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ULTRASOUND DIAGNOSTIC APPARATUS
AND IMAGE ACQUISITION METHOD USING
ULTRASONIC WAVES

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and a method of getting an image using an
ultrasonic wave.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is used to collect
information to be used for medical purposes. e.g.. to display
the state of a blood vessel or a viscera in a human body. Such
an ultrasonic diagnostic apparatus includes a probe, a trans-
mitting section, a receiving section, a tomographic image
generating section and a display section as its major compo-
nents, and gets a tomographic image, which has been gener-
ated by the tomographic image generating section, displayed
on the display section.

[0003] However, just by getting such a tomographic image,
representing a blood vessel or the viscera in a human body,
displayed by an ultrasonic diagnostic apparatus, sometimes it
may not be a sufficient amount of information to be used
effectively for medical purposes. That is the case particularly
if it is necessary to carry out a medical checkup using an
ultrasonic diagnostic apparatus on a regular basis by getting a
tomographic image from the same region each time or if a
tomographic image needs to be gotten from a predetermined
region in a blood vessel or the viscera non-regularly.

[0004] For example, in diagnosing arterial sclerosis, a
tomographic image representing a carotid artery is gotten by
an ultrasonic diagnostic apparatus and the intima-media
thickness (which will be abbreviated herein as “IMT”) of the
carotid artery is measured based on the tomographic image.
In order to know the degree of advancement of the arterial
sclerosis or the status of treatment by measuring the IMT, it is
recommended that the diagnosis or inspection be made based
on a tomographic image gotten each time from the same
region in the carotid artery.

[0005] For that reason, even though it is not dedicated to
measuring the IMT, some people proposed a technique for
increasing the value of such information to be used for medi-
cal purposes by combining a tomographic image gotten by an
ultrasonic diagnostic apparatus with a three-dimensional
image gotten by an X-ray CT scanner (see Patent Document
No. 1, for example).

CITATION LIST

Patent Literature

[0006] PCT International Application Publication No.
2006/59668
SUMMARY OF INVENTION
Technical Problem

[0007] Inthe example of Patent Document No. 1 mentioned
above, the tomographic image gotten by the ultrasonic diag-
nostic apparatus and the three-dimensional image gotten by
the X-ray CT scanner need to be combined with each other.
For that purpose, three-dimensional image data which has
been composed by retrieving a saved image that has been
gotten by the X-ray CT scanner and stored and saved in
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advance and the tomographic image which has been gotten by
transmitting and receiving an ultrasonic wave to/from a cet-
tain region of the subject should be matched to each other.
However, it would be very difficult to get that matching work
done if the positions, tilt angles and moving directions of the
probe were different when those tomographic images are
gotten.

[0008] Speaking more specifically, the positional informa-
tion of the tomographic image gotten by the ultrasonic diag-
nostic apparatus and the positional information of the three-
dimensional image gotten by the X-ray CT scanner have been
generated by these two different apparatuses. That is why to
match those two pieces of positional information to each
other, a reference point should be specified for each of those
images and their two reference points should be matched to
each other. However, this image matching work should be a
troublesome one if their reference points set or image crop-
ping areas were different from each other or if the cropped
images had different sizes.

[0009] Particularly if the tomographic image were gotten
by the ultrasonic diagnostic apparatus in a tilted position, it
would be extremely difficult to match the tomographic image
gotten in such a tilted position to the three-dimensional image
data gotten by the X-ray CT scanner. That is why the conven-
tional ultrasonic diagnostic apparatus has been far from com-
ing in handy.

[0010] It is therefore an object of the present invention to
provide an ultrasonic diagnostic apparatus which will come
in much handier so as to allow the user to set the probe at a
predetermined position just by performing a series of simple
operations and get those images matched easily and also
provide a method of getting an image using ultrasonic waves.

Solution to Problem

[0011] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is connectable to a probe that
transmits and receives an ultrasonic wave and that converts its
echo signal into an electrical signal and measures a charac-
teristic of a subject in a predetermined region of its object of
measurement. The apparatus includes: a probe driving sec-
tion which performs transmission processing to transmit the
ultrasonic wave and reception processing to generate a
received signal based on the electrical signal by driving the
probe and which gets a received signal from each point of the
subject including the object of measurement; a probe position
information obtaining section which obtains positional infor-
mation about the probe that has gotten the received signal
from each point; an image generation control section which
associates the received signal from each point with the posi-
tional information; a feature extracting and computing sec-
tion which generates, based on the received signal with which
the positional information has been associated, information
to compose a three-dimensional image covering the object of
measurement; a feature data comparing section which stores
information to compose a three-dimensional image that was
gotten in the past and information about the position of the
object of measurement, of which the characteristic was mea-
sured in the past, compares the information to compose the
three-dimensional image that was gotten in the past to infor-
mation to compose a three-dimensional image being gotten
currently, and gets the positional information of the object of
measurement, of which the characteristic was measured in the
past, incorporated into the information to compose the three-
dimensional image being gotten currently; an image display
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processing section which performs processing to display a
three-dimensional image based on the information to com-
pose the three-dimensional image being gotten currently, the
positional information of the object of measurement, of
which the characteristic was measured in the past and which
has been incorporated by the feature data comparing section,
and information about the current position of the probe; and a
display section which displays the output of the image display
processing section.

[0012] Another ultrasonic diagnostic apparatus according
to an aspect of the present invention is connectable to a probe
that transmits and receives an ultrasonic wave and that con-
verts its echo signal into an electrical signal and measures a
characteristic of a subject in a predetermined region of its
object of measurement. The apparatus includes: a probe driv-
ing section which performs transmission processing to trans-
mit the ultrasonic wave and reception processing to generate
a received signal based on the electrical signal by driving the
probe and which gets a received signal from each point of the
subject including the object of measurement; a probe position
information obtaining section which obtains positional infor-
mation about the probe that has gotten the received signal
from each point; an image generation control section which
generates tomographic image information based on the
received signal from each point and which associates the
tomographic image information with the positional informa-
tion; a feature extracting and computing section which gen-
erates, based on the tomographic image information with
which the positional information has been associated, infor-
mation to compose a three-dimensional image covering the
object of measurement; a feature data comparing section
which stores information to compose a three-dimensional
image that was gotten in the past and information about the
position of the object of measurement, of which the charac-
teristic was measured in the past, compares the information to
compose the three-dimensional image that was gotten in the
past to information to compose a three-dimensional image
being gotten currently, and gets the positional information of
the object of measurement, of which the characteristic was
measured in the past, incorporated into the information to
compose the three-dimensional image being gotten currently;
an image display processing section which performs process-
ing to display a three-dimensional image based on the infor-
mation to compose the three-dimensional image being gotten
currently, the positional information of the object of measure-
ment, of which the characteristic was measured in the past
and which has been incorporated by the feature data compar-
ing section, and information about the current position of the
probe; and a display section which displays the output of the
image display processing section.

[0013] Theimage display processing section superimposes
the information about the current position that has been
obtained by the probe position information obtaining section
on the three-dimensional image based on the information to
compose the three-dimensional image being gotten currently
and then displays the three-dimensional image with the cur-
rent position information on the display section.

[0014] The ultrasonic diagnostic apparatus includes a stor-
age section which stores the information to compose the
three-dimensional image that was gotten in the past and the
positional information of the object of measurement, of
which the characteristic was measured in the past.

[0015] Ifthe feature data comparing section has found that
the probe’s current position with respect to the object of
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measurement matches the position of the object of measure-
ment, of which the characteristic was measured in the past,
the feature extracting and computing section instructs the
image display processing section to give a sign of their match
on the display section.

[0016] The feature extracting and computing section
extracts information to compose the three-dimensional image
of the object of measurement from pieces of information to
compose the three-dimensional image by reference to infor-
mation about the structure of the object of measurement. The
image display processing section gets the information to
compose the three-dimensional image of the object of mea-
surement, which has been extracted by the feature extracting
and computing section, displayed on the display section.
[0017] The feature data comparing section compares the
information to compose the three-dimensional image that
was gotten in the past and the information to compose the
three-dimensional image being gotten currently by reference
to the information about the structure of the object of mea-
surement.

[0018] The object of measurement is a carotid artery and
the characteristic to measure is a characteristic of a blood
vessel.

[0019] The characteristic of the blood vessel to measure is
its IMT.
[0020] The feature data comparing section compares the

information to compose the three-dimensional image that
was gotten in the past to the information to compose the
three-dimensional image being gotten currently based on the
structure of a common carotid artery branching portion where
the common carotid artery of the carotid artery branches into
an inner carotid artery and an outer carotid artery.

[0021] The feature data comparing section compares the
information to compose the three-dimensional image that
was gotten in the past to the information to compose the
three-dimensional image being gotten currently based on the
blood vessel diameter of the carotid artery.

[0022] An image getting method according to an aspect of
the present invention is a method for getting an image using
an ultrasonic wave which is connectable to a probe that trans-
mits and receives the ultrasonic wave and that converts its
echo signal into an electrical signal and which measures a
characteristic of a subject in a predetermined region of its
object of measurement. The method includes the steps of: (A)
performing transmission processing to transmit the ultrasonic
wave and reception processing to generate a received signal
based on the electrical signal by driving the probe and getting
areceived signal from each point of the subject including the
object of measurement; (B) obtaining positional information
about the probe that has gotten the received signal from each
point; (C) associating the received signal from each point,
including the object of measurement, with the positional
information; (D) generating, based on the received signal
with which the positional information has been associated,
information to compose a three-dimensional image covering
the object of measurement; (E) comparing the information to
compose the three-dimensional image that was gotten in the
past to information to compose a three-dimensional image
being gotten currently, and getting the positional information
of the object of measurement, of which the characteristic was
measured in the past, incorporated into the information to
compose the three-dimensional image being gotten currently;
and (F) performing processing to display a three-dimensional
image based on the information to compose the three-dimen-
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sional image being gotten currently, the positional informa-
tion of the object of measurement, of which the characteristic
was measured in the past and which has been incorporated by
the feature data comparing section, and information about the
current position of the probe.

[0023] Another image getting method according to an
aspect of the present invention is a method for controlling an
ultrasonic diagnostic apparatus which is connectable to a
probe that transmits and receives an ultrasonic wave and that
converts its echo signal into an electrical signal and which
measures a characteristic of a subject in a predetermined
region of its object of measurement. The method includes the
steps of: (A") performing transmission processing to transmit
the ultrasonic wave and reception processing to generate a
received signal based on the electrical signal by driving the
probe and getting a received signal from each point of the
subject including the object of measurement; (B') obtaining
positional information about the probe that has gotten the
received signal from each point; (C') generating tomographic
image information based on the received signal from each
point, including the object of measurement, and associating
the tomographic image information with the positional infor-
mation; (D') generating, based on the tomographic image
information with which the positional information has been
associated, information to compose a three-dimensional
image covering the object of measurement; (E') comparing
the information to compose the three-dimensional image that
was gotten in the past to information to compose a three-
dimensional image being gotten currently, and getting the
positional information of the object of measurement, of
which the characteristic was measured in the past, incorpo-
rated into the information to compose the three-dimensional
image being gotten currently; and (F") performing processing
to display a three-dimensional image based on the informa-
tion to compose the three-dimensional image being gotten
currently, the positional information of the object of measure-
ment, of which the characteristic was measured in the past
and which has been incorporated by the feature data compar-
ing section, and information about the current position of the
probe.

Advantageous Effects of Invention

[0024] An ultrasonic diagnostic apparatus and method of
getting an image using an ultrasonic wave according to the
present disclosure can provide an ultrasonic diagnostic appa-
ratus which will come in much handier so as to allow the user
to set the probe at a predetermined position just by performing
a series of simple operations.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a block diagram generally illustrating an
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0026] FIG. 2(a) is a perspective view illustrating the
appearance of the ultrasonic diagnostic apparatus shown in
FIG. 1 and FIG. 2(b) is a perspective view illustrating the
main portion of its positional information obtaining section.
[0027] FIG. 3 is a detailed block diagram of the ultrasonic
diagnostic apparatus shown in FIG. 1.

[0028] FIG. 4 is a flowchart showing the procedure of mea-
suring the IMT for the first time using the ultrasonic diagnos-
tic apparatus shown in FIG. 1.
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[0029] FIG. 5(a) illustrates how a probe is brought into
contact with a subject and FIG. 5(b) shows a tomographic
image of a region including a carotid artery.

[0030] FIG. 6(a) illustrates how to make hand scanning on
the surface of the nape, and FIG. 6(b) illustrates examples of
three-dimensional images of the carotid artery to be displayed
on a display section.

[0031] FIG. 7 illustrates a three-dimensional image show-
ing a region where the IMT of the carotid artery has been
measured.

[0032] FIG. 8is aflowchart showing the procedure of mea-
suring the IMT for the second time and on using the ultrasonic
diagnostic apparatus shown in FIG. 1.

[0033] FIGS. 9(a) to 9(d) illustrate how to match a three-
dimensional image being gotten currently and a three-dimen-
sional image that was gotten in the past with each other while
the IMT is being measured.

[0034] FIGS. 10(a) to 10(d) illustrate three-dimensional
images to be displayed on the display section when the IMT
is measured for the second time and on.

DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, embodiments of an ultrasonic diagnos-
tic apparatus and method of getting an image using an ultra-
sonic wave according to the present invention will be
described with reference to the accompanying drawings.
[0036] FIG. 1 is a block diagram generally illustrating an
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0037] This ultrasonic diagnostic apparatus 1 includes a
probe 12, a probe position information obtaining section 2, a
probe driving section 3, an image generation control section
5, a feature extracting and computing section 7, a feature data
comparing section 8, an image display processing section 6
and a display section 4. Although the ultrasonic diagnostic
apparatus 1 of this embodiment includes the probe 12, the
ultrasonic diagnostic apparatus 1 does not have to include the
probe 1, but just needs to be connectable to the probe 12.
[0038] The probe 12 includes an ultrasonic vibrator, trans-
mits an ultrasonic wave to a subject and receives an echo
signal as the reflected ultrasonic wave through the ultrasonic
vibrator, and transforms the echo signal into an electrical
signal.

[0039] The probe position information obtaining section 2
obtains and outputs information about the position of the
probe 12.

[0040] The probe driving section 3 supplies a drive signal
that instructs the probe 12 to transmit an ultrasonic wave as a
part of ultrasonic wave transmission processing. Also, as a
part of ultrasonic wave reception processing, the probe driv-
ing section 3 carries out general reception processing that
should be done to compose a tomographic image, including
amplifying and detecting the electrical signal supplied from
the probe 12, thereby generating a received signal.

[0041] The image generation control section 5 performs a
coordinate transformation and other kinds of processing on
the received signal supplied from the probe driving section 3,
thereby generating tomographic image information. In addi-
tion, the image generation control section 5 associates the
received signal with the positional information that has been
obtained by the probe position information obtaining section
2. In this description, the “tomographic image information”
refers herein to not only the tomographic image itself that has
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been composed but also other pieces of information to be used
to compose atomographic imagebased on the received signal
(e.g., brightness information).

[0042] The feature extracting and computing section 7 car-
ries out data processing to compose a three-dimensional
image of the object of measurement based on the positional
information provided by the probe position information
obtaining section 2 and the received signal supplied from the
probe driving section 3.

[0043] The feature data comparing section 8 stores and
retains the measurement data, tomographic image and three-
dimensional image that were obtained from the object of
measurement as a result ofa past measurement, and compares
them to the output of the feature extracting and computing
section 7 that has been obtained as a result of a current
measurement.

[0044] The image display processing section 6 performs
processing to present the tomographic image that has been
composed by the image generation control section 5, synthe-
sizes together the data processed by the feature extracting and
computing section 7, the tomographic image generated by the
image generation control section 5, and the positional infor-
mation provided by the probe position information obtaining
section 2, and controls the display data to present a three-
dimensional image of the object of measurement.

[0045] The display section 4 displays the output of the
image display processing section 6.

[0046] Next, look at FIG. 2, which illustrates an exemplary
appearance of the ultrasonic diagnostic apparatus of the
present invention.

[0047] As shown in FIG. 2(a), the body case 63 of this
ultrasonic diagnostic apparatus 1 may be mounted on a caster
stage 61 with four tires 62 at its feet, thus making the ultra-
sonic diagnostic apparatus 1 movable in any direction.
[0048] Also, a multi-articulated arm 65 is provided at the
rear of the body case 63 of the ultrasonic diagnostic apparatus
1 and the probe 12 is arranged at the end of the arm 65. The
probe 12 is electrically connected to the probe driving section
3 in the body case 63.

[0049] As shown in FIG. 2(b), the multi-articulated arm 65
includes two rotatable articulations 70 and 71 and a plurality
of foldable articulations 66 to 69 which are arranged between
the two rotatable articulations 70 and 71. In the configuration
illustrated in FIG. 2(b), four articulations are provided. In
addition, an angle sensor (not shown) is provided for each of
these articulations 66 to 71 to detect its angle of rotation.
Furthermore, an acceleration sensor (not shown, either) is
also provided for each of the two rotatable articulations 70
and 71 in order to detect the three-dimensional direction
acceleration of the articulation.

[0050] These angle and acceleration sensors provided for
the respective articulations 66 to 71 of the multi-articulated
arm 65 together form the probe position information obtain-
ing section 2. Thus, information about the position of the
probe 12 is obtained and output using these sensors.

[0051] That is to say, the probe 12 can be not only moved
up, down, to the right, and to the left and but also freely rotated
360 degrees to any other direction by the multi-articulated
arm 65 with those articulations 66 to 71. And information
about the position of the probe 12 can be obtained by the angle
sensors provided for those articulations of the multi-articu-
lated arm 65. Also, if the multi-articulated arm 65 gets shaken
or tilted, the shift caused by the shake or tilt can be detected by
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the acceleration sensors and the positional information
obtained by the angle sensors is corrected based on the mag-
nitude of the shake or tilt.

[0052] In this embodiment, the multi-articulated arm 65
including the angle and acceleration sensors and supporting
the probe 12 is supposed to be used an exemplary probe
position information obtaining section 2. However, this is just
an exemplary configuration for obtaining information about
the position of the probe 12 and the present invention is in no
way limited to this specific configuration. That is to say, as
long as information about the position of the probe 12 can be
obtained, any other configuration may be used. For example,
a magnetic sensor, a gyrosensor, an optical sensor or their
combination may also be used. Also, the configuration of the
multi-articulated arm 65 is just an embodiment of the present
invention to obtain information about the position of the
probe 12. Thus, the number of articulations or sensors pro-
vided does not have to be the one adopted in the configuration
shown in FIG. 2().

[0053] Next, an ultrasonic diagnostic apparatus according
to this embodiment will be described in further detail with
reference to FIG. 3, which is a detailed block diagram of the
ultrasonic diagnostic apparatus 1 shown in FIG. 1. The probe
position information obtaining section 2, probe driving sec-
tion 3, image generation control section 5, feature extracting
and computing section 7. feature data comparing section 8,
and image display processing section 6 to be described in
detail below may be implemented as either pieces of hard-
ware or a combination of an information processor such as a
CPU and a software program stored in a storage section such
as a memory. In the latter case, the information processor
retrieves a software program, defining the procedure of the
image getting method to be described below, from the
memory and carries out the procedure of the image getting
method, thereby controlling the respective components of
this ultrasonic diagnostic apparatus. Optionally, some of
those components to be implemented as the combination of
the information processor and the software program stored in
the memory may be implemented as a dedicated integrated
circuit as well. Alternatively, some of those components may
also be implemented as a general purpose information pro-
cessor such as a microcomputer. That is to say, this embodi-
ment may be carried out as a system including the ultrasonic
diagnostic apparatus and the microcomputer.

[0054] As shown in FIG. 3, the probe driving section 3
includes a transmitting section 22 and a receiving section 23.
The transmitting section 22 performs the transmission pro-
cessing described above, and the receiving section 23 per-
forms the reception processing described above.

[0055] The probe position information obtaining section 2
includes position sensors 13, a positional information obtain-
ing section 24, acceleration sensors 14, a shake/tilt informa-
tion obtaining section 29, a shift component reduction com-
puting section 27 and a probe position information computing
section 30.

[0056] The position sensors 13 are the plurality of angle
sensors provided for the multi-articulated arm 65 described
above.

[0057] The positional information obtaining section 24
obtains information about the position of the probe 12 based
on the output of the position sensor 13.

[0058] Theacceleration sensors 14 are provided for the two
rotatable articulations 70 and 71 described above to detect the
acceleration of the probe 12 moving.
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[0059] The shake/tilt information obtaining section 29
obtains information about the shake and tilt of the probe 12
based on the output of the acceleration sensor 14.

[0060] The shift component reduction computing section
27 calculates the shift component of the probe 12 by reference
to the information about the position of the probe 12 that has
been obtained by the positional information obtaining section
24 and the information about the shake and tilt of the probe
thathas been obtained by the shakef/tilt information obtaining
section 29.

[0061] The probe position computing section 30 calculates
information about the exact position of the probe 12 based on
the result of the calculation that has been made by the shift
component reduction computing section 27.

[0062] Thatisto say, the probe position information obtain-
ing section 2 is configured to get a shift component, which
will be noise in obtaining accurate information about the
position of the probe 12, calculated by the shift component
reduction computing section 27 by reference to not only the
information about the shake and tilt of the probe 12 that has
been obtained by the shake/tilt information obtaining section
29 based on the output of the acceleration sensor 14 but also
the positional information obtained by the positional infor-
mation obtaining section 24, and to get the accurate position
of the probe 12 calculated by the probe position computing
section 30 based on the result of the computation. The infor-
mation about the position of the probe 12 that has been cal-
culated by the probe position computing section 30 is output
to a tomographic-3D accumulating and synthesizing section
26, a feature 3D voxel section 31 and a 3D image reconstruct-
ing section 32 to be described later. The image generation
control section 5 includes a tomographic image generating
section 25, the tomographic-3D accumulating and synthesiz-
ing section 26, and a tomographic-3D voxel section 28.
[0063] The tomographic image generating section 25 gen-
erates information about a so-called “general tomographic
image” based on the received signal that has been subjected to
the reception processing by the receiving section 23.

[0064] The tomographic-3D accumulating and synthesiz-
ing section 26 associates the received signals, which have
been obtained by transmitting and receiving ultrasonic waves
to/from multiple points in the subject, with the information
provided by the probe position computing section 30. For
example, by transmitting and receiving ultrasonic waves
while bringing the probe 12 into contact with the surface of
the subject and moving the probe 12 in one direction, received
signals are obtained from multiple points. In that case, those
received signals obtained from the multiple points and mul-
tiple pieces of information about the positions of the probe
provided by the probe position computing section 30 are
sequentially associated with each other one after another.
[0065] In this embodiment, the tomographic-3D accumu-
lating and synthesizing section 26 is supposed to associate the
received signals with the positions of the probe 12. However,
the tomographic-3D accumulating and synthesizing section
26 may also associate the tomographic image information
with the probe position information. In that case, the tomo-
graphic-3D accumulating and synthesizing section 26
receives the output of the tomographic image generating sec-
tion 25, instead of the output of the receiving section 23 (not
shown in FIG. 3).

[0066] The tomographic-3D voxel section 28 gets a plural-
ity of received signals from the tomographic-3D accumulat-
ing and synthesizing section 26 and sends back some of those
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received signals to the tomographic-3D accumulating and
synthesizing section 26 as needed.

[0067] The feature extracting and computing section 7
includes a feature extracting section 18, the feature 3D voxel
section 31, a feature evaluating and repairing section 34, a
feature 3D information completing section 35, an organ/
blood vessel 3D extracting section 36 and a target position
computing section 37.

[0068] The feature extracting section 18 extracts data fea-
turing a predetermined object of measurement based on the
received signal gotten from the receiving section 23. In this
description, the “data featuring a predetermined object of
measurement” refers herein to information about the bound-
ary between an organ and the blood vessel or information
about a region where there is some structural change to be
obtained by analyzing the received signal.

[0069] The feature 3D voxel section 31 accumulates the
data featuring a plurality of predetermined objects of mea-
surement that have been extracted by the feature extracting
section 18, the received signals that have been accumulated
by the tomographic-3D accumulating and synthesizing sec-
tion 26, and information about the position of the probe 12
provided by the probe position computing section 30. Also, in
accumulating these pieces of information, the feature 3D
voxel section 31 associates these three kinds of information
with each other so that these pieces of information are pro-
vided for the received signals gotten from multiple points in
the subject.

[0070] The feature evaluating and repairing section 34
evaluates the extraction status of a predetermined object of
measurement based on the data that has been extracted by the
feature extracting section 18 and the data that has been accu-
mulated by the feature 3D voxel section 31. Specifically, the
feature evaluating and repairing section 34 removes noise
components that should be unnatural for a human body struc-
ture from the data that has been accumulated in the feature 3D
voxel section 31 or repairs the data featuring the predeter-
mined objects of measurement that have been accumulated in
the feature 3D voxel section 31 into continuous information.
[0071] The feature 3D information completing section 35
completes the information to compose the three-dimensional
image ofa predetermined object of measurement based on the
output of the feature evaluating and repairing section 34.
[0072] The organ/blood vessel 3D extracting section 36
extracts information to compose a three-dimensional image
of a predetermined region (such as a blood vessel or a speci-
fied organ) that has been selected separately in accordance
with an instruction from the information to compose a three-
dimensional image of a predetermined object of measure-
ment that has been completed by the feature 3D information
completing section 35.

[0073] The target position computing section 37 updates,
from time to time, the relative position of the probe 12 with
respect to the predetermined region that has been separately
specified by the organ/blood vessel 3D extracting section 36
on the three-dimensional image of that predetermined region
by reference to information to compose a three-dimensional
image of that predetermined region and information about the
position ofthe probe 12 that has been obtained from the probe
position computing section 30. Then, the target position com-
puting section 37 gets the position of the predetermined
region that has been subjected to the measurement in the
object of measurement stored in a 3D information storing and
saving section 38 via the 3D image reconstructing section 32.
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Also, as will be described in detail later, if the position of the
predetermined region that was subjected to measurement in
the past (which will be referred to herein as a “target posi-
tion”) matches the position of the probe 2 that is currently
making a measurement, the target position computing section
37 outputs information indicating their match to the 3D image
reconstructing section 32 and gives an instruction on how to
incorporate the position into the three-dimensional image.
[0074] The feature data comparing section 8 includes the
3D information storing and saving section 38, a 3D data
reloading section 39, a feature 3D data comparing section 40,
and a 3D position match computing section 41.

[0075] The 3D information storing and saving section 38
stores the information to compose the three-dimensional
image and target position that have been gotten from the 3D
image reconstructing section 32.

[0076] The 3D data reloading section 39 retrieves the data
that is saved in the 3D information storing and saving section
38.

[0077] The feature 3D data comparing section 40 compares
information to compose a past three-dimensional image that
has been retrieved by the 3D data reloading section 39 to the
three-dimensional image of the object of measurement that
has been extracted by the organ/blood vessel 3D extracting
section 36 during the current measurement, and calculates
their positional shift component. For example, the feature 3D
data comparing section 40 compares information about the
structure of the object of measurement covered in the past
three-dimensional image to information about the structure of
the object of measurement currently under inspection,
thereby calculating their positional shift component.

[0078] The3D position match computing section 41 makes
computations based on the positional shift component pro-
vided by the feature 3D data comparing section 40 to deter-
mine whether or not the three-dimensional image that was
gotten in the past matches the three-dimensional image being
gotten currently. If the answer is YES, the 3D position match
computing section 41 outputs that information to the 3D
image reconstructing section 32 to be described below to
incorporate the target position into the three-dimensional
image being gotten currently.

[0079] Theimage display processing section 6 includes the
3D image reconstructing section 32 and a display control
section 33.

[0080] The 3D image reconstructing section 32 rearranges
the tomographic image supplied from the image generation
control section 5, the three-dimensional image obtained by
the feature extracting and computing section 7, and the posi-
tional information that is the output of the probe position
information obtaining section 2 so that these images and
information are synthesized together and that their synthetic
image is displayed on the display section 4. In addition, by
reference to the information provided by the 3D position
match computing section 41, the 3D image reconstructing
section 32 gets the target position that was subjected to mea-
surement in the past displayed on the three-dimensional
image being gotten currently. Furthermore, on receiving
information indicating that the position of the probe 2 cur-
rently used to make a measurement has matched the target
position from the target position computing section 37, the
3D image reconstructing section 32 outputs display informa-
tion indicating that to the display control section 33. Option-
ally, those images and information may also be rearranged
with a result of the comparison that has been made by the
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feature data comparing section 8 with the past three-dimen-
sional image also taken into account.

[0081] The display control section 33 performs a control
operation so that the tomographic image generated by the
tomographic image generating section 25 and the output of
the 3D image reconstructing section 32 can be displayed on
the display section 4.

[0082] Next, it will be described with reference to FIGS. 4
through 10 how the ultrasonic diagnostic apparatus of this
embodiment shown in FIGS. 1 to 3 may operate and how the
operator may use it. In the example to be described below, the
IMT of'the carotid artery is supposed to be measured. Also, in
the following example, the procedure of measuring the IMT
of the same person under test twice at an interval will be
described. In that case, if a measurement is currently being
made for the second time, the measurement that was carried
out for the first time is a past measurement. Also, if the IMT
of the same person under test is measured n times (where n is
an integer that is equal to or greater than three) at some
intervals, the IMT measurement carried out for the second
time in the example to be described below may be an IMT
measurement carried out for the n” time.

[0083] First of all, it will be described with reference to the
flowchart shown in FIG. 4 how the ultrasonic diagnostic
apparatus may operate and how the operator may use it in a
situation where the IMT of the carotid artery is measured for
the first time (i.e., at the time of the first consultation). In Step
#1 (S11), the probe 12 is brought into contact with the surface
of the subject’s nape and his or her carotid artery is searched
for based on the tomographic image obtained.

[0084] Specifically, with the transmitting section 22 and
receiving section 23 of the probe driving section 3 driven, the
end portion of the probe 12 is brought into contact with the
surface of the nape 16 as shown in FIG. 5(a). In this case, the
probe 12 is arranged so that an ultrasonic beam transmitted
from the probe 12 strikes the carotid artery perpendicularly to
the direction in which the blood vessel extends (which will be
referred to herein as the “long-axis direction”) and that a
tomographic image representing a substantially circular cross
section of the carotid artery (which will be referred to herein
as a “short-axis cross section”) can be obtained. That is to say,
the operator searches for the carotid artery by moving the
probe 12 while keeping the probe 12 facing the same direction
so that a short-axis cross section of the carotid artery will be
included in the tomographic image. When the probe 12 is
arranged at an appropriate position, a substantially circular
short-axis cross section 17 of the carotid artery will be
included in the tomographic image that has been generated by
the tomographic image generating section 25 and the display
control section 30 and that is now displayed on the display
section 4, as in the tomographic image 17 shown in FIG. 5(6).
[0085] Next, in Step #2 (S12), received signals are gotten
from multiple points on the carotid artery in the long-axis
direction.

[0086] With the probe 12 brought into contact with the
surface ofthe nape at an appropriate positionin Step #1 (S11),
the probe 12 is moved along the long axis of the carotid artery
as indicated by the arrow in FI1G. 6(a), for example. And as the
probe 12 is moved, ultrasonic waves are transmitted to, and
echo signals are received as reflected ultrasonic waves from,
multiple points on the carotid artery in the long-axis direction
(e.g., the points (A), (B) and (C) shown in FIG. 6(a)). In this
description, this operation will be referred to herein as “hand
scanning”. As a result, echo signals representing the short-
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axis cross section of the carotid artery can be received from
multiple points on the carotid artery in the long-axis direction.
[0087] In this embodiment, in receiving echo signals rep-
resenting the short-axis cross section of the carotid artery
from multiple points on the carotid artery in the long-axis
direction, hand scanning is supposed to be performed. How-
ever, this is just an example of the present invention. Alterna-
tively, a so-called “3D probe” or “4D probe” may also be used
as the probe. In that case, echo signals representing the short-
axis cross section of the carotid artery are received electroni-
cally, not by hand scanning, from multiple points on the
carotid artery in the long-axis direction.

[0088] Steps #3 (S13) through #6 (S16) to be described
below are performed substantially simultaneously with Step
#2 (S12) described above to get a three-dimensional image of
the carotid artery displayed on the display section 4. It should
be noted that these Steps #3 (S13) through #6 (S16) are
carried out sequentially while making hand scanning.
[0089] In Step #3 (S13), multiple received signals obtained
from respective points on the carotid artery in the long-axis
direction by hand scanning get associated with information
about the position of the probe 12 that has gotten those
received signals.

[0090] First of all, those received signals obtained from the
respective points by hand scanning are sequentially output
from the receiving section 23 to the tomographic-3D accu-
mulating and synthesizing section 26. In the meantime, infor-
mation about the position of the probe 12 that has gotten these
received signals is obtained by the probe position information
obtaining section 2. Then, the tomographic-3D accumulating
and synthesizing section 26 associates those received signals
and the positional information with each other. And the infor-
mation thus associated is stored in the tomographic-3D voxel
section 28.

[0091] In Step #4 (S14), data featuring the predetermined
object of measurement is extracted from the received signals
that have been obtained from the respective points by hand
scanning.

[0092] First of all, as in Step #3 (S13), those received sig-
nals obtained by hand scanning from the respective points on
the carotid artery in the long-axis direction are sequentially
output from the receiving section 23 to the feature extracting
section 18. Based on those received signals, the feature
extracting section 18 gets boundary information from a blood
vessel including the carotid artery or from any other organ.
Such boundary information may be obtained by a vascular
boundary detecting method which is generally used in mea-
suring the IMT. Specifically, in that case, data with predeter-
mined amplitude or more is extracted by reference to infor-
mation about the amplitude of the received signal and used as
the boundary information. This boundary information is
obtained every time a received signal is output from the
receiving section 23 to the feature extracting section 18.
[0093] Itshould be noted that this boundary information is
original data to compose a three-dimensional image. By per-
forming various kinds of data processing in Step #5 (S15) (to
be described later) with multiple pieces of boundary informa-
tion gotten from respective points on the carotid artery com-
bined together, a three-dimensional image can be composed.
[0094] In Step #5 (S15), information to compose the three-
dimensional image is completed.

[0095] In this example, the information is repaired into
continuous information by the feature evaluating and repair-
ing section 34 based on the data obtained by the feature
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extracting section 18 and accumulated in the feature 3D voxel
section 31 and the information provided by the tomographic-
3D accumulating and synthesizing section 26. After that, the
information to compose a three-dimensional image of the
predetermined object of measurement, including the carotid
artery, is completed by the feature 3D information completing
section 35.

[0096] In Step #6 (S16), a three-dimensional image repre-
senting the carotid artery as the object of measurement is
selectively displayed based on the information to compose a
three-dimensional image that has been completed in Step #5
(S15). The information to compose a three-dimensional
image that has been obtained in Step #5 (S15) includes not
only information about the carotid artery but also information
about other blood vessels and organs as well. That is why in
Step #6 (S16), only information about the carotid artery is
extracted from those pieces of information to compose the
three-dimensional image that has been obtained.

[0097] The carotid artery is thicker than an ordinary blood
vessel and has a structure consisting of a common carotid
artery, an inner carotid artery, and an outer carotid artery. And
the carotid artery has a characteristic Y-structure in which the
common carotid artery extends toward the head of the subject
and branches into the inner and outer carotid arteries (i.e., a
so-called “common carotid artery branching portion™).
[0098] That is why information about such a characteristic
structure and the thickness of a standard carotid artery is
stored in advance in the organ/blood vessel 3D extracting
section 36 and a three-dimensional image representing the
carotid artery is selected according to its characteristic struc-
ture from the three-dimensional image that has been com-
pleted in Step #5 (S15). Information about the carotid artery
three-dimensional image thus selected is output to the 3D
image reconstructing section 32, which composes a three-
dimensional image representing only the carotid artery based
on the information gotten. Then, the three-dimensional image
representing only the carotid artery is displayed on the dis-
play section 4 via the display control section 33.

[0099] In the case of the carotid artery, almost as soon as
hand scanning is started, the object can usually be quickly
recognized as the carotid artery by its structure and thickness
(i.e., blood vessel diameter) and such a three-dimensional
image representing only the carotid artery can be displayed.
However, if there were two or more candidate objects, any
one of which could be the carotid artery, and if it is impossible
to decide which one of them is actually the object to present
its three-dimensional image, then images of all of those can-
didate objects may be displayed on the display section 4, and
compared to the information about the structure of the carotid
artery from time to time by reference to the information
gotten by hand scanning, thereby deleting objects that cannot
be the carotid artery.

[0100] By performing these processing steps #3 (S13)
through #6 (516), a tomographic image obtained by hand
scanning and a three-dimensional image of the carotid artery
such as the one shown in FIG. 6(b) are displayed almost
synchronously with each other on the display section 4.
[0101] Inpresenting a three-dimensional image such as the
one shown in FIG. 6(), the image display processing section
6 of the ultrasonic diagnostic apparatus of this embodiment
superimposes information about the position of the probe
obtained from the probe position information obtaining sec-
tion 2 on the three-dimensional image and gets the three-
dimensional image with the positional information displayed
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on the display section 4 so as to allow even an unskilled
operator to understand easily the status of the three-dimen-
sional image gotten. More specifically, a schematic represen-
tation 19 of the probe 12 and a partially quadrangle region 20
showing a major tomographic image getting area at the scan-
ning plane position at the end of the schematic representation
19 are synthesized together, and the synthetic image thus
obtained is displayed so as to be superimposed on the three-
dimensional image (the combined image which will also be
referred to herein as a “synthetic image”). As will be
described later, this synthetic image will be a guide when
hand scanning is carried out.

[0102] Subsequently, as this probe 12 is moved downward
along the nape 16 as indicated by the arrow in FIG. 6(a),
tomographic images (not shown) are obtained from the points
(A), (B) and (C) shown in FIG. 6(a).

[0103] By performing these processing steps #3 (S13)
through #6 (S16), the three-dimensional images 50, 51 and 52
of the carotid artery 21 are synthesized and accumulated and
displayed in the order of (A), (B) and (C) on the partially
quadrangle region 20 of the synthetic image on the display
monitor 4 of the ultrasonic diagnostic apparatus 1 almost
synchronously with hand scanning,.

[0104] When the three-dimensional image of the carotid
artery gets composed and displayed by performing these pro-
cessing steps, the process advances to Step #7 (S17) of mea-
suring the IMT. The IMT may be measured by applying a
general known IMT measuring technique to the ultrasonic
diagnostic apparatus of this embodiment. That is why no
configuration for measuring the IMT is shown in FIG. 1 or 3.
However, unlike when the IMT is measured by a conventional
technique, information about the position where the IMT has
been measured is also obtained by the ultrasonic diagnostic
apparatus of this embodiment.

[0105] Before this Step #7 (S17) is described, it will be
described briefly how to measure the IMT using an ultrasonic
diagnostic apparatus.

[0106] In general, the IMT is measured by detecting the
boundary between the vascular lumen and intima of the
carotid artery (which will be referred to herein as a “lumen-
intima boundary”) and the boundary between the media and
adventitia thereof (which will be referred to herein as a
“media-adventitia boundary”) and measuring the distance
between the lumen-intima boundary and the media-adventitia
boundary based on a received signal or tomographic image
representing a cross section of the carotid artery as viewed in
the long-axis direction (which will be referred to herein as a
“long-axis cross section”). Then, a predetermined measuring
range of the vascular wall is set to be a region of interest and
either the maximum thickness (max IMT) or average thick-
ness (mean IMT) within the region of interest is calculated as
the IMT value. In this case, they say that the region of interest
is preferably defined within 1 cm away from the far end
(closer to the head) of the common carotid artery (see Journal
of the American Society of Ethocardiography, February 2008
(pp. 93 to 111)).

[0107] To measure the IMT, first of all, a short-axis image is
displayed and the carotid artery is located by hand scanning
described above. Next, when decision is made, based on the
structure of the carotid artery branching portion, that the
probe 12 is arranged by the operator roughly within the range
where the region of interest should be set, the orientation of
the probe 12 shown in FIG. 5(a) is changed at that position so
that the probe 12 is in upright position (i.e., parallel to the
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long-axis direction of the carotid artery) as shown in FIG. 7,
and a long-axis image is displayed. Thereafter, with the probe
12 held at that upright position, either a received signal or
tomographic image representing a long-axis cross section of
the carotid artery is obtained to measure the IMT.

[0108] Then, in Step #7 (S17), the positions where the IMT
has been measured are obtained by the target position com-
puting section 37, and are stored, along with the three-dimen-
sional image obtained in Steps #3 (S13) to #6 (S16), in the 3D
information storing and saving section 38. That is to say, the
positional information of the probe 12 in the upright position
that has been obtained by the probe position information
obtaining section 2 and the positional information of the
carotid artery, of which the IMT has been measured, as in the
partially quadrangle region 20 with respect to the carotid
artery shown in FIG. 7 are stored along with the three-dimen-
sional image of the carotid artery.

[0109] Inthis case, if the ultrasonic diagnostic apparatus is
configured to store the result of the IMT measurement along
with those pieces of information, then the ultrasonic diagnos-
tic apparatus will come in even handier, because the result of
a past measurement (e.g., measurement for the first time
around) can be seen easily when the IMT is measured for the
second time and on (i.e., at the time of re-inspection).
[0110] Next, it will be described with reference to the flow-
chart shown in FIG. 8 how the ultrasonic diagnostic apparatus
may operate and how the operator may use the apparatus
when measuring the IMT of the carotid artery for the second
time (and for the third time and on).

[0111] Steps #1 (S21) through #5 (S25) shown in FIG. 8
respectively correspond to Steps #1 (S11) through #5 (S15)
shown in FIG. 4 and the same operations are performed in
those two series of processing steps. Thus, description thereof
will be omitted herein and only Step #6 (S26) and the rest of
the procedure will be described herein.

[0112] In Step #6 (S26), a three-dimensional image of the
carotid artery as the object of measurement is selectively
displayed by reference to the information to compose the
three-dimensional image that has been completed in the pre-
vious processing step #5 (S25). This processing step #6 (S26)
is the same as the processing step #5 (S15) shown in FIG. 4.
That is why description of such an operation of selectively
displaying the three-dimensional image of the carotid artery
when the measurement is made for the second time will be
omitted herein.

[0113] Thedifference is that not only the three-dimensional
image is selectively displayed but also the position where the
IMT has been measured for the first time is incorporated into
the three-dimensional image that is selectively displayed as a
result of the inspection for the second time around.

[0114] Specifically, first of all, the information to compose
the three-dimensional image of the carotid artery and the
information about the IMT measuring point on the carotid
artery that have been stored in the 3D information storing and
saving section 38 as a result of the inspection for the first time
are loaded by the 3D reloading section 39 and output to the
feature 3D data comparing section 40 (see FIGS. 9(a) and
9(b)).

[0115] When the inspection is carried out for the second
time, the information to compose the three-dimensional
image of the carotid artery that has been extracted by the
organ/blood vessel 3D extracting section 36 (see F1G. 9(¢))
and the information to compose the three-dimensional image
that has been subjected to the IMT measurement for the first
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time, which has been output to the feature 3D data comparing
section 40 (see F1G. 9(a)), are compared to each other by
reference to the characteristic structure of the carotid artery
such as the Y-structure that is the branching portion of the
carotid artery. And based on the result of this comparison, the
3D position match computing section 41 makes computations
to determine whether or not the information to compose the
three-dimensional image for the first time and the information
to compose the three-dimensional image for the second time
match each other.

[0116] If the decision is made, based on the result of the
computations carried out by the 3D position match comput-
ing section 41, that the information to compose the three-
dimensional image for the first time and the information to
compose the three-dimensional image for the second time
match each other, then the 3D position match computing
section 41 instructs the target position computing section 37
to notify the 3D image reconstructing section 32 of the posi-
tion where the IMT of the carotid artery has been measured
for the first time (see FIG. 9()) in order to incorporate the
position where the IMT of the carotid artery has been mea-
sured for the first time (i.e., the partially quadrangle region 53
shown in FIG. 9(b)) into the information to compose the
three-dimensional image that has been gottenas a result of the
measurement for the second time. For example, by indicating
the position where the IMT of the carotid artery has been
measured for the first time as the partially quadrangle region
53 on the three-dimensional image of the carotid artery that
has been gotten as a result of the measurement for the second
time (see FIG. 9(c)), the position is incorporated into the
three-dimensional image (see FIG. 9(d)). And the 3D position
match computing section 41 makes computations to deter-
mine whether or not the three-dimensional image that was
gotten in the past and the three-dimensional image being
gotten currently match each other. If the answer is YES, the
3D position match computing section 41 provides that infor-
mation for the 3D image reconstructing section 32 (to be
described later) in order to incorporate the target position into
the three-dimensional image being gotten currently.

[0117] Next, the IMT is measured in Step #7 (S27).
[0118] Theprocessing step of measuring the IMT is carried
out in the same way as described above, and description
thereof will be omitted herein. The point in this Step #7 (S27)
is the operation of moving the probe 12 to the target position.
[0119] When the three-dimensional image that has been
gotten as a result of the measurement for the second time and
the partially quadrangle region 53 that is the target position
incorporated into the three-dimensional image are displayed,
the operator moves the probe 12 to the vicinity of the target
position while looking at the partially quadrangle region 53
displayed on the display section 4. In this case, by reference to
the information provided by the probe position information
obtaining section 2, the schematic representation of the probe
12 and the partially quadrangle region 20 indicating a main
region where the tomographic image is obtained (synthetic
image) with respect to the three-dimensional image being
displayed are displayed on the display section 4 while being
updated from time to time.

[0120] When the probe 12 is moved to the vicinity of the
target position, the operator changes the orientation of the
probe 12 so that the probe 12 is in an upright position (i.e.,
parallel to the long axis of the carotid artery) as shown in
FIGS. 10(a) and 10(b). In this case, by reference to the infor-
mation provided by the probe position information obtaining
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section 2, the synthetic image of the schematic representation
19 of the probe 12 and the partially quadrangle region 20 is
displayed on the display section 4 while having its orientation
updated from time to time.

[0121] And when the partially quadrangle region 20 indi-
cating the position where the measurement has been carried
out for the second time matches the partially quadrangle
region 53 indicating the position where the measurement was
carried out for the first time as shown in FIG. 10(c), the target
position computing section 37 instructs the 3D image recon-
structing section 32 to indicate their match. In accordance
with the instruction, the 3D image reconstructing section 32
gives a sign of match 54 such as the one shown in F1G. 10(c)
on the display section 4, thereby notifying the operator of
their match. After that, the IMT is measured as described
above.

[0122] As can be seen from the foregoing description, the
ultrasonic diagnostic apparatus of this embodiment can not
only generate a three-dimensional image as an ultrasonic
image but also compose a three-dimensional image by
extracting only an image of any intended blood vessel or
organ. Also, this three-dimensional image and the tomo-
graphic image gotten share the same positional information.
That is why the position where a measurement was carried out
in the past is incorporated into, and displayed on, the three-
dimensional image gotten by current measurement, thus real-
izing an ultrasonic diagnostic apparatus with very good opet-
ability.

INDUSTRIAL APPLICABILITY

[0123] With an ultrasonic diagnostic apparatus and method
of getting an image using an ultrasonic wave according to the
present disclosure, the position of the probe can be adjusted to
a predetermined position by performing a series of simple
operations, thus realizing good operability. That s to say, only
an image of an intended object of measurement such as a
blood vessel or a viscera can be extracted as a three-dimen-
sional image. On top of that, this three-dimensional image
and the tomographic image share the same positional infor-
mation.

[0124] That is why if some region of interest is specified on
the three-dimensional image of the object of measurement, a
tomographic image of that region can be checked out easily.
Consequently, an ultrasonic diagnostic apparatus and method
of getting an image using an ultrasonic wave according to the
present disclosure can be used effectively not just to measure
the IMT but also for various other medical inspection and
diagnosis purposes.

REFERENCE SIGNS LIST

[0125] 1 ultrasonic diagnostic apparatus

[0126] 2 probe position information obtaining section
[0127] 3 probe driving section

[0128] 4 display section

[0129] 5 image generation control section

[0130] 6 image display processing section

[0131] 7 feature extracting and computing section
[0132] 8 feature data comparing section

[0133] 12 probe

[0134] 13 position sensor

[0135] 14 acceleration sensor

[0136] 15 subject

[0137] 16 nape
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[0138] 17 short-axis cross section

[0139] 18 feature extracting section

[0140] 19 schematic representation of probe

[0141] 20, 53 partially quadrangle region

[0142] 21 carotid artery

[0143] 22 transmitting section

[0144] 23 receiving section

[0145] 24 positional information obtaining section

[0146] 25 tomographic image generating section

[0147] 26 tomographic-3D accumulating and synthesizing
section

[0148] 27 shift component reduction computing section

[0149] 28 tomographic-3D voxel section

[0150] 29 shake/tilt information obtaining section

[0151] 30 probe position computing section

[0152] 31 feature 3D voxel section

[0153] 32 3D image reconstructing section

[0154] 33 display control section

[0155] 34 feature evaluating and repairing section

[0156] 35 feature 3D information completing section

[0157] 36 organ/blood vessel 3D extracting section

[0158] 37 target position computing section

[0159] 38 3D information storing and saving section

[0160] 39 3D data reloading section

[0161] 40 feature 3D data comparing section

[0162] 41 3D position match computing section

[0163] 50,51,52 three-dimensional image of carotid artery

[0164] 54 sign of match

[0165] 61 caster stage

[0166] 62 tire

[0167] 63 body case

[0168] 65 multi-articulated arm

[0169] 66 to 71 articulation

1. An ultrasonic diagnostic apparatus which is connectable
to a probe that transmits and receives an ultrasonic wave and
that converts its echo signal into an electrical signal and which
measures a characteristic of a subject in a predetermined
region of its object of measurement, the apparatus compris-

ing:

a probe driving section configured:

to perform transmission processing to transmit the ultra-
sonic wave and reception processing to generate a
received signal based on the electrical signal by driving
the probe and

to get a received signal from each point of the subject
including the object of measurement;

a probe position information obtaining section configured
to obtain positional position information about the probe
that has gotten the received signal from each said point;

an image generation control section configured to associate
the received signal from each said point with the posi-
tional information;

a feature extracting and computing section configured to
generate, based on the received signal with which the
positional information has been associated, information
to compose a three-dimensional image covering the
object of measurement;

a feature data comparing section configured:

to store information to compose a three-dimensional image
that was gotten in the past and information about the
position of the object of measurement, of which the
characteristic was measured in the past,
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to compare the information to compose the three-dimen-
sional image that was gotten in the past to information to
compose a three-dimensional image being gotten cur-
rently, and

to get the positional information of the object of measure-
ment, of which the characteristic was measured in the
past, incorporated into the information to compose the
three-dimensional image being gotten currently;

an image display processing section configured to perform
processing to display a three-dimensional image based
on the information to compose the three-dimensional
image being gotten currently, the positional information
of the object of measurement, of which the characteristic
was measured in the past and which has been incorpo-
rated by the feature data comparing section, and infor-
mation about the current position of the probe; and

a display section configured to display the output of the
image display processing section.

2. An ultrasonic diagnostic apparatus which is connectable
to a probe that transmits and receives an ultrasonic wave and
that converts its echo signal into an electrical signal and which
measures a characteristic of a subject in a predetermined
region of its object of measurement, the apparatus compris-
ing:

a probe driving section configured:

to perform transmission processing to transmit the ultra-
sonic wave and reception processing to generate a
received signal based on the electrical signal by driving
the probe and

to get a received signal from each point of the subject
including the object of measurement;

a probe position information obtaining section configured
to obtain positional information about the probe that has
gotten the received signal from each said point;

an image generation control section configured:

to generate tomographic image information based on the
received signal from each said point and

to associate the tomographic image information with the
positional information;

a feature extracting and computing section configured to
generate, based on the tomographic image information
with which the positional information has been associ-
ated, information to compose a three-dimensional image
covering the object of measurement;

a feature data comparing section configured:

to store information to compose a three-dimensional image
that was gotten in the past and information about the

position of the object of measurement, of which the
characteristic was measured in the past,

to compare the information to compose the three-dimen-
sional image that was gotten in the past to information to
compose a three-dimensional image being gotten cur-
rently, and

to get the positional information of the object of measure-
ment, of which the characteristic was measured in the
past, incorporated into the information to compose the
three-dimensional image being gotten currently;

an image display processing section configured to perform
processing to display a three-dimensional image based
on the information to compose the three-dimensional
image being gotten currently, the positional information
of the object of measurement, of which the characteristic
was measured in the past and which has been incorpo-
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rated by the feature data comparing section, and infor-
mation about the current position of the probe; and

a display section configured to display the output of the

image display processing section.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the image display processing section superimposes the infor-
mation about the current position that has been obtained by
the probe position information obtaining section on the three-
dimensional image based on the information to compose the
three-dimensional image being gotten currently and then dis-
plays the three-dimensional image with the current position
information on the display section.

4. The ultrasonic diagnostic apparatus of claim 1, compris-
ing a storage section configured to store the information to
compose the three-dimensional image that was gotten in the
past and the positional information of the object of measure-
ment, of which the characteristic was measured in the past.

5. The ultrasonic diagnostic apparatus of claim 1, wherein
if the feature data comparing section has found that the
probe’s current position with respect to the object of mea-
surement matches the position of the object of measurement,
of which the characteristic was measured in the past, the
feature extracting and computing section instructs the image
display processing section to give a sign of their match on the
display section.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the feature extracting and computing section extracts infor-
mation to compose the three-dimensional image of the object
of measurement from pieces of information to compose the
three-dimensional image by reference to information about
the structure of the object of measurement.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
the image display processing section gets the information to
compose the three-dimensional image of the object of mea-
surement, which has been extracted by the feature extracting
and computing section, displayed on the display section.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
the feature data comparing section compares the information
to compose the three-dimensional image that was gotten in
the past and the information to compose the three-dimen-
sional image being gotten currently by reference to the infor-
mation about the structure of the object of measurement.

9. The ultrasonic diagnostic apparatus of claim 1, wherein
the object of measurement is a carotid artery and the charac-
teristic to measure is a characteristic of a blood vessel.

10. The ultrasonic diagnostic apparatus of claim 9, wherein
the characteristic of the blood vessel 1o measure is IMT.

11. The ultrasonic diagnostic apparatus of claim 9, wherein
the feature data comparing section compares the information
to compose the three-dimensional image that was gotten in
the past to the information to compose the three-dimensional
image being gotten currently based on the structure of a
common carotid artery branching portion where the common
carotid artery of the carotid artery branches into an inner
carotid artery and an outer carotid artery.

12. The ultrasonic diagnostic apparatus of claim 9, wherein
the feature data comparing section compares the information
to compose the three-dimensional image that was gotten in
the past to the information to compose the three-dimensional
image being gotten currently based on the blood vessel diam-
eter of the carotid artery.

13. An image getting method using an ultrasonic wave
which measures a characteristic of a subject in a predeter-
mined region of its object of measurement by using a probe
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that transmits and receives the ultrasonic wave and that con-
verts its echo signal into an electrical signal, the method
comprising the steps of:

(A) performing transmission processing to transmit the
ultrasonic wave and reception processing to generate a
received signal based on the electrical signal by driving
the probe and getting a received signal from each point
of the subject including the object of measurement;

(B) obtaining positional information about the probe that
has gotten the received signal from each said point;

(C) associating the received signal from each said point,
including the object of measurement, with the positional
information;

(D) generating, based on the received signal with which the
positional information has been associated, information
to compose a three-dimensional image covering the
object of measurement;

(E) comparing the information to compose the three-di-
mensional image that was gotten in the past to informa-
tion to compose a three-dimensional image being gotten
currently, and getting the positional information of the
object of measurement, of which the characteristic was
measured in the past, incorporated into the information
to compose the three-dimensional image being gotten
currently; and

(F) performing processing to display a three-dimensional
image based on the information to compose the three-
dimensional image being gotten currently, the positional
information of the object of measurement, of which the
characteristic was measured in the past, and information
about the current position of the probe.

14. An image getting method using an ultrasonic wave
which measures a characteristic of a subject in a predeter-
mined region of its object of measurement by using a probe
that transmits and receives the ultrasonic wave and that con-
verts its echo signal into an electrical signal, the method
comprising the steps of:

(A") performing transmission processing to transmit the
ultrasonic wave and reception processing to generate a
received signal based on the electrical signal by driving
the probe and getting a received signal from each point
of the subject including the object of measurement;

(B'") obtaining positional information about the probe that
has gotten the received signal from each said point;

(C") generating tomographic image information based on
the received signal from each said point, including the
object of measurement, and associating the tomographic
image information with the positional information;

(D') generating, based on the tomographic image informa-
tion with which the positional information has been
associated, information to compose a three-dimensional
image covering the object of measurement;

(E" comparing the information to compose the three-di-
mensional image that was gotten in the past to informa-
tion to compose a three-dimensional image being gotten
currently, and getting the positional information of the
object of measurement, of which the characteristic was
measured in the past, incorporated into the information
to compose the three-dimensional image being gotten
currently; and
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(F" performing processing to display a three-dimensional
image based on the information to compose the three-
dimensional image being gotten currently, the positional
information of the object of measurement, of which the
characteristic was measured in the past, and information
about the current position of the probe.

# % % k&



patsnap

TRAFROE) BRI M2 B M6 B A RN E GRS &
NIF(2E)E US20140066770A1 K (2E)R 2014-03-06
HiES US14/115407 HiEA 2012-05-25
HRIRBEERFROAGR) BOLKRE

EMRE

K&kt
BE (R AGE) B AE

T, =me

&)l |, it

HARE(TAR)AGE) FRFERE , INC.

THNENKRNUENES  HBFIELENEN  ERESUAR=1
-HERGSEBINEERURYANBIN=-4ERE , FINEXNRH

[#R]& A WATANABE YOSHINOBU
SATAKE KATSUMI
HASEGAWA KINYA
EZBAA WATANABE, YOSHINOBU
SATAKE, KATSUMI
HASEGAWA, KINYA
IPCH kS A61B8/08 A61B8/00 A61B8/14
CPCHEE A61B8/5246 A61B8/14 A61B8/0891 A61B8/5207 A61B8/466 A61B8/4254 A61B8/4218 A61B8/4245
A61B8/483
k54X 2011119978 2011-05-30 JP
SNERaE Espacenet USPTO
() e T £
ZBERLMEBAE  RUSUBECERRHNS , EREXTFAEDS e - | 385 e
SIREERES RN SN B SRR ESS | BT 5 Ll
BEEMEBNERES  ARATHRESENEN RN =EREGHE = sswf !
BB IHELRESS , EEEAREEREN S ERGNER | URX* L] o | | gl

PROBE
CRRI
gEC 10N

30 INFORMATI
STORING ANI
SAVING SECTI

MERGIERLERS , ERTLEUETZEEER=4RGUARY
BREN=4EE& K NENRNLERFS , AR IREIEZNEN , H#
BEEZABMERELREBIEHE , URXTHREHMUENEE.



https://share-analytics.zhihuiya.com/view/004a1e2c-7f03-4c76-8d55-89e0e7161700
https://worldwide.espacenet.com/patent/search/family/047258768/publication/US2014066770A1?q=US2014066770A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140066770%22.PGNR.&OS=DN/20140066770&RS=DN/20140066770

