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ULTRASONIC DIAGNOSTIC APPARATUS
AND IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2014/056072 filed on Mar.
7, 2014 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2013-048394, filed on
Mar. 11, 2013, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and an image processing
apparatus.

BACKGROUND

[0003] In recent years, an intravenous ultrasound contrast
agent has been commercialized and a “contrast echo method”
has been performed. Hereinafter, the ultrasound contrast
agent may sometimes be described as a contrast agent for
short. The purpose of the contrast echo method is to perform
evaluation of hemodynamics by injecting a contrast agent
from vein to enhance a blood flow signal in examination of the
heart, liver, or the like. Many of contrast agents are designed
so that microbubbles function as reflection sources. Recently,
for example, a second generation ultrasound contrast agent
called Sonazoid™ sold in Japan consists of microbubbles
obtained by encapsulating perfluorobutane gas in phos-
phatide. The contrast echo method allows the state of reflux of
the contrast agent to be observed in a stable manner by using
a low or medium sound pressure ultrasonic wave for trans-
mission which will not break the microbubbles.

[0004] By performing ultrasonic scanning on a diagnostic
site (e.g., liver cancer) after injection of the contrast agent, an
operator such as a doctor can observe an increase and a
decrease of a signal intensity during a period from the inflow
of the contrast agent being refluxed by blood flow to the
outflow thereof. Moreover, a research for performing differ-
ential diagnosis of benign or malignant of mass lesion or
diagnosis of any disease such as “diffuse” is also carried out
from the difference in the change over time of the signal
intensity.

[0005] Thechange over time of the signal intensity indicat-
ing reflux dynamics of the contrast agent is different from
mere form information, and therefore there is a need to gen-
erally read a moving image in real time or after recording.
Thus, the time require for reading the reflux dynamics of the
contrast agent generally becomes long. Therefore, a tech-
nique for mapping the time information for the inflow of the
contrast agent generally observed in a moving image on one
still image has been proposed. The technique is configured to
generate and display a still image representing a difference in
peak time between signals of the contrast agent using differ-
ent hues. By referring to the still image, a diagnostic reading
person can easily grasp the inflow time at various places in a
tomographic plane of the diagnostic site. In addition, a tech-
nique for generating and displaying a still image representing
a difference in stagnant time (period of time from the start of
inflow to the end of outflow) of the contrast agent in a specific
area using different hues has been proposed.
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[0006] Because running in a tumor blood vessel is complex
as compared with a normal blood vessel, a phenomenon such
that microbubbles nowhere to go stagnate in the tumor and
further the stagnant microbubbles flow backward is observed.
The behavior of the microbubbles in the tumor blood vessel is
actually observed in tumor-bearing mice on which contrast
ultrasonic imaging has been performed. In other words, if the
behavior of the microbubbles can be evaluated through the
contrast ultrasonic imaging capable of bioimaging, the con-
trast echo method is likely to be applicable also to evaluation
of abnormality in tumor blood vessels.

[0007] Recently, itis confirmed by histopathological obser-
vation that an angiogenesis inhibitor, which is an anti-cancer
agent that clinical trials are being carried out, destroys the
blood vessel nourishing the tumor and causes fragmentation
or narrowing of the tumor blood vessel. If it is possible to
visualize or quantize, by the contrast ultrasonic imaging, how
contrast ultrasonic observation is interrupted in the blood
vessel fragmented by the angiogenesis inhibitor, the contrast
echo method is expected to be applied to determination of
therapeutic effect. However, in the conventional technology,
there is a certain limit to the accuracy of quantitative analysis
using the contrast echo method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1is ablock diagram of'a configuration example
of an ultrasonic diagnostic apparatus according to a first
embodiment;

[0009] FIGS.2A-C are diagrams for explaining an example
of a target to be processed by candidate-position extracting
circuitry according to the first embodiment;

[0010] FIG. 3A is a diagram for explaining an example of
how the candidate-position extracting circuitry according to
the first embodiment extracts a region of interest in a funda-
mental image;

[0011] FIG. 3B is a diagram for explaining an example of
how the candidate-position extracting circuitry according to
the first embodiment extracts a region of interest in a har-
monic image;

[0012] FIG. 4A is a diagram for explaining an example of
processing performed by position setting circuitry according
to the first embodiment;

[0013] FIG. 4B is a diagram of an example of information
for regions of interest stored by the position setting circuitry
according to the first embodiment;

[0014] FIG. 5is a diagram of an exaniple of the regions of
interest set by the ultrasonic diagnostic apparatus according
to the first embodiment;

[0015] FIG. 6 is a flowchart (1) indicating a processing
procedure performed by the ultrasonic diagnostic apparatus
according to the first embodiment;

[0016] FIG. 7 is a flowchart (2) indicating the processing
procedure performed by the ultrasonic diagnostic apparatus
according to the first embodiment;

[0017] FIG. 8 is a flowchart (3) indicating the processing
procedure performed by the ultrasonic diagnostic apparatus
according to the first embodiment; and

[0018] FIG. 9 s a diagram for explaining an example of a
case where an ultrasonic diagnostic apparatus according to a
second embodiment uses three-dimensional time series data.
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DETAILED DESCRIPTION

[0019] According to an embodiment, an ultrasonic diag-
nostic apparatus includes processing circuitry. The process-
ing circuitry is configured to extract a first position through
comparison of a fundamental wave component between a
plurality pieces of image data collected by performing ultra-
sonic scanning on a subject injected with a contrast agent. The
processing circuitry is configured to extract a second position
through comparison of a harmonic component between the
pieces of image data. The processing circuitry is configured to
set either one of the first position and the second position as a
position of a region of interest where predetermined analysis
is performed in at least one image data of the pieces of image
data.

[0020] Exemplary embodiments of an ultrasonic diagnos-
tic apparatus will be explained in detail below with reference
to the accompanying drawings.

First Embodiment

[0021] First ofall, a configuration of an ultrasonic diagnos-
tic apparatus according to a first embodiment will be
explained below. FIG. 1 is a block diagram of a configuration
example of an ultrasonic diagnostic apparatus 100 according
to the first embodiment. As illustrated in FI1G. 1, the ultrasonic
diagnostic apparatus according to the first embodiment
includes an ultrasonic probe 1, a monitor 2, an input device 3,
and an apparatus body 10.

[0022] Theultrasonic probe 1 includes a plurality of piezo-
electric transducer elements, and each of the piezoelectric
transducer elements generates an ultrasonic wave based on a
drive signal supplied from transmitting/receiving circuitry 11
provided in the apparatus body 10, which is explained later.
The ultrasonic probe 1 receives a reflected wave from a sub-
ject P and converts the reflected wave into an electric signal.
The ultrasonic probe 1 includes a matching layer provided in
the piezoelectric transducer element, a backing material to
prevent propagation of the ultrasonic wave from the piezo-
electric transducer element to the rear side, and the like. The
ultrasonic probe 1 is detachably connected to the apparatus
body 10.

[0023] When an ultrasonic wave is transmitted from the
ultrasonic probe 1 to the subject P, the transmitted ultrasonic
wave is sequentially reflected by a discontinuous surface of
acoustic impedance in the body tissue ofthe subject P, and the
reflected ultrasonic waves are received as reflected wave sig-
nals by the piezoelectric transducer elements provided in the
ultrasonic probe 1. The amplitude of the received reflected
wave signal depends ona difference in acoustic impedance on
the discontinuous surface that reflects the ultrasonic wave.
When a transmitted ultrasonic pulse is reflected by a surface
of a moving blood flow and a heart wall, the reflected wave
signal is subjected to frequency shift depending on a velocity
component of a moving body in an ultrasonic transmission
direction by Doppler effect.

[0024] Forexample, the apparatus body 10, as an ultrasonic
probe 1 for two-dimensional scanning, is connected to a in
array probe in which a plurality of piezoelectric transducer
elements are arrayed in a row. Alternatively, for example, the
apparatus body 10, as an ultrasonic probe 1 for three-dimen-
sional scanning, is connected to a mechanical 4D probe or to
a 2D array probe. The mechanical 4D probe is capable of
two-dimensional scanning by using a plurality of piezoelec-
tric transducer elements arrayed in arow as the in array probe,
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and is capable of three-dimensional scanning by swinging the
piezoelectric transducer elements at a predetermined angle
(swing angle). The 2D array probe is capable of three-dimen-
sional scanning by a plurality of piezoelectric transducer
elements arranged in a matrix, and is capable of two-dimen-
sional scanning by sending converged ultrasonic wave.
[0025] The present embodiment is applicable to a case
where the subject P is two-dimensionally scanned by the
ultrasonic probe 1 and even to a case where it is three-dimen-
sionally scanned thereby.

[0026] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, a joystick, and the like, and accepts vari-
ous setting requests from an operator of the ultrasonic diag-
nostic apparatus and forwards the accepted various setting
requests to the apparatus body 10. For example, the input
device 3 accepts various operations to perform quantitative
analysis using the contrast echo method from the operator.
[0027] The monitor 2 displays a graphical user interface
(GUT) used by the operator of the ultrasonic diagnostic appa-
ratus inputting the various setting requests through the input
device 3, or displays an ultrasonic image generated in the
apparatus body 10 or a position of a site of interest in the
ultrasonic image.

[0028] The apparatus body 10 is a device that generates
ultrasonic image data based on the reflected wave signal
received by the ultrasonic probe 1. The apparatus body 10
illustrated in FIG. 1 is a device capable of generating two-
dimensional ultrasonic image data based on two-dimensional
reflected wave data received by the ultrasonic probe 1. In
addition, the apparatus body 10 illustrated in FIG. 1 is a
device capable of generating three-dimensional ultrasonic
image data based on three-dimensional reflected wave data
received by the ultrasonic probe 1. Hereinafter, the three-
dimensional ultrasonic image data may be described as “vol-
ume data”.

[0029] As illustrated in FIG. 1, the apparatus body 10
includes the transmitting/receiving circuitry 11, B-mode pro-
cessing circuitry 12, Doppler processing circuitry 13, image
generating circuitry 14, image processing circuitry 15, image
memory 16, internal storage circuitry 17, and control cir-
cuitry 18.

[0030] The transmitting/receiving circuitry 11 includes a
pulse generator, transmission delay circuitry, a pulser, and the
like, and supplies a drive signal to the ultrasonic probe 1. The
pulse generator repeatedly generates rate pulses for formation
of transmission ultrasonic waves at a predetermined rate fre-
quency. The transmission delay circuitry provides a delay
time for each piezoelectric transducer element required to
converge ultrasonic waves generated from the ultrasonic
probe 1 into a shape of beam and to determine transmission
directivity to each rate pulse generated by the pulse generator.
The pulser applies a drive signal (drive pulse) to the ultrasonic
probe 1 at the timing based on the rate pulse. In other words,
the transmission delay circuitry changes the delay time to be
provided to each rate pulse and thereby arbitrarily adjusts the
transmission direction of the ultrasonic wave transmitted
from the surface of the piezoelectric transducer element.
[0031] The transmitting/receiving circuitry 11 has a func-
tion capable of instantly changing a transmission frequency, a
transmission drive voltage, and the like in order to execute a
predetermined scan sequence based on an instruction from
the control circuitry 18, which will be explained later. In
particular, the change in the transmission drive voltage is
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implemented by a linear amplifier transmission circuit
capable of instantly switching the value or by a mechanism
for electrically switching a plurality of power supply units.
[0032] The transmitting/receiving circuitry 11 also
includes a preamplifier, an analog/digital (A/D) converter,
reception delay circuitry, an adder, and the like, and performs
various types of processing on the reflected wave signal
received by the ultrasonic probe 1 to generate reflected wave
data. The preamplifier amplifies the reflected wave signal for
each channel. The A/D converter performs A/D conversion on
the amplified reflected wave signal. The reception delay cir-
cuitry provides a delay time required to determine reception
directivity. The adder performs addition processing on the
reflected wave signal processed by the reception delay cir-
cuitry to generate reflected wave data. A reflection compo-
nent reached from the direction according to the reception
directivity of the reflected wave signal is enhanced through
the addition processing performed by the adder, and compre-
hensive beam for ultrasonic transmission and reception is
formed by the reception directivity and the transmission
directivity.

[0033] When performing two-dimensional scanning on the
subject P, the transmitting/receiving circuitry 11 transmits a
two-dimensional ultrasonic beam from the ultrasonic probe
1. The transmitting/receiving circuitry 11 then generates two-
dimensional reflected wave data from the two-dimensional
reflected wave signal received by the ultrasonic probe 1.
When performing three-dimensional scanning on the subject
P, the transmitting/receiving circuitry 11 transmits a three-
dimensional ultrasonic beam from the ultrasonic probe 1. The
transmitting/receiving circuitry 11 then generates three-di-
mensional reflected wave data from the three-dimensional
reflected wave signal received by the ultrasonic probe 1.
[0034] As for the form of an outpur signal from the trans-
mitting/receiving circuitry 11, various forms, such as a signal
including phase information called Radio Frequency (RF)
signal or amplitude information after envelope detection pro-
cessing, are selectable.

[0035] The B-mode processing circuitry 12 receives the
reflected wave data from the transmitting/receiving circuitry
11, performs logarithmic amplification and envelope detec-
tion processing, etc., on the reflected wave data, and generates
data (B-mode data) whose signal intensity is expressed by the
brightness of luminance.

[0036] The B-mode processing circuitry 12 can change a
frequency band to be imaged by changing a detection fre-
quency. The contrast echo method, for example, contrast har-
monic imaging (CHI) can be executed by using the function
of the B-mode processing circuitry 12. That is, the B-mode
processing circuitry 12 can separate the reflected wave data
(harmonic data or subharmonic data) in which microbubbles
function as reflection sources and the reflected wave data
(fundamental wave data) in which tissue in the subject P
functions as a reflection source, from the reflected wave data
of the subject P injected with the ultrasound contrast agent.
Thereby the B-mode processing circuitry 12 can extract the
harmonic data or the subharmonic data from the reflected
wave data of the subject P to generate B-mode data for gen-
erating contrast image data. The B-mode processing circuitry
12 can also extract the fundamental wave data from the
reflected wave data of the subject P to generate B-mode data
for generating tissue image data.

[0037] The Doppler processing circuitry 13 performs fre-
quency analysis of velocity information from the reflected
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wave data received from the transmitting/receiving circuitry
11, extracts blood flow, tissue, and a contrast agent echo
component due to the Doppler effect, and generates data
(Doppler data) by extracting mobile body information on
speed, dispersion, power, and the like for multiple points.

[0038] The B-mode processing circuitry 12 and the Dop-
pler processing circuitry 13 according to the present embodi-
ment can perform processing on both the two-dimensional
reflected wave data and the three-dimensional reflected wave
data. In other words, the B-mode processing circuitry 12
generates two-dimensional B-mode data from the two-di-
mensional reflected wave data, and generates three-dimen-
sional B-mode data from the three-dimensional reflected
wave data. The Doppler processing circuitry 13 generates
two-dimensional Doppler data from the two-dimensional
reflected wave data, and generates three-dimensional Dop-
pler data from the three-dimensional reflected wave data.

[0039] The image generating circuitry 14 generates ultra-
sonic image data from the data generated by the B-mode
processing circuitry 12 and the Doppler processing circuitry
13. That is, the image generating circuitry 14 generates two-
dimensional B-mode image data, in which the intensity of the
reflected wave is expressed by the luminance, from the two-
dimensional B-mode data generated by the B-mode process-
ing circuitry 12. The image generating circuitry 14 also gen-
erates two-dimensional Doppler image data representing the
mobile body information from the two-dimensional Doppler
data generated by the Doppler processing circuitry 13. The
two-dimensional Doppler image data is a speed image, a
dispersion image, a power image, or an image in combination
with these images.

[0040] Generally, the image generating circuitry 14 con-
verts a scan line signal string for ultrasonic scanning into a
scan line signal string for a video format typified by televi-
sion, etc. (scan conversion), and generates ultrasonic image
data for display. Specifically, the image generating circuitry
14 generates ultrasonic image data for display by performing
coordinate conversion according to ultrasonic scanning form
by the ultrasonic probe 1. As various types of image process-
ing other than the scan conversion, the image generating
circuitry 14 uses, for example, a plurality of image frames
after the scan conversion to perform image processing
(smoothing processing) for re-generating an image with an
average value of the luminance and to perform image pro-
cessing (edge enhancement processing) using a differential
filter within an image, and the like. The image generating
circuitry 14 synthesizes character information of various
parameters, scale marks, or a body mark in the ultrasonic
image data.

[0041] In other words, the B-mode data and the Doppler
data are the ultrasonic image data before the scan conversion
processing, and the data generated by the image generating
circuitry 14 is the ultrasonic image data for display after the
scan conversion processing. The B-mode data and the Dop-
pler data are also called Raw Data.

[0042] Moreover, the image generating circuitry 14 gener-
ates three-dimensional B-mode image data by performing
coordinate conversion on the three-dimensional B-mode data
generated by the B-mode processing circuitry 12. The image
generating circuitry 14 generates three-dimensional Doppler
image data by performing coordinate conversion on the three-
dimensional Doppler data generated by the Doppler process-
ing circuitry 13. That is, the image generating circuitry 14
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generates “three-dimensional B-mode data or three-dimen-
sional Doppler image data” as “three-dimensional ultrasonic
image data (volume data)”.

[0043] In addition, the image generating circuitry 14 per-
forms rendering processing on the volume data in order to
generate various pieces of two-dimensional image data for
displaying the voltage data on the monitor 2. The rendering
processing performed by the image generating circuitry 14
includes processing for performing Multi Planer Reconstruc-
tion (MPR) to generate MPR image data from the voltage
data. The rendering processing performed by the image gen-
erating circuitry 14 also includes processing for performing
“Curved MPR” on the voltage data and processing for per-
forming “Maximum Intensity Projection” on the voltage data.
The rendering processing performed by the image generating
circuitry 14 further includes Volume Rendering (VR) pro-
cessing for generating two-dimensional image data that
reflects three-dimensional information.

[0044] The image memory 16 is a memory that stores the
image data for display generated by the image generating
circuitry 14. The image memory 16 can store data generated
by the B-mode processing circuitry 12 and the Doppler pro-
cessing circuitry 13. The image data for display stored in the
image memory 16 can be called by the operator, for example,
after diagnosis. The B-mode data and the Doppler data stored
in the image memory 16 can also be called by the operator, for
example, after diagnosis, and these data are provided as ultra-
sonic image data for display via the image generating cir-
cuitry 14. The image memory 16 can also store the data output
from the transmitting/receiving circuitry 11.

[0045] Theimage processing circuitry 15 is provided in the
apparatus body 10 to perform Computer-Aided Diagnosis
(CAD). The image processing circuitry 15 acquires data
stored in the image memory 16 and performs image process-
ing thereon. The image processing circuitry 15 then stores the
result of image processing in the image memory 16 or in the
internal storage circuitry 17, which will be explained later.
The processing performed by the image processing circuitry
15 will be explained later.

[0046] The internal storage circuitry 17 stores control pro-
grams for performing ultrasonic transmission and reception,
image processing, and display processing; diagnostic infor-
mation (e.g., patient ID, doctor’s findings); diagnostic proto-
col; and various pieces of data such as various body marks.
The internal storage circuitry 17 is also used for storage of the
image data stored by the image memory 16 if necessary. The
data stored in the internal storage circuitry 17 can be for-
warded to an external device via an interface (not illustrated).
Examples of the external device include, but are not limited
to, various medical diagnostic imaging apparatuses, a pet-
sonal computer (PC) used by a doctor performing diagnostic
imaging, a storage medium such as CD and DVD, and a
printer.

[0047] The control circuitry 18 controls the entire process-
ing of the ultrasonic diagnostic apparatus. Specifically, the
control circuitry 18 controls respective processings of the
transmitting/receiving circuitry 11, the B-mode processing
circuitry 12, the Doppler processing circuitry 13, the image
generating circuitry 14, and the image processing circuitry
15, based on various setting requests input by the operator
through the input device 3 and various control programs and
various data read from the internal storage circuitry 17. The
control circuitry 18 provides control so as to display the
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image data stored in the image memory 16 or in the internal
storage circuitry 17 on the monitor 2.

[0048] As explained above, the overall configuration of the
ultrasonic diagnostic apparatus according to the present
embodiment has been explained. Under such a configuration,
the ultrasonic diagnostic apparatus according to the first
embodiment makes it possible to improve the accuracy of
quantitative analysis using the contrast echo method by the
processing of the image processing circuitry 15, which will be
explained in detail below. A case where the accuracy is
degraded in the quantitative analysis of the conventional con-
trast echo method will be explained herein. For example, as a
method of quantitative analysis by the contrast echo method,
analysis using Time Curve Analysis (TCA) is known. For
example, by analyzing time change of the contrast agent
within an analysis area such as a region of interest, the TCA
can check the feature of tumor or check the change over time
of treatment.

[0049] In the TCA, it is required to always capture the
region of interest as an analysis area in order to maintain the
quantitative accuracy. However, there is a case where the
position of the region of interest in the ultrasonic scanning
area fluctuates depending on patient’s breathing, beating of
the heart, or movement of the operator. Therefore, as a tech-
nology responding to the fluctuation of the region of interest,
a technology of dynamically tracking the region of interest
using the data for a harmonic image is known. However,
because the data for the harmonic image has an intense
change before and after contrast, there is a certain limit to the
tracking accuracy of the region of interest. In addition,
because the harmonic image before reaching of the contrast
agent is almost black, it is difficult to specify the region of
interest.

[0050] Inthis way, in the conventional technology, because
there is a certain limit to the accuracy of tracking the fluctua-
tion of the region of interest, there is also a certain limit to the
accuracy of the quantitative analysis on the region of interest
as a target. Therefore, in the ultrasonic diagnostic apparatus
100 according to the first embodiment, the region of interest
can be accurately detected by the processing performed by
the image processing circuitry 15, which makes it possible to
improve the accuracy of the quantitative analysis using the
contrast echo method.

[0051] As illustrated in FIG. 1, the image processing cir-
cuitry 15 includes candidate-position extracting circuitry 151
and position setting circuitry 152. The candidate-position
extracting circuitry 151 extracts a first position through com-
parison of a fundamental wave component between a plural-
ity pieces of image data collected by performing ultrasonic
scanning on a subject injected with the contrast agent. The
candidate-position extracting circuitry 151 also extracts a
second position through comparison of a harmonic compo-
nent between the pieces of image data. Specifically, the can-
didate-position extracting circuitry 151 extracts first posi-
tions of the region of interest included in respective time-
series image data collected by performing ultrasonic
scanning performed on a subject injected with the contrast
agent, based on the similarity of the fundamental wave com-
ponents between the time-series image data. The candidate-
position extracting circuitry 151 also extracts second posi-
tions of the region of interest included in respective time-
series image data based on the similarity of the harmonic
components between the time-series image data.
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[0052] For example, the candidate-position extracting cir-
cuitry 151 compares a fundamental wave component in a
region set in a predetermined position in predetermined
image data included in a plurality pieces of image data and
fundamental wave components in a plurality of regions set in
a plurality of positions corresponding to a predetermined
position in another image data different from the predeter-
mined image data included in the pieces of image data, and
extracts the position, as the first position, corresponding to the
region, of the regions, having the fundamental wave compo-
nent most similar to the fundamental wave component in the
region set in the predetermined position in the predetermined
image data. The candidate-position extracting circuitry 151
compares a harmonic component in a region set in a prede-
termined position in predetermined image data and harmonic
components in a plurality of regions set in a plurality of
positions corresponding to predetermined positions in
another image data, and extracts the position, as the second
position, corresponding to the region, of the regions, having
the harmonic component most similar to the harmonic com-
ponent in the region set in the predetermined position in the
predetermined image data.

[0053] FIGS.2A-Care diagrams for explaining an example
of a target to be processed by the candidate-position extract-
ing circuitry 151 according to the first embodiment. For
example, as illustrated in FIG. 2A, the candidate-position
extracting circuitry 151 performs detection processing for the
region of interest on time series data from frame 1 to frame n
collected by performing ultrasonic scanning on the patient
injected with the contrast agent. In FIGS. 2A-C, the time
series frames are arranged in the order from the frame 1.
[0054] For example, as illustrated in FIG. 2B, when a
region of interest R1 is set in the frame 3, the candidate-
position extracting circuitry 151 extracts a harmonic image
formed from the harmonic component of the image data for
the frame 3 and a fundamental image formed from the fun-
damental wave component, as illustrated in FIG. 2C. The
region of interest set in the frame 3 may be set by the operator
observing the time series data through the input device 3 or
may be set by being automatically extracted through the
processing such as pattern matching performed on each
image data included in the time series data.

[0055] Thecandidate-position extracting circuitry 151 then
extracts the harmonic image and the fundamental image from
the frames of the time series data respectively, and extracts the
position of the region of interest R1 in each of the images.
Here, the candidate-position extracting circuitry 151 calcu-
lates similarities between a fundamental wave component in
the region of interest set in the predetermined image data
included in the time-series image data and fundamental wave
components in a plurality of candidate regions, each of which
has the same size as that of the region of interest, set in an area
covering a region at the same position as that of the region of
interest set in the time-series image data, and extracts the
position of the candidate region with the highest similarity
among the calculated ones as the first position.

[0056] FIG. 3A is a diagram for explaining an example of
how the candidate-position extracting circuitry 151 accord-
ing to the first embodiment extracts the region of interest in
the fundamental image. FIG. 3A represents a case of extract-
ing candidate positions of the region of interest R1 in the
fundamental image of the frame 2 based on the region of
interest R1 set in the fundamental image of the frame 3. In
FIG. 3A, although the frame 2 is represented larger than the
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frame 3 for the sake of description, both sizes are in fact the
same. For example, when the region of interest R1 is set in the
frame 3 as illustrated in FIG. 3A, the candidate-position
extracting circuitry 151 acquires information on the center
position (coordinates) of the region of interest R1 and the size
of the region (e.g., diameter).

[0057] In the fundamental image of the frame 2, when the
region of interest R1 is set in the same position as the position
of the region of interest R1 in the fundamental image of the
frame 3, the candidate-position extracting circuitry 151 sets a
plurality of sub-regions each with the same size as the region
of interest R1 in an area covering the set region. For example,
the candidate-position extracting circuitry 151 sets sub-re-
gions FSR1, FSR2, FSR3, etc. that include pixels included in
the region of interest R1. Although only FSR1 to FSR3 are
represented in FIG. 3A, a large number of sub-regions are
further set in an actual case. For example, the sub-regions
FSR are set while shifting the pixels included in the region of
interest R1 one by one.

[0058] The size of the area covering the region of interest
R1 can be arbitrarily set. For example, it may be a case where
the size of the area is determined by previously acquiring a
change in the position of a target site in each time phase of
breathing and estimating how the region of interest R1
changes from the time phase of the breathing in the frame
where the position of the region of interest R1 is set. In the
example, the breathing is cited as an example; however, there
may be a case of using a cardiac phase or there may be a case
where the hardness or the like of a test site is considered.
[0059] The candidate-position extracting circuitry 151 cal-
culates respective similarities between the set sub-regions
and the region of interest R1 in the frame 3. For example, as
illustrated in FIG. 3A, the candidate-position extracting cir-
cuitry 151 sequentially calculates the similarity between the
region of interest R1 and the sub-region FSR1, the similarity
between the region of interest R1 and the sub-region FSR2,
and the similarity between the region of interest R1 and the
sub-region FSR3, and the like. For example, the similarity
between the regions may be a case of using an average value
of pixel values, or may be a case of using a histogram of pixel
values. In other words, it may be a case of using any method
if the method is capable of calculating the similarity between
the images.

[0060] When the similarities between the regions are cal-
culated, the candidate-position extracting circuitry 151
extracts a sub-region FSR indicating the highest similarity
among the calculated similarities as a candidate position of
the region of interest R1 in the fundamental image. For
example, as illustrated in FIG. 3A, the candidate-position
extracting circuitry 151 extracts the sub-region FSR2 as the
candidate position of the region of interest R1 in the funda-
mental image.

[0061] Moreover, the candidate-position extracting cir-
cuitry 151 calculates similarities between a harmonic com-
ponent in the region of interest set in predetermined image
data and harmonic components in a plurality of candidate
regions, each of which has the same size as that of the region
of interest, setin an area covering a region at the same position
as that of the region of interest set in the time-series image
data, and extracts the position of the candidate region with the
highest similarity among the calculated ones as the second
position.

[0062] FIG. 3B is a diagram for explaining an example of
how the candidate-position extracting circuitry according to
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the first embodiment extracts the region of interest in the
harmonic image. FIG. 3B represents a case of extracting
candidate positions of the region of interest R1 in the har-
monic image of the frame 2 based on the region of interest R1
set in the harmonic image ofthe frame 3. In FIG. 3B, although
the frame 2 is represented larger than the frame 3 for the sake
of description, both sizes are in fact the same. For example,
when the region of interest R1 is set in the frame 3 as illus-
trated in F1G. 3B, the candidate-position extracting circuitry
151 acquires information on the center position (coordinates)
of the region of interest R1 and the size of the region (e.g.,
diameter).

[0063] In the harmonic image of the frame 2, when the
region of interest R11s set in the same position as the position
ofthe region of interest R1 in the harmonic image of the frame
3, the candidate-position extracting circuitry 151 sets a plu-
rality of sub-regions each with the same size as the region of
interest R1inanarea covering the set region. For example, the
candidate-position extracting circuitry 151 sets sub-regions
HSR1, HSR2, HSR3, etc. that include pixels included in the
region of interest R1. Although only HSR1 to HSR3 are
represented in FIG. 3B, a large number of sub-regions are
further set in an actual case. For example, the sub-regions
HSR are set while shifting the pixels included in the region of
interest R1 one by one. The size of the area covering the
region of interest R1 can be arbitrarily set similarly to the
above case.

[0064] The candidate-position extracting circuitry 151 cal-
culates respective similarities between the set sub-regions
and the region of interest R1 in the frame 3. For example, as
illustrated in FIG. 3B, the candidate-position extracting cit-
cuitry 151 sequentially calculates the similarity between the
region of interest R1 and the sub-region HSR1, the similarity
between the region of interest R1 and the sub-region HSR2,
and the similarity between the region of interest R1 and the
sub-region HSR3, and the like. The similarity between the
regions may be a case of using an average value of pixel
values, or may be a case of using a histogram of pixel values.
In other words, it may be a case of using any method if the
method is capable of calculating the similarity between the
images.

[0065] When the similarities between the regions are cal-
culated, the candidate-position extracting circuitry 151
extracts a sub-region HSR indicating the highest similarity
among the calculated similarities as a candidate position of
the region of interest R1 in the harmonic image. For example,
as illustrated in FIG. 3B, the candidate-position extracting
circuitry 151 extracts a sub-region HSRS as the candidate
position of the region of interest R1 in the harmonic image. A
variety of similarity calculation methods can be applied to the
similarity calculation in the fundamental image and to the
similarity calculation in the harmonic image; however, one
and the same method is applied to both of the cases.

[0066] Referring back to FIG. 1, the position setting cir-
cuitry 152 sets either one of the first position and the second
position in each of the time-series image data as the position
of the region of interest based on the feature of a pixel in the
region at the first position and the feature of a pixel in the
region at the second position. Specifically, the position setting
circuitry 152 sets the position with a higher similarity, as the
position of the region of interest, between the similarity of the
fundamental wave component at the first position and the
similarity of the harmonic component at the second position.
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[0067] FIG. 4A is a diagram for explaining an example of
processing performed by the position setting circuitry 152
according to the first embodiment. For example, as illustrated
in FIG. 4A, the position setting circuitry 152 compares the
similarity of the sub-region FSR2 being the candidate posi-
tion of the region of interest R1 extracted from the fundamen-
tal image by the candidate-position extracting circuitry 151
and the similarity of the sub-region HSR5 being the candidate
position of the region of interest R1 extracted from the har-
monic image, and sets the position of the sub-region FSR2
with a higher similarity as the position ofthe region of interest
R1 in the frame 2.

[0068] The position setting circuitry 152 sets the first posi-
tion or the second position as a position of the region of
interest on condition that a variance value of the pixel value in
the region at the first position or at the second position
exceeds a predetermined threshold. For example, when the
position of the region of interest R1 in the frame 2 is to be set
as the position of the sub-region FSR2 of the fundamental
image, the position setting circuitry 152 calculates the vari-
ance value of the pixel value included in the sub-region FSR2,
and compares the calculated variance value and the predeter-
mined threshold. When the variance value of the pixel value
included in the sub-region FSR2 exceeds the predetermined
threshold as a result of comparison, the position setting cir-
cuitry 152 sets the position of the sub-region FSR2 as the
positionofthe region of interest R1 in the frame 2. This makes
it possible to determine the region where the site of interest is
clearly visualized as the region of interest.

[0069] When the region of interest is set, the position set-
ting circuitry 152 stores the information for the set region of
interest in, for example, the internal storage circuitry 17. FIG.
4B is a diagram of an example of information for regions of
interest stored by the position setting circuitry 152 according
to the first embodiment. As illustrated in FIG. 4B, the position
setting circuitry 152 stores information for the region of inter-
est associated with Center of Region of Interest, Size of
Region of Interest, and Flag for each frame in the internal
storage circuitry 17. The center of region of interest means
coordinates of the center position of the set region of interest.
The size of region of interest means the size of the region of
interest. The flag means a flag indicating whether to use the
information for the region of interest of the corresponding
frame.

[0070] For example, when the region of interest R1 is set in
the frame 3, the position setting circuitry 152 stores the infor-
mation for the set region of interest R1 “Frame: 3, Center of
Region of Interest: (5, 5), Size of Region of Interest: 2 cm,
Flag:-”. Thereafter, the candidate-position extracting cit-
cuitry 151 acquires the information for the region of interest
of the frame 3 illustrated in FIG. 4B and performs the pro-
cessing, and the position setting circuitry 152 stores “Center
of Region of Interest: (6, 7)=(5, 5)+(1, 1), Size of Region of
Interest: 2 cm, Flag:-” as the information for the region of
interest of the frame 2.

[0071] Here, as illustrated in FI1G. 4B, the position setting
circuitry 152 can also store the information for “Center of
Region of Interest” as the coordinate information “(6, 7)”
after movement, or can also store the information for the
coordinates “(5, 5)” of the region of interest R1 initially set
and the information for offset “+(1, 1)”. That is, the position
setting circuitry 152 can also store the information indicating
in which portion of each frame the region of interest is



US 2016/0066888 A1l

present, or can store the information indicating how far each
frame moves from an initially set position based on the ini-
tially set region of interest.

[0072] Then, the processing is performed on all the frames
of the time series data. In other words, the candidate-position
extracting circuitry 151 extracts respective first positions in
the normal order and the reverse order of the time series,
based on the image data where the region of interest is set.
Moreover, the candidate-position extracting circuitry 151
extracts respective second positions in the normal order and
the reverse order of the time series, based on the image data
where the region of interest is set. For example, when the
region of interest R1 is set in the frame 3, the candidate-
position extracting circuitry 151 extracts candidate positions
indicating candidates of the position of the region of interest
R1 in frame 4 from the fundamental image and the harmonic
image respectively, similarly to the processing of the frame 2.

[0073] Whenthe position setting circuitry 152 sets the posi-
tion of the region of interest R1 in the frame 2 and stores the
information for the region of interest R1, the candidate-posi-
tion extracting circuitry 151 reads the information for the
region of interest R1 ofthe frame 2 and extracts the candidate
positions indicating the candidates of the position of the
region of interest R1 in the frame 1 from the fundamental
image and the harmonic image respectively. In this way, the
candidate-position extracting circuitry 151 according to the
first embodiment extracts positions of the region of interest
from the fundamental image and the harmonic image for each
frame of the time series data, compares the positions, and
performs position setting of the region of interest with higher
accuracy. Thereby the position of the region of interest R1 is
set in all the frames of the time series data as illustrated in, for
example, FIG. 5. FIG. 5 is a diagram of an example of the
regions of interest set by the ultrasonic diagnostic apparatus
100 according to the first embodiment.

[0074] The positions of the region of interest illustrated in
FIG. 5 are set by using both the fundamental image and the
harmonic image, and therefore these positions are more accu-
rate. As a result, by performing TCA using the regions of
interest set in the frames illustrated in FIG. 5, the accuracy of
quantitative analysis using the contrast echo method can be
improved.

[0075] For the position setting of the region of interest, it is
possible to set the positions of the region of interest in all the
frames based on the frame in which the region of interest is
set, or it is possible to set the positions of the region of interest
between two frames which are continuous in time series. For
example, it may be a case where the positions of the regions
of interest are set in all the frames based on the position of the
region of interest in the frame 3 where the position of the
region of interest is initially set, or it may be a case where the
position of the region of interest is set in the frame 2 based on
the position of the region of interest in the frame 3 and the
position of the region of interest is set in the frame 1 based on
the position of the region of interest set in the frame 2. To
understand, for exaniple, a case of an error in operation of the
ultrasonic probe or a case where a subject moves significantly,
it is desirable to set the positions of the region of interest
between two frames which are continuous in time series. In
other words, when the similarity is lower than the predeter-
mined threshold between the continuous frames, itis possible
to assume the case of the error in operation of the ultrasonic
probe or the case where the subject moves significantly.
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[0076] The processing of the ultrasonic diagnostic appara-
tus 100 according to the first embodiment will be explained
next. FIG. 6 is a flowchart (1) indicating a processing proce-
dure performed by the ultrasonic diagnostic apparatus 100
according to the first embodiment. In the ultrasonic diagnos-
tic apparatus 100 according to the first embodiment, for
example, as illustrated in FIG. 6, when the position of the
region of interest is set and position correction is started (Yes
at Step S101), the candidate-position extracting circuitry 151
extracts candidate positions respectively in the fundamental
image and the harmonic image of a frame continuous to the
frame where the position of interest is set (Step S102).
[0077] The position setting circuitry 152 sets the candidate
position of either one of the fundamental image and the har-
monic image as a position of the region of interest of the frame
based on at least either one of the similarity and the variance
value of the pixel value (Step S103), and stores the position of
the set region of interest and the offset information (Step
S104). The candidate-position extracting circuitry 151 then
determines whether there is a next frame (Step S105).
[0078] When itis determined that there is a next frame (Yes
at Step S105), the candidate-position extracting circuitry 151
returns to Step S102 and continues the processing. Mean-
while, when it is determined that there is no next frame (No at
Step S105), the candidate-position extracting circuitry 151
ends the processing.

[0079] As explained above, the ultrasonic diagnostic appa-
ratus 100 according to the first embodiment extracts the can-
didate positions for the regions of interest from the funda-
mental image and the harmonic image of each frame, and sets
the position based on the similarity and the like. Details of the
processing will be explained below with reference to FIG. 7.
FIG. 7 1s a flowchart (2) indicating the processing procedure
performed by the ultrasonic diagnostic apparatus according
to the first embodiment.

[0080] FIG. 7 represents a case where comparison between
the candidate position of the fundamental image and the
candidate position of the harmonic image is performed based
on the similarity. As illustrated in FIG. 7, in the ultrasonic
diagnostic apparatus 100 according to the first embodiment,
when the position correction is started (Step S201), the can-
didate-position extracting circuitry 151 acquires a current
frame (Reference Frame) and information for the region of
interest offset=0. The ultrasonic diagnostic apparatus 100
according to the first embodiment performs the processing in
the normal order and the reverse order in time series from the
frame where the region of interest is set in the time series data.
In FIG. 7, although smaller step numbers are assigned to a
past direction, the processing in the past direction (reverse
order) and the processing in a future direction (normal order)
are in fact simultaneously performed.

[0081] Hereinafter, the processing in the past direction will
be explained first. The candidate-position extracting circuitry
151 acquires the position, offset, and size of the region of
interest in the current frame at Step S202. The candidate-
position extracting circuitry 151 then updates the frame of a
target frame (Current-1) (Step S203), and calculates respec-
tive similarities of positions in a predetermined range includ-
ing the region of interest for the fundamental image and the
harmonic image (Step S204). The position setting circuitry
152 sets the position corresponding to the highest similarity
among the calculated similarities as a matching position of
the region of interest, and updates the matching position
(Position of region of interest+Offset) (Step S205).



US 2016/0066888 A1l

[0082] Then, the candidate-position extracting circuitry
151 changes the position to (Current=Current-1) and shifts
the target to the next frame (Step S206). The candidate-
position extracting circuitry 151 determines whether the cur-
rent frame is a start frame (Step S207). When it is determined
that the current frame is the start frame (Yes at Step S207), the
candidate-position extracting circuitry 151 ends the process-
ing in the past direction. Meanwhile, when it is determined
that the current frame is not the start frame (No at Step S207),
the candidate-position extracting circuitry 151 returns to Step
S202, and performs the processing on the next frame.

[0083] The processing in the future direction will be
explained next. For the future direction, also, the candidate-
position extracting circuitry 151 acquires the position, offset,
and size of the region of interest in the current frame at Step
S202. The candidate-position extracting circuitry 151 then
updates the frame of a target frame (Current+1) (Step S208),
and calculates respective similarities of positions in a prede-
termined range including the region of interest for the funda-
mental image and the harmonic image (Step S209). The posi-
tion setting circuitry 152 sets the position corresponding to
the highest similarity among the calculated similarities as a
matching position of the region of interest, and updates the
matching position (Position of region of interest+Offset)
(Step S210).

[0084] Then, the candidate-position extracting circuitry
151 changes the position to (Current=Current+1) and shifts
the target to the next frame (Step S211). The candidate-
position extracting circuitry 151 determines whether the cur-
rent frame is an end frame (Step S212). When it is determined
that the current frame is the end frame (Yes at Step S212), the
candidate-position extracting circuitry 151 ends the process-
ing in the future direction. Meanwhile, when it is determined
that the current frame is not the end frame (No at Step S212),
the candidate-position extracting circuitry 151 returns to Step
S202, and performs the processing on the next frame.

[0085] Forthe processing explainedso far, the case of using
the collected time series data has been explained. The ultra-
sonic diagnostic apparatus 100 according to the first embodi-
ment can also be applied to a case where the time series data
is collected inreal time. FIG. 8 is a flowchart (3) indicating the
processing procedure performed by the ultrasonic diagnostic
apparatus 100 according to the first embodiment.

[0086] As illustrated in FIG. 8, in the ultrasonic diagnostic
apparatus 100 according to the first embodiment, when the
position correction is started (Step S301), the candidate-po-
sition extracting circuitry 151 acquires the current frame
(Reference frame) and information for the region of interest
offset=0. In other words, the candidate-position extracting
circuitry 151 acquires the position, offset, and size of the
region of interest in the current frame at Step S302 (Step
S302). The candidate-position extracting circuitry 151 then
updates the frame of the target frame (Current+1) (Step
S303), and calculates respective similarities of positions in a
predetermined range including the region of interest for the
fundamental image and the harmonic image (Step S304). The
position setting circuitry 152 determines whether the highest
similarity among the calculated similarities is below the pre-
determined threshold (Step S305).

[0087] When it is determined that the highest similarity is
not below the predetermined threshold (No at Step S305), the
position setting circuitry 152 sets the position corresponding
to the highest similarity as a matching position of the region
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of interest, and updates the matching position (Position of
region of interest+Offset) (Step S306).

[0088] Then, the candidate-position extracting circuitry
151 changes the position to (Current=Current+1) and shifts
the target to the next frame (Step S307). The candidate-
position extracting circuitry 151 determines whether the cur-
rent frame is an end frame (Step S308). When it is determined
that the current frame is the end frame (Yes at Step S308), the
candidate-position extracting circuitry 151 ends the process-
ing in the future direction. Meanwhile, when it is determined
that the current frame is not the end frame (No at Step S308),
the candidate-position extracting circuitry 151 returns to Step
S302, and performs the processing on the next frame.
[0089] When it is determined that the highest similarity is
below the predetermined threshold at Step S305 (Yes at Step
S305), the position setting circuitry 152 controls so as to warn
a user from the monitor 2 and sets a flag indicating that the
information for the region of interest of the frame is not used
(Step S309). That is, the position setting circuitry 152 sets the
flag in a flag area of the frame as a target of the data illustrated
in FIG. 4B. The candidate-position extracting circuitry 151
returns to Step S303, and performs the processing. In the
processing in real time, determination of a predetermined
range in the next frame can be estimated based on, for
example, information for patient’s breathing or ECG.

[0090] As explained above, according to the first embodi-
ment, the candidate-position extracting circuitry 151 extracts
first positions of the region of interest respectively included in
the time-series image data collected by performing ultrasonic
scanning on the subject injected with the contrast agent based
on the similarity of the fundamental wave component
between time-series image data. In addition, the candidate-
position extracting circuitry 151 extracts second positions of
the region of interest respectively included in the time-series
image data based on the similarity of the harmonic compo-
nent between time-series image data. The position setting
circuitry 152 sets either one of the first position and the
second position as a position of the region of interest for each
of the time-series image data, based on the feature of a pixel
in the region at the first position and the feature of a pixel in
the region at the second position. Therefore, the ultrasonic
diagnostic apparatus 100 according to the first embodiment
can set a position of the region of interest using information
on the side on which the information can be stably obtained
from the fundamental image and the harmonic image of each
frame in the time series data, and this enables accurate setting
of the position of the region of interest. Consequently, the
ultrasonic diagnostic apparatus 100 according to the first
embodiment uses the region of interest positioned with high
accuracy for the TCA, and can thereby improve the accuracy
of quantitative analysis.

[0091] Moreover, according to the first embodiment, the
candidate-position extracting circuitry 151 calculates simi-
larities between a fundamental wave component in the region
of interest set in the predetermined image data included in the
time-series image data and fundamental wave components in
a plurality of candidate regions, each of which has the same
size as that of the region of interest, set in an area covering a
region at the same position as that of the region of interest set
in the time-series image data, and extracts the position of the
candidate region with the highest similarity among the cal-
culated ones as the first position. The candidate-position
extracting circuitry 151 also calculates similarities between a
harmonic component in the region of interest set in the pre-
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determined image data and harmonic components in a plu-
rality of candidate regions, each of which has the same size as
that of the region of interest, set in an area covering a region
at the same position as that of the region of interest set in the
time-series image data, and extracts the position of the can-
didate region with the highest similarity among the calculated
ones as the second position. Therefore, the ultrasonic diag-
nostic apparatus 100 according to the first embodiment can
extract the region of interest with higher accuracy by calcu-
lating the similarity for each finely set region in consideration
of the change in position of the region of interest.

[0092] According to the first embodiment, the position set-
ting circuitry 152 sets the position with a higher similarity as
the position of the region of'interest, of the similarity between
the fundamental wave components at the first position and the
similarity between the harmonic components at the second
position. Therefore, the ultrasonic diagnostic apparatus 100
according to the first embodiment can set the region of inter-
est with higher accuracy.

[0093] According to the first embodiment, the position set-
ting circuitry 152 sets the first position or the second position
as a position of the region of interest on condition that a
variance value of the pixel value in the region at the first
position or at the second position exceeds the predetermined
threshold. Therefore, the ultrasonic diagnostic apparatus 100
according to the first embodiment can set a region in which a
target site is clearly visualized in the region, as the region of
interest. For example, in the harmonic image, when the entire
region is dark or when the entire region is shining, it is
possible to prevent setting of the region as the region of
interest because of the conditions even if the degree of simi-
larity is high.

[0094] According to the first embodiment, the candidate-
position extracting circuitry 151 extracts the first positions
respectively in the normal order and the reverse order of the
time series based on the image data where the region of
interest is set. The candidate-position extracting circuitry 151
extracts the second positions respectively in the normal order
and the reverse order of the time series based on the image
data where the region of interest is set. Therefore, the ultra-
sonic diagnostic apparatus 100 according to the first embodi-
ment can respond to a case where the region of interest is set
at any position in the time-series image data. In other words,
the region of interest being most easily visible (easily deter-
mined) by the observer can be selected freely from any one of
the frames in the time series data.

[0095] According to the first embodiment, the position set-
ting circuitry 152 sets the first position or the second position
as the position of the region of interest on condition that the
similarity of the fundamental wave components at the first
position or the similarity of the harmonic components at the
second position exceeds the predetermined threshold. There-
fore, the ultrasonic diagnostic apparatus 100 according to the
first embodiment can detect an irregular movement of the
position, and can therefore point out an error in operation of
the ultrasonic probe, or the like.

[0096] According to the first embodiment, when it is deter-
mined that the similarity of the fundamental wave compo-
nents at the first position or the similarity of the harmonic
components at the second position does not exceed the pre-
determined threshold, the position setting circuitry 152 noti-
fies the operator of a warning. Therefore, the ultrasonic diag-
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nostic apparatus 100 according to the first embodiment can
immediately respond to the case where an irregular event
Occurs.

Second Embodiment

[0097] Although the first embodiment has been explained
so far, various different embodiments other than the first
embodiment may be performed.

[0098] The first embodiment has explained the case of
using the two-dimensional time series data. However, the
embodiment is not limited thereto and, for example, it may be
a case of using three-dimensional time series data. FIG. 9isa
diagram for explaining an example of a case where the ultra-
sonic diagnostic apparatus 100 according to a second
embodiment uses three-dimensional time series data. FIG. 9
represents volume data collected at a time of t1 and volume
data collected at a time of 2.

[0099] For example, when a region of interest R10 is set in
the volume data at the time of tl, the candidate-position
extracting circuitry 151 according to the second embodiment
acquires information for a position of the region of interest
R10 and offset. In FIG. 9, because of three-dimensional data,
the center coordinates of the region of interest R10 and the
offset become (%, y, z) three-axial information. The candi-
date-position extracting circuitry 151 extracts respective can-
didate positions of the region of interest R10 in fundamental
data and harmonic data of the volume data at t2.

[0100] That is, the candidate-position extracting circuitry
151 sets a predetermined three-dimensional region in the
fundamental data based on the position of the region of inter-
est R10 at t1 and information for offset, breathing, the state of
cardiac phase, and the like, and calculates similarity between
each of a plurality of regions in these range and the region of
interest R10. The candidate-position extracting circuitry 151
also performs the above processing on the harmonic data.
[0101] For example, as illustrated in FIG. 9, the position
setting circuitry 152 according to the second embodiment sets
a region with the highest similarity as the region of interest
R10 at t2 in areas of the fundamental data and the harmonic
data. For example, when the change in the position of the
region of interest R10 illustrated at t1 to t2 is caused by
beating of heart and is a movement in one heartbeat, the
position setting circuitry 152 collects three-dimensional
ultrasonic image by first one heartbeat, and acquires the posi-
tion of the region of interest R10 at the time of t2. Therefore,
even when two-dimensional ultrasonic image is collected, for
example, from second heartbeat, the position setting circuitry
152 changes a scanned cross section to the side of the region
of interest and collects it, as illustrated in the upper right
figure in FIG. 9, from the information for the position of the
region of interest R10 acquired in the cardiac phase at the time
of 12, and can thereby collect the region of interest R10
without deviation thereof. In other words, as illustrated in the
lower figures in FIG. 9, the observer can observe the ultra-
sonic image without feeling at all the influence of changes in
the position of the region of interest R10.

[0102] The first embodiment has explained the case where
the candidate positions of the region of interest are respec-
tively extracted from the fundamental image and the har-
monic image and either one of the positions of the region of
interest is set based on the similarity. However, the embodi-
ment is not limited thereto and, for example, it may be a case
where only the fundamental image is used to set the position
of the region of interest. In this case, the transmitting/receiv-
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ing circuitry 11 performs ultrasonic scanning on the subject
injected with the contrast agent and collects a plurality pieces
of image data. The candidate-position extracting circuitry
151 compares fundamental wave components between the
pieces of image data collected by the transmitting/receiving
circuitry 11 and extracts a position of the region of interest
where predetermined analysis is performed in at least one
image data of the pieces of image data.

[0103] Forexample, the transmitting/receiving circuitry 11
performs the ultrasonic scanning on the subject injected with
the contrast agent and collects the time-series image data. The
candidate-position extracting circuitry 151 extracts positions
of the region of interest included in respective time-series
image data collected by the transmitting/receiving circuitry
11, based on the similarity of the fundamental wave compo-
nent between the time-series image data. The position setting
circuitry 152 sets the position of the region of interest
extracted by the candidate-position extracting circuitry 151,
as the position of the region of interest in each of the time-
series image data. In other words, the candidate-position
extracting circuitry 151 compares the fundamental wave
component in the region set in the predetermined position in
the predetermined image data included in the pieces of image
data and fundamental wave components in a plurality of
regions set in a plurality of positions corresponding to a
predetermined position in another image data different from
the predetermined image data included in the pieces of image
data, and extracts the position from the regions, as the posi-
tion of the region of interest, corresponding to the region
having the fundamental wave component most similar to the
fundamental wave component in the region set in the prede-
termined position in the predetermined image data. Thus, it is
possible to perform the processing at higher speed than that of
the case where a comparison is made using both the funda-
mental image and the harmonic image. Even if it becomes
difficult to specify the region of interest in conventional har-
monic image because the fundamental image is used, the
region of interest can be set with high accuracy.

[0104] The first embodiment has explained the case where
an area covering a region at the same position as that of the
region of interest set in the predetermined image data is set in
another image data of the pieces of image data, and the region
of interest is set in the another image data based on the
fundamental wave component or the harmonic component in
a predetermined region of the predetermined image data.
However, the embodiment is not limited thereto and, for
example, it may be a case where the region of interest is
extracted from the whole region of the another image data and
the extracted region of interest is set.

[0105] One example will be explained with reference to
FIG. 3A and FIG. 3B. For example, the case where the region
of interest R1 is set in the frame 3 and the region of interest is
set in the frame 2 based on the set region of interest R1 is
explained. In this case, when the region of interest R1 is set in
the frame 3 of FIG. 3A, the candidate-position extracting
circuitry 151 extracts a region with the highest similarity, in
the fundamental image of the frame 2, to the region of interest
R1 in the fundamental image of the frame 3. For example, the
candidate-position extracting circuitry 151 acquires the size
(e.g., diameter) of the region of interest R1 set in the frame 3.
The candidate-position extracting circuitry 151 then extracts
a region of the same size as the size acquired from the fun-
damental image of the frame 2, and calculates the similarity
between the extracted region and the region of interest R1.
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Here, the candidate-position extracting circuitry 151 extracts
regions each with the same size as that of the region of interest
R1 from the whole region of the fundamental image of the
frame 2 while shifting the pixels one by one, and calculates
the similarity between each of the extracted regions and the
region of interest R1. In this manner, the candidate-position
extracting circuitry 151 calculates similarities between all the
regions extracted from the frame 2 and the region of interest
R1, and extracts the region with the highest similarity as a
candidate position of the region of interest in the fundamental
image of the frame 2.

[0106] Likewise, the candidate-position extracting cir-
cuitry 151 extracts the region with the highest similarity, in
the harmonic image of the frame 2, to the region of interest R1
in the harmonic image of the frame 3. For example, the
candidate-position extracting circuitry 151 extracts regions
each with the same size as that of the region of interest R1
from the whole region of the harmonic image of the frame 2
while shifting the pixels one by one, and calculates the simi-
larity between each of the extracted regions and the region of
interest R1 in the harmonic image of the frame 3. The candi-
date-position extracting circuitry 151 then extracts the region
with the highest similarity as a candidate position of the
region of interest in the harmonic image of the frame 2. The
position setting circuitry 152 sets the position with a higher
similarity, as the region of interest of the frame 2, of the
candidate positions in the fundamental image and the candi-
date positions in the harmonic image which are extracted by
the candidate-position extracting circuitry 151. The example
has explained the case where the candidate positions of the
regions of interest are respectively extracted from the funda-
mental image and from the harmonic image and the candidate
position with a higher similarity is set as the region of interest.
However, theembodiment is not limited thereto, and it may be
a case where the candidate position extracted from either one
of the fundamental image and the harmonic image is setas the
region of interest without any change.

[0107] The first embodiment has explained the case of set-
ting the region of interest in the same time series data. How-
ever, the embodiment is not limited thereto and, for example,
it may be a case of setting the region of interest in data whose
collection period is different. For example, when the follow-
up is performed after treatment of the same patient, it may be
acase of setting the region of interest of the current data based
on the region of interest set in the past. In this case, for
example, the candidate-position extracting circuitry 151
acquires information for the position of the region of interest
set in the past (e.g., coordinates of the center) and the size
(e.g., diameter) thereof. The candidate-position extracting
circuitry 151 sets a plurality of sub-regions each with the
same size as the region of interest in an area covering the same
position as the position of the region of interest set in the past,
based on the acquired information.

[0108] The candidate-position extracting circuitry 151 cal-
culates the similarities between the set sub-regions and the
region of interest set in the past, and extracts the sub-region
with the highest similarity. For the extraction of the sub-
region with the highest similarity, it may be the case where
sub-regions are extracted respectively from the fundamental
image and the harmonic image and the position with a higher
similarity is set as the position of the region of interest.
However, when the follow-up after the treatment is per-
formed, it may be a case where the position of the sub-region
with the highest similarity extracted from the fundamental
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image is set as the position of the region of interest without
any change because there is sometimes a case where the
temporal change of the contrast agent may be significantly
changed due to the treatment.

[0109] In this way, the ultrasonic diagnostic apparatus 100
according to the present application can set a region of inter-
estin a predetermined frame included in current data based on
the region of interest set in a predetermined frame included in
previous data. Furthermore, when the region of interest is set
in the predetermined frame included in the current data, the
ultrasonic diagnostic apparatus 100 according to the present
application further sets a region of interest in another frame
included in the current data based on the set region of interest.
However, it may be also a case where any one of the frames
included in the previous data is used for the previous frame to
acquire the information for the region of interest.

[0110] The example has explained the case where a plural-
ity of sub-regions are set in an area covering the same position
as that of the region of interest set in the previous frame and
the similarities are compared. However, the embodiment is
not limited thereto and, for example, it may be a case where
candidate positions are extracted from the whole area of the
current frame and the region of interest is set. In other words,
because the regions of interest are set between image data
whose collection periods are different, the candidate posi-
tions may be extracted from the whole area in consideration
of deviation or so between the data.

[0111] The first embodiment has explained the case where
the ultrasonic diagnostic apparatus 100 sets the region of
interest in the time series data. However, the embodiment is
not limited thereto and, for example, it may be a case where
the image processing apparatus sets the region of interest in
the time series data. In this case, for example, the image
processing apparatus extracts the first positions of the region
of interest respectively included in the time-series image data
collected by performing ultrasonic scanning on the subject
injected with the contrast agent, based on the similarity of the
fundamental wave component between the time-series image
data. The image processing apparatus extracts the second
positions of the region of interest respectively included in the
time-series image data, based on the similarity of the har-
monic component between the time-series image data. The
image processing apparatus then sets either one of the first
position and the second position as the position of the region
of interest in the time-series image data respectively, based on
the feature of a pixel in the region at the first position and the
feature of a pixel in the region at the second position.

[0112] Theconfiguration of the ultrasonic diagnostic appa-
ratus 100 according to the first embodiment is only an
example, and therefore integration and separation of the
respective circuitry can be appropriately performed. For
example, the candidate-position extracting circuitry 151 and
the position setting circuitry 152 can be integrated. Further,
the B-mode processing circuitry 12, the Doppler processing
circuitry 13, the image generating circuitry 14, image pro-
cessing circuitry 15 and the control circuitry 18 can be inte-
grated appropriately. In addition, for example, the candidate-
position extracting circuitry 151 can be separated into first
extracting circuitry that extracts a candidate position from the
fundamental image and second extracting circuitry that
extracts a candidate position from the harmonic image.
[0113] The functions of the candidate-position extracting
circuitry 151 and the position setting circuitry 152 explained
in the first embodiment can also be implemented by software.
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For example, the functions of the candidate-position extract-
ing circuitry 151 and the position setting circuitry 152 are
implemented by causing a computer to execute an image
processing program defining the procedures of processing
having been explained as these performed by the candidate-
position extracting circuitry 151 and the position setting cir-
cuitry 152 in the embodiment. The image processing program
is stored in a hard disk, a semiconductor memory device, or
the like, and is executed by being read by a processor such as
CPU and MPU. The image processing program can be dis-
tributed by being recorded in a computer-readable recording
medium such as CD-ROM (Compact Disc-Read Only
Memory), MO (Magnetic Optical disk), and DVD (Digital
Versatile Disc).

[0114] As explained above, according to the present
embodiment, it becomes possible to improve the accuracy of
quantitative analysis by the contrast echo method.

[0115] 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:
processing circuitry configured to

extract a first position through comparison of a fundamen-
tal wave component between a plurality pieces of image
data collected by performing ultrasonic scanning on a
subject injected with a contrast agent,

extract a second position through comparison of a har-
monic component between the pieces of image data, and

seteither one of the first position and the second position as
a position of a region of interest where predetermined
analysis is performed in at least one image data of the
pieces of image data.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to

compare a fundamental wave component in a region set in
a predetermined position in predetermined image data
included in the pieces of image data and fundamental
wave components in a plurality of regions set in a plu-
rality of positions corresponding to the predetermined
position in another image data different from the prede-
termined image data included in the pieces of image
data, and extract a position, as the first position, corre-
sponding to a region, of the regions, having a fundamen-
tal wave component most similar to the fundamental
wave component in the region set in the predetermined
position in the predetermined image data, and

compare a harmonic component in the region set in the
predetermined position in the predetermined image data
and harmonic components in a plurality of regions set in
a plurality of positions corresponding to the predeter-
mined position in the another image data, and extract a
position, as the second position, corresponding to a
region, of the regions, having a harmonic component
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most similar to the harmonic component in the region set
in the predetermined position in the predetermined
image data.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to set a
position with a higher similarity, as the position of the region
of interest, between a similarity of the fundamental wave
component in the first position and a similarity of the har-
monic component in the second position.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to set either
oneofthe first position and the second position as the position
of the region of interest on condition that a variance value of
apixel value in the region at the first position or at the second
position exceeds a predetermined threshold.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to
extract the first position in each of a normal order and a
reverse order of time series based on the image data
where the region of interest is set, and
extract the second position in each of the normal order and
the reverse order of the time series based on the image
data where the region of interest is set.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry is configured to set either
one ofthe first position and the second position as the position
of the region of interest on condition that either one of the
similarity of the fundamental wave component in the first
position and the similarity of the harmonic component in the
second position exceeds a predetermined threshold.
7. The ultrasonic diagnostic apparatus according to claim
6, wherein the processing circuitry is further configured to
notify an operator of a warning when the similarity of the
fundamental wave component in the first position and the
similarity of the harmonic component in the second position
are determined to not exceed the predetermined threshold.
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8. An ultrasonic diagnostic apparatus comprising;
processing circuitry configured to
collect a plurality pieces of image data by performing
ultrasonic scanning on a subject injected with a contrast
agent, and
extract a position of a region of interest where predeter-
mined analysis is performed in at least one image data of
the pieces of image data through comparison of a fun-
damental wave component between the pieces of image
data collected.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein the processing circuitry is configured to compare
a fundamental wave component in a region set in a predetet-
mined position in predetermined image data included in the
pieces of image data and fundamental wave components in a
plurality of regions set in a plurality of positions correspond-
ing to the predetermined position in another image data dif-
ferent from the predetermined image data included in the
pieces of image data, and extract a position, as the position of
the region of interest, corresponding to a region, of the
regions, having a fundamental wave component most similar
to the fundamental wave component in the region set in the
predetermined position in the predetermined image data.
10. An image processing apparatus comprising:
processing circuitry configured to
extract a first position through comparison of a fundamen-
tal wave component between a plurality pieces of image
data collected by performing ultrasonic scanning on a
subject injected with a contrast agent,
extract a second position through comparison of a har-
monic component between the pieces of image data, and
set either one ofthe first position and the second position as
a position of a region of interest where predetermined
analysis is performed in at least one image data of the
pieces of image data.
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