the frame
interval, the chart in FIG. 9 may be displayed on the display
103, for example.

Second Embodiment

[0107] In the first embodiment above, the example is
explained in which the index values each indicating the
fluttering in the time direction are calculated after eliminat-
ing the background component of the fluttering in the time
direction; however, possible embodiments are not limited to
this example. For instance, the process of eliminating the
background component does not necessarily have to be
performed. Accordingly, as a second embodiment, an
example will be explained in which the ultrasound diagnosis
apparatus 1 does not perform the process of eliminating the
background component.

[0108] The ultrasound diagnosis apparatus 1 according to
the second embodiment has the same configuration as that of
the ultrasound diagnosis apparatus 1 illustrated in FIG. 1,
except that a part of the index value calculating process
illustrated in FIG. 3 is different. Thus, the second embodi-
ment will be explained while a focus is placed on differences
from the first embodiment. Explanations about the configu-
rations that were explained in the first embodiment will be
omitted.

[0109] A processing procedure performed by the ultra-
sound diagnosis apparatus 1 according to the second
embodiment will be explained with reference to FIG. 10.
FIG. 10 1s a flowchart illustrating a processing procedure in
an index value calculating process according to the second
embodiment. The processing procedure illustrated in FIG.
10 corresponds to the process at step S104 in FIG. 3.
Because the processes at steps S301 and S302 in FIG. 10 are
the same as the processes at steps S201 and S202 in FIG. 4,
the explanations thereof will be omitted.

[0110] At step S303, the calculating function 161 calcu-
lates a standard deviation of the pixel value in the time
direction, for each of the pixels (the positions). For example,
for each of the pixels, the calculating function 161 calculates
a standard deviation of the pixel values of the same pixel in
the first to the N-th frames.
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[0111] At step S304, for each of the pixels, the calculating
function 161 calculates an average value of the pixel values
in the time direction. For example, the calculating function
161 calculates, for each of the pixels, an average value of the
pixel values of the same pixel in the first to the N-th frames.
[0112] At step S305, the calculating function 161 calcu-
lates, for each of the pixels, a quotient value obtained by
dividing the standard deviation by the average value. For
example, the calculating function 161 divides the standard
deviation of each of the pixels calculated in the process at
step S303 by the average value of the pixel calculated in the
process at step S304. After that, the calculating function 161
outputs the quotient values resulting from the division as
index values.

[0113] In other words, the calculating function 161
according to the second embodiment is configured to cal-
culate a fluctuation coefficient in the time direction in each
of the multiple positions in the plurality of images, as an
index indicating the fluttering in the time direction. As a
result, the ultrasound diagnosis apparatus 1 according to the
second embodiment is able to calculate the index values
each indicating the fluttering in the time direction, without
performing the process of eliminating the background com-
ponent.

Other Embodiments

[0114] It is possible to carry out the present disclosure in
various different modes other than those described in the
embodiments above.

[0115] An Image Processing Apparatus

[0116] For example, in the embodiments above, the
example is explained in which the present disclosure is
applied to the ultrasound diagnosis apparatus 1; however,
possible embodiments are not limited to this example. For
instance, the present disclosure may be applied to an image
processing apparatus 200. For example, the image process-
ing apparatus 200 corresponds to a workstation, a Picture
Archiving Communication System (PACS) viewer, or the
like.

[0117] FIG. 11 is a block diagram illustrating an exem-
plary configuration of the image processing apparatus 200
according to another embodiment. As illustrated in FIG. 11,
the image processing apparatus 200 includes an input inter-
face 201, a display 202, storage 210, and processing cir-
cuitry 220. The input interface 201, the display 202, the
storage 210, and the processing circuitry 220 are connected
so as to be able to communicate with one another.

[0118] The input interface 201 is an input device such as
a mouse, a keyboard, a touch panel, and/or the like config-
ured to receive various types of instructions and setting
requests from the operator. The display 202 is a display
device configured to display medical images and to display
a GUI used by the operator to input the various types of
setting requests through the input interface 201.

[0119] The storage 210 is structured by using, for
example, a Not AND (NAND) flash memory or a Hard Disk
Drive (HDD) and is configured to store therein various types
of programs used for displaying medical image data and the
GUI as well as information used by the programs.

[0120] The processing circuitry 220 is an electronic device
(a processor) configured to control the overall processes
performed by the image processing apparatus 200. The
processing circuitry 220 is configured to execute an image
processing function 221, a calculating function 222, an
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index image generating function 223, and an output con-
trolling function 224. For example, the image processing
function 221, the calculating function 222, the index image
generating function 223, and the output controlling function
224 are recorded in the storage 210 in the form of computer-
executable programs. By reading and executing the pro-
grams, the processing circuitry 220 realizes the functions
(the image processing function 221, the calculating function
222, the index image generating function 223, and the output
controlling function 224) corresponding to the read pro-
grams.

[0121] The image processing function 221 is capable of
performing processes that are basically the same as the
processes performed by the image processing circuitry 130
illustrated in FIG. 1. Further, the calculating function 222 is
capable of performing processes that are basically the same
as the processes performed by the calculating function 161
illustrated in FIG. 1. Also, the index image generating
function 223 is capable of performing processes that are
basically the same as the processes performed by the index
image generating function 162 illustrated in FIG. 1.
[0122] Similarly, the output controlling function 224 is
capable of performing processes that are basically the same
as the processes performed by the output controlling func-
tion 163 illustrated in FIG. 1.

[0123] With these arrangements, for example, in the image
processing apparatus 200, the image processing function
221 is configured to perform the speckle noise reducing
process on each of a plurality of images that were acquired
by using an ultrasound wave and are in a time series. The
calculating function 222 is configured to calculate an index
value indicating fluttering of image signal intensities in each
of multiple positions within a region of interest, on the basis
of the plurality of image resulting from the speckle noise
reducing process. As a result, the image processing appara-
tus 200 is able to quantitatively evaluate the fluttering in the
images.

[0124] Emphasizing the Fluttering by Performing a Fil-
tering Process to Extract a Specific Frequency Component
[0125] Further, for instance, in the embodiments above,
the example is explained in which the temporal fluttering is
emphasized by the processes (the LPF process, the speckle
noise reducing process, and the difference calculating pro-
cess) at steps S201 through S203. However, possible pro-
cesses to emphasize the fluttering are not limited to the
processes in this example. For instance, it is also possible to
emphasize the temporal fluttering by performing a filtering
process to extract a specific frequency component.

[0126] In other words, the image processing circuitry 130
may be configured to perform the filtering process to extract
only the specific frequency component on the plurality of
images. Further, the calculating function 161 is configured to
calculate index values on the basis of the plurality of images
resulting from the filtering process. In this situation, known
examples of the filtering process to extract the specific
frequency component include a process performed by an
inverse notch filter, which passes only the specific frequency
without applying any modification thereto; however, pos-
sible embodiments are not limited to this example.

[0127] The process to emphasize the fluttering by per-
forming the filtering process to extract the specific frequency
component will be explained, with reference to FIGS. 12
and 13. FIGS. 12 and 13 are drawings for explaining the
filtering process according to yet another embodiment.
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[0128] As illustrated in FIG. 12, the image processing
circuitry 130 generates a plurality of images 11 by perform-
ing a filtering process while using an inverse notch filter on
a plurality of images 10. In this sitvation, the plurality of
image 10 subject to the filtering process are, for example, the
B-mode images of which the quantity is equal to N and on
which the LPF process (step S201) and the speckle noise
reducing process (step S202) have been performed. In other
words, the image processing circuitry 130 performs the
filtering process by using the inverse notch filter on the
B-mode images of which the quantity is equal to N and on
which the LPF process and the speckle noise reducing
process have been performed. As a result, the image pro-
cessing circuitry 130 generates the images 11 of which the
quantity is equal to N and which are obtained by extracting
the specific frequency component, from the B-mode images
of which the quantity is equal to N and on which the LPF
process and the speckle noise reducing process have been
performed. After that, the image processing circuitry 130
performs the difference calculating process (step S203) on
the images I1 of which the quantity is equal to N resulting
from the filtering process, to generate difference images of
which the quantity is equal to N-4 (when the frame interval
is set to “4”).

[0129] In this situation, as for the frequency component
extracted by the filtering process, it is desirable, for example,
to set a frequency component unique to the temporal flut-
tering. In one example, the image processing circuitry 130
determines the frequency to be extracted by the filtering
process, on the basis of a chronological fluctuation in the
pixel value (the signal intensity) in a position P1 in the
images 10 and a chronological fluctuation in the pixel value
in a position P2 in the images 10. In this situation, the
position P1 corresponds to a pixel included in a region
having the fluttering component. In contrast, the position P2
corresponds to a pixel included in a region having no
fluttering component.

[0130] FIG. 13 illustrates an example of the filtering
process using the inverse notch filter. As illustrated in FIG.
13, the inverse notch filter performs a process of extracting
a specific frequency component on the frequency axis. In the
top and the bottom sections in FIG. 13, the horizontal axis
corresponds to time, whereas the vertical axis corresponds to
amplitude. Further, in the middle section of FIG. 13, the
horizontal axis corresponds to frequencies, whereas the
vertical axis corresponds to normalized amplitude.

[0131] As illustrated in the top section of FIG. 13, the
pixel values in the position P1 and the pixel values in the
position P2 exhibit chronological fluctuations that are dif-
ferent from each other. In this situation, when a Fourier
transform is applied to the chronological fluctuation in the
pixel value (the amplitude) in each of the positions, the
amplitude normalized for each frequency is obtained (the
middle section of FIG. 13). In this situation, it is considered
that frequencies having a significant difference between the
value in the position P1 and the value in the position P2
contain a fluttering component to a large extent. For
example, when the value in the position P1 is significantly
larger than the value in the position P2 at 0.34 Hz, the image
processing circuitry 130 extracts the component at 0.34 Hz.
Further, by arranging the frequency components other than
the frequency component at 0.34 Hz to be 0, the image
processing circuitry 130 obtains the frequency component at
0.34 Hz. After that, by performing an inverse Fourier
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transform on the frequency component at 0.34 Hz, the image
processing circuitry 130 acquires chronological fluctuations
of the amplitude obtained by extracting the frequency com-
ponent at 0.34 Hz with respect to each of the positions P1
and P2 (the bottom section of FIG. 13).

[0132] In this manner, the image processing circuitry 130
is configured to obtain the chronological fluctuation in the
pixel value in each of the pixel positions, on the basis of the
plurality of images 10. Further, the image processing cir-
cuitry 130 is configured to perform the Fourier transform on
the chronological fluctuation in the pixel value in each of the
pixel positions. Further, by performing the inverse Fourier
transform while preserving the frequency component at 0.34
Hz, the image processing circuitry 130 is configured to
acquire the chronological fluctuation of the amplitude
obtained by extracting the frequency component at 0.34 Hz
with respect to each of the pixel positions. Further, the image
processing circuitry 130 is configured to generate the plu-
rality of image I1 that are arranged in a time series (the right
section in FIG. 12) by assigning the amplitude output by the
inverse Fourier transform to the pixel positions correspond-
ing to the different times (the temporal phases).

[0133] The illustrations in FIGS. 12 and 13 are merely
examples, and possible embodiments are not limited to the
illustrated examples. For instance, FIG. 12 illustrates the
example in which the filtering process to extract the specific
frequency component is performed between step S202 and
step S203 illustrated in FIG. 4; however, possible embodi-
ments are not limited to this example. For instance, it is
possible to perform the filtering process to extract the
specific frequency component at any arbitrary time prior to
step S205. It should be noted, however, that it is desirable to
perform the filtering process to extract the specific frequency
component after the radio frequency noise and the speckle
noise are reduced (i.e., after step $S202), for the purpose of
efficiently extracting the fluttering component.

[0134] Further, although FIG. 13 illustrates the example in
which the frequency component at 0.34 Hz is extracted,
possible embodiments are not limited to this example. It is
possible to extract a frequency component having an arbi-
trary value. In other words, the image processing circuitry
130 is able to extract a frequency component having an
arbitrary value that is set in advance. Further, as for the value
of the frequency extracted by the filtering process, an
arbitrary value may be input for each medical examination
(for each parametric image taking process). To input the
frequency, for example, the operator may input an arbitrary
value, or alternatively, a frequency value may be selected
from among frequency values that are set at different levels
in advance.

[0135] Emphasizing the Fluttering by Performing a Con-
verting Process Based on an Orthogonal Coordinate Trans-
formation

[0136] Further, it is also possible to emphasize the tem-
poral fluttering of a hemangioma, not only by performing the
filtering process to extract the specific frequency compo-
nent, but by performing an orthogonal coordinate transfor-
mation.

[0137] In other words, the image processing circuitry 130
is configured to generate the plurality of images resulting
from the converting process by performing, on the plurality
of images, the converting process using the orthogonal
coordinate transformation. In other words, the plurality of
images resulting from the converting process are obtained
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by assigning the signal obtained from the orthogonal coor-
dinate transformation to each of the pixel positions. FIGS.
14A and 14B are conceptual diagrams illustrating the
orthogonal coordinate transformation. Here, time signals for
the fluttering components derived from the background
(liver tissue) and the hemangioma are converted into a
clutter space by performing the orthogonal coordinate trans-
formation. FIGS. 14A and 14B illustrate an optimum coot-
dinate transformation which allows a clutter space 3 to
separate the fluttering components between the hemangioma
and the background. FIG. 15 is a drawing for explaining the
converting process according to the other embodiment.
[0138] More specifically, the image processing circuitry
130 performs the converting process using the orthogonal
coordinate transformation, on the B-mode images of which
the quantity is equal to N and on which the LPF process and
the speckle noise reducing process have been performed. As
a result, the image processing circuitry 130 generates the
images of which the quantity is equal to N and in which the
components having higher ratio of contribution to the prin-
cipal component analysis are preserved, from the B-mode
images of which the quantity is equal to N and on which the
LPF process and the speckle noise reducing process have
been performed. After that, the image processing circuitry
130 performs the difference calculating process (step S203)
on the N images resulting from the converting process to
generate difference images of which the quantity is equal to
N-4 (when the frame interval is “4”).

[0139] The situation explained above is merely an
example, and possible embodiments are not limited to this
example. For instance, in the description above, the example
is explained in which the converting process using the
orthogonal coordinate transformation is performed between
step S202 and step S203 illustrated in FIG. 4; however,
possible embodiments are not limited to this example. For
instance, it is possible to perform the converting process
using the orthogonal coordinate transformation at any arbi-
trary time prior to step S205. It should be noted, however,
that it is desirable to perform the converting process using
the orthogonal coordinate transformation after the radio
frequency noise and the speckle noise are reduced (i.e., after
step S202), for the purpose of efficiently extracting the
fluttering component.

[0140] An Application to Three-Dimensional Images
[0141] Further, for example, although the examples of the
processes using the two-dimensional images are explained
in the embodiments above, possible embodiments are not
limited to those examples. For instance, the present disclo-
sure is applicable to situations where three-dimensional
images (volume data) are used.

[0142] In other words, the image processing circuitry 130
may be configured to perform a speckle noise reducing
process on each of a plurality of three-dimensional images
that were acquired by using an ultrasound wave and are in
a time series. The calculating function 161 may be config-
ured to calculate an index value indicating fluttering of
image signal intensities in each of multiple positions within
the region of interest, on the basis of the plurality of
three-dimensional images resulting from the speckle noise
reducing process. In that situation, it is desirable to configure
the output controlling function 163 to generate and display
two-dimensional images by performing either a Multi Planar
Reconstruction (MPR) process or a volume rendering pro-
cess on the three-dimensional images.
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[0143] Displaying a Moving Image

[0144] Further, for instance, in the embodiments above,
the example is explained in which the single parametric
image is displayed from the B-mode images of which the
quantity is equal to N and which are arranged in the time
series; however, possible embodiments are not limited to
this example. For instance, the ultrasound diagnosis appa-
ratus 1 is also capable of displaying the parametric image as
a moving image.

[0145] Inthat situation, the ultrasound diagnosis apparatus
1 displays a parametric image in the N-th frame by using the
B-mode images in the first to the N-th frames. Subsequently,
the ultrasound diagnosis apparatus 1 displays a parametric
image in the (N+1)-th frame by using the B-mode images in
the second to the (N+1)-th frames. Subsequently, the ultra-
sound diagnosis apparatus 1 displays a parametric image in
the (N+2)-th frame by using the B-mode images in the third
to the (N+2)-th frame. In this manner, the ultrasound diag-
nosis apparatus 1 is able to display the parametric image as
amoving image, by updating the plurality of images serving
as the processing target, one by one (frame by frame).
[0146] The term “processor (circuit)” used in the above
explanations denotes, for example, a Central Processing
Unit (CPU), a Graphics Processing Unit (GPU), or a circuit
such as an Application Specific Integrated Circuit (ASIC) or
a programmable logic device (e.g., a Simple Programmable
Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGA]). Each of the processors realizes the functions
thereof by reading and executing a corresponding program
saved in the storage 150. In this situation, instead of saving
the programs in the storage 150, it is also acceptable to
directly incorporate the programs in the circuits of the
processors. In that situation, the processors realize the
functions thereof by reading and executing the programs
incorporated in the circuits thereof. Further, the processors
in the present embodiments do not each necessarily have to
be structured as a single circuit. It is also acceptable to
structure one processor by combining together a plurality of
independent circuits so as to realize the functions thereof.
Further, it is also acceptable to incorporate two or more of
the constituent elements illustrated in any of the drawings
into one processot, to realize the functions thereof.

[0147] Further, the constituent elements of the apparatuses
illustrated in the drawings are based on functional concepts.
Thus, it is not necessary to physically configure the con-
stituent elements as indicated in the drawings. In other
words, the specific modes of distribution and integration of
the apparatuses are not limited to those illustrated in the
drawings. It is acceptable to functionally or physically
distribute or integrate all or a part of the apparatuses in any
arbitrary units, depending on various loads and the status of
use. For example, the functions of the image processing
circuitry 130 may be incorporated into the processing cit-
cuitry 160. Further, all or an arbitrary part of the processing
functions performed by the apparatuses may be realized by
a CPU and a computer program analyzed and executed by
the CPU or may be realized as hardware using wired logic.
[0148] With regard to the processes explained in the
embodiments above, it is acceptable to manually perform all
or a part of the processes described as being performed
automatically. Conversely, by using a method that is pub-
licly known, it is also acceptable to automatically perform
all or a part of the processes described as being performed
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manually. Further, unless noted otherwise, it is acceptable to
arbitrarily modify any of the processing procedures, the
controlling procedures, specific names, and various infor-
mation including various types of data and parameters that
are presented in the above text and the drawings.

[0149] Further, it is possible to realize the image process-
ing methods described in the embodiments above by causing
an image processing computer program (hereinafter, “image
processing program”) prepared in advance to be executed by
a computer such as a personal computer, a workstation, or
the like. The image processing program may be distributed
via a network such as the Internet. Further, the image
processing program may be recorded onto a computer-
readable recording medium such as a hard disk, a flexible
disk (FD), a Compact Disk Read-Only Memory (CD-ROM),
a magnetic-optical (MO) disk, a Digital Versatile Disk
(DVD), or the like, so as to be executed as being read from
the recording medium by a computer.

[0150] According to at least one aspect to the embodi-
ments described above, it is possible to quantitatively evalu-
ate the fluttering in the images.

[0151] 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 inven-
tions. 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
departing from the spirit of the inventions. The accompa-
nying 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 image processing apparatus comprising processing
circuitry configured:

to perform a speckle noise reducing process on each of a

plurality of images that were acquired by using an
ultrasound wave and are in a time series; and

to calculate an index value indicating fluttering of image

signal intensities in each of multiple positions within a
region of interest, on a basis of the plurality of images
resulting from the speckle noise reducing process.

2. The image processing apparatus according to claim 1,
wherein the processing circuitry is further configured to
generate a parametric image on a basis of the index values
with respect to the multiple positions within the region of
interest.

3. The image processing apparatus according to claim 1,
wherein, on a basis of the index values in multiple positions
within a measured region corresponding to at least a part of
the region of interest, the processing circuitry calculates a
representative value for the measured region.

4. The image processing apparatus according to claim 1,
wherein, before performing the speckle noise reducing pro-
cess, the processing circuitry performs a low pass filter
process in a time direction on the plurality of images.

5. The image processing apparatus according to claim 1,
wherein, before performing the speckle noise reducing pro-
cess, the processing circuitry performs a movement correct-
ing process to correct a movement between images, on the
plurality of images.

6. The image processing apparatus according to claim 1,
wherein
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the processing circuitry performs a filtering process to
extract only a specific frequency component on the
plurality of images, and

the processing circuitry calculates the index values on a

basis of the plurality of images resulting from the
filtering process.

7. The image processing apparatus according to claim 1,
wherein

the processing circuitry performs, on the plurality of

images, a converting process to extract fluttering of a
hemangioma distinctively in an orthogonal coordinate
transformation, and

the processing circuitry calculates the index values on a

basis of the plurality of images resulting from the
converting process.

8. The image processing apparatus according to claim 1,
wherein the processing circuitry calculates the index values,
after eliminating, from the image signal intensities, any
fluttering component having a frequency different from a
frequency of the fluttering.

9. The image processing apparatus according to claim 8,
wherein

the processing circuitry generates a plurality of difference

images, by performing a difference calculating process
between images while using a frame interval set in
advance for the plurality of images, and

the processing circuitry calculates the index values by

using the plurality of difference images.

10. The image processing apparatus according to claim 9,
wherein

with respect to each of the plurality of difference images,

the processing circuitry calculates a summation value
by adding together an absolute value of a pixel value of
each of the pixels and absolute values of pixel values of
surrounding pixels thereof,

with respect to each of the plurality of images, the

processing circuitry calculates an average value of the
pixel value of each of the pixels and the pixel values of
the surrounding pixels thereof, and

the processing circuitry calculates each of the index

values by using a quotient value obtained by dividing
the summation value by the average value.

11. The image processing apparatus according to claim
10, wherein, as the index value, the processing circuitry
calculates one selected from between a sum and a statistical
value of the quotient values of each of the pixels in the
plurality of images.
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12. The image processing apparatus according to claim 9,
wherein the processing circuitry performs the difference
calculating process by using the frame interval designated
by an operator.

13. The image processing apparatus according to claim 9,
wherein

the processing circuitry determines the frame interval in

accordance with a frequency of fluttering of image
signal intensities included in a region that is within the
region of interest and is different from a measured
region, and

the processing circuitry performs the difference calculat-

ing process by using the determined frame interval.
14. The image processing apparatus according to claim 1,
wherein, as the index value, the processing circuitry calcu-
lates a fluctuation coeflicient in a time direction in each of
the multiple positions in the plurality of images.
15. An image processing apparatus comprising a process-
ing circuitry configured:
to calculate an index value indicating fluttering of image
signal intensities in each of multiple positions within a
region of interest with respect to each of a plurality of
temporal phases, on a basis of a plurality of images that
were acquired by using an ultrasound wave and are in
a time series; and

to calculate one selected from between a sum and a
statistical value of the index values corresponding to
the plurality of temporal phases with respect to each of
the multiple positions within the region of interest.

16. An image processing apparatus comprising a process-
ing circuitry configured: to calculate an index value indi-
cating fluttering of image signal intensities in a time direc-
tion, in each of multiple positions within a region of interest
on a basis of a plurality of images that were acquired by
using an ultrasound wave and are in a time series, after
eliminating, from the image signal intensities, any fluttering
component having a frequency different from a frequency of
the fluttering,

17. An ultrasound diagnosis apparatus comprising a pro-
cessing circuitry configured:

to perform a speckle noise reducing process on each of a

plurality of images that were acquired by using an
ultrasound wave and are in a time series; and

to calculate an index value indicating fluttering of image

signal intensities in each of multiple positions within a
region of interest, on a basis of the plurality of images
resulting from the speckle noise reducing process.
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