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An ultrasound diagnostic adapter used when diagnosing a
(21) Appl. No.: 13/479,785 subject using an ultrasound probe that transmits and receives
ultrasound waves, the ultrasound diagnostic adapter includes:
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rial included in the pad, wherein the first reflective member is
disposed such that at least one of (i) a distance between the
(30) Foreign Application Priority Data first reflective member and the main surface and (ii) a width of
the first reflective member viewed from the side of the main
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FIG. 13
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FIG. 15
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ULTRASOUND DIAGNOSTIC ADAPTER,
ULTRASOUND DIAGNOSTIC APPARATUS,
AND ULTRASOUND DIAGNOSTIC METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/005312 filed on Sep. 21, 2011,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No. 2010-
215376 filed on Sep. 27, 2010. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference in
their entirety.

TECHNICAL FIELD

[0002] Adapters, apparatuses and methods consistent with
one or more exemplary embodiments of the present disclo-
sure relate generally to ultrasound diagnostic adapters, ultra-
sound diagnostic apparatuses, and ultrasound diagnostic
methods used when diagnosing subjects using ultrasound
probes.

BACKGROUND ART

[0003] Ultrasound diagnostic apparatuses are diagnostic
apparatuses that obtain information inside the body using
ultrasound waves which reflect within living bodies, and dis-
play the information as ultrasound images. Ultrasound diag-
nostic apparatuses have been used as useful apparatuses
which make it possible to observe conditions inside the body
non-invasively.

[0004] According to the disclosure of Patent Literature 1, a
correlation among a plurality of images obtained by scanning
an ultrasound probe is calculated to obtain the distance
between the images, and a three-dimensional image is pro-
duced by combining the images based on the distance
between the images.

[0005] Furthermore, according to the disclosure of Patent
Literature 2, an ultrasound probe moving mechanism includ-
ing rails and a spiral spring is provided to move the ultrasound
probe at a constant speed, and a three-dimensional image is
produced by combining B-mode images taken at predeter-
mined positions.

CITATION LIST
Patent Literature

[0006] [Patent Literature 1] Japanese Unexamined Patent
Application Publication No. 2003-334192
[0007] [Patent Literature 2] Japanese Unexamined Patent
Application Publication No. 2008-200096

SUMMARY OF INVENTION
Technical Problem

[0008] However, with the method disclosed in Patent Lit-
erature 1, it is not possible to detect that the ultrasound probe
is physically moving, when similarity (continuity) in tissue
distribution of a subject is high. Furthermore, errors accumu-
late as the distance traveled by the ultrasound probe increases.
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[0009] Furthermore, Patent Literature 2 uses a moving
mechanism to move the ultrasound probe at a constant speed,
and thus compactness is compromised.

Solution to Problem

[0010] In view of the circumstances, one or more exem-
plary embodiments of the present disclosure may overcome
the above disadvantages and other disadvantages not
described herein. However, it is understood that one or more
exemplary embodiments of the present disclosure are not
required to overcome or may not overcome the disadvantages
described above and other disadvantages not described
herein. One or more exemplary embodiments of the present
disclosure provide an ultrasound diagnostic adapter and the
like with which a position of an ultrasound probe is detected
without (i) depending on a scan rate of the ultrasound probe
and a composition distribution (similarity) of a subject, (ii)
accumulating errors, and (iii) compromising a compactness.
[0011] In order to provide the above-described ultrasound
diagnostic adapter and the like, an ultrasound diagnostic
adapter according to an exemplary embodiment of the present
disclosure is an ultrasound diagnostic adapter to be inter-
posed between an ultrasound probe and a subject and used
when diagnosing the subject using the ultrasound probe, the
ultrasound probe transmitting and receiving ultrasound
waves, the ultrasound diagnostic adapter includes: a pad
which has (i) a main surface that is a surface on a side where
the ultrasound probe is disposed, and (ii) a back surface that
is a surface which is opposite to the main surface and is on a
side where the subject is disposed; and a first reflective mem-
ber which is disposed inside the pad and made from a material
having an acoustic impedance different from an acoustic
impedance of a material included in the pad, wherein the first
reflective member is disposed such that at least one of (i) a
distance between the first reflective member and the main
surface and (ii) a width of the first reflective member as seen
from the side of the main surface varies depending on a
position in the main surface.

[0012] Tt should be noted that these exemplary embodi-
ments can be implemented either generally or specifically as
a system, a method, an integrated circuit, a computer pro-
gram, a recording medium, or any combination of a system, a
method, an integrated circuit, a computer program, and a
recording medium.

Advantageous Effects of Invention

[0013] According to various exemplary embodiments of
the present disclosure, a function is added to a general ultra-
sound diagnostic apparatus. Thus, the position and an amount
of movement of an ultrasound probe can be detected without
(i) depending on a scan rate of the ultrasound probe and a
composition distribution (similarity) of a subject, (ii) accu-
mulating errors, and (iii) compromising compactness, and an
ultrasound diagnose image such as a B-mode image and a
three-dimensional image can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0014] These and other advantages and features of exem-
plary embodiments of the present disclosure will become
apparent from the following description thereof taken in con-
junction with the accompanying Drawings that illustrate gen-
eral and specific exemplary embodiments of the present dis-
closure. In the Drawings:
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[0015] FIG.1isanoutline view of an ultrasound diagnostic
adapter according to Embodiment 1;

[0016] FIG. 2 is a lateral view of the ultrasound diagnostic
adapter according to Embodiment 1;

[0017] FIG. 3(a) and (b) are graphs showing reflected
waves of ultrasound (echo) obtained using the ultrasound
diagnostic adapter;

[0018] FIG. 4 is an outline view ofa scan assist mechanism
of an ultrasound probe;

[0019] FIG. 5 is an outline view showing the ultrasound
diagnostic adapter combined with the scan assist mechanism
of the ultrasound probe;

[0020] FIG. 6 is an outline view for describing an example
of the scan assist mechanism of the ultrasound probe;
[0021] FIG. 7 is an outline view for describing an example
of guide rails of an ultrasound diagnostic adapter;

[0022] FIG. 8is adiagram which describes operations of an
ultrasound diagnostic adapter according to Embodiment 2;
[0023] FIG.9is a diagram showing an example of display-
ing a three-dimensional image;

[0024] FIG. 10 shows a functional block diagram of an
ultrasound diagnostic apparatus according to Embodiment 2;
[0025] FIG. 11 is a diagram which describes operations of
a three-dimensional image displaying mechanism according
to Embodiment 2;

[0026] FIG. 12(a) is a diagram showing an obtained
B-mode image, and FIG. 12() is a diagram for describing an
unnecessary area to be removed from the B-mode image;
[0027] FIG. 13 is a diagram which describes a detection of
a reflective member image in a B-mode image according to
Embodiment 2;

[0028] FIG. 14 is a diagram showing an example of a look-
up table;

[0029] FIG. 15is a diagram for describing an interpolation
for producing a three-dimensional image;

[0030] FIG. 16 is a diagram for describing a calibration
method of the look-up table;

[0031] FIG. 17(a) and (b) are diagrams for describing an
issue of an ultrasound diagnostic adapter according to
Embodiment 3;

[0032] FIG. 18 is a perspective view of a pad in which two
reflective members according to Embodiment 3 are disposed;
[0033] FIG. 19(a) and () are views showing lateral sur-
faces of the pad according to Embodiment 3;

[0034] FIG. 20 is a diagram showing positions of a reflec-
tive member in a B-mode image;

[0035] FIG. 21(a) is a diagram of an obtained B-mode
image, and FIG. 21(b) is a diagram for describing an unnec-
essary area to be removed from the B-mode image;

[0036] FIG. 22(a) and (b) are diagrams which describe an
effect of solving the issue of Embodiment 3;

[0037] FIG. 23(a), (b) and (c¢) are diagrams showing an
ultrasound diagnostic adapter according to a variation of
Embodiment 3;

[0038] FIG. 24 is a diagram showing an ultrasound diag-
nostic adapter according to Embodiment 4;

[0039] FIG. 25(a), (b), (c) and (d) are lateral views of pads
according to Embodiment 4;

[0040] FIG. 26 is a diagram showing pads according to
Variation 1 of Embodiment 4;

[0041] FIG. 27(a) and (b) are views showing lateral sur-
faces of the pads according to Variation 1 of Embodiment 4;
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[0042] FIG. 28(a) and (b) are a top view and a perspective
view of an ultrasound diagnostic adapter according to Varia-
tion 3 of Embodiment 4, respectively;

[0043] FIG. 29(a) and (b) are a top view and a perspective
view of an ultrasound diagnostic adapter according to
Embodiment 5, respectively;

[0044] FIG. 30 is a diagram which describes operations of
a three-dimensional image displaying mechanism according
to Embodiment 5;

[0045] FIG. 31 is a diagram showing a position of a reflec-
tive member in a B-mode image according to Embodiment 5;
[0046] FIG.32(a)and (b) are graphs which describe receipt
time of reflected waves (echo) of ultrasound waves which
propagate through substances having different acoustic
velocities;

[0047] FIG. 33(a), (b), and (c) are diagrams showing an
ultrasound diagnostic adapter according to Embodiment 6;
and

[0048] FIG. 34 is an outline view of an ultrasound diagnos-
tic apparatus.

DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming Basis of the Present
Disclosure

[0049] The inventors of the present disclosure found the
following problems.

[0050] Ultrasound diagnostic apparatuses are diagnostic
apparatuses that obtain information inside the body using
ultrasound waves which reflect within living bodies, and dis-
play the information as ultrasound images. Ultrasound diag-
nostic apparatuses have been used as useful apparatuses
which make it possible to observe conditions inside the body
non-invasively.

[0051] An outline view of an ultrasound diagnostic appa-
ratus is shown in FIG. 34. The ultrasound diagnostic appara-
tus transmits and receives ultrasound waves using an ultra-
sound probe 13. The ultrasound probe includes ultrasound
transducers that transmit and receive ultrasound waves. The
ultrasound probe causes ultrasound wave pulses, which are
produced and transmitted by the ultrasound transducers, to
incident on a subject, and receives reflected waves (echo) of
ultrasound waves which reflected back. The ultrasound diag-
nostic apparatus displays characteristics of an echo from the
subject as an image. Examples of image displaying systems
include: a two-dimensional image displaying system which
associates an amplitude of echo with brightness of a pixel so
as to display a tomographic image of a subject (hereinafter
referred to as a B-mode image); and a three-dimensional
image displaying system which produces and displays a
three-dimensional image by using a plurality of B-mode
images.

[0052] The three-dimensional image displaying system
allows an operator to easily comprehend the positional rela-
tionship of tissue, leading to an increased objectivity in diag-
nosis, and thus the three-dimensional image displaying sys-
tem is very useful in a clinical setting. The three-dimensional
image can be formed using, for example, a 3D oscillating
probe and a position sensor.

[0053] When the oscillating probe is used to produce a
three-dimensional image, the oscillating probe which oscil-
lates an array elements that are elements of an ultrasound
transducer arranged in one dimension is put on a surface of a
body over a site of interest. Further, a four-dimensional (4D)
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function that reproduces three-dimensional images as a mov-
ing picture can be realized by rapidly oscillating the oscillat-
ing probe.

[0054] However, when information inside the body over a
wide area is desired to be displayed as a three-dimensional
image by using the oscillating probe, an oscillation mecha-
nism becomes large, which leads to an increase in weight of
the oscillation mechanism. Thus, there are problems, that is,
operability of the ultrasound probe is impaired, and a subject
feels chocked due to compression, especially when the neck
and the like are diagnosed.

[0055] When a position sensor is used to produce a three-
dimensional image, the position sensor is attached to a small,
light-weight one-dimensional probe which includes trans-
ducers arranged in one dimension. As position sensors, a
magnetic sensor and a sensor using an arm are already avail-
able. However, such sensors are expensive, which is a prob-
lem.

[0056] Inview ofthe problems, according to the disclosure
of Patent Literature 1, a correlation among a plurality of
images obtained by scanning an ultrasound probe is calcu-
lated to obtain the distance between the images, and a three-
dimensional image is produced by combining the images
based on the distance between the images. This method is
advantageous in that the position sensor is not used, and a
high degree of freedom in scanning the ultrasound probe is
ensured.

[0057] Furthermore, according to the disclosure of Patent
Literature 2, an ultrasound probe moving mechanism includ-
ing rails and a spiral spring is provided to move the ultrasound
probe at a constant speed, and a three-dimensional image is
produced by combining B-mode images taken at predeter-
mined positions. This method is advantageous in that a
B-mode image can be obtained precisely at a predetermined
position, and the cost is relatively low.

[0058] However, the method disclosed in Patent Literature
1 has a problem in that it is not possible to detect that the
ultrasound probe is physically moving, when similarity (con-
tinuity) in tissue distribution of a subject is high. This is
because the distances between the images are determined
based on the correlation among images. There is also a prob-
lem that errors accumulate as the distance traveled by the
ultrasound probe increases.

[0059] Furthermore, Patent Literature 2 is described based
on a premise that a scan rate of the ultrasound probe is kept at
a constant speed with a spiral spring. Since a moving mecha-
nism to allow the movement at a constant speed is used,
compactness is compromised.

[0060] In view of the circumstances, one or more exem-
plary embodiments of the present disclosure provide an ultra-
sound diagnostic adapter and the like with which the position
of an ultrasound probe is detected without (i) depending on a
scan rate of the ultrasound probe and a composition distribu-
tion (similarity) of a subject, (ii) accumulating errors, and (iii)
compromising a compactness.

[0061] In order to provide the above-described ultrasound
diagnostic adapter and the like, an ultrasound diagnostic
adapter according to an exemplary embodiment of the present
disclosure is an ultrasound diagnostic adapter to be inter-
posed between an ultrasound probe and a subject and used
when diagnosing the subject using the ultrasound probe, the
ultrasound probe transmitting and receiving ultrasound
waves, the ultrasound diagnostic adapter includes: a pad
which has (i) a main surface that is a surface on a side where
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the ultrasound probe is disposed, and (ii) a back surface that
is a surface which is opposite to the main surface and is on a
side where the subject is disposed; and a first reflective mem-
ber which is disposed inside the pad and made from a material
having an acoustic impedance different from an acoustic
impedance of a material included in the pad, wherein the first
reflective member is disposed such that at least one of (i) a
distance between the first reflective member and the main
surface and (ii) a width of the first reflective member as seen
from the side of the main surface varies depending on a
position in the main surface.

[0062] Thus, an image of the first reflective member is
included in a B-mode image. At least one of the position and
the shape of the first reflective member image in the B-mode
image varies depending on a position of the ultrasound probe
in the main surface. Thus, a position of the ultrasound probe
in the main surface may be associated with a position and a
shape of the first reflective member in the B-mode image
beforehand. With this, a position of the ultrasound probe can
be precisely detected based on the position and the shape of
the first reflective member in the B-mode image obtained
during the diagnosis.

[0063] For example, according to an exemplary embodi-
ment of the present disclosure, the first reflective member
extends inside the pad, and the ultrasound diagnostic adapter
further comprises a second reflective member which extends
inside the pad along an extending direction of the first reflec-
tive member and is made from a material having an acoustic
impedance different from the acoustic impedance of the
material included in the pad, wherein the first reflective mem-
ber and the second reflective member are disposed such that
an inclination angle of the first reflective member is different
from an inclination angle of the second reflective member, the
inclination angle of the first reflective member indicating a
degree of variation in distance between the first reflective
member and the main surface in the extending direction, and
the inclination angle of the second reflective member indicat-
ing a degree of variation in distance between the second
reflective member and the main surface in the extending
direction.

[0064] Thus, a B-mode image includes an image of the first
reflective member and an image of the second reflective mem-
ber. A top-bottom direction (hereinafter referred to as a ver-
tical direction) in the B-mode image corresponds to a direc-
tion in which the ultrasound probe transmits and receives
ultrasound waves. A distance between the first reflective
member image and the second reflective member image in the
vertical direction (hereinafter referred to as a vertical direc-
tion distance) in the B-mode image varies according to a
position of the ultrasound probe in the main surface. Thus, a
position of the ultrasound probe in the main surface may be
associated with the vertical direction distance between the
first reflective member image and the second reflective mem-
ber image in the B-mode image. With this, the position of the
ultrasound probe can be precisely detected based on the ver-
tical direction distance between the first reflective member
image and the second reflective member image in the B-mode
image obtained during the diagnosis. Significantly, even
when a gap is present between the ultrasound probe and the
main surface of the pad, the vertical direction distance
between the first reflective member and the second reflective
member is constant regardless of presence or absence of the
gap. Thus, the position of the ultrasound probe can be pre-
cisely calculated.
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[0065] For example, according to an exemplary embodi-
ment of the present disclosure, each of the first reflective
member and the second reflective member is divided into a
plurality of portions by a cross-section perpendicular to the
extending direction of the first reflective member, each of the
portions of the first reflective member is disposed such that a
distance between the portion of the first reflective member
and the main surface varies in the extending direction, the
portions of the first reflective member are arranged such that
positional relationships of the portions of the first reflective
member relative to the main surface match one another, each
of the portions of the second reflective member is disposed
such that a distance between the portion of the second reflec-
tive member and the main surface does not vary in the extend-
ing direction, and the portions of the second reflective mem-
ber are arranged such that distances between (i) the portions
of the second reflective member and (ii) the main surface are
different from one another.

[0066] Thus, the B-mode image includes an image of the
first reflective member and an image of the second reflective
member. On which section of the pad, which is divided into
sections by the cross-section perpendicular to the extending
direction of the first reflective member, the ultrasound probe
is placed is detected based on the position of the second
reflective member image in the B-mode image. At the same
time, the position of the ultrasound probe in the section is
detected based on the position of the first reflective member
image. Based on the detections, the position of the ultrasound
probe on the pad can be precisely detected. Significantly,
since the first reflective member can be disposed in a thinner
pad, the thickness of the pad can be reduced. Consequently,
an area in which a subject image is displayed can be increased
in the B-mode image.

[0067] For example, according to an exemplary embodi-
ment of the present disclosure, the ultrasound diagnostic
adapter includes a plurality of pad sets each of which includes
the pad, the first reflective member, and the second reflective
member, wherein each of the first reflective members
included in the pad sets is disposed such that a distance
between the first reflective member and the main surface
varies in the extending direction, each of the second reflective
members included in the pad sets is disposed such that a
distance between the second reflective member and the main
surface does not vary in the extending direction, and the
second reflective members included in the pad sets are
arranged such that distances between (i) the second reflective
members and (ii) the main surface in the extending direction
are different from one another.

[0068] Thus, when a plurality of pads is used in an exami-
nation, on which pad the ultrasound probe is placed is
detected based on the distance between the main surface and
the second reflective member in each of the pads, and the
position of the ultrasound probe on the pad is detected based
on the distance between the main surface and the first reflec-
tive member. This makes it possible to precisely calculate the
position of the ultrasound probe even when a plurality of pads
is used in the examination.

[0069] For example, according to an exemplary embodi-
ment of the present disclosure, the ultrasound diagnostic
adapter includes a plurality of pad sets each of which includes
the pad and the first reflective member, wherein the first
reflective members included in the pad sets are arranged such
that distances between (i) the first reflective members and (ii)
the main surface are not equal to one another.
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[0070] Thus, when a plurality of pads is used in an exami-
nation, on which pad the ultrasound probe is placed and
where on the pad the ultrasound probe is positioned are
detected based on the distance between the main surface and
the first reflective member in each of the pads. This makes it
possible to precisely calculate the position of the ultrasound
probe even when a plurality of pads is used in the examina-
tion. Significantly, the pads each including one reflective
member are used, the ultrasound diagnostic adapter can be
realized with a lower cost compared to the case where pads
each including more than one reflective member are used.

[0071] For example, according to an exemplary embodi-
ment of the present disclosure, the ultrasound diagnostic
adapter includes a plurality of pad sets each of which includes
the pad and the first reflective member, wherein a relative
position of the first reflective member to the pad as seen from
the side of the main surface is different for each of the pad
sets.

[0072] Thus, when a plurality of pads is used in an exami-
nation, on which pad the ultrasound probe is placed is
detected based on the relative position of the first reflective
member in each of the pads as seen from the main surface, and
where on the pad the ultrasound probe is positioned is
detected based on the distance between the main surface and
the first reflective member in each of the pads. This makes it
possible to precisely calculate the position of the ultrasound
probe even when a plurality of pads is used in the examina-
tion. Significantly, the pads each including one reflective
member are used, the ultrasound diagnostic adapter can be
realized with a lower cost compared to the case where pads
each including more than one reflective member are used.

[0073] For example, according to an exemplary embodi-
ment of the present disclosure, the ultrasound diagnostic
adapter further includes: a first guide rail disposed along the
extending direction of the first reflective member; and a slider
which holds the ultrasound probe and moves along the first
guide rail.

[0074] Thus, a subject can be scanned with the ultrasound
probe along the guide rail. As described, the guide rail is
disposed along the extending direction of the first reflective
member. Thus, in the B-mode image obtained with the above-
described structure, the area in which the first reflective mem-
ber image appears is limited to a certain area. Therefore, the
area from which the first reflective member image is detected
may be limited to the certain area. This makes it possible to
more precisely and efficiently detect the first reflective mem-
ber image in the B-mode image. Consequently, the position of
the ultrasound probe can be precisely calculated.

[0075] For example, according to an exemplary embodi-
ment of the present disclosure, the ultrasound diagnostic
adapter further includes: two guide rails arranged along the
extending direction of the first reflective member and the
second reflective member; and a slider which is held between
the two guide rails, the slider holding the ultrasound probe
and moving along the two guide rails.

[0076] With this, when a subject is examined by scanning
the subject with the ultrasound probe, the ultrasound probe
can be held between and moved along the two guide rails.
Therefore, the ultrasound probe can be scanned along the
guide rails more precisely, and the area in which the image of
the reflective member appears in the B-mode image is more
precisely limited to a certain area. Therefore, it is possible to
more precisely and efficiently detect the image of the reflec-
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tive member in the B-mode image. Consequently, the position
of the ultrasound probe can be precisely calculated.

[0077] For example, according to an exemplary embodi-
ment of the present disclosure, the pad is disposed between
the two guide rails as seen from the side of the main surface,
and each of the two guide rails has a thickness greater than a
thickness of the pad in a direction perpendicular to the main
surface.

[0078] Thus, inthe case where a force is applied to the main
surface and lateral surfaces of the pad, such as when the
ultrasound probe is pressed against a subject through the pad,
it is possible to suppress deformation of the main surface and
the lateral surfaces of the pad. This makes it possible to
prevent the distance between the main surface and the reflec-
tive member from being altered. Therefore, it is possible to
precisely detect the position of the ultrasound probe even
when the ultrasound probe is pressed against a subject
through the pad.

[0079] For example, according to an exemplary embodi-
ment of the present disclosure, the first reflective member is
disposed away from the back surface of the pad.

[0080] Thus, it is possible to prevent deformation of the
reflective member even when the back surface of the pad is
deformed as the ultrasound probe is pressed against a subject
through the pad. Therefore, itis possible to precisely calculate
the position of the ultrasound probe even when the ultrasound
probe is pressed against the subject.

[0081] For example, according to an exemplary embodi-
ment of the present disclosure, the pad includes (i) a first pad
portion positioned on the side of the main surface and (ii) a
second pad portion positioned on the side of the back surface,
and the first reflective member is disposed inside the first pad
portion.

[0082] For example, according to an exemplary embodi-
ment of the present disclosure, the second pad portion is made
from a material having a modulus of elasticity lower than a
modulus of elasticity of a material included in the first pad
portion.

[0083] With this, a material having a lower modulus of
elasticity than a material of other portions of the pad can be
pressed against a subject so as to fit to surface irregularities of
the subject. This can reduce the chance that a gap is produced
between the back surface of the pad and the subject. There-
fore, it is possible to precisely calculate the position of the
ultrasound probe even when the surface of the subject
includes irregularities.

[0084] For example, according to an exemplary embodi-
ment of the present disclosure, the pad is made from a mate-
rial which has a sound velocity ranging from 1450 (m/s) to
1585 (m/s), and an average sound velocity of 1530 (n/s).

[0085] With this, a medium of the pad has acoustic charac-
teristics about the same as acoustic characteristics of a human
body. Thus, when a subject is a human body, reflection of
ultrasound waves on a contact surface between the back sur-
face of the pad and the subject can be suppressed, and a good
B-mode image can be obtained. Therefore, in an ultrasound
diagnose of the subject through the pad as well, the reflective
member image in the B-mode image can be precisely
detected, and the position of the ultrasound probe can be
precisely detected.

[0086] For example, according to an exemplary embodi-
ment of the present disclosure, a portion which is of the pad
and is between the first reflective member and the main sur-
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face is made from a material having a sound velocity lower
than a sound velocity of an other portion inside the pad.

[0087] With this, it is possible to reduce the velocity of
ultrasound waves which travel toward the reflective member,
and the velocity of reflected waves (echo) which travel toward
the ultrasound probe after being reflected off the reflective
member. The reflective member image in the B-mode image
can be precisely obtained without increasing sampling fre-
quency of the ultrasound probe, even when the reflective
member inside the pad is present at a position rather close to
the main surface. Thus, the reflective member may be dis-
posed at a position close to the main surface, which leads to a
reduction in thickness of the pad. Consequently, the area in
which a subject image is displayed can be increased in the
B-mode image.

[0088] In addition, an ultrasound diagnostic apparatus
according to an exemplary embodiment of the present disclo-
sure includes: the ultrasound diagnostic adapter; an ultra-
sound probe which transmits and receives ultrasound waves;
a reflective member detection unit configured to detect, from
among signals received by the ultrasound probe, a signal of
reflected waves from the first reflective member; and a probe
position calculation unit configured to detect, from the signal
detected by the reflective member detection unit, a position of
the ultrasound probe based on at least one of (i) a distance
between the first reflective member and the main surface and
(ii) a width of the first reflective member as seen from the side
of the main surface.

[0089] Thus, the ultrasound probe can receive reflected
waves (echo) from the reflective member disposed inside the
pad, and an image of the reflective member appears in a
B-mode image. The distance between the main surface and
the reflective member, and the position of the ultrasound
probe can be detected, by detecting the image of reflective
member in a B-mode image. Accordingly, it is possible to
precisely calculate the position of the ultrasound probe.

[0090] For example, according to an exemplary embodi-
ment of the present disclosure, the reflective member detec-
tion unit is configured to detect a signal which is received
from the pad and has an amplitude greater than or equal to a
predetermined threshold from among the signals received by
the ultrasound probe, as the signal from the first reflective
member.

[0091] For example, according to an exemplary embodi-
ment of the present disclosure, the reflective member detec-
tion unit is configured to detect a signal which is received
from the pad and has a greatest amplitude from among the
signals received by the ultrasound probe, as the signal from
the first reflective member.

[0092] For example, according to an exemplary embodi-
ment of the present disclosure, the reflective member detec-
tion unit is configured to detect a signal which is received
from the pad and has a derivative value of an amplitude
greater than or equal to a predetermined threshold from
among the signals received by the ultrasound probe, as the
signal from the first reflective member.

[0093] For example, according to an exemplary embodi-
ment of the present disclosure, the reflective member detec-
tion unit is configured to detect a signal which is received
from the pad and has a greatest derivative value of an ampli-
tude from among the signals received by the ultrasound
probe, as the signal from the first reflective member.
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[0094] The reflective member image in the B-mode image
can be thus detected. Accordingly, it is possible to precisely
calculate the position of the ultrasound probe consequently.

[0095] For example, according to an exemplary embodi-
ment of the present disclosure, the probe position calculation
unit is configured to calculate a position of the ultrasound
probe, based on at least one of (i) a distance between the first
reflective member and the main surface and (ii) a width of the
first reflective member as seen from the side of the main
surface that are detected by the reflective member detection
unit, according to a relational expression that indicates at least
one of relationships of a position of the ultrasound probe to (i)
a distance between the first reflective member and the main
surface and (ii) a width of the first reflective member as seen
from the side of the main surface that are detected by the
reflective member detection unit.

[0096] Withthis, the position of the ultrasound probe canbe
calculated easily based on the distance between the main
surface and the reflective member obtained from the B-mode
image. Thus, it is possible to precisely calculate the position
of the ultrasound probe based on the information detected
from the information included in the B-mode image.

[0097] For example, according to an exemplary embodi-
ment of the present disclosure, the probe position calculation
unit is configured to calibrate the relational expression using
at least one of (i) a distance between the first reflective mem-
ber and the main surface and (ii) a width of the first reflective
member as seen from the side of the main surface that are
detected between when the ultrasound probe is disposed at a
first predetermined position and when the ultrasound probe is
moved to a second predetermined position that is different
from the first predetermined position.

[0098] With this, it is possible to construct the relational
expression using a pad which is actually used in the ultra-
sound diagnosis. This makes it possible to further reduce a
measurement error that may exist and vary for each pad.
Consequently, it is possible to precisely calculate the position
of the ultrasound probe.

[0099] For example, according to an exemplary embodi-
ment of the present disclosure, the probe position calculation
unit is further configured to detect positions of the first reflec-
tive member obtained over a course of time and calculate an
amount of movement between the positions of the ultrasound
probe.

[0100] With this, it is possible to calculate not only the
position of the ultrasound probe on the pad but also the
distance traveled by the ultrasound probe in a time period
from a reference measurement time to a time of diagnosis.
Accordingly, the distance traveled by the ultrasound probe in
a certain period of time can be precisely calculated.

[0101] Note that the exemplary embodiments of the present
disclosure can be realized not only as the ultrasound diagnos-
tic apparatus, but also as: a method which includes, as steps,
the processing means included in the ultrasound diagnostic
apparatus; a program which causes a computer to execute
such steps; a recording medium such as a computer-readable
CD-ROM having the program recorded thereon; and infor-
mation, data or signals that represent the program. In addi-
tion, such program, information, data, and signals may be
distributed via a communication network such as the Internet.
[0102] Hereinafter, certain exemplary embodiments of the
present disclosure are described in greater detail with refer-
ence to the accompanying Drawings.
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[0103] Each of the exemplary embodiments described
below shows a general or specific example. The numerical
values, shapes, materials, structural elements, the arrange-
ment and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
exemplary embodiments are mere examples, and therefore do
not limit the inventive concept. Therefore, among the struc-
tural elements in the following exemplary embodiments,
structural elements not recited in any one of the independent
claims defining the most generic part of the inventive concept
are described as optional structural elements.

Embodiment 1

[0104] FIG. 1 shows an example of an ultrasound diagnos-
tic adapter according to this embodiment. The ultrasound
diagnostic adapter 1 is disposed between an ultrasound probe
of the ultrasound diagnostic apparatus and a body surface
(subject) over a site of interest. The ultrasound diagnostic
adapter 1 includes a pad 14 and a reflective member. The
reflective member is disposed inside the pad 14, and includes
amaterial having a different acoustic impedance than a mate-
rial of the pad. The pad is made from a member that can be
easily fit to a curved shape of the subject (e.g., polymer gel).
On the other hand, the reflective member is made of, for
example, a material such as aluminum or stainless steel. Note
that the reflective member is made from, for example, a mate-
rial which does not corrode even when disposed inside the
pad for a long time. In addition, for example, the pad is made
from a material which has a sound velocity ranging from 1450
(m/s) to 1585 (m/s), and an average sound velocity of 1530
(m/s). With this, a medium of the pad has acoustic character-
istics about the same as acoustic characteristics of a human
body. Thus, when a subject is a human body, reflection of
ultrasound waves on a contact surface between the back sur-
face of the pad and the subject can be suppressed.

[0105] Here, a surface of the pad 14 where the ultrasound
probe is disposed is referred to as a main surface 15, and the
surface opposite to the main surface 15 is referred to as a back
surface 16. When a diagnosis is made, the back surface 16 is
in contact with the subject, and ultrasound waves are trans-
mitted toward the back surface side (subject side) from the
main surface side. Note that, in FIG. 1, a scan area 17 shows
a portion or all of the area in the main surface 15 scanned by
the ultrasound probe.

[0106] Note that, as shown in FIG. 1, the direction perpen-
dicular to the main surface 15 shall be a y-direction, the
direction in which the reflective member extends shall be a
z-direction, and the direction orthogonal to the y-direction
and the z-direction shall be an x-direction. Orientation of each
of the directions shall be as shown in the drawing. The same
coordinate system is also used in other drawings.

[0107] FIG. 2 is a lateral view of the ultrasound diagnostic
adapter 1 according to this embodiment. The ultrasound diag-
nostic adapter 1 includes inside the pad 14 a reflective mem-
ber 141. The reflective member 141 runs through a portion of
the scan area 17. The reflective member 141 is disposed at an
angle greater than 0 degrees to the main surface 15. The
distance between the main surface and the reflective member
is different depending on the position in the main surface of
the pad. The reflective member 141 is disposed such that the
distance between the reflective member 141 and the main
surface 15 gradually increases as the position in the pad
progresses in the z-direction in FIG. 2.
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[0108] In FIG. 1 and FIG. 2, the reflective member 141 is
substantially linear, and the extending direction (the z-direc-
tion) of the reflective member as seen from the main surface
15 side is parallel to the scan direction of the ultrasound
probe. In addition, in rectangular parallelepiped scan area, the
reflective member 141 is disposed so as to extend along one of
the sides parallel to the scan direction of the ultrasound probe.
[0109] Echoes received by the ultrasound probe 13 in the
cases where distances between the reflective member 141 and
the main surface 15 are different is described with reference
to FIG. 3. In FIG. 3, the horizontal axis represents a time t
(horizontal axis) from the time when the ultrasound probe
transmits an ultrasound pulse to when the ultrasound probe
receives the echo, and the vertical axis represents intensity
(amplitude) I of the received echo. Shown in (@) and (b) in
FIG. 3 are examples of echoes received at sites of which
z-coordinate are z1 and 72, respectively (note that the sites are
within the area where echoes from the reflective member 141
are received). Here, it is assumed that the distance between
the reflective member 141 and the main surface 15 at the z2
point is greater than the distance between the reflective mem-
ber 141 and the main surface 15 at the z1 point. Since the
acoustic impedance of the reflective member is different from
the acoustic impedance of the material included in the pad,
the reflective member shows different reflectance character-
istics on the ultrasound waves. Thus, after the ultrasound
probe transmits ultrasound waves toward the inside of a body,
the ultrasound probe receives an echo from the reflective
member in addition to an echo from the inside of the body.
[0110] Note that, in this embodiment, it is assumed that the
acoustic impedance of the reflective member 141 is greater
than the acoustic impedance of the pad 14, and the amplitude
intensity of the echo from the reflective member 141 is
detected to be greater than the echo from the subject. In (a)
and (b) in FIG. 3, the time-t taken to receive the echo from the
reflective member 141 are different. This is because the dis-
tances between the reflective member 141 and the main sur-
face are different. Taking advantage of the fact that the period
of time from when the ultrasound probe transmits the ultra-
sound waves to when the echo from the reflective member
141 is detected is different depending on the position of the
ultrasound probe, the ultrasound diagnostic apparatus can
calculate the position of the ultrasound probe at the point of
time when the B-mode image is obtained or relative posi-
tional relationships among the B-mode images.

[0111] As described, the reflective member is disposed
inside the pad such that the distance between the main surface
ofthe pad and the reflective member is different depending on
the position in the main surface of the pad. With this, the
position of the ultrasound probe in the main surface and the
relative positional relationships among the B-mode images
can be easily detected. Furthermore, different from the con-
ventional method in which the position of the ultrasound
probe is determined based on the correlations among the
images, the method according to this embodiment does not
use image states showing composition distribution inside a
body to detect the position of the ultrasound probe. Thus, the
position of the ultrasound probe can be detected accurately
without depending on the composition distribution inside a
body and a scan rate of the ultrasound probe.

[0112] Note that it is possible to specifically detect the
position of the ultrasound probe and calculate the relative
position of the obtained B-mode images, using the ultrasound
diagnostic adapter 1 according to this embodiment. The
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methods of detecting the position of the ultrasound probe and
calculating the relative positional information are described
later.

[0113] Note that the reflective member according to this
embodiment may be disposed at any position inside the pad.
For example, the reflective member is disposed so as not to be
in contact with the back surface of the pad (the surface which
contacts the subject). In other words, for example, the point of
the reflective member closest to the subject is present at the
position at a predetermined distance away from the back
surface of the pad. As the ultrasound probe is pressed against
a human body through the pad, the shape of the back surface
of the pad changes according to the shape of the subject.
Then, if the reflective member is disposed such that a portion
of'the reflective member is in contact with the back surface of
the pad, the shape of the reflective member may be greatly
influenced by the deformation of the pad and deformed. In
view of this, the reflective member may be disposed at the
position predetermined distance apart from the back surface
of the pad. With this, the influence on the reflective member
caused by the deformation of the pad can be reduced and the
position of the ultrasound probe can be detected more accu-
rately. For example, an experiment performed on a polymer
gel shows that the deformation of the reflective member 141
is reduced to a level that does not affect in making observa-
tions, when the reflective member 141 is spaced apart from
the back surface 16 by 5 mm to 10 mm.

[0114] In other words, when the pad includes a first pad
portion positioned on the side of the main surface and a
second pad portion positioned on the side of the back surface,
and the thickness of the second pad portion positioned on the
side of the back surface (subject side) is from 5 mm to 10 mm,
the deformation of the reflective member 141 is successfully
reduced. Note that the reflective member is disposed in the
first pad portion. Note that, although the pad is referred to as
the first pad portion and the second pad portion for reasons of
expediency, it is apparent that the first pad portion and the
second pad portion do not necessarily have to be separate
portions but may be integrated with each other. The first pad
portion and the second pad portion that are integrated with
each other allows for reduction of noise, because unwanted
reflection does not occur at the interface between the two
pads.

[0115] In addition, the pads may also include at least two
types of materials. In other words, in the pad, a second sub-
stance is used for the side which is pressed against the body
surface, and a first substance having a higher hardness than
the second substance is used for an area which is closer to the
ultrasound probe than the area for which the second substance
is used. The reflective member is disposed in the first sub-
stance having the high hardness. In the above-described
example, the second substance is used for the second pad
portion, and the first substance is used for the first pad portion.
For example, materials of the first substance and the second
substance may be aqueous gels, taking into account the afore-
mentioned constraint on the sound velocity, and have differ-
ent hardness. However, the materials of the first and second
substances are not limited to the aqueous gel.

[0116] When the first substance and the second substance
having mutually different hardness are used, each substance
can fulfill a different function, that is, a fitting function for
conforming to the shape of the subject and a function for
reducing deformation of the portion between the reflective
member and ultrasound probe. Specifically, a material having
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a relatively low hardness is used as the second substance.
With this, a shape of the back surface of the pad can be
changed to conform to the shape of the subject. On the other
hand, a material having a relatively high hardness is used for
the first substance that is used on the side far from the subject.
With this, the shape of the reflective member disposed in the
first substance or the distance between the main surface and
the reflective member is not likely to be affected even when
the pad is deformed as the ultrasound probe is pressed against
the body surface. This makes it possible to reduce errors
which occur during detection of positions.

[0117] Note that the reflective member 141 may be dis-
posed at any position as long as the position is included in the
scan area of the ultrasound probe. When the reflective mem-
ber is disposed on the edge of the scan area as described
above, the reflective member image appears on the edge of the
B-mode image to be obtained. Thus, an area corresponding to
the subject in the B-mode image is not divided. Furthermore,
even when the reflective member is disposed such that the
reflective member image appears on the position other than
the edge of the B-mode image, e.g., the reflective member is
disposed on the center of the scan area of the ultrasound
probe, the advantageous effects are produced that the position
of the ultrasound probe or the relative positions of the
obtained B-mode images can be detected.

[0118] Furthermore, the reflective member 141 may be in
any shape. For example, the reflective member 141 may be in
a linear shape. The reflective member 141 does not necessar-
ily have to be parallel to one side of the scan area as seen from
the main surface side. For example, when the reflective mem-
ber 141 has a serpentine shape as seen from the main surface
15 side, the piezoelectric element, among piezoelectric ele-
ments (ultrasound transducers) included in the ultrasound
probe 13, which detects the echo from the reflective member
141 can vary depending on the position of the ultrasound
probe 13 in the main surface. This complicates a step for
extracting a signal of the reflective member 141 from the
detected signals. In this case, too, it is possible to obtain the
position of the ultrasound probe and relative positional rela-
tionships among the B-mode images. However, for example,
when the reflective member 141 is linear shaped, the distance
between the main surface and the reflective member 141
varies monotonically. With this, the step for obtaining the
position of the ultrasound probe is simpler.

[0119] Furthermore, for example, the reflective member
141 may have alinear shape in a cross-section of the reflective
member in the yz-plane in FIG. 1, too. For example, in the
case where the reflective member 141 has a serpentine shape
in the cross-section of the reflective member in the yz-plane,
t00, the ultrasound diagnostic apparatus may store in advance
a look-up table (LUT) which indicates relation between the
shape of the reflective member 141 and the time taken to
detect the reflective member 141, as described later. The
position of the ultrasound probe can be obtained based on the
LUT. However, there may be positions at which the distance
between the reflective member 141 and the main surface 15
are the same in the serpentine-shaped reflective member.
Thus, to allow the step for obtaining the position of the ultra-
sound probe to be simple, the reflective member 141 may be,
for example, linear-shaped.

[0120] Furthermore, although FIG. 1 and FIG. 2 show an
embodiment in which one reflective member 141 is disposed
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in the scan area of the ultrasound probe, two or more reflective
members 141 may be disposed in the scan area. Such embodi-
ments will be described later.

[0121] Note that the reflective member 141 is not limited to
a single member but may be formed of members of predeter-
mined lengths arranged intermittently at a predetermined
interval.

[0122] Furthermore, the reflective member in the above
embodiment may include a material which has properties to
absorb ultrasound waves (absorbent). When the reflective
member includes an absorbent, the ultrasound diagnostic
adapter 1 can avoid multiple reflections between the reflective
member and the ultrasound probe. An example of a material
of an absorbent includes, but not limited to, a cyst.

[0123] Note that, when scanning the ultrasound probe on
the pad, an operator moves the ultrasound probe so as to pass
over the area where the reflective member 141 is disposed in
the pad. At this time, the operator may move the ultrasound
probe on the pad freehand. However, with an after-mentioned
scan assist mechanism, the ultrasound probe can be moved
more linearly.

[0124] The following describes the scan assist mechanism
for moving the ultrasound probe linearly when the ultrasound
probe is moved in the main surface of the pad.

[0125] FIG. 4 shows an example of the scan assist mecha-
nism for moving the ultrasound probe 13 linearly. The scan
assist mechanism includes at least: two guide rails 12
arranged along the extending direction of the reflective mem-
ber; and a slider 11 disposed between the guide rails 12. Each
of'the guiderails 12 is, as shown in F1G. 5, formed on the main
surface of the pad 14, and arranged on the main surface along
the direction in which the ultrasound probe is to be moved
(scan direction). Note that the pad may be integrated in the
scan assist mechanism from the beginning or the scan assist
mechanism may be disposed separately from the pad.

[0126] The slider 11 can hold the ultrasound probe 13. For
example, the operator combines the slider 11 and the ultra-
sound probe 13 by inserting the ultrasound probe 13 to the
slider 11. The slider 11 is formed such that the slider 11 can
move along the guide rails 12. For example, the ultrasound
probe 13 and the slider 11 can be moved along a scan direction
10 of the ultrasound probe shown by the dotted line in FIG. 4.
Since the slider 11 moves along the guide rails 12, the opera-
tor can move the ultrasound probe 13 more linearly compared
to the case where the operator moves the ultrasound probe 13
freehand. With this, the B-mode images of a site of interest to
be displayed in three-dimension can be obtained.

[0127] Note that, in FIG. 4, two guide rails 12 that are
parallel to each other are disposed on the main surface of the
pad. Even with one guide rail 12, the slider 11 can be moved
along the guide rail 12 by pressing the slider 11 against the
guide rail 12 (or creating a mechanism that prevents the slider
11 from moving away from the guide rail 12). When two
guide rails 12 are provided, each of the ends of the slider 11 is
supported by the guide rail 12, and thus the ultrasound probe
can be moved along the guide rail 12 more precisely. Note that
the above-described scan assist mechanism is optional if the
ultrasound probe can be moved in a predetermined direction.
[0128] Furthermore, the scan assist mechanism may
include three or more guide rails 12 that are arranged in
parallel. Such a structure makes it possible to enlarge the area
on which the ultrasound probe can be moved along the guide
rail.
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[0129] Note that the ultrasound diagnostic apparatus
obtains the B-mode images while moving the ultrasound
probe 13, which is held by the slider 11, along the guide rail
12. Then, the ultrasound diagnostic apparatus combines
B-mode images so as to produce a three-dimensional image
of a site of interest.

[0130] Note that, although the scan assist mechanism in this
embodiment has a structure shown in FIG. 4, the scan assist
mechanism is by no means limited to the structure shown in
FIG. 4. For example, FIG. 6 shows an example of a structure
in which a recess 62 is provided on a pad 61 to assist the
movement of the ultrasound probe, instead of the structure in
which the guide rail is attached to the pad. This structure also
allows the ultrasound probe to be moved along the recess 62.
Since the guide rail and the pad are integral, position adjust-
ment between the guide rail and the pad is unnecessary. Note
that an illustration of the reflective member is omitted in FIG.
6.

[0131] Further, the guide rail may be separated from the pad
as long as the guide rail is disposed along the extending
direction of the reflective member. This is because, as long as
the reflective member according to this embodiment is dis-
posed inside the pad, the position of the ultrasound probe can
be detected by moving the ultrasound probe along the reflec-
tive member, even if the pad and the guide rail are separated.
In addition, it is apparent that the structure in which the
ultrasound probe and the pad are separated is also acceptable.
[0132] Furthermore, the ultrasound diagnostic adapter may
use a guide rail which (i) includes a material having a higher
hardness than the pad, (ii) has a thickness greater than or equal
to the thickness of the pad, and (iii) is disposed on a lateral
side of the pad. An example of such a structure is shown in
FIG. 7 as an ultrasound diagnostic adapter 2. With this struc-
ture, in the case where a force is applied to the main surface
and lateral surfaces of the pad such as when the ultrasound
probe is pushed onto a subject through the pad, it is possible
to suppress deformation of the main surface and the lateral
surfaces of the pad. This makes it possible to prevent defor-
mation of the reflective member disposed inside the pad.

Embodiment 2

[0133] This embodiment is characterized in that the ultra-
sound diagnostic apparatus can calculate the position of the
ultrasound probe by using the pad in which the aforemen-
tioned reflective member is disposed, and detecting an image
of the reflective member from the B-mode image which
includes images of the pad and a subject.

[0134] In the following, description is given of an example
of a three-dimensional image displaying mechanism which
produces a three-dimensional image based on a plurality of
B-mode images.

[0135] First, an operation overview of a three-dimensional
image displaying mechanism according to this embodiment
is described with reference to a state change diagram in FIG.
8. The initial state is a freeze mode (802). In this state, ultra-
sound waves are not transmitted from the ultrasound probe.
Then, when the operator unlocks the freeze state (811: freeze
is OFF), the mode is changed to a B-mode image recording
mode (801) in which a B-mode image can be recorded. In the
B-mode image recording mode, the operator moves the ultra-
sound probe integral with the slider to obtain the B-mode
images.

[0136] After obtaining the B-mode images, the mode is
returned to the freeze mode (812: freeze is ON). Next, when
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the mode is switched to a three-dimensional image displaying
mode (803) (813: three-dimensional image displaying is
ON), a three-dimensional image is produced.

[0137] When the same subject is scanned with the ultra-
sound probe more than once such as the case where the
ultrasound probe is reciprocated, the B-mode images, which
are enough to produce the same number of three-dimensional
images as the number of times scans are performed, can be
obtained. For example, an interval between scans is detected
from a movement history of the ultrasound probe so that the
three-dimensional image is produced every time the interval
occurs. Specifically, when the ultrasound probe is recipro-
cated once, two three-dimensional images are produced.
When three-dimensional images are produced, the operator
selects, for example, the three-dimensional image desired to
bedisplayed on the operation screen as shown in FIG. 9. After
finishing the confirmation of the three-dimensional image,
the mode is returned to the freeze mode (802) (814: three-
dimensional image displaying is OFF).

[0138] Next, a functional block of an ultrasound diagnostic
apparatus according to this embodiment is described with
reference to FIG. 10.

[0139] The ultrasound diagnostic apparatus includes: an
ultrasound transmitting and receiving unit 1001 which trans-
mits and receives ultrasound waves, a tomographic image
producing unit 1002 which produces a B-mode image based
on the received echo, a reflective member detection unit 1003
which detect an reflective member image in the B-mode
image, an unnecessary area removing unit 1004 which
removes un unnecessary area from the B-mode image, a
probe position calculation unit 1005 which calculates the
position of the ultrasound probe based on the position of the
reflective member, a tomographic image memory unit 1006
which records B-mode images, a three-dimensional image
producing unit 1007 which produces a three-dimensional
image based on the recorded B-mode images, and a display
unit 1008 which displays, for example, the B-mode image and
the three-dimensional image.

[0140] The following describes a flow of data.

[0141] The ultrasound transmitting and receiving unit 1001
transmits ultrasound waves to a subject through the pad in
which the reflective member is disposed, and receives an
echo, and converts the received echo into a corresponding
echo signal. Then, the ultrasound transmitting and receiving
unit 1001 outputs an echo signal D1011 to the tomographic
image producing unit 1002.

[0142] The tomographic image producing unit 1002
receives the echo signal D1011, which is outputted from the
ultrasound transmitting and receiving unit 1001, and pro-
duces a B-mode image by converting the echo signal into a
brightness value. Then, the tomographic image producing
unit 1002 outputs to the reflective member detection unit
1003 and the unnecessary area removing unit 1004 a B-mode
image D1012 that is produced.

[0143] The reflective member detection unit 1003 receives
the B-mode image D1012, which is outputted from the tomo-
graphic image producing unit 1002, performs after-men-
tioned image processing to detect an image of the reflective
member in the B-mode image and calculate the position in the
vertical direction corresponding to a coordinate of the image
in the vertical direction position. Then, the reflective member
detection unit 1003 outputs vertical direction positional infor-
mation D1013 of the reflective member to the probe position
calculation unit 1005.
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[0144] The unnecessary area removing unit 1004 receives
the B-mode image D1012, which is outputted from the tomo-
graphic image producing unit 1002, and removes from the
B-mode image an area which includes a pad image and the
reflective member image that are unnecessary for making a
diagnosis. Then, the unnecessary area removing unit 1004
outputs a B-mode image D1014, which is the B-mode image
from which the unnecessary area is already removed, to the
tomographic image memory unit 1006 and the display unit
1008.

[0145] The probe position calculation unit 1005 calculates,
based on the vertical direction positional information D1013
of the reflective member which is outputted from the reflec-
tive member detection unit 1003, positional information
D1015 of the ultrasound probe at the point of time when the
B-mode image was obtained. Then, the probe position calcu-
lation unit 1005 outputs the calculated positional information
of the ultrasound probe to the tomographic image memory
unit 1006. Note that the unnecessary area removing unit 1004
is optional if the image to be displayed may include the
reflective member image. Furthermore, the unnecessary area
removing unit 1004 may not be needed, and a predetermined
area out of the three-dimensional image produced by the
after-mentioned three-dimensional image producing unit
1007 may be selected and transmitted to the display unit
1008.

[0146] Thetomographic image memory unit 1006 is a stor-
age device in which the B-mode image D1014, which is the
output from the unnecessary area removing unit 1004, and the
positional information D1015 of the ultrasound probe, which
is the output from the probe position calculation unit 1005,
are recorded.

[0147] The three-dimensional image producing unit 1007
produces the three-dimensional image by reading the posi-
tional information D1015 of the ultrasound probe corre-
sponding to the B-mode images D1014 recorded in the tomo-
graphic image memory unit 1006, and arranging the B-mode
images based on the positional information. Then, the three-
dimensional image producing unit 1007 outputs the produced
three-dimensional image D1017 to the display unit 1008.
[0148] The display unit 1008 receives and displays, on a
display apparatus such as a display, the B-mode image, which
is outputted from the unnecessary area removing unit 1004,
and the three-dimensional image D1017, which is outputted
from the three-dimensional image producing unit 1007.
[0149] Note that, although the ultrasound transmitting and
receiving unit 1001 in FIG. 10 corresponds to the ultrasound
probe, the ultrasound probe may be configured to include a
part of or all of the other functional blocks 1002 to 1008.
[0150] Note that the functional blocks 1002 to 1005 and
1007 may be implemented in software such as a CPU, a
memory, and a program or in hardware such as a dedicated
electronic circuit.

[0151] This concludes the description of the functional
blocks of the ultrasound diagnostic apparatus.

[0152] Next, a flow of operations of the ultrasound diag-
nostic apparatus according to this embodiment is described
with reference to a flowchart in FIG. 11 and the B-mode
images shown in FIG. 12.

[0153] Inpreparation for a scan, the operator sets the ultra-
sound probe 13 to the slider 11 as shown in FIG. 5. Then, the
operator places the pad ona body surface over a site of interest
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to be displayed in three-dimension. Then, the operator
unlocks the freeze state, and start moving the ultrasound
probe together with the slider.

[0154] In the ultrasound diagnostic apparatus, in Step
S1101, the ultrasound transmitting and receiving unit 1001
transmits ultrasound waves from the ultrasound probe, and
receives an echo from the inside of the body of the subject in
a line-by-line manner. Further, the tomographic image pro-
ducing unit 1002 converts the received echo (echo from the
subject) of each line into a brightness value by performing
processing such as envelope detection, logarithmic compres-
sion, and the like to produce the B-mode image.

[0155] Next, in Step S1102, the reflective member detec-
tion unit 1003 detects the reflective member image in the
B-mode image. In (@) in FIG. 12, an example of a B-mode
image is shown. In the B-mode image, a pad area that is an
area in which the pad image is shown is positioned at the
upper area (1201) of the B-mode image, and a subject area in
which information obtained from the subject in contact with
the back surface of the pad is shown is positioned in the area
(1202) below the pad area. Here, the pad includes the reflec-
tive member having a different acoustic impedance than a
material included in the pad, and a signal from the reflective
member appears as a high brightness area (1203) in a B-mode
image. Here, the reflective member detection unit 1003
detects the high brightness area (echo from the reflective
member) in a B-mode image, and the probe position calcula-
tion unit 1005 calculates the position of the ultrasound probe
based on the position of the high brightness area.

[0156] The reflective member detection unit 1003, for
example, limits the area from which the reflective member
image is detected to the reflective member detecting area
(1204) that is an edge of the pad, and performs edge detection
in a line-by-line manner, and thus detects the position of the
reflective member image. Specifically, a portion having the
highest derivative value of brightness with respect to a varia-
tion in the vertical direction in the reflective member detect-
ing area is detected as the reflective member image.

[0157] FIG. 13 shows an enlarged view of the reflective
member detecting area in a B-mode image. In FIG. 13, a
reflective member image 1302 is shown as a white rectangle.
The reflective member detection unit 1003 detects, as the
reflective member image, a portion (1301) having the highest
derivative value of brightness with respect to a variation in the
vertical direction. Here, the distance between the main sur-
face and the reflective member corresponds to the number of
pixels (1303) between the reflective member image and the
top of the B-mode image shown in FIG. 13.

[0158] Further, in Step S1103, the probe position calcula-
tion unit 1005 calculates based on the position of the detected
reflective member the position of the ultrasound probe at the
point of time when the B-mode image was obtained. For the
calculation, a look-up table 1401 and the like shown in FIG.
14 is used. In the look-up table 1401, the number of pixels
between the top of a B-mode image and an image of the
reflective member is associated in a one-to-one correspon-
dence with the position of the ultrasound probe. For example,
it is assumed that the reference position is the position of the
ultrasound probe at the time when the reflective member
image obtained by the reflective member detection unit 1003
is 5 pixels away from the top of a B-mode image. Then, if the
reflective member image is 7 pixels away from the top, the
ultrasound probe is located at the position 10 mm away from
the reference position.
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[0159] The look-up table 1401 is reconfigurable. The
reconfiguration is possible by, for example, disposing the
ultrasound probe at a predetermined position, and associating
the position of the ultrasound probe and the position of the
reflective member image in the vertical direction. Specifi-
cally, as shown in FIG. 16, the number of pixels “a” between
the top and the reflective member in the B-mode image when
the ultrasound probe is placed at the position A, and the
number of pixels “b” between the top and the reflective mem-
ber in the B-mode image when the ultrasound probe is placed
atthe position B are used to obtain a line that passes the point
(a, A) and the point (b, B). The line equation means the
relational expression between the position of the reflective
member image in the vertical direction and the position of the
ultrasound probe. The look-up table 1401 is re-generated
based on the relational expression. It is apparent that the
position of the ultrasound probe may be directly calculated
using the line equation.

[0160] Next, in Step S1104, in order to extract from the
B-mode image a subject area to be used for making a diag-
nosis, the unnecessary area removing unit 1004 removes a
removal area (1205). The removal area (1205) is the pad area
and the area showing the reflective member image in the
B-mode image. In () in FIG. 12, an example of the removal
area is shown.

[0161] The above-described processing in Step S1101 to
Step S1104 is performed in the state where the freeze is
unlocked. The B-mode image from which the unnecessary
area is already removed and the positional information of the
ultrasound probe are associated and recorded in the tomo-
graphic image memory unit 1006.

[0162] After the B-mode images of the site of interest to be
displayed in three-dimension are obtained, the operator sets
the ultrasound diagnostic apparatus to the freeze mode, and
then changes the mode to the three-dimensional image dis-
playing mode. Then, in Step S1105, the three-dimensional
image producing unit 1007 produces a three-dimensional
image by reading the B-mode image and the positional infor-
mation of the ultrasound probe recorded in the tomographic
image memory unit 1006, and setting the brightness value of
the B-mode image to a corresponding voxel in a three-dimen-
sional space. FIG. 15 shows an example of a produced three-
dimensional image. A brightness value is determined by an
interpolation from the neighboring voxels, if there is a voxel
to which brightness is not set due to timing when the B-mode
image is obtained, timing when the scan is started and ended,
a change in scan rate, or the like.

[0163] This concludes the description on the flow of opera-
tions.

[0164] Different from the conventional technique, the
structure described above does not need expensive position
sensors such as a magnetic sensor and an arm to detect the
position of the ultrasound probe but performs a signal pro-
cessing on a B-mode image. Furthermore, the position of the
ultrasound probe is determined using one B-mode image.
Thus, the structure described above is free from the accumu-
lation of error of PTL 1, and the constraint of movement at a
constant speed of PTL 2.

[0165] In the above description, the reflective member
image is detected after producing a B-mode image. However,
note that the reflective member image may be detected from
the signal before the signal is converted into the B-mode
image. For example, the position where an amplitude value of
echo is greater than the predetermined value may be detected
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as the reflective member image. The position of the reflective
member image can be detected in a finer resolution by detect-
ing the reflective member image from the signal before the
B-mode image is produced.

[0166] Inthe above description, the signal having the high-
est derivative value of brightness with respect to a variation in
the vertical direction in the pad area is detected as the reflec-
tive member image. However, a threshold value may be used
so that a portion having a derivative value of brightness with
respect to a variation in the vertical direction is greater than or
equal to the threshold value for the first time is detected as the
reflective member image. The threshold value is set such that
the reflective member can be distinguished from the pad. For
example, the threshold value may be a half value and the like
of'a range (dynamic range) of a derivative value of brightness
in the pad area.

[0167] Further, for the detection, determination may be
made based on brightness value instead of a derivative value
of brightness. For example, the portion having the greatest
brightness value in the pad area is detected as the reflective
member image. Furthermore, when a threshold value is used,
the signal having the brightness value that is greater than or
equal to the threshold value for the first time may be detected
as the reflective member image, in the same manner as with
the detection based on the derivative value of brightness. The
threshold value is set such that the reflective member image
can be distinguished from the pad. For example, the threshold
value may be a half value and the like of a range (dynamic
range) of a brightness value in the pad area.

[0168] Furthermore, in the above description, the position
of the detected reflective member image is directly converted
into the position of the ultrasound probe. However, the posi-
tion of the reflective member image may be recorded every
time detection is performed. Then, the recorded values may
be smoothed to obtain the position of the ultrasound probe.
With the smoothing, a fluctuation due to a noise, an unsteady
movement of a hand, and the like can be suppressed.
Examples of the method of smoothing includes, but not lim-
ited to, a use of a median filter, and a mean filter. Furthermore,
the smoothing may be performed after the conversion into the
ultrasound probe position.

[0169] Furthermore, in the above description, the position
of the ultrasound probe is calculated based on the look-up
table 1401. However, a variation in the position at which the
reflective member image is detected that is obtained every
time the B-mode image is obtained may be used. For
example, when it is assumed that (i) positions of the reflective
member images in the vertical direction position in the three
B-modeimages X, Y, and Z are X, y, and z, respectively, (ii) the
position of the ultrasound probe at the point of time when the
image X is obtained is 0, and (iii) a scaling value is “s”, the
position of the ultrasound probe at the point of time when the
image Y was obtained is calculated using Expression 1.

[Mathematical expression 1]

sx(y-x) (Expression 1)

[0170] The position of the ultrasound probe at the point of
time when the image 7 was obtained is calculated using
Expression 2.

[Mathematical expression 2]

sx(z-X) (Expression 2)
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[0171] Note that, if correspondence between the amount of
movement of the ultrasound probe and the variation in the
position of the reflective member image is known beforehand,
the scaling value “s” can be calculated, and the variation in the
position of the reflective member image can be converted into
an absolute amount of movement of the ultrasound probe. The
three-dimensional image producing unit 1007 arranges the
B-mode images based on the amount of movement of the
ultrasound probe to produce the three-dimensional image.
[0172] Note that, even when the position of the reflective
member image in the vertical direction is not associated with
the position of the ultrasound probe and the amount of move-
ment of the ultrasound probe, it is possible to arrange the
B-mode images appropriately. For example, it is assumed that
a plurality of B-mode images such as a B-mode image 1, a
B-mode image 2, . .. and a B-mode image N are produced and
the position of the reflective member image in the vertical
direction of the respective images is a position 1, a position 2,
... and a position N. Here, positional information of each
B-mode image, that is, the position 1, the position 2, . . . and
the position N, is associated with the B-mode image 1, the
B-mode image 2 . . . , and the B-mode image N, respectively.
Then, the three-dimensional image is produced by arranging
the B-mode images such that a ratio between “z” and “y” is
always constant, where the “z” represents a difference in
distance between the predetermined B-mode image i (i=N)
and the B-mode image 1, and the “y” represents a difference
between the position i (i=N), which is the position of the
reflective member image in the vertical direction in the pre-
determined B-mode image, and the position 1.

[0173] Asdescribedin Embodiment 1 and as shown in FIG.
1 and the like, the reflective member 141 disposed inside the
pad is ina substantially linear shape, and the distance between
the main surface 15 and the reflective member 141 gradually
varies according to the position in the main surface 15 of the
pad. Thus, by arranging the B-mode images such that dis-
placement of position of the reflective member 141 image in
the vertical direction from a given reference point and dis-
placement of position of the ultrasound probe from a given
reference point are constant, it is possible to display continu-
ity of the images more precisely. To achieve this, however,
magnification of expansion and contraction on images in the
z-direction of three-dimensional images is additionally used.
[0174] Note that, as described in Embodiment 1, the reflec-
tive member 141 does not necessarily have to be a continuous,
single member but may be formed of a plurality of divided
members. In other words, the shape of the reflective member
in the cross-section in the yz-plane of the pad in FIG. 2 looks
like a dotted line that is formed of a plurality of members.
When the reflective member is formed of the divided mem-
bers, not all the obtained B-mode images include the reflec-
tive member image. In this case, the arrangement of the
B-mode images having the reflective member images may be
determined, and where to arrange the B-mode images having
no reflective member images may be determined, considering
the similarity with the images having the reflective member
images. Furthermore, the B-mode images having the reflec-
tive member images may be arranged, and the B-mode
images having no reflective member images may be arranged
in the order the tomographic image producing unit 1002
produced the images.

Embodiment 3

[0175] This embodiment describes another aspect of the
pad, and another aspect of the ultrasound diagnostic appara-
tus.
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[0176] First, an issue addressed in this embodiment is
described with reference to FIG. 17.

[0177] Shown in (@) in FIG. 17 is a cross-sectional view of
the pad 14 when the ultrasound probe 13 is in absolute contact
with the main surface 15 of the pad 14. Shown in (b) in FIG.
17 is a cross-sectional view of the pad 14 when a gap 1701 is
present between the ultrasound probe 13 and the main surface
15 of the pad 14, and thus the ultrasound probe is not in
absolute contact with the main surface 15 of the pad.

[0178] In Embodiments 1 and 2, it is described that the
position of the ultrasound probe is calculated based on the
vertical direction distance between the main surface of the
pad and the reflective member. However, there may be a case
where the ultrasound probe is disengaged from the main
surface of the pad due to unsteady movement of a hand and
the like. Then, the precise position of the ultrasound probe
cannot be calculated because the distance between the surface
of the ultrasound probe and the reflective member is greater
than the distance between the main surface 15 and the reflec-
tive member. In view of the above, this embodiment describes
a structure with which the precise position of the ultrasound
probe can be calculated even when the ultrasound probe is
disengaged from the main surface of the pad.

[0179] The following describes an ultrasound diagnostic
adapter 3 according to this embodiment with reference to a
perspective view in FIG. 18 and a lateral view in FIG. 19.
[0180] A pad 1800 according to this embodiment includes
a reflective member 1801 and a reflective member 1802,
which are linear-shaped reflective members arranged along
both sides of the pad. In this case, as shown in FIG. 19, an at
least one pair of the reflective members is arranged such that
each of the reflective members has a different angle of incli-
nation with respect to the main surface 15 of the pad 1800. In
other words, depending on the position in the z-direction on
the pad, the difference between (i) the distance between the
main surface and the reflective member 1801 and (ii) the
distance between the main surface and the reflective member
1802 varies.

[0181] The following describes a three-dimensional image
displaying mechanism that produces a three-dimensional
image based on signals obtained by moving the ultrasound
probe on the pad.

[0182] The structure of the three-dimensional image dis-
playing mechanism is the same as that according to Embodi-
ment 2 and FIG. 10. Thus, the descriptions thereof are omit-
ted.

[0183] FIG. 20 shows B-mode images produced by the
tomographic image producing unit 1002 using the pad
according to Embodiment 3. In the B-mode images, images
of thereflective member 1801 and the reflective member 1802
are shown as high brightness areas, that is, 2002 and 2004,
respectively. The vertical direction distance between two
reflective member images is counted, for example, in a unit of
the number of pixels 2005.

[0184] Next, the reflective member detection unit 1003
detects, from the B-mode image, the reflective member
images 2002 and 2004 corresponding to the reflective mem-
ber 1801 and the reflective member 1802, respectively. Note
that, the specific method of detecting the reflective member is
the same as that according to Embodiment 2. Thus, the
descriptions thereof are omitted. The reflective member
detection unit 1003 transmits, to the probe position calcula-
tion unit 1005, the position of the reflective member image in
the vertical direction.
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[0185] The probe position calculation unit 1005 calculates
the position of the ultrasound probe based on the position of
the reflective member image in the vertical direction in the
B-mode image received from the reflective member detection
unit 1003. Here, the reflective member detection unit 1003 is
characterized by calculating the position of the ultrasound
probe based on the vertical direction distance between the two
reflective member images, instead of calculating the position
ofthe ultrasound probe based on the position of one reflective
member in the vertical direction. The probe position calcula-
tion unit 1005 includes a look-up table in which the position
ofthe ultrasound probe is associated in one-to-one correspon-
dence with the vertical direction distance between the reflec-
tive member images 2002 and 2004. The probe position cal-
culation unit 1005 calculates the position of the ultrasound
probe based on the look-up table and the vertical direction
distance between the two reflective member images. An
example of the look-up table is the same as that shown in FIG.
14, except that the table includes vertical direction distance
between the reflective member images instead of the number
of pixels.

[0186] Note that, in the same manner as Embodiment 2, the
look-up table is reconfigurable. Specifically, the ultrasound
probe is disposed at a predetermined position, and the posi-
tion of the ultrasound probe and the vertical direction distance
between the two reflective members are associated. For
example, in the same manner as in FIG. 16 (here, however,
note that the horizontal axis in FIG. 16 represents the vertical
direction distance between the two reflective members), the
number of pixels “a” between the two reflective member
images detected when the ultrasound probe is placed at a
position A, and the number of pixels “b” between the two
reflective member images detected when the ultrasound
probe is placed at a position B are used to obtain a line that
passes the point (a, A) and the point (b, B). The look-up table
is re-generated based on the line equation. It is apparent that
the position of the ultrasound probe may be directly calcu-
lated using the line equation.

[0187] As described, the probe position calculation unit
1005 calculates the positional information of the ultrasound
probe at the point of time when the predetermined B-mode
image was obtained, and transmits the positional information
to the tomographic image memory unit 1006. Here, whether
to store in the tomographic image memory unit 1006 the
B-mode image and the positional information of the ultra-
sound probe in association with each other or to store the
B-mode image and the positional information of the ultra-
sound probe in time sequence may be determined arbitrarily.
[0188] Next, as shown in FIG. 21, the unnecessary area
removing unit 1004 removes a removal area (2107), which is
the pad area and the area in which the reflective member is
present in the B-mode image, and thus extracts from the
B-mode image a subject area to be used for making a diag-
nosis.

[0189] The three-dimensional image producing unit
arranges the B-mode images based on the positional informa-
tion of the ultrasound probe, which is stored in the tomo-
graphic image memory unit 1006, to produce the three-di-
mensional image.

[0190] Note that the methods described in Embodiment 1
can be used to detect the reflective member image in the
B-mode image, and to calculate the position of the ultrasound
probe based on the reflective member image. However, in
calculating the position of the ultrasound probe, note that the
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distance between a first reflective member and a second
reflective member in the y-direction is used in this embodi-
ment, while the distance between the main surface and the
reflective member is used in Embodiment 1. For example, a
scaling value “s” (i.e. absolute amount of movement of the
ultrasound probe) may be calculated using the variation in the
vertical direction distance between the pair of reflective mem-
bers obtained every time the B-mode image is obtained.
[0191] Furthermore, the ultrasound diagnostic apparatus
may include the probe position calculation unit 1005, and
directly arrange the B-mode images based on the vertical
direction distance between the first reflective member image
and the second reflective member image obtained by the
reflective member detection unit 1003. For example, it is
assumed that a plurality of B-mode images such as a B-mode
image 1, a B-mode image 2, . . . and a B-mode image N are
produced, and the vertical distance between the first reflective
member image and the second reflective member image
shown in the respective images is position 1, position 2, . . .
and position N. Here, positional information of each B-mode
image, that is, a position 1, a position 2, . . . and a position N,
is associated with the B-mode image 1, the B-mode image 2
.. ., and the B-mode image N, respectively. Then, the three-
dimensional image is produced by arranging the B-mode
images such that a ratio between “z” and “y” is always con-
stant, where “z” represents a difference in distance between
the predetermined B-mode image i (i=N) and the B-mode
image 1, and “y” represents a difference between the distance
i (i=N) in a B-mode image “i” and the distance 1 in the
B-mode image 1. With the above-described method of pro-
ducing the three-dimensional image, continuity of the images
can be displayed more precisely. To achieve this, however,
magnification of expansion and contraction of images in the
z-direction in three-dimensional images is additionally used.
[0192] Note that, an example in FIG. 18 shows a structure
in which the first reflective member 1801 is non-parallel to the
main surface 15, and the second reflective member 1802 is
parallel to the main surface 15. However, both the reflective
members 1801 and 1802 may be non-parallel to the main
surface 15. Furthermore, although the structure which
includes a pair of reflective members (1801 and 1802) is
described with reference to FIG. 18, it is apparent that the pad
may include two or more pairs of the reflective members.
[0193] With the above-described pad, the position of the
ultrasound probe can be calculated based on the distance
between the two reflective members in the y-direction even
when the ultrasound probe is not in absolute contact with the
pad as shown in FIG. 22. Thus, it is possible to reduce influ-
ence due to the unsteady movement of a hand, and the like.
[0194] The following describes a variation of Embodiment
3.

[0195] FIG. 23 shows an ultrasound diagnostic adapter 4
according to the variation of Embodiment 3. Shown in (a),
(b), and (c) in FIG. 23 are a perspective view, a view of the
lateral surface on the side near the first reflective member, and
a view of the lateral surface on the side near the second
reflective member, respectively. In the variation of this
embodiment, a pad 2300, a first reflective member 2301, and
the second reflective member 2304 are divided by a cross-
section 2313 that is perpendicular to an extending direction
(z-direction) of the reflective member. As shown in FIG. 23,
each section is called a first pad area (2311) and a second pad
area (2312). The first reflective member includes a portion
2302 disposed inside the first pad area (2311), and a portion
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2303 disposed inside the second pad area. These portions
2302 and 2303 of the reflective member are arranged such
that positional relationships of the portions of the first reflec-
tive member relative to the main surface match one another.
Furthermore, the second reflective member is disposed par-
allel to the extending direction of the first reflective member
as seen from the main surface side, and is disposed inside the
first pad area (2311).

[0196] When this structure is scanned with ultrasound
probe and the ultrasound probe is placed on the first pad area
(2311), an image of the first reflective member portion 2302
and animage of the second reflective member 2304 are shown
in the B-mode image. As the image of the second reflective
member 2304 is detected, it is detected that the ultrasound
probe is placed on the first area, and the position in the first
area (2311) is detected based on the distance between the
main surface and the portion 2302. Furthermore, when the
ultrasound probe is placed on the second area, an image of the
portion 2303 is shown in the B-mode image. The image of the
second reflective member is not detected, which indicates that
the ultrasound probe is placed on the second area, and the
position in the second area (2312) is detected based on the
distance between the main surface and the portion 2303. With
this method, the position of the ultrasound probe can be
detected. With this structure, even when the first reflective
member has the same angle of inclination with respect to the
main surface as the first reflective member according to
Embodiment 1, the thickness of the pad can be reduced to V2
ofthe pad according to Embodiment 1. Thus, the subject area
in the B-mode image can be increased.

[0197] Note that, although the above example described the
case where the pad is divided into two areas, it is apparent that
the pad can be divided into three or more areas. With such
structure, the thickness of the pad can be reduced to 1/(the
number of areas). Thus, the subject area in the B-mode image
can be further increased.

Embodiment 4

[0198] This embodiment is characterized in that the posi-
tion of the ultrasound probe can be calculated, even when a
large area is to be displayed by using a plurality of pads.
[0199] FIG. 24 shows an example of an ultrasound diag-
nostic adapter according to this embodiment. An ultrasound
diagnostic adapter 5 according to this embodiment can (i)
identify on which pads the ultrasound probe is placed or (ii)
rearrange, as necessary, the obtained B-mode images in the
direction perpendicular to the scan direction of the ultrasound
probe.

[0200] As shown in FIG. 24, the ultrasound diagnostic
adapter 5 includes at least two pads (a pad 2400 and a pad
2410). Furthermore, each of the pads includes at least one pair
of the reflective members. In other words, the ultrasound
diagnostic adapter 5 includes at least four reflective members.
[0201] The ultrasound diagnostic adapter 5 shown in FIG.
24 includes (i) a reflective member 2401 and a reflective
member 2402 that are disposed in the first pad 2400, and (ii)
a reflective member 2411 and a reflective member 2412 that
are disposed in the second pad 2410. Each of the reflective
member 2401 and the reflective member 2411 is the reflective
member (the first reflective member) that is disposed such
that the distance between the main surface 15 and the reflec-
tive member varies in the extending direction. On the other
hand, each of the reflective member 2402 and the reflective
member 2412 is the reflective member (the second reflective
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member) that is arranged such that the distance between the
main surface 15 and the reflective member in the extending
direction of the reflective members is constant, and the reflec-
tive member 2402 and the reflective member 2412 are
arranged such that distances between (i) the reflective mem-
ber 2402 and the reflective member 2412 and (ii) the main
surface in the extending direction are different from each
another. Thus, the distance between the main surface 15 and
the second reflective member, which is disposed parallel to
the main surface 15, is different depending on whether the
ultrasound probe is placed on the first pad 2400 or the ultra-
sound probe is placed on the second pad 2410. FIG. 25 shows
a lateral view of each of the pads. Using the first reflective
members 2401 and 2411, whether the ultrasound probe is
disposed on the pad 2400 or on the pad 2410 is identified, by
comparing the distance between (i) the main surface and (ii)
the first reflective members 2401 and 2411. The position of
the ultrasound probe on the pad can be identified based on the
distance between (i) the main surface 15 and (ii) the second
reflective members 2402 and 2412.

[0202] With the ultrasound diagnostic adapter 5, the ultra-
sound diagnostic apparatus determines on which pad the
ultrasound probe is placed, that is, the position of the ultra-
sound probe in the x-direction. For example, the reflective
member detection unit 1003 detects the images of the reflec-
tive member 2401 and the reflective member 2411 in the
B-mode image, and detects the position of each of the reflec-
tive member images in the vertical direction. The probe posi-
tion calculation unit 1005 includes a look-up table which
indicates relationship between the position of the ultrasound
probe in the x-direction and the position of the reflective
member image in the vertical direction, and can identify on
which pad the ultrasound probe is placed, based on the look-
up table and the position of the reflective member image in the
vertical direction. With this structure, it is possible to identify
onwhich pad the ultrasound probe was disposed when each of
the B-mode images was obtained.

[0203] Furthermore, for example, the distance between the
main surface and the first reflective member may monotoni-
cally decrease or increase as the position of the pad progresses
in the x-direction. Use of such a pad makes it possible to
rearrange, as necessary, the obtained B-mode images in the
x-direction without using the look-up table.

[0204] As described above, the pad can be identified by the
second reflective members 2402 and 2412, and the position of
the ultrasound probe on the pad can be identified by the first
reflective members 2401 and 2411. Thus, the position of the
ultrasound probe can be calculated even in a wide area where
two pads are used.

[0205] Note that it has been described that the position of
the ultrasound probe is calculated based on the distance
between the main surface and each of the reflective members.
However, in the same manner as Embodiment 3, the position
of the ultrasound probe may be calculated based on the dis-
tance between the reflective members disposed inside the
same pad.

[0206] Furthermore, although the above described the case
where two pads are used, the number of pads may be
increased.

[0207] Note that, the first reflective members 2401 and
2411 are used to calculate the position of the ultrasound probe
in the z-direction, and may be disposed at an angle with
respect to the main surface of the pad.
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[0208] The following describes Variation 1 of Embodiment
4. FI1G. 26 shows an ultrasound diagnostic adapter 6 accord-
ing to Variation 1 of Embodiment 4.

[0209] In the above, the reflective members are arranged
along both sides of the scan area of each of the pads. However,
as shown in FIG. 26, the reflective member may be disposed
only along one side of the scan area in such a manner that
distance between the main surface and the reflective member
is different for each of the pads. The reflective members do
not have to be arranged on both sides of the scan area.
[0210] In Variation 1 of Embodiment 4, too, the ultrasound
diagnostic adapter 6 includes two or more pads. In each pad,
at least one reflective member (the first reflective member) is
disposed at an angle with respect to the main surface 15. Here,
the variation of Embodiment 4 is characterized in that the
distance between the main surface and the reflective member
is different for each pad. FIG. 27 shows views of lateral
surfaces of pads included in Variation 1 of Embodiment 4.
Shown in (@) and () in FIG. 27 are views of lateral surfaces
of different pads. As shown in (@) and (b) in FIG. 27, the
reflective members are disposed such that the distances
between the main surface and the reflective members in the
pad are different from each other. The ultrasound diagnostic
apparatus includes, for example, a look-up table which indi-
cates the relationship between the position of the reflective
member on the edge of the pad and the position of the pad in
the x-direction (i.e. the position of the ultrasound probe in the
x-direction), and can add positional information of the ultra-
sound probe in the x-direction to the B-mode image.

[0211] Note that, for example, the position of the reflective
member on the edge of the pad may monotonically decrease
or increase as the position of the pad progresses in the x-di-
rection. Use of such structure makes it possible to rearrange,
as necessary, the obtained B-mode images in the x-direction
without using the look-up table.

[0212] Note that FIG. 27 shows that first reflective mem-
bers 2601 and 2611 are angled at the same angle with respect
to the main surface. However, the angles of the first reflective
members 2601 and 2611 may be different from each other.
[0213] The following describes Variation 2 of Embodiment
4.

[0214] According to Variation 2 of Embodiment 4, angles
of the first reflective members arranged inside pads may be
varied for each of the pads, and the value of the angle may be
used to determine on which pads the ultrasound probe was
placed when the B-mode image was obtained. For example
the angle of each of the reflective member may be monotoni-
cally increased or monotonically decreased as the position of
the pad increases in the x-direction. Then, the reflective mem-
ber detection unit 1003 of the ultrasound diagnostic apparatus
calculates the angle of the reflective member based on the
position of the reflective member in the vertical direction in
the series of B-mode images, add the angle information to
each of the B-mode images, and store the B-mode images in
the tomographic image memory unit 1006. The three-dimen-
sional image producing unit 1007 arranges B-mode images in
the z-direction to produce a three-dimensional image, and
arrange the produced three-dimensional image in the x-direc-
tion based on the angle information.

[0215] The above-described structure makes it possible to
more precisely arrange B-mode images to produce a three-
dimensional image. Moreover, the three-dimensional images
can be appropriately arranged in the direction (x-direction)
perpendicular to the scan direction of the ultrasound probe.
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[0216]
4.
[0217] According to Variation 3 of Embodiment 4, the
ultrasound diagnostic adapter may include two or more pads.
The relative position of the first reflective member to the pad
as seen from the main surface side of the pad may vary for
each of the pads.

[0218] FIG. 28 shows an example of an ultrasound diag-
nostic adapter 7 according to Variation 3 of this embodiment.
Shown in (@) and (b) in FIG. 28 are a top view and a perspec-
tive view, respectively. The (@) and (b) in FIG. 28 show: a pad
2800 in which a first reflective member 2801 is disposed; and
a pad 2810 in which a first reflective member 2811 is dis-
posed. In each of the pads, the first reflective member is
disposed such that the relative position of the first reflective
member to the pad as seen from the main surface side is
different for each pad. In other words, in the top view (a) in
FIG. 28, the reflective member 2801 is disposed on the left
edge of the pad 2800, and the reflective member 2811 is
disposed on the right edge of the pad 2810.

[0219] With this structure, the images of the reflective
members 2801 and 2811 are detected in the different reflec-
tive member detecting area in the B-mode image. Thus, when
the reflective member detecting area is different for each pad,
the pad over which the ultrasound probe is scanning can be
detected based on the area from which the reflective member
image is detected. Further, the position of the ultrasound
probe on the pad can be detected based on the distance
between the main surface and the each of reflective members
2801 and 2811.

[0220] According to this structure, the area from which the
reflective member is detected may be different for each pad.
This makes it possible to detect the pad based on the relative
position as seen from the main surface of the pad. In addition,
the position of the ultrasound probe can be detected based on
the distance between the main surface and each of the reflec-
tive members.

The following describes Variation 3 of Embodiment

Embodiment 5

[0221] This embodiment describes another aspect of the
pad, and another aspect of the ultrasound diagnostic appara-
tus.

[0222] FIG. 29 shows a top view of an ultrasound diagnos-
tic adapter 8 according to this embodiment. Piezoelectric
elements (ultrasound transducers) are arranged in the ultra-
sound probe to form a single or a plurality of rows in the
x-direction, and the ultrasound probe is moved in the z-direc-
tion. Although not illustrated, a scan assist mechanism such
as a guide rail is disposed so that the ultrasound probe can be
substantially linearly moved in the z-direction.

[0223] The ultrasound diagnostic adapter 8 includes: a pad
2900; and a reflective member 2901 disposed inside the pad
2900. The reflective member 2901 includes a material having
a different acoustic impedance than the pad 2900. The reflec-
tive member 2901 is characterized in that the width as seen
from the main surface 15 side is different depending on the
position in the main surface 15. In other words, when viewed
from the main surface 15 side, the width of the reflective
member 2901 gradually varies along the predetermined
direction. Specifically, in FIG. 29, the width of the reflective
member gradually increases as progresses in the z-direction.
Thus, the width of the reflective member 2901 in the x-direc-
tion varies as the ultrasound probe is moved. This makes it
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possible to more precisely calculate the position of the ultra-
sound probe based on the shape of the reflective member
2901.

[0224] Note that the position of the image of the reflective
member 2901 in the vertical direction, that is, the distance
between the main surface 15 and the image of the reflective
member 2901 may be constant or different in the same man-
ner as Embodiments 1 to 4.

[0225] The following describes a method for position
detection using the reflective member 2901, and an ultra-
sound diagnostic apparatus which detects the position using
the reflective member 2901.

[0226] The ultrasound diagnostic apparatus has a similar
structure as the above-described FIG. 10. Thus, the descrip-
tions thereof are omitted. Note that, in this embodiment,
D1013 that is the output from the reflective member detection
unit 1003 is different from Embodiment 1 to 4. The reflective
member detection unit 1003 in this embodiment calculates
and transmits to the probe position calculation unit the width
of the reflective member image instead of the position of the
reflective member image.

[0227] A method for calculating the position of the ultra-
sound probe using the reflective member 2901 is described
with reference to FIG. 30. Step S3003 in FIG. 30 has different
content than Step S1103 in FIG. 11. Other Steps that are
S3001, S3002, S3004 and S3005 are the same as Step S1101,
S1102, S1104 and S1105, respectively, in FIG. 11. Thus,
detailed descriptions thereof are omitted.

[0228] In Steps S3001 and S3002, the ultrasound transmit-
ting and receiving unit 1001 receives an echo, and the tomo-
graphic image producing unit 1002 generates a B-mode
image. FIG. 31 shows a generated B-mode image. Here, the
reflective member 2901 is formed such that the width of the
reflective member 2901 varies gradually in the scan direction
of the ultrasound probe. Thus, a width 3103 of the reflective
member image displayed in the B-mode image varies depend-
ing on the position of the ultrasound probe.

[0229] In Step S3003, the width 3103 of the image of the
reflective member 2901 is detected, for example, by the edge
detection and the like. The ultrasound diagnostic apparatus
has a look-up table in which a width of the reflective member
image is associated in a one-to-one correspondence with a
position of the ultrasound probe, and calculates using the
table the position of the ultrasound probe based on the width
of the reflective member image. Then, the ultrasound diag-
nostic apparatus appropriately arranges the images based on
the position of the ultrasound probe to produce a three-di-
mensional image.

[0230] According to this embodiment, the reflective mem-
ber does not have to be disposed at an angle inside the pad but
may be disposed parallel to the main surface. This makes it
possible to reduce the thickness of the pad. Consequently, an
area in which a subject image is displayed can be increased in
the B-mode image.

[0231] Note that descriptions on the common points as with
Embodiments 2, 3, and 4 are omitted. Examples of the com-
mon points include: the look-up table is reconfigurable; Step
S3004 for removing an unnecessary area from a B-mode
image is optional; and a three-dimensional image may be
directly produced such that the width 3103 of the reflective
member image shown in each of the images monotonically
increases or decreases, instead of producing a three-dimen-
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sional image by calculating the position of the ultrasound
probe and then arranging the images.

Embodiment 6

[0232] This embodiment describes another aspect of a
material included in the pad. In this embodiment, a portion
between the reflective member and the main surface is made
from a material having a sound velocity lower than a sound
velocity of other portions of the pad. With this structure, the
period of time from when the ultrasound probe transmits the
ultrasound waves to when the ultrasound probe receives an
echo can be increased. This makes it possible to reduce the
thickness of the pad. Consequently, an area in which a subject
image is displayed can be increased in the B-mode image.
[0233] FIG. 32 shows, when it is assumed that the ultra-
sound probe transmits the ultrasound waves at time 0, the
relationship between the time (horizontal axis) when the
reflected waves (echo) is received and a sound intensity (ver-
tical axis) of the echo at the time when the echo is received.
Shown in (@) in FIG. 32 is the case where the portion between
the reflective member and the main surface includes a mate-
rial having an equivalent sound velocity (a material having a
high sound velocity) as other portions. Shown in () in FIG.
32 is the case where the portion between the reflective mem-
ber and the main surface includes a material having a lower
sound velocity than other portions. The relationship shows
that the time taken to receive the echo can be increased, when
the portion between the reflective member and the main sur-
face includes a material having a lower sound velocity than
other portions.

[0234] The thickness of the pad can be reduced by dispos-
ing the reflective member at the position close to the main
surface. However, when the reflective member is close to the
main surface, the period of time from when the ultrasound
probe transmits the ultrasound waves to when the ultrasound
probe receives the echo is short. Sampling frequency of the
ultrasound probe needs to be increased to receive the echo
correctly, which is achieved by improving hardware perfor-
mance and leads to an increase in cost. In view of this, a
material having a lower sound velocity may be used for a
substance included in the portion between the reflective mem-
ber and the main surface. With this, the period of time from
when the ultrasound probe transmits the ultrasound waves to
when the ultrasound probe receives the echo can be increased.
[0235] FIG. 33 shows an ultrasound diagnostic adapter 9
according to this embodiment. Shown in (a), (b), and (¢) in
FIG. 33 are a perspective view, a lateral view, and a cross-
sectional view of a surface perpendicular to the extending
direction of the reflective member, respectively. A first reflec-
tive member 3301 is disposed inside a pad 3300. Further-
more, a substance of the portion between the first reflective
member 3301 and the main surface 15 includes a material
3302 having a lower sound velocity than the material
included in other portions of the pad. With this structure, the
period of time from when the ultrasound probe transmits
ultrasound waves to when the ultrasound probe receives the
echo can be increased.

[0236] The above-described structure makes it possible to
dispose the reflective member in a position close to the main
surface without increasing the sampling frequency of the
ultrasound probe, reduce the thickness of the pad, and, con-
sequently increase the area in which a subject image is dis-
played in the B-mode image.
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[0237] Note that the material between the reflective mem-
ber and the back surface may includes (i) the same material as
the reflective member, (ii) the same material as the substance
included in other portions of the pad, (iii) or a material having
a lower sound velocity than the substance included in the
other portions of the pad.

[0238] Methods for implementing the exemplary embodi-
ments of present disclosure have been described based on the
embodiments. However, the implementation of the present
disclosure is not limited to the above-described embodi-
ments. Those skilled in the art will readily appreciate that
various modifications may be made in these exemplary
embodiments and other embodiments may be made by arbi-
trarily combining some of the structural elements of different
exemplary embodiments without materially departing from
the scope of the inventive concept.

[0239] It should be noted that a part or all of the structural
elements constituting the respective apparatuses may be con-
figured from a single system large scale integration (LSI). The
system LSI is a super-mufti-function LSI manufactured by
integrating structural units on one chip, and is specifically a
computer system including a microprocessor, a read-only
memory (ROM), a random-access memory (RAM), and the
like. The RAM stores a computer program. The microproces-
sor operates according to the computer program so that the
system LSI can perform its function.

[0240] Furthermore, each unit of structural elements
included in the above-described apparatuses may be made as
separate individual chips or as a single chip to include a part
or all thereof.

[0241] The name used here is LS], but it may also be called
IC, system LSI, super LSI, or ultra LSI depending on the
degree of integration. Moreover, ways to achieve integration
are not limited to the LSI, and special circuit or general
purpose processor and so forth can also achieve the integra-
tion. It is also acceptable to use an FPGA (Field Program-
mable Gate Array) that is programmable after the LSI has
been manufactured, and a reconfigurable processor in which
connections and settings of circuit cells within the LSI are
reconfigurable.

[0242] In the future, if integrated circuit technology that
replaces LSI appears through progress in semiconductor
technology or other derived technology, that technology can
naturally be used to carry out integration of structural ele-
ments. Application of biotechnology is one such possibility.

[0243] In the exemplary embodiments, each of the struc-
tural elements may be implemented as a piece of dedicated
hardware or implemented by executing a software program
appropriate for the structural elements. The structural ele-
ments may also be implemented by a program execution unit
such as a CPU or a processor which reads and executes a
software program recorded on a recording medium such as a
hard disk or a semiconductor memory. Here, the ultrasound
diagnostic apparatuses in the above-described embodiments
are implemented by executing a software program below.

[0244] Specifically, the program causes a computer to
execute detecting, from among signals received by the ultra-
sound probe, a signal of reflected waves from the first reflec-
tive member; and detecting, from the signal detected in the
detecting of a signal, a position of the ultrasound probe based
on at least one of (i) a distance between the first reflective
member and the main surface and (ii) a width of the first
reflective member as seen from the side of the main surface.
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[0245] Although only some exemplary embodiments have
been described in detail above, those skilled in the art will
readily appreciate that various modifications may be made in
these exemplary embodiments without materially departing
from the principles and spirit of the inventive concept.

INDUSTRIAL APPLICABILITY

[0246] One or more exemplary embodiments of the present
disclosure are applicable to an ultrasound diagnostic adapter
and an ultrasound diagnostic apparatus, and can be used for
the diagnosis of the presence of a lesion and comparison with
another modality especially as an ultrasound diagnostic
adapter and an ultrasound diagnostic apparatus that can dis-
play information of a large area inside the living body as a
three-dimensional image. In particular, the ultrasound diag-
nostic adapter and the ultrasound diagnostic apparatus
according to one or more exemplary embodiments of the
present disclosure do not require a large apparatus but are
compact, and thus very portable and useful for making a
diagnosis visiting patients and the like.

1. An ultrasound diagnostic adapter to be interposed
between an ultrasound probe and a subject and used when
diagnosing the subject using the ultrasound probe, the ultra-
sound probe transmitting and receiving ultrasound waves,
said ultrasound diagnostic adapter comprising:

a pad which has (i) a main surface that is a surface on a side
where the ultrasound probe is disposed, and (ii) a back
surface that is a surface which is opposite to the main
surface and is on a side where the subject is disposed;
and

a first reflective member which is disposed inside said pad
and made from a material having an acoustic impedance
different from an acoustic impedance of a material
included in said pad,

wherein said first reflective member is disposed such that at
least one of (i) a distance between said first reflective
member and the main surface and (ii) a width of said first
reflective member as seen from the side of the main
surface varies depending on a position in the main sur-
face.

2. The ultrasound diagnostic adapter according to claim 1,

wherein said first reflective member extends inside said
pad, and

said ultrasound diagnostic adapter further comprises

a second reflective member which extends inside said pad
along an extending direction of said first reflective mem-
ber and is made from a material having an acoustic
impedance different from the acoustic impedance of the
material included in said pad,

wherein said first reflective member and said second reflec-
tive member are disposed such that an inclination angle
of said first reflective member is different from an incli-
nation angle of said second reflective member, the incli-
nation angle of said first reflective member indicating a
degree of variation in distance between said first reflec-
tive member and the main surface in the extending direc-
tion, and the inclination angle of said second reflective
member indicating a degree of variation in distance
between said second reflective member and the main
surface in the extending direction.

3. The ultrasound diagnostic adapter according to claim 2,

wherein each of said first reflective member and said sec-
ond reflective member is divided into a plurality of por-
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tions by a cross-section perpendicular to the extending
direction of said first reflective member,
each of the portions of said first reflective member is dis-
posed such that a distance between the portion of said
first reflective member and the main surface varies in the
extending direction,
the portions of said first reflective member are arranged
such that positional relationships of the portions of said
first reflective member relative to the main surface match
one another,
each of the portions of said second reflective member is
disposed such that a distance between the portion of said
second reflective member and the main surface does not
vary in the extending direction, and
the portions of said second reflective member are arranged
such that distances between (i) the portions of said sec-
ond reflective member and (ii) the main surface are
different from one another.
4. The ultrasound diagnostic adapter according to claim 2,
comprising
aplurality of pad sets each of which includes said pad, said
first reflective member, and said second reflective mem-
ber,
wherein each of said first reflective members included in
said pad sets is disposed such that a distance between
said first reflective member and the main surface varies
in the extending direction,
each of said second reflective members included in said
pad sets is disposed such that a distance between said
second reflective member and the main surface does not
vary in the extending direction, and
said second reflective members included in said pad sets
are arranged such that distances between (i) said second
reflective members and (ii) the main surface in the
extending direction are different from one another.
5. The ultrasound diagnostic adapter according to claim 1,
comprising
a plurality of pad sets each of which includes said pad and
said first reflective member,
wherein said first reflective members included in said pad
sets are arranged such that distances between (i) said
first reflective members and (ii) the main surface are not
equal to one another.
6. The ultrasound diagnostic adapter according to claim 1,
comprising
a plurality of pad sets each of which includes said pad and
said first reflective member,
wherein a relative position of said first reflective member to
said pad as seen from the side of the main surface is
different for each of said pad sets.
7. The ultrasound diagnostic adapter according to claim 1,
further comprising:
a first guide rail disposed along the extending direction of
said first reflective member; and
a slider which holds the ultrasound probe and moves along
said first guide rail.
8. The ultrasound diagnostic adapter according to claim 2,
further comprising:
two guide rails arranged along the extending direction of
said first reflective member and said second reflective
member; and
a slider which is held between said two guide rails, said
slider holding the ultrasound probe and moving along
said two guide rails.
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9. The ultrasound diagnostic adapter according to claim 8,

wherein said pad is disposed between said two guide rails
as seen from the side of the main surface, and

each of said two guide rails has a thickness greater than a
thickness of said pad in a direction perpendicular to the
main surface.

10. The ultrasound diagnostic adapter according to claim 1,

wherein said first reflective member is disposed away from
the back surface of said pad.

11. The ultrasound diagnostic adapter according to claim 1,

wherein said pad includes (i) a first pad portion positioned
on the side of the main surface and (ii) a second pad
portion positioned on the side of the back surface, and

said first reflective member is disposed inside said first pad
portion.

12. The ultrasound diagnostic adapter according to claim

11,

wherein said second pad portion is made from a material
having a modulus of elasticity lower than a modulus of
elasticity of a material included in said first pad portion.

13. The ultrasound diagnostic adapter according to claim 1,

wherein said pad is made from a material which has a
sound velocity ranging from 1450 (m/s) to 1585 (m/s),
and an average sound velocity of 1530 (m/s).

14. The ultrasound diagnostic adapter according to claim 1,

wherein a portion which is of said pad and is between said
first reflective member and the main surface is made
from a material having a sound velocity lower than a
sound velocity of an other portion inside said pad.

15. An ultrasound diagnostic apparatus comprising:

said ultrasound diagnostic adapter according to claim 1;

an ultrasound probe which transmits and receives ultra-
sound waves;

a reflective member detection unit configured to detect,
from among signals received by said ultrasound probe, a
signal of reflected waves from said first reflective mem-
ber; and

a probe position calculation unit configured to detect, from
the signal detected by said reflective member detection
unit, a position of said ultrasound probe based on at least
one of (i) a distance between said first reflective member
and the main surface and (ii) a width of said first reflec-
tive member as seen from the side of the main surface.

16. The ultrasound diagnostic apparatus according to claim

15,

wherein said reflective member detection unit is configured
to detect a signal which is received from said pad and has
an amplitude greater than or equal to a predetermined
threshold from among the signals received by said ultra-
sound probe, as the signal from said first reflective mem-
ber.

17. The ultrasound diagnostic apparatus according to claim

15,

wherein said reflective member detection unit is configured
to detect a signal which is received from said pad and has
a greatest amplitude from among the signals received by
said ultrasound probe, as the signal from said first reflec-
tive member.

18. The ultrasound diagnostic apparatus according to claim

15,

wherein said reflective member detection unit is configured
to

detect a signal which is received from said pad and has a
derivative value of an amplitude greater than or equal to
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a predetermined threshold from among the signals
received by said ultrasound probe, as the signal from
said first reflective member.
19. The ultrasound diagnostic apparatus according to claim
15,
wherein said reflective member detection unit is configured
to detect a signal which is received from said pad and has
a greatest derivative value of an amplitude from among
the signals received by said ultrasound probe, as the
signal from said first reflective member.
20. The ultrasound diagnostic apparatus according to claim
15,
wherein said probe position calculation unit is configured
to calculate a position of said ultrasound probe, based on
at least one of (i) a distance between said first reflective
member and the main surface and (ii) a width of said first
reflective member as seen from the side of the main
surface that are detected by said reflective member
detection unit, according to a relational expression that
indicates at least one of relationships of a position of said
ultrasound probe to (i) a distance between said first
reflective member and the main surface and (ii) a width
of said first reflective member as seen from the side of
the main surface that are detected by said reflective
member detection unit.
21. The ultrasound diagnostic apparatus according to claim
20,
wherein said probe position calculation unit is configured
to calibrate the relational expression using at least one of
(i) a distance between said first reflective member and
the main surface and (ii) a width of said first reflective
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member as seen from the side of the main surface that are
detected between when said ultrasound probe is dis-
posed at a first predetermined position and when said
ultrasound probe is moved to a second predetermined
position that is different from the first predetermined
position.

22. The ultrasound diagnostic apparatus according to claim
15,

wherein said probe position calculation unit is further con-

figured to detect positions of said first reflective member
obtained over a course of time and calculate an amount
of movement between the positions of said ultrasound
probe.

23. An ultrasound diagnostic method for diagnosing a sub-
ject by using the ultrasound diagnostic adapter according to
claim 1 and an ultrasound probe, said ultrasound diagnostic
method comprising:

detecting, from among signals received by the ultrasound

probe, a signal of reflected waves from the first reflective
member; and

detecting, from the signal detected in said detecting of a

signal, a position of the ultrasound probe based on at
least one of (i) a distance between the first reflective
member and the main surface and (ii) a width of the first
reflective member as seen from the side of the main
surface.

24. A program recorded on a non-transitory computer-
readable recording medium, for causing a computer to
execute the ultrasound diagnostic method according to claim
23.
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