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PROBE ADAPTER, ULTRASONIC IMAGING
APPARATUS, ULTRASONIC IMAGING
METHOD AND ULTRASONIC IMAGING
PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an art in which
cross sections of a thigh, an upper arm, an abdomen etc. of
a human body are imaged by using a probe which transmits
and receives ultrasonic waves.

BACKGROUND

[0002] Quadricepses are thigh muscles which control
movements for raising a thigh, straightening a knee joint,
etc. A muscle mass of the quadriceps significantly decreases
due to aging, which becomes a factor of a walking difficulty
and falling of elderly people. Therefore, the muscle mass
etc. of the quadriceps need to be grasped when providing a
medical aid for the walking difficulty and falling of the
elderly people. For this reason, an entire cross section of the
thigh is conventionally imaged using a CT (Computed
Tomography) device or an MRI (Magnetic Resonance Imag-
ing) device.

[0003] However, the CT device and the MRI device are
expensive and take long time to image, therefore, a simpler
art for imaging is desired. Thus, various arts for imaging a
wide range of a cross section of a human body by using
ultrasonic waves and arts for measuring a muscle mass by
using ultrasonic waves are devised (e.g., see Patent Docu-
ments 1 to 3 and Non-Patent Document 1).

[0004] An ultrasonic imaging apparatus disclosed in Pat-
ent Document 1 includes a plurality of probes arranged
along a circumferential surface of a thigh and for generating
a plurality of fragment images obtained by imaging the
vicinity of the probes. Further, by composing the plurality of
generated fragment images, an image in which a wide range
of a cross section of 2 human body is captured is generated.

[0005] An ultrasonic imaging apparatus disclosed in Pat-
ent Document 2 includes a water tank into which a thigh is
placed, a single probe provided along an outer circumfer-
ential surface of the water tank, and a motor for moving the
probe along the outer circumferential surface of the water
tank. The ultrasonic imaging apparatus generates a plurality
of fragment images while moving the probe. Further, by
composing the plurality of generated fragment images, an
image in which a wide range of a cross section of a human
body is captured is generated.

REFERENCE DOCUMENTS OF
CONVENTIONAL ART

Patent Documents

[0006]

JP2005-137581A
JP2001-087267A
JPHO03-029111U

[Patent Document 1]
[Patent Document 2]
[Patent Document 3]

[Non-Patent Document]

[0007] [Non-Patent Document 1] Tetsuo Fukunaga, “Cal-
culation of Muscle Strength per Unit Cross-Sectional

Sep. 20,2018

Area of Human Muscle by Means of Sonic Measurement™
in 1969 by Japan Journal of Physical Education, Health
and Sport Sciences

DESCRIPTION OF THE DISCLOSURE

Problems to be Solved by the Disclosure

[0008] The conventional ultrasonic imaging apparatuses
disclosed in Patent Documents 1 and 2 have complex
configurations and are large in scale, and require time and
labor for attaching the probe(s). Therefore, imaging the
cross section of the human body takes relatively long time.

[0009] It may also be considered to use an ultrasonic
imaging apparatus having a general configuration so that a
wide range of a cross section of a human body is imaged by
an operator gripping and moving a probe. Here, in order to
image the wide range of the cross section of the human body
in this manner, the operator needs to move the probe along
the cross section to be imaged, while maintaining the probe
at a suitable angle with respect to a surface of the human
body. However, it is not easy for the operator to keep
maintaining the suitable angle while moving the probe.

[0010] Generally, it is effective to use a probe having a
wide tip end surface which comes in contact with the surface
of the human body in order to image an area as wide as
possible in single imaging. However, in a case where the
subject part is a curved surface, since an edge portion of the
wide tip end surface of the probe becomes easier to separate
from the surface of the human body, it is necessary to
strongly press the tip end surface of the probe against the
surface of the human body. In this case, the surface and
internal tissues of the human body are deformed, and
therefore, it becomes difficult to accurately image the shapes
of the internal tissues.

[0011] Therefore, the purpose of the present disclosure is
to provide an art in which, when an operator grips a probe
of an ultrasonic imaging apparatus and moves the probe, it
is facilitated to maintain the probe at a suitable angle with
respect to an object to be imaged, without strongly pressing
the probe against the object to be imaged.

SUMMARY OF THE DISCLOSURE

[0012] According to one aspect of the present disclosure,
a probe adapter may include a contact surface configured to
have a shape extending along an outer circumference of a
cross section of an object to be imaged. The probe adapter
may fix a probe having an ultrasonic wave transmitting-
receiving surface at a given angle and expose the ultrasonic
wave transmitting-receiving surface to the contact surface
side.

[0013] By attaching this probe adapter to the probe, even
when moving the probe along a surface of the object to be
imaged while being in contact with the object to be imaged
having a curved surface like a thigh, a large contact area
between the probe and the object to be imaged may be
maintaired by the probe adapter. Thus, it may become easy
to use a probe which is thin such that the entire surface of
the ultrasonic wave transmitting-receiving surface contacts
the surface of the object to be imaged, and move it while
keeping the angle thereof with respect to the surface of the
object to be imaged constant. Therefore, without strongly
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pressing the probe against the object to be imaged, a shape
of an internal tissue of the object to be imaged may accu-
rately be imaged.

[0014] Further, according to another aspect of the present
disclosure, an ultrasonic imaging apparatus may include the
probe adapter and the probe described above or a prove
having a contact surface which is equivalent to that of the
prove adapter. The ultrasonic imaging apparatus may repeat-
edly transmit from the probe an ultrasonic wave into an
object to be imaged and receive by the probe the ultrasonic
wave reflected inside the object to be imaged every time the
ultrasonic wave is transmitted. The ultrasonic imaging appa-
ratus may generate a fragment image in which the object to
be imaged is internally partially captured based on the
received ultrasonic wave. The ultrasonic imaging apparatus
may compose a plurality of fragment images generated by a
fragment image generating module. Here, the fragment
images may be an image captured in single imaging in a
linear scan mode or a sector scan mode and equivalent to an
image captured by an ultrasonic diagnosis apparatus with a
general configuration (ultrasonic imaging apparatus).

[0015] With this configuration, since the angle of the
probe is easily stabilized when an operator moves the probe,
the inside of the object to be imaged may be captured from
various directions under a constant angle condition. Thus,
the plurality of fragment images in which the inside of the
object to be imaged are vividly captured from various
directions may be generated. Further, by composing such
fragment images, the inside of the object to be imaged may
be captured vividly and over a wide range.

[0016] Further, the ultrasonic imaging apparatus may
repeatedly switch an operation state of the probe between a
state where the probe is operated in a linear scan mode in
which a range extending in a belt shape from the ultrasonic
wave transmitting-receiving surface is imaged, and a state
where the probe is operated in a sector scan mode in which
a range spreading in a fan shape from the ultrasonic wave
transmitting-receiving surface is imaged.

[0017] In the linear scan mode, the range extending in the
belt shape from the ultrasonic wave transmitting-receiving
surface may be imaged vividly. However, if a contour
portion of the internal tissue of the object to be imaged
extends perpendicular to the surface of the object to be
imaged, it may be difficult to image the contour portion
vividly in the linear scan mode. On the other hand, in the
sector scan mode, since a wider angle range than the range
extending in the belt shape from the ultrasonic wave trans-
mitting-receiving surface may be imaged, the contour por-
tion extending perpendicular to the surface of the object to
be imaged in the internal tissue may be imaged. Therefore,
by composing the fragment image obtained in the linear scan
mode and the fragment image obtained in the sector scan
mode, the image in which the vicinity of the probe is imaged
vividly and the contour portion perpendicularly to the sur-
face of the internal tissue is also imaged may be obtained.

[0018] The ultrasonic imaging apparatus may further
include an angle sensor configured to detect a direction in
which the ultrasonic wave transmitting-receiving surface
faces. The plurality of fragment images may be composed
based on the angle detected by the angle sensor.

[0019] With this configuration, the plurality of fragment
images may suitably be composed and the inside of the
object to be imaged may be captured more accurately.
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[0020] According to the present disclosure, when an
operator grips a probe of an ultrasonic imaging apparatus
and moves the probe, it is facilitated to maintain the probe
at a suitable angle with respect to an object to be imaged,
without strongly pressing the probe against the object to be
imaged.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a configuration diagram of an ultrasonic
imaging apparatus according to one embodiment of the
present disclosure.

[0022] FIGS. 2(A) to 2(D) are exploded views of a probe
adapter according to the embodiment of the present disclo-
sure.

[0023] FIGS. 3(A) and 3(B) are views illustrating an
operation mode of a probe according to the embodiment of
the present disclosure.

[0024] FIGS. 4(A) to 4(C) are views illustrating a control
flow of the ultrasonic imaging apparatus according to the
embodiment of the present disclosure.

[0025] FIG. 5 is a flowchart illustrating a control flow of
image composing processing of the ultrasonic imaging appa-
ratus according to the embodiment of the present disclosure.
[0026] FIG. 6 is a flowchart illustrating scan modes of the
ultrasonic imaging apparatus according to the embodiment
of the present disclosure.

[0027] FIGS. 7(A) and 7(B) are views illustrating frag-
ment images obtained in a linear scan mode and a sector
scan mode, respectively.

[0028] FIGS. 8(A) and 8(B) are views illustrating images
obtained by composing a fragment image.

[0029] FIG. 9 is a structural view illustrating one modi-
fication of the probe according to the embodiment of the
present disclosure.

[0030] FIGS. 10(A) and 10(B) are structural views illus-
trating modifications of the probe adapter according to
another embodiment of the present disclosure.

[0031] FIGS. 11(A) to 11(C) are structural views illustrat-
ing setting examples of a probe adapter according to another
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0032] Hereinafter, an ultrasonic imaging apparatus, an
ultrasonic imaging method, and an ultrasonic imaging pro-
gram according to some embodiments of the present disclo-
sure are described with reference to the accompanying
drawings.

[0033] FIG. 1 is a configuration diagram of the ultrasonic
imaging apparatus according to one embodiment of the
present disclosure. The ultrasonic imaging apparatus 1 may
include a probe 2, a probe adapter 3, an angle sensor 4, and
an image processing device 11.

[0034] The probe 2 may have a substantially pillar shape
and be configured so that an operator can grip and move it.
The probe 2 may include an ultrasonic wave transmitting-
receiving surface 23. The ultrasonic wave transmitting-
receiving surface 23 may be provided on a lower end surface
of the probe 2. The probe 2 may be connected to a trans-
mission-reception processor 5 of the image processing
device 11 via a cable which is connected to an upper end of
the probe 2. The probe 2, upon receiving a transmission
signal from the image processing device 11, may transmit an
ultrasonic wave from the ultrasonic wave transmitting-
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receiving surface 23, receive an ultrasonic wave by the
ultrasonic wave transmitting-receiving surface 23, and out-
put a reception signal corresponding to a reception level of
the ultrasonic wave to the image processing device 11.

[0035] More particularly, the probe 2 may include a tip
end part 21 and a grip part 22. The ultrasonic wave trans-
mitting-receiving surface 23 may be provided on a lower
surface of the tip end part 21. Note that the probe 2 may have
a different shape from that illustrated in FIG. 1.

[0036] Further, for example, the ultrasonic wave transmit-
ting-receiving surface 23 may be formed so that a plurality
of ultrasonic oscillators 25 are structured into a single-
dimensionally arranged array type. Each ultrasonic oscilla-
tor 25 may be connected to the transmission-reception
processor 5 of the image processing device 11 via the cable.
The transmission-reception processor 5 may control a phase
difference between signals which are inputted and outputted
into and from the adjacent ultrasonic oscillators 25, to adjust
a beam shape of the ultrasonic waves transmitted and
received by the ultrasonic wave transmitting-receiving sur-
face 23. Note that, the ultrasonic wave transmitting-receiv-
ing surface 23 may be structured into a single element type
which only includes a single ultrasonic oscillator. In this
case, the beam shape of the ultrasonic waves which are
transmitted and received by the ultrasonic wave transmit-
ting-receiving surface 23 may uniquely be defined.

[0037] The angle sensor 4 may be attached to the probe
adapter 3 together with the probe 2 and detect a tilt of the
probe 2 with respect to a vertical direction. The angle sensor
4 may be connected to an interface 10 of the image pro-
cessing device 11 via a cable connected to an upper end of
the angle sensor 4. Note that the angle sensor 4 may not
necessarily be provided.

[0038] The probe adapter 3 may substantially have a size
which fits into a hand and be attached to surround a lower
end side of the probe 2. The probe adapter 3 may include a
contact surface 33 and a fixing portion 32. The contact
surface 33 may have a shape extending along an outer
circumference of a cross section of an object to be imaged,
such as a thigh. The fixing portion 32 may fix the probe 2 at
a given angle and expose the ultrasonic wave transmitting-
receiving surface 23 of the probe 2 to the contact surface 33
side.

[0039] Since the probe adapter 3 may have the contact
surface 33 as described above, when moving the probe 2
along a surface of the object to be imaged, a large contact
area with the object to be imaged may be maintained by the
probe adapter 3. Therefore, even if the ultrasonic wave
transmitting-receiving surface 23 of the probe 2 is thin, it
may become easy to move the probe 2 while keeping the
angle of the probe 2 with respect to the surface of the object
to be imaged constant.

[0040] Further, the probe adapter 3 may have a structure
illustrated in FIGS. 2(A) to 2(D). FIG. 2(A) is a front
elevational view of the probe adapter 3. FIG. 2(B) is a top
plan view of the probe adapter 3. FIG. 2(C) is a bottom plan
view of the probe adapter 3. FIG. 2(D) is a right-side view
of the probe adapter 3.

[0041] The probe adapter 3 may include a housing 31. The
housing 31 may be a member constituting an upper surface
part of the probe adapter 3. The probe adapter 3 may also
have an accommodating section 34. The accommodating
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section 34 may be a rectangular-cylindrical concave formed
to open to an upper surface of the housing 31 and accom-
modate the angle sensor 4.

[0042] The fixing portion 32 may be formed by a through-
hole perpendicularly extending from the upper surface of the
probe adapter 3 and fix the probe 2 by coming into contact
with the grip part 22 inside the through-hole.

[0043] Further, the probe adapter 3 may also include a
detachable-attaching part 36 which is detachable from the
housing 31. The detachable-attaching part 36 may be a
member constituting a lower surface part of the probe
adapter 3. The detachable-attaching part 36 may be struc-
tured to be detachable from the probe adapter 3 by using a
magnet, etc. A lower surface of the detachable-attaching part
36 may be structured as the contact surface 33. The contact
surface 33 may be concaved into a groove shape and have
a shape substantially matching with a surface of the imaging
target which bulges like a thigh. Further, as illustrated in
FIG. 2(D), the detachable-attaching part 36 may be struc-
tured to be gradually thinner from the front side to the rear
side. Therefore, the contact surface 33 may extend in a
direction tilted from the upper surface of the probe adapter
3. Since the probe 2 may be fixed perpendicularly to the
upper surface of the probe adapter 3 as described above, the
contact surface 33 may not be perpendicular to the probe 2.
[0044] Thus, by structuring the detachable-attaching part
36 to be detachable from the probe adapter 3, the detachable-
attaching part 36 may be replaced with another one having
a different shape, or the detachable-attaching part 36 may be
attached by switching the front side and the rear side with
each other. Therefore, by preparing a plurality of detachable-
attaching parts 36 having different curvatures, inclinations
etc. at the contact surface 33, the detachable-attaching part
36 corresponding to the shape of the object to be imaged
may be attached to the probe adapter 3.

[0045] Here, an operation mode of the probe adapter 3 and
the probe 2 is described by considering a case of imaging the
cross section of the thigh in order to grasp the shape and
muscle mass of the quadriceps (a thickness and muscle
cross-sectional area of quadriceps) in the thigh as an
example. FIG. 3(A) is a schematic diagram of the cross
section of the thigh seen perpendicularly, and FIG. 3B is a
schematic diagram of the thigh seen from the side.

[0046] A thigh 100 may have quadriceps 102 inside. The
quadriceps 102 may be muscles extending from the vicinity
of a knee joint to the vicinity of a hip joint at the front side
of the thigh 100. In a case of imaging a cross section 101 of
the thigh 100, first, gel 109 serving as an acoustic coupling
material may be applied to a surface of the thigh 100 by the
operator. Further, a suitable detachable-attaching part 36
corresponding to the shape of the surface of the thigh 100
may be selected and attached to the probe adapter 3.
[0047] In this state, the operator may bring the contact
surface 33 of the probe adapter 3 attached to the probe 2 into
contact with the surface of the thigh 100. Then, the operator
may move the probe 2 and the probe adapter 3 along an outer
circumference of the cross section 101 to be imaged.
[0048] Here, since the contact surface 33 may have the
shape extending along the outer circumference of the cross
section 101 of the thigh 100, a contact area between the
contact surface 33 and the surface of the thigh 100 may be
larger than a contact area between the ultrasonic wave
transmitting-receiving surface 23 of the probe 2 and the
surface of the thigh 100. Therefore, as illustrated in FIG.
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3(A), when perpendicularly seeing the cross section 101, the
operator may easily move the probe 2 in the state where the
large contact area between the ultrasonic wave transmitting-
receiving surface 23 and the surface of the thigh 100 is
maintained while keeping the angle of the probe 2 substan-
tially perpendicular to the outer circumference of the cross
section 101. Further as illustrated in FIG. 3(B), when seeing
the thigh 100 from one side, the operator may easily move
the probe 2 while keeping the probe 2 in the tilted state at a
certain angle with respect to the surface of the thigh 100.

[0049] Further, the image processing device 11 illustrated
in FIG. 1 may include the transmission-reception processor
5, an image display unit 8, a controller 9, and the interface
10. The controller 9 may include a fragment image gener-
ating module 6 and an image composing module 7. The
controller 9 may be comprised of a CPU and a memory. The
fragment image generating module 6 and the image com-
posing module 7 may be implemented as software by
executing an ultrasonic wave imaging program installed in
the memory (not illustrated) at the CPU.

[0050] The transmission-reception processor 5 may gen-
erate a transmission signal by providing a delay to a signal
having a frequency within an ultrasonic wave range, and
output it to the probe 2. By controlling the delay, the
transmission-reception processor 5 may control an operating
mode and a beam shape of the probe 2. Further. the trans-
mission-reception processor 5 may receive a reception sig-
nal from the probe 2. The transmission-reception processor
5 may perform processing, such as analog-to-digital con-
version on the inputted reception signal, and output the
processed reception signal to the controller 9. While the
probe 2 is moved along the surface of the thigh 100 as
illustrated in FIGS. 3(A) and (B), the transmission-reception
processor 5 may repeatedly output the transmission signal at
a constant time interval, and every time the transmission
signal is outputted, the transmission-reception processor 5
may acquire the reception signal of the ultrasonic wave
received by the probe 2.

[0051] Based on the reception signal outputted by the
transmission-reception processor 5, the fragment image gen-
erating module 6 may generate a fragment image which is a
partial image of the imaging target, by executing image
conversion processing according to the operating mode of
the probe 2. While the probe 2 is moved along the surface
of the thigh 100 as illustrated in FIGS. 3(A) and (B), the
fragment image generating module 6 may generate a plu-
rality of fragment images obtained by imaging the cross
section 101 of the thigh 100 in various directions based on
the reception signals repeatedly inputted from the transmis-
sion-reception processor 5, together with angle information.

[0052] The image composing module 7 may compose an
image by partially superimposing the plurality of fragment
images generated by the fragment image generating module
6. For example, the image composing module 7 may deter-
mine positions for superimposing the plurality of fragment
images, by detecting feature amounts of the plurality of
fragment images and finding a matching feature amount
between areas included in the plurality of fragment images.
Note that, here, the image composing module 7 may rotate
the fragment images based on the detection angle obtained
from the angle sensor 4 and perform the matching based on
the rotated fragment images. Thus, the rotation angle of each
fragment image may accurately be corrected and the posi-
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tions for superimposing the plurality of fragment images
may be determined more accurately.

[0053] The image display unit 8 may receive an image
signal of the composed image by the image composing
module 7 from the controller 9, and display the image.

[0054] When moving the probe 2 along the surface of the
thigh 100 as illustrated in FIG. 3(B), a most-vivid (clearest)
fragment image may be captured when the direction of the
ultrasonic wave transmitted and received by the probe 2 is
a given angular direction which is not perpendicular to the
surface of the thigh 100 (e.g., a direction tilted by 3° to 10°
from the perpendicular direction). Therefore, in the ultra-
sonic imaging apparatus 1, a plurality of vivid fragment
images of the cross section 101 may be obtained in a state
where the probe 2 is tilted in the given angular direction by
the probe adapter 3, and the plurality of fragment images
may be composed. Thus, the fragment images in which the
cross section 101 is captured vividly may be obtained.
Therefore, the image obtained by composing the plurality of
fragment images may become an image in which the cross
section 101 is captured vividly and over a wide range.
Furthermore, by using the probe adapter 3, the fragment
images may be generated without strongly pressing the
probe 2 against the thigh 100, and therefore, the quadriceps
102 may be imaged in an accurate shape and not in a
deformed state.

[0055] Next, the operating mode and the beam shape of
the probe 2 are described.

[0056] The probe 2 may be operated in a linear scan mode.
FIG. 4(A) is a view illustrating a case where the probe 2
operated in the linear scan mode images the cross section
101 of the thigh 100. When the probe 2 is operated in the
linear scan mode, the transmission-reception processor 5
provided for the probe 2 may control the phases of the
signals inputted and outputted by the respective ultrasonic
oscillators 25 to be same so as to set the beam shape of the
probe 2, so that the beam is oriented to a belt-shaped area
103 facing the ultrasonic wave transmission-reception sur-
face 23. By operating the probe 2 in such a linear scan mode,
the ultrasonic imaging apparatus 1 may generate the frag-
ment image in which the belt-shaped area 103 is vividly
captured. Note that, the linear scan mode may be achieved
by a method different from the above-described method. For
example, the transmission-reception processor 5 may sweep
the oriented direction of the beam of the ultrasonic wave
within the belt-shaped area 103, so that the fragment image
in which the belt-shaped area 103 is vividly captured may be
generated.

[0057] Further, the probe 2 may also be operated in a
sector scan mode. FIG. 4(B) is a view illustrating a case
where the probe 2 operated in the sector scan mode images
the cross section 101 of the thigh 100. When the probe 2 is
operated in the sector scan mode, the transmission-reception
processor 5 may cause the signals inputted and outputted by
the respective ultrasonic oscillators 25 to have a given
difference in phase so as to set the beam shape of the probe
2, so that the beam is oriented to a fan-shaped area 104
centered on a direction orthogonal to the ultrasonic wave
transmitting-receiving surface 23. By operating the probe 2
in such a sector scan mode, the ultrasonic imaging apparatus
1 may generate the fragment image in which the fan-shaped
area 104 is vividly captured. Thus, when operating the probe
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in the sector scan mode, a wider angle range may be imaged
compared to the case where the probe 2 is operated in the
linear scan mode.

[0058] FIG. 4(C) is a view illustrating a difference in the
internal tissue 102 which is imageable in the linear scan
mode and the sector scan mode. In the linear scan mode,
there may be a case where it is difficult to image a contour
portion of the internal tissue (quadriceps) 102 under a
specific condition. For example, in the linear scan mode,
since the ultrasonic wave may be transmitted and received
only in a direction orthogonal to the probe 2, if the contour
portion of the internal tissue 102 extends parallel 1o the
transmission-reception direction of the ultrasonic wave, that
is, perpendicular to the surface of the thigh 100, it may be
difficult for the ultrasonic wave to reach the contour portion,
and a reflecting direction of the ultrasonic wave at the
contour portion may easily become different from the trans-
mission-reception direction of the ultrasonic wave. There-
fore, in the linear scan mode, even in the vicinity of the
probe 2, if the contour portion of the internal tissue extends
perpendicular to the skin surface, it may be difficult to image
the contour portion.

[0059] On the other hand, in the sector scan mode, since
the ultrasonic wave may be transmitted and received within
a fixed angle range centered on the direction orthogonal to
the probe 2, even for the contour portion of the internal
tissue 102 extending perpendicular to the skin surface, the
ultrasonic wave may be transmitted and received to and
from a non-parallel direction to the contour portion. There-
fore, in the sector scan mode, even if the contour portion of
the internal tissue 102 extends perpendicular to the skin
surface, the contour portion may be imaged.

[0060] Thus, in this embodiment, an image may be
obtained, in which not only the wide range of the cross
section 101 is captured by composing only the plurality of
fragment images using the linear scan mode of the ultrasonic
imaging apparatus 1, but also the contour portion of the
internal tissue 102 extending perpendicular to the skin
surface is captured by composing the fragment images using
the sector scan mode.

[0061] FIG. 5 is a flowchart illustrating a control flow of
the ultrasonic imaging apparatus 1.

[0062] First, the ultrasonic imaging apparatus 1 may oper-
ate the probe 2 in the linear scan mode by the transmission-
reception processor 5 (S101). Here, an operation frequency
of the probe 2 may be set to about 6 MHz, for example.
Thus, the probe 2 may transmit the ultrasonic waves in a
belt-like beam shape perpendicularly from the skin surface.
Further, the transmission-reception processor 5 may acquire
the reception signals of the ultrasonic waves received by the
probe 2 (S102).

[0063] In addition, immediately after operating the probe
2 in the linear scan mode, the transmission-reception pro-
cessor 5 may operate the probe 2 in the sector scan mode in
a state where the probe 2 is substantially at the same position
(8103). The operation frequency of the probe here may be
set to, for example, about 3 MHz, so that the ultrasonic
waves reach farther away from the probe than in the linear
scan mode. Thus, the probe 2 may transmit the ultrasonic
waves in the fan-like beam shape centered on the vertical
direction from the skin surface. Further, the transmission-
reception processor 5 may acquire the reception signals of
the ultrasonic waves received by the probe 2 (S104). Note
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that, the order of operating the probe 2 in the sector scan
mode and operating the probe 2 in the linear scan mode may
be reversed.

[0064] Next, the fragment image generating module 6 may
generate the belt-shaped fragment image from the reception
signal acquired in the linear scan mode (S105). FIG. 7(A) is
a view illustrating the fragment image obtained in the linear
scan mode. Further, the fragment image generating module
6 may generate the fan-shaped fragment image from the
received signals acquired in the sector scan mode ($106).
FIG. 7(B) is a view illustrating the fragment image obtained
in the sector scan mode. When generating these fragment
images, for example, a time axis of the reception signal may
be converted into a position in the transmission direction of
the ultrasonic wave and the amplitude (reflection intensity)
of the reception signal may be converted into luminance
information to generate the fragment images.

[0065] Next, the ultrasonic imaging apparatus 1 may com-
pose, by the image composing module 7, the image in which
the wide range of the cross-section 101 of the thigh 100 is
captured, based on the fragment image in the linear scan
mode and the fragment image in the sector scan mode
generated in the previous processing (S107). Further, the
ultrasonic imaging apparatus 1 may display the composed
image on the image display unit 8 (S108).

[0066] The ultrasonic imaging apparatus 1 may repeat the
control flow as described above at discrete time intervals,
and update the image displayed on the image display unit 8.
For example, the ultrasonic imaging apparatus 1 may repeat
the control flow about 100 to 400 times while the operator
moves the probe 2 about half the circumference of the thigh
100, so as to gradually expand the area of the cross section
101 displayed on the image display unit 8 and finally display
the entire cross section 101 on the image display unit 8.
[0067] FIG. 6 is a flowchart illustrating a more detailed
control flow of the image composing processing by the
image composing module 7.

[0068] First, the image composing module 7 may acquire
the output signal of the angle sensor 4 and acquire the tilted
angle of the probe 2 from the vertical direction (S111). Next,
the image composing module 7 may rotate the fragment
image acquired from the fragment image generating module
6 in the linear scan mode, based on the tilted angle (S112).
[0069] Next, the image composing module 7 may acquire
from the memory etc. the image obtained by the image
composing processing executed previously, and compose
the fragment image rotated in the processing described
above, with the acquired image (S113). In this composing,
the feature amounts (e.g., a luminance distribution) may be
detected for every part included in the image composed
previously and the rotated fragment image, a matching score
between the feature amounts may be calculated to specify
the position for superimposing the fragment image on the
previously-composed image. Further, the luminance infor-
mation of the fragment image may be overwritten at the
specified position. Note that, the luminance information to
overwrite may be obtained by a calculation etc. based on the
luminance information of the previously-composed image
and the luminance information of the fragment image.
[0070] Next, the image composing module 7 may rotate
the fragment image obtained in the sector scan mode
acquired from the fragment image generating module 6
based on the precedingly-acquired tilted angle (S114). Next,
the image composing module 7 may compose the fragment
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image of the sector scan mode rotated in the above process-
ing, on the image already composed with the fragment
image of the linear scan mode (S115). This composing may
also use matching of the feature amounts (e.g., luminance
distribution) similarly to the composing processing
described above. Note that, since the fragment image in the
linear scan mode may have higher vividness in the vicinity
of the probe than the fragment image in the sector scan
mode, the composition may be performed, instead of com-
posing all the fragment images obtained in the sector scan
mode, only for a deep depth area where the vivid imaging is
difficult in the linear scan mode or the contour potion
extending perpendicular to the skin surface. Further, after
this composing processing, image processing for emphasiz-
ing the contour portion of the internal tissue may be
executed.

[0071] FIG. 8(A) is a view illustrating an image in a case
where only the fragment image acquired in the linear scan
mode is composed. FIG. 8(B) is a view illustrating an image
obtained by composing the image illustrated in FIG. 8(A)
with the fragment image acquired in the sector scan mode.
In the image in the linear scan mode illustrated in FIG. 8(A),
only the contour portion of the quadriceps parallel to the
surface of the thigh 100 may be displayed, but in the image
composed with the image in the sector scan mode illustrated
in FIG. 8(B), in addition to the contour portion of the
quadriceps parallel to the surface of the thigh 100, the
contour portion of the quadriceps extending perpendicular to
the surface of the thigh 100 may also be imaged vividly
(arrow part).

[0072] By the above processing, the ultrasonic imaging
apparatus 1 may image a wide range of the cross section of
the object to be imaged using the ultrasonic wave, and the
image in which the contour portion of the internal tissue
(e.g., quadriceps) extending perpendicular to the outer cir-
cumference in the cross section of the object to be imaged
is also vividly captured may be composed. Therefore, based
on this image, the shape and thickness (muscle mass) of the
internal tissue (e.g., quadriceps) of the object to be imaged
may accurately be grasped.

[0073] Note that, although in the above embodiment the
example in which the tilted angle of the fragment image
detected by the angle sensor may be used for composing the
fragment images in the image composing processing is
described, the tilted angle of the fragment image may also be
used in other processing. For example, instead of composing
all the fragment images, a fragment image when the tilted
angle changes over a certain angle may be extracted to only
compose the extracted fragment image. In this manner, the
number of times of composing the images may be reduced
and a calculation cost and an image memory volume in the
ultrasonic imaging apparatus may be lowered.

[0074] Further, although the example in which the match-
ing of the feature amounts may be performed when com-
posing the fragment image obtained in the linear scan mode
and when composing the fragment image in the sector scan
mode in the image composing processing described above is
described, the result of the matching performed first may be
used when performing the composing of the fragment image
performed later, so as to determine the position for com-
posing the fragment image.

[0075] Further, as the angle sensor described above, any
sensor may be used as long as it is capable of calculating an
angle from the detection value of the sensor by a calculation
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etc. For example, the angle of the probe may also be
obtained by using an acceleration sensor.

[0076] Further, although in the ultrasonic imaging appa-
ratus described above, the structural example in which the
probe adapter may be attached to the probe is described, it
may be structured by integrating the probe adapter with the
probe. FIG. 9 is a view illustrating a structural example of
the probe when the probe adapter is integrated therewith.
The probe 2A illustrated in FIG. 9 may include a contact
surface 33A and an ultrasonic wave transmitting-receiving
surface 35A. The ultrasonic imaging apparatus of the present
disclosure may also be structured using such a probe 2A.
[0077] Next, structural examples of a probe adapter
according to embodiments are described.

[0078] Although in the ultrasonic imaging apparatus
described above, the detachable-attaching part which is
detachable from the probe adapter may be provided so that
the member constituting the contact surface is replaceable,
without providing the detachable-attaching part, the facing
direction of the contact surface may simply be variable. FIG.
10(A) is a view illustrating a structural example of a probe
adapter 3B in a case where a facing direction of a contact
surface 33B is variable.

[0079] The probe adapter 3B illustrated in FIG. 10(A) may
include a housing 31B and an angle variable part 36B. The
angle variable part 36B may be structured so that a lower
face becomes the contact surface 33B having a shape
extending along the outer circumference of the cross section
of the object to be imaged, and the angle variable part 36B
may be attached to a lower end part of the housing 31B. A
shaft part 39B may be provided at a position where the angle
variable part 36B is attached to the housing 31B. The shaft
part 39B may be a part which pivotally supports the angle
variable part 36B to the housing 31B, the angle variable part
36B may be rotatable with respect to the housing 31B by the
shaft part 39B and also fixable thereto in a tilted state at a
given angle.

[0080] More particularly, the contact surface 33B here
may be formed into a substantially rectangular shape having
a transverse direction and a longitudinal direction, and curve
in the longitudinal direction. The shaft part 39B may piv-
otally support the angle variable part 36B to the housing 31B
by having an axis in a direction substantially coinciding with
the direction in which the contact surface 33B curves
(longitudinal direction). Therefore, the angle variable part
36B may tilt about the shaft part 39B in the perpendicular
direction (transverse direction) of the contact surface 33B to
the direction in which the contact surface 33B curves
(longitudinal direction).

[0081] Further, here, the shaft part 39B may be formed
into a screw shape so as to be fitted into a screw hole formed
in the housing 31B, so that the angle of the angle variable
part 36B may be fixed by tightening the shaft part 39B, and
the angle of the angle variable part 36B may be variable
(rotatable) by loosening the shaft part 39B. Note that, a
specific mechanism structured to fix the angle variable part
36B may not be limited to the screw mechanism as described
above, and may be achieved by using other well-known
mechanism, such as a latch mechanism.

[0082] By using the probe adapter 3B structured as
described above, the facing direction of the contact surface
33B may be tilted from a facing direction of an ultrasonic
wave transmitting-receiving surface 23B of the probe 2, and
the tilted angle may be set being adjusted to arbitrary angle.
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Thus, when capturing the image of the cross section of the
object to be imaged (e.g., the thigh) using this probe adapter
3B, by adjusting the angle of the contact surface 33B more
finely, a more vivid fragment image or entire image may be
obtained.

[0083] Note that, the angle between the contact surface
33B and the ultrasonic wave transmitting-receiving surface
23B may be adjusted by adjusting the angle itself of probe
2 attached to the probe adapter, other than adjusting the
angle of the contact surface of the probe adapter. FIG. 10(B)
is a view illustrating a structural example of a probe adapter
3C in a case where the angle itself at which the probe 2 is
attached is adjustable.

[0084] The probe adapter 3C illustrated in FIG. 10(B) may
include a housing 31C and a fixing part 39C. The housing
31C may be structured so that a lower surface becomes a
contact surface 33C having a shape extending along the
outer circumference of the cross section of the object to be
imaged. This housing 31C may be structured to have extra
space in an opening where the probe 2 is attached and by
simply inserting the probe 2 into the opening, the probe 2
may be movable to an arbitrary angle. The fixing part 39C
may be structured so that the probe 2 inserted into the
opening is fixable at the arbitrary angle.

[0085] The fixing part 39C may be comprised of a clamp
mechanism (not illustrated) provided in the housing 31C, a
screw configured to tighten the clamp mechanism. Note that,
the specific mechanism of the fixing part 39C may not be
limited to the clamp mechanism as described above, and
may be achieved by using other well-known mechanism,
such as a latch mechanism.

[0086] By using the probe adapter 3C structured as
described above, the angle of the probe 2 may arbitrarily be
adjusted when attaching it to the probe adapter 3C, and a
facing direction of the contact surface 33C of the probe
adapter 3C and a facing direction of an ultrasonic wave
transmitting-receiving surface 23C may be tilted at the
arbitrary angle. Thus, also when capturing the image of the
cross section of the object to be imaged (e.g., the thigh)
using this probe adapter 3C, the angle between the ultrasonic
wave transmitting-receiving surface 23C and the contact
surface 33C may be adjusted more finely, a more vivid
fragment image or entire image may be obtained.

[0087] Note that, here, although the structural examples in
which the angle variable part or the fixing part may be
provided to the probe adapter are described, instead of using
the probe adapter, a structure may be adopted in which the
angle variable part or the fixing part described above is
provided to the probe itself so that the angle between the
contact surface and the ultrasonic wave transmitting-receiv-
ing surface may be adjusted by the probe itself.

[0088] Next, a specific shape setting example of the con-
tact surface is described.

[0089] FIG. 11(A) is a front elevational view of a probe
adapter 3D. FIG. 11(B) is a plan view of the probe adapter
3D seen from the lower surface (contact surface) side. FIG.
11(C) is a cross-sectional view of the probe adapter 3D seen
from a side-surface side.

[0090] The probe adapter 3D may include a housing 31D
and a detachable-attaching part 36D. The housing 31D may
be a member constituting an upper surface part of the probe
adapter 3D. The detachable-attaching part 36D may be a
member constituting a lower surface part of the probe
adapter 3D and structured so that a lower surface becomes
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a contact surface 33D having a shape extending along the
outer circumference of the cross section of the object to be
imaged.

[0091] The contact surface 33D of the detachable-attach-
ing part 36D may be formed with an opening 32D config-
ured to expose the ultrasonic wave transmitting-receiving
surface of the probe, and a groove portion 39D. The groove
portion 39D may be formed to guide a suitable amount of the
gel 109 illustrated in FIG. 3(A) to the periphery of the probe.
Therefore, the groove portion 39D may be formed to extend
in the direction in which the probe 2 is moved as illustrated
in FIGS. 3(A) and (B), that is, in the direction in which the
contact surface 33D curves and extends in FIG. 11(B)
(longitudinal direction), and pass through the opening 32D.
[0092] By forming the groove portion 39D in the contact
surface 33D as above, when moving the probe adapter 3D
along the surface of the object to be imaged, the gel 109 may
be prevented by the probe adapter 3D from being scraped off
from the surface of the object to be imaged. Then, the gel
109 may be guided to the periphery of the probe along the
groove portion 39D of the probe adapter 3D. Therefore, the
cross section of the object to be imaged may be imaged in
a suitable state via the gel 109.

[0093] Note that, in the probe adapter 3D, a corner portion
declining from the contact surface 33D may be chamfered.
Thus, it may be prevented that the corner portion of the
probe adapter 3D comes into contact with the surface of the
object to be imaged to scratch the surface of the object to be
imaged or interrupt a smooth operation of the probe adapter
3D. In addition, both ends of the groove portion 39D of the
probe adapter 3D are in particular widened, so that more gel
109 may be guided to the periphery of the probe.

[0094] By structuring the contact surface 33D of the probe
adapter 3D in this manner, a suitable amount of the gel 109
may be kept around the tip end of the probe compared to the
case where the cross section of the object to be imaged is
imaged using only the probe. Therefore, it may become
unnecessary for the operator to perform the imaging opera-
tion while paying attention to the amount of the gel 109, and
the operability of the probe may be further enhanced.
[0095] The present disclosure may be implemented as
described in each embodiment and each modification
described above. However, the above description should be
considered as illustrative in all respects and not restrictive.
The scope of the present disclosure is indicated by the claims
and not by the above-described embodiments. Furthermore,
it is intended that the scope of the present disclosure includes
meanings equivalent to the claims and all changes within the
scope of the claims.

DESCRIPTION OF REFERENCE CHARACTERS
[0096] 1: Ultrasonic Imaging Apparatus

[0097] 2: Probe

[0098] 3. 3B, 3C, 3D: Probe Adapter

[0099] 4: Angle Sensor

[0100] 5: Transmission-reception Processor

[0101] 6: Fragment Image Generating Module

[0102] 7: Image Composing Module

[0103] 8: Image Display Unit

[0104] 23: Ultrasonic Wave Transmitting-receiving Sur-
face

[0105] 32: Fixing Portion

[0106] 33: Contact Surface
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1. A probe adapter, comprising:

a contact surface having a shape extending along an outer
circumference of a cross section of an object to be
imaged; and

a fixing portion configured to fix a probe having an
ultrasonic wave transmitting-receiving surface at a
given angle and expose the ultrasonic wave transmit-
ting-receiving surface of the probe to the contact sur-
face side.

2. The probe adapter of claim 1, wherein the contact
surface is ftilted from the ultrasonic wave transmitting-
receiving surface of the probe fixed to the fixing portion.

3. The probe adapter of claim 1, wherein the probe adapter
has a part on the contact surface side structured to be
attachable thereto and detachable therefrom.

4. The probe adapter of claim 1, wherein the contact
surface is structured to be rotatable on a surface of the object
to be imaged.

5. The probe adapter of claim 1, wherein the ultrasonic
wave transmitting-receiving surface is structured to be rotat-
able on a surface of the object to be imaged.

6. An ultrasonic imaging apparatus, comprising:

the probe adapter of claim 1;

the probe of claim 1, fixed to the probe adapter at a given
angle;

a transmission-reception processor configured to repeat-
edly transmit an ultrasonic wave into the object to be
imaged from the probe and receive by the probe the
ultrasonic wave reflected inside the object to be imaged
every time the ultrasonic wave is transmitted; and

a fragment image generating module configured to gen-
erate a fragment image in which the object to be imaged
is internally partially captured, based on the ultrasonic
wave received by the probe.

7. An ultrasonic imaging apparatus, comprising:

a probe including a contact surface having a shape extend-
ing along an outer circumference of a cross section of
an object to be imaged, and an ultrasonic wave trans-
mitting-receiving surface exposed to the contact sur-
face side;

a transmission-reception processor configured to repeat-
edly transmit an ultrasonic wave into the object to be
imaged from the probe and receive by the probe the
ultrasonic wave reflected inside the object to be imaged
every time the ultrasonic wave is transmitted; and

a fragment image generating module configured to gen-
erate a fragment image in which the object to be imaged
is internally partially captured, based on the ultrasonic
wave received by the probe.

8. The ultrasonic imaging apparatus of claim 6, further
comprising an image composing module configured to com-
pose a plurality of fragment images generated by the frag-
ment image generating module.

9. The ultrasonic imaging apparatus of claim 8, wherein
the transmission-reception processor repeatedly switches an
operating state of the probe between a state where the probe
is operated in a linear scan mode in which a range extending
in a belt shape from the ultrasonic wave transmitting-
receiving surface is imaged, and a state where the probe is
operated in a sector scan mode in which a range spreading
in a fan shape from the ultrasonic wave transmitting-receiv-
ing surface is imaged.
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10. The ultrasonic imaging apparatus of claim 8, further
comprising an angle sensor configured to detect a direction
in which the ultrasonic wave transmitting-receiving surface
faces,

wherein the image composing module composes an image

in which the plurality of fragment images are partially
superimposed on each other, based on the angle
detected by the angle sensor.
11. The ultrasonic imaging apparatus of claim 8, wherein
the image composing module composes an image in which
the plurality of fragment images are partially superimposed
on each other, based on matching of parts included in the
plurality of fragment images.
12. An ultrasonic imaging method, comprising:
repeatedly transmitting, from a probe that is fixed to a
probe adapter including a contact surface having a
shape extending along an outer circumference of a
cross section of an object to be imaged and a fixing
portion configured to fix the probe having an ultrasonic
wave transmitting-receiving surface and expose the
ultrasonic wave transmitting-receiving surface of the
probe to the contact surface side, an ultrasonic wave
into the object to be imaged and receiving by the probe
the ultrasonic wave reflected inside the object to be
imaged every time the ultrasonic wave is transmitted,;

generating a fragment image in which the object to be
imaged is internally partially captured, based on the
ultrasonic wave received by the repeated-transmission
and reception of the ultrasonic wave; and

composing a plurality of fragment images generated by

the fragment image generation.
13. An ultrasonic imaging method, comprising:
repeatedly transmitting, from a probe including a contact
surface having a shape extending along an outer cir-
cumference of a cross section of an object to be imaged
and an ultrasonic wave transmitting-receiving surface
exposed to the contact surface side, an ultrasonic wave
into the object to be imaged and receiving by the probe
the ultrasonic wave reflected inside the object to be
imaged every time the ultrasonic wave is transmitted,;

generating a fragment image in which the object to be
imaged is internally partially captured, based on the
ultrasonic wave received by the repeated-transmission
and reception of the ultrasonic wave; and

composing a plurality of fragment images generated by

the fragment image generation.

14. An ultrasonic imaging program, causing a computer to
execute processing of imaging an inside of an object to be
imaged, by an ultrasonic wave obtained by the ultrasonic
wave being transmitted to the object to be imaged and
reflecting inside the object to be imaged, comprising causing
the computer to:

repeatedly transmit, from a probe that is fixed to a probe

adapter including a contact surface having a shape
extending along an outer circumference of a cross
section of the object to be imaged and a fixing portion
configured to fix the probe having an ultrasonic wave
transmitting-receiving surface and expose the ultra-
sonic wave transmitting-receiving surface of the probe
to the contact surface side, an ultrasonic wave into the
object to be imaged and receive by the probe the
ultrasonic wave reflected inside the object to be imaged
every time the ultrasonic wave is transmitted;
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generate a fragment image in which the object to be
imaged is internally partially captured based on the
ultrasonic wave received by the repeated-transmission
and reception of the ultrasonic wave; and

compose a plurality of fragment images generated by the
fragment image generation.

15. An ultrasonic imaging program, causing a computer to
execute processing of imaging an inside of an object to be
imaged, by an ultrasonic wave obtained by the ultrasonic
wave being transmitted to the object to be imaged and
reflecting inside the object to be imaged, comprising causing
the computer to:

repeatedly transmit, from a probe including a contact
surface having a shape extending along an outer cir-
cumference of a cross section of the object to be imaged
and an ultrasonic wave transmitting-receiving surface
exposed to the contact surface side, an ultrasonic wave
into the object to be imaged and receive by the probe
the ultrasonic wave reflected inside the object to be
imaged every time the ultrasonic wave is transmitted,;

generate a fragment image in which the object to be
imaged is internally partially captured, based on the
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ultrasonic wave received by the repeated-transmission
and reception of the ultrasonic wave; and

compose a plurality of fragment images generated by the

fragment image generation.

16. The ultrasonic imaging apparatus of claim 9, further
comprising an angle sensor configured to detect a direction
in which the ultrasonic wave transmitting-receiving surface
faces,

wherein the image composing module composes an image

in which the plurality of fragment images are partially
superimposed on each other, based on the angle
detected by the angle sensor.

17. The ultrasonic imaging apparatus of claim 9, wherein
the image composing module composes an image in which
the plurality of fragment images are partially superimposed
on each other, based on matching of parts included in the
plurality of fragment images.

18. The ultrasonic imaging apparatus of claim 10, wherein
the image composing module composes an image in which
the plurality of fragment images are partially superimposed
on each other, based on matching of parts included in the
plurality of fragment images.
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