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(57) ABSTRACT

Provided is a device that transmits and receives an ultrasonic
wave to and from an entire periphery of a specimen while
preventing a movement of the specimen. An ultrasonic wave
transmission and reception device includes: an oscillator
array that is arrayed with an oscillator, the oscillator trans-
mitting and receiving an ultrasonic wave; a fixing tool that
is disposed between the oscillator array and the specimen
and retains the specimen; and a drive mechanism that
presses at least a part of the fixing tool against the specimen
as to retain the specimen. An ultrasonic wave transmitted by
the oscillator array passes through the fixing tool and
irradiates on the specimen, and as for the oscillator array, the
oscillator array and the fixing tool are disposed in a posi-
tional relationship such that the ultrasonic wave reflected by
and/or passing through by the specimen and passing through
the fixing tool is received.
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ULTRASONIC WAVE TRANSMISSION AND
RECEPTION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic wave
transmission and reception device, and particularly to a
device that measures or images an object by using an
ultrasonic wave signal.

BACKGROUND ART

[0002] The ultrasonic wave transmission and reception
device is a device that transmits an ultrasonic wave to a
specimen, receives an ultrasonic wave having a certain
interaction with the specimen, measures certain information
(for example, a blood flow velocity) relating to the specimen
and images the specimen.

[0003] As an example, an ultrasonic wave echo device that
receives a reflected ultrasonic wave from the specimen and
generates an image of an inside of the specimen will be
briefly described. In the ultrasonic wave echo device, an
ultrasonic pulse is transmitted, and an echo signal reflected
at a boundary between the specimen and an outside of the
specimen, or at the inside of the specimen is received. An
amplitude of a reception signal, which is recorded in a time
axis direction, is called an A scan signal, the reception signal
being output from each reception oscillator. The A scan
signal is appropriately delayed or weighted according to a
distance between the reception oscillator and a pixel or a
voxel in an imaging region for each pixel or voxel within an
imaging region set in the specimen and then is added (or
averaged), and a reflection value is calculated. This process-
ing is called a phasing processing. The reflection value
subjected to a phasing processing is set as a luminance of a
pixel corresponding to a position of each pixel or voxel, so
that an echo image reflecting a structure of the specimen is
generated. If necessary, an image processing such as an
appropriate image filter is applied to the echo image. The
echo image is displayed on a display screen.

[0004] A device using a photoacoustic method or an
ultrasonic wave tomography method is taken as another
example of the ultrasonic wave transmission and reception
device. In the photoacoustic method, an ultrasonic wave
generated by a local temperature rise is received, and imaged
by the same method as the ultrasonic wave echo method, the
local temperature rise being generated by irradiating high
intensity light such as a pulsed laser to the specimen.
Further, in the ultrasonic wave tomography method, an
ultrasonic wave forward scattering (or passing through) in
the specimen is received, and acoustic characteristics (such
as a sound velocity and attenuation) of the specimen are
calculated based on a propagation time, reception signal
intensity, and a propagation distance of the ultrasonic wave,
so that an acoustic characteristic map image is generated.
[0005] PTL 1 discloses a device that images a specimen by
using the above photoacoustic method, and in order to
prevent a movement of the specimen, a clip-shaped holder
is attached to a side surface not opposing an acoustic
receiver of the specimen.

PRIOR ART LITERATURE

Patent Literature

[0006] PTL 1:JP-A-2016-120114
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SUMMARY OF INVENTION

Technical Problem

[0007] In recent years, in order to diagnose diseases caus-
ing deformation by inflammation in affected areas like
rheumatism at an early stage, it is desired to have a highly
accurate ultrasonic wave image such that minor changes
caused by the inflammation before the deformation can be
grasped. Therefore, it is necessary to accurately measure
information (for example, blood flow information of a blood
vessel) or the like that changes due to the disease by making
the specimen stationary, and transmitting and receiving the
ultrasonic wave to and from a periphery of the specimen.

[0008] Further, for an early diagnosis, it is desired to have
a device that can automatically perform imaging by a
technician or the specimen himself/herself with an easy
operation, so that the device can be used for a medical
examination, and it is desired to have a configuration that
can make the specimen stationary with an easy operation.

[0009] Since the clip-shaped holder disclosed in PTL 1 is
disposed on a side opposite to a side where an ultrasonic
wave receiver is disposed, in a case where the ultrasonic
wave is received only from one side of the specimen, the
reception is not interfered. However, in order to obtain a
highly accurate image of the specimen, it is desired to
transmit and receive the ultrasonic wave to and from an
entire periphery of the specimen, but influences of attenu-
ation, reflection and refraction of the ultrasonic wave caused
by the holder cannot be ignored. Therefore, the holder may
be the reason of false image and deterioration in image
quality.

[0010] Further, in the case of rheumatism, symptoms tend
to appear at extremities (hands and feet) of limbs, and hands
and feet are portions complicated in shapes and easy to move
due to many joints. Thus, it is not easy to hold the clip while
preventing a movement only with the clip as in PTL 1.
Although it is possible to hold a large number of clips if the
clips are attached to extremities of the specimen, a direction
where the ultrasonic wave can be received may be limited.
Furthermore, it is necessary to have a technician skilled at
attaching the large number of clips to proper positions.

[0011] An object of the invention is to provide a device
that can transmit and receive an ultrasonic wave to and from
an entire periphery of a specimen while preventing a move-
ment of the specimen with an easy operation.

Solution to Problem

[0012] To achieve the above object, the invention provides
an ultrasonic wave transmission and reception device,
including an oscillator array that is arrayed with an oscilla-
tor, the oscillator transmitting and receiving an ultrasonic
wave; a fixing tool that is disposed between the oscillator
array and a specimen and retains the specimen; and a drive
mechanism that presses at least a part of the fixing tool
against the specimen so as to retain the specimen. An
ultrasonic wave transmitted by the oscillator array passes
through the fixing tool and irradiates on the specimen, and
as for the oscillator array, the oscillator array and the fixing
tool are disposed in a positional relationship such that the
ultrasonic wave reflected by and/or passing through the
specimen and passing through the fixing tool is received.
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Advantageous Effect

[0013] According to the invention, it is possible to provide
a device that can transmit and receive an ultrasonic wave to
and from an entire periphery of a specimen while preventing
a movement of the specimen with an easy operation.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a cross-sectional view showing an entire
configuration of an ultrasonic wave transmission and recep-
tion device before a specimen is retained according to an
Embodiment 1.

[0015] FIG. 2 is a cross-sectional view showing an entire
configuration of the ultrasonic wave transmission and recep-
tion device after the specimen is retained according to the
Embodiment 1.

[0016] FIG. 3 is a cross-sectional view showing an entire
configuration of the ultrasonic wave transmission and recep-
tion device during ultrasonic wave measurement according
to the Embodiment 1.

[0017] FIG. 4 is a cross-sectional view in a direction
orthogonal to the cross-sectional views of FIGS. 1 to 3.

[0018] FIG. 5 is a top view of an ultrasonic wave imaging
device.
[0019] FIGS. 6A to 6F are diagrams showing modifica-

tions an oscillator array and an actuator thereof in the
ultrasonic wave transmission and reception device accord-
ing to the Embodiment 1.

[0020] FIG. 7 is a flowchart showing an ultrasonic wave
measurement operation of the ultrasonic wave transmission
and reception device according to the Embodiment 1.
[0021] FIG. 8 is a sequence diagram showing information
exchange between components of the ultrasonic wave trans-
mission and reception device according to the Embodiment
L.

[0022] FIG. 9 is a flowchart showing an ultrasonic wave
measurement operation of the ultrasonic wave transmission
and reception device according to the Embodiment 1.
[0023] FIG. 10 is a sequence diagram showing informa-
tion exchange between the components of the ultrasonic
wave transmission and reception device according to the
Embodiment 1.

[0024] FIG. 11 is a cross-sectional view showing a con-
figuration of an ultrasonic wave transmission and reception
device according to a Modification 1 of the Embodiment 1.
[0025] FIG. 12 is a view showing a cross section in a state
where the specimen is inserted in a glove in a Modification
2 of the Embodiment 1.

[0026] FIG. 13 is a cross-sectional view showing a con-
figuration of an ultrasonic wave transmission and reception
device according to an Embodiment 2.

[0027] FIG. 14 is a cross-sectional view showing a con-
figuration of an ultrasonic wave transmission and reception
device according to a Modification 1 of the Embodiment 2.
[0028] FIG. 15 is a cross-sectional view showing a con-
figuration of an ultrasonic wave transmission and reception
device according to a Modification 2 of the Embodiment 2.
[0029] FIG. 16 is a cross-sectional view showing a con-
figuration of an ultrasonic wave transmission and reception
device according to a Modification 3 of the Embodiment 2.
[0030] FIG. 17 is a flowchart showing a simplified ultra-
sonic wave measurement operation of the ultrasonic wave
transmission and reception device according to the Embodi-
ment 2 and the Modifications 1 to 3 thereof.
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DESCRIPTION OF EMBODIMENTS

[0031] An embodiment of the invention will be described
with reference to the drawings.

Embodiment 1

[0032] An ultrasonic wave transmission and reception
device 101 of the Embodiment 1 will be described with
reference to FIGS. 1 to 5. FIGS. 1 to 3 are cross-sectional
views showing an entire structure of the ultrasonic wave
transmission and reception device, in which FIG. 1 shows a
structure before a specimen is retained; FIG. 2 shows a
structure after the specimen is retained; and FIG. 3 shows a
structure during an ultrasonic wave measurement. FIG. 4 is
a cross-sectional view in a direction orthogonal to the FIGS.
1 to 3. FIG. 5 is a top view of FIG. 1.

[0033] As shown in FIGS. 1 to 4, the ultrasonic wave
transmission and reception device of the Embodiment 1
includes: an oscillator array 201 that is arrayed with an
oscillator, the oscillator transmitting and receiving an ultra-
sonic wave; a fixing tool 211 that is disposed between the
oscillator array 201 and a specimen 1 and retains the
specimen 1; and a drive mechanism 212 that presses at least
a part of the fixing tool 211 against the specimen 1 so as to
retain the specimen 1. An ultrasonic wave transmitted by the
oscillator array 201 passes through the fixing tool 211 and
irradiates on the specimen 1, and as for the oscillator array
201, the oscillator array 201 and the fixing tool 211 are
disposed in a positional relationship such that the ultrasonic
wave reflected by and/or passing through the specimen 1 and
passing through the fixing tool 211 is received.

[0034] Thus, in this embodiment, the oscillator array 201
has a configuration that transmits and receives the ultrasonic
wave to and from the specimen 1 through the fixing tool 211.
Thereby, the ultrasonic wave can be transmitted to and
received from an entire periphery of the specimen because
there is no limitation on disposition of the fixing portion 211.
Further, since there is also no limitation on a shape of the
fixing tool 211, it is possible to readily design the fixing tool
211 that can prevent a movement of the specimen with an
easy operation.

[0035] In order to transmit and receive an ultrasonic wave
through the fixing tool 211, it is desired that the fixing tool
211 is formed of a material having an acoustic impedance
and/or sound velocity with respect to the ultrasonic wave
transmitted by the oscillator array 201 equivalent to an
acoustic impedance and/or a sound velocity of the specimen
1. Here, equivalent means that the impedance of the material
constituting the fixing tool 211 is desirably from about 50%
to 200% with respect to the impedance of the specimen 1,
and the sound velocity of the material constituting the fixing
tool 211 is desirably from about 50% to 200% with respect
to the sound velocity of the specimen 1.

[0036] Further, it is desired that the oscillator array 201, as
shown in shape examples in FIG. 6, have a shape that
two-dimensionally surrounds at least a part of the periphery
of the specimen 1. Accordingly, the reflected or passing
wave of the specimen 1 can be obtained not only in one
direction, but also from the entire periphery or a circumfer-
ential direction of a predetermined angular range, so that a
highly accurate image of the specimen can be obtained. For
example, as shown in FIGS. 6A to 6F, the oscillator array
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201 can be arrayed to include at least one pair of oscillators
disposed at opposing positions with the specimen 1 sand-
wiched therebetween.

[0037] An actuator 202 may be attached to the oscillator
array 201 so as to move the oscillator array 201 relative to
the specimen 1. Accordingly, the oscillator array 201 can
move relative to the specimen 1, so that the specimen 1 can
be measured or imaged over a wide range.

[0038] In acase where the oscillator array 201 is relatively
moved by the actuator 202, it is desired that a liquid be filled
between the oscillator array 201 and the fixing tool 211. In
the case of the configuration in FIG. 1, the oscillator array
201 is disposed in the liquid 2115 of the later-described
fixing tool 211.

[0039] Inthe Embodiment 1, as shown in FIGS. 1 to 4, the
fixing tool 211 is configured to contain a liquid 2115 by an
elastic membrane member 211a. The drive mechanism (fix-
ing tool pressure adjustment unit) 212 inflates the membrane
member 211a as shown in FIGS. 2 and 3 by increasing an
amount of the liquid 2115 contained in the membrane
member 2114, so as to press the membrane member 211a
against at least a part of the specimen 1, thereby retaining the
specimen 1. As a specific example, a silicone rubber can be
used as the membrane member 211a, and a liquid such as
water or ethanol can be used as the liquid 2115. A gel may
be used instead of the liquid 2115.

[0040] In the examples of FIGS. 1 to 4, the fixing tool 211
includes a housing 211c that is not disposed between the
oscillator array 201 and the specimen 1, and a part of the
membrane member 211a is supported by the housing 211c.
An opening 261 for inserting the specimen 1 is provided in
the housing 211c¢ as shown in FIG. 5.

[0041] As shown in FIGS. 1 to 5, in the Embodiment 1, a
guide member 251 is further included, into which a tip of the
specimen 1 is inserted. By guiding the specimen 1 with the
guide member 251, a shape of the specimen 1 can be
supported in a shape suitable for accurate measurement. In
the examples of FIGS. 1 to 5, since an imaged portion of the
specimen 1 is a hand, the guide member 251 has a shape that
guides a fingertip in a predetermined direction. In a case
where the ultrasonic wave is also transmitted to and received
from a portion (here, a fingertip) of the specimen 1 inserted
into the guide member 251, it is desired that the guide
member 251 is also formed of a material having an acoustic
impedance equivalent to that of the specimen 1, similarly to
the fixing tool 211. It is desired that the fixing tool 211 is
formed of a material having an acoustic impedance with
respect to the ultrasonic wave transmitted by the oscillator
array 201 equivalent to that of the specimen 1. For example,
in a case where the imaged portion of the specimen 1 is a
hand, the fixing tool 211 is formed of a material having an
acoustic impedance similar to that of a skin or fat. As a
specific example, fluororesin is preferable.

[0042] In a case of using the guide member 251, it is
desired that the fixing tool 211 retain a part of the specimen
1 that is not inserted into the guide member 251. For
example, in a case where the specimen 1 is a hand and the
guide member 251 guides a finger, the fixing tool 211 is
configured to retain a palm of the hand. In the case of the
hand, the palm of the hand is retained by the fixing tool 211,
thereby effectively preventing a movement of the hand.
[0043] In a case of using the guide member 251, a gap is
generated between the guide member 251 and the specimen
1, so that a liquid injection mechanism 221 that injects the

Jul. 25,2019

liquid into the gap may be disposed. The liquid is desirably
a material having an acoustic impedance with respect to the
ultrasonic wave transmitted by the oscillator array 201
equivalent to that of the specimen 1, and for example, water
or ethanol can be used.

[0044] The ultrasonic wave transmission and reception
device of the Embodiment 1 further includes an image
generation unit (control/calculation unit) 111 in addition to
the above configurations. The control/calculation unit 111
generates an image of the specimen 1 by performing a
predetermined calculation using a reception signal received
by the oscillator 201.

[0045] The image generated by the control/calculation
unit 111 may be any image. For example, the image may be
an echo image used in an ultrasonic wave diagnostic device,
a Doppler image for the purpose of obtaining a blood flow
signal, or an image of a sound velocity or attenuation map
obtained by an ultrasonic wave tomography method. Spe-
cifically, for example, the device of this embodiment can
accurately calculate the echo image and the Doppler image
as ultrasonic wave images, and a user can grasp a synovial
thickening characteristic of a joint synovium inflammation
and an inflow of a blood flow signal into a synovial
membrane by using these images, and can perform an early
diagnosis of rheumatoid based thereon.

[0046] Hereinafter, the ultrasonic wave transmission and
reception device of the Embodiment 1 will be described in
more detail with reference to the drawings.

<Specific Configuration of Device>

[0047] In the ultrasonic wave transmission and reception
device of the Embodiment 1 shown in FIGS. 1 to 6, the
transmission and reception of the ultrasonic wave is per-
formed by the oscillator array 201 arrayed with one or two
or more ultrasonic wave oscillators. The ultrasonic wave
oscillator is an element that converts an electric signal
(transmission signal) into an ultrasonic wave so as to trans-
mit the electric signal, and then converts the received
ultrasonic wave into an electric signal (reception signal).
[0048] The oscillator array 201 is connected to the control/
calculation unit 111 that performs various electronic controls
such as generation of the transmission signal, and performs
a calculation of generating an image from the reception
signal.

[0049] The control/calculation unit 111 is further con-
nected to a Ul 112 that inputs a certain instruction and
information from a specimen or an examiner of the ultra-
sonic wave transmission and reception device, and to a
display unit 113 that displays a current device state, an
operation instruction to the specimen and a measurement
result and the like, and these units can exchange information
with each other.

<Control/Calculation Unit 111>

[0050] The control/calculation unit 111 includes a proces-
sor (for example, a CPU (Central Processing Unit) and a
GPU (Graphics Processing Unit)), a memory in which a
program is stored in advance, and an interface that transmits
and receives the electrical signal. When the processor reads
and executes the program, the transmission and reception of
the ultrasonic wave to and from the oscillator array 201
through the interface, transmission of image data to the
display unit 113, instruction exchange with the UI 112, and
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controls of the oscillator array actuator 202, the fixing unit
pressure adjustment unit 212, and the liquid injection
mechanism 221 and the like can be implemented by soft-
ware. Further, an ultrasonic wave image 301 can be gener-
ated based on the ultrasonic wave reception signal, a result
thereof can be displayed on the display unit 113, and an
operation can be performed to change the above process.
[0051] A part of or the entire of the control/calculation unit
111 may be implemented by hardware. For example, the
control/calculation unit 111 is configured using a custom IC
such as an ASIC (Application Specific Integrated Circuit) or
a programmable IC such as an FPGA (Field-Programmable
Gate Array). By designing a circuit to implement the opera-
tion thereof, the control/calculation unit 111 can be imple-
mented by the hardware.

<Oscillator Array 201>

[0052] In this embodiment, the ultrasonic wave transmis-
sion and reception device 101 is intended to perform an
ultrasonic wave measurement of an entire imaging target
region, that is, any position from a wrist to the fingertip of
the specimen 1. Therefore, the oscillator array 201 includes
a mechanism that transmits the ultrasonic wave to the entire
imaging target region of the specimen 1 and receives the
ultrasonic wave from the entire imaging target region.
[0053] In the ultrasonic wave transmission and reception
device 101 shown in FIGS. 1 to 4, the oscillator array 201
is in an annular-ring shape as shown in FIG. 6A, and has a
shape of two-dimensionally surrounding the specimen 1.
Generally, since a bone has large ultrasonic wave attenua-
tion, and signal intensity from a portion positioned on a back
side of the bone is extremely weak against a transmission/
reception source of the ultrasonic wave, the ultrasonic wave
image 301 deteriorates. However, the above-described oscil-
lator array 201 has the shape of two-dimensionally sur-
rounding the specimen 1, so that a high-quality ultrasonic
wave image can be obtained for an entire periphery of the
bone.

[0054] Further, an ultrasonic wave signal passing through
the specimen 1 can be obtained by providing a function of
performing transmission and reception with the ultrasonic
wave oscillators at opposing positions as shown in FIG. 6A.
Accordingly, based on an arrival time, signal intensity and a
signal waveform of the passing ultrasonic wave signal, the
control/calculation unit 111 performs the calculation using
the ultrasonic wave tomography method, and thereby the
sound velocity, the attenuation and the like of the specimen
1 can be obtained.

[0055] Further, the oscillator array actuator 202 that
mechanically moves the oscillator array 201 from the wrist
of the specimen 1 along a fingertip direction is connected to
the oscillator array 201. With such a configuration, the entire
specimen 1 can be imaged.

<Modifications of Oscillator Array 201 and Actuator 202>

[0056] Modifications of the oscillator array 201 and the
actuator 202 are shown in FIGS. 6B to 6E. As shown in FIG.
6B, the oscillator array actuator 202 may include a mecha-
nism that changes a tilt angle of the oscillator array 201 and
a drive mechanism that moves the oscillator array 201 in an
in-plane direction, in addition to the movement in a direction
from the wrist to the fingertip as shown in FIG. 6A (vertical
movement in FIG. 6A).
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[0057] As shown in FIG. 6C, the oscillator array 201 may
have a two-dimensional annular-ring structure (cylindrical
structure) in which an annular-ring shape is stacked in a
center axis direction of the annular ring.

[0058] As shown in FIG. 6D, the oscillator array 201 may
have the oscillators arrayed in a three-dimensional array as
a bowl shape, for example.

[0059] As shown in FIG. 6E, the oscillator array 201 is in
semi-annular-ring shape with a part of the annular ring
missing, and may be configured to be capable of transmitting
and receiving the ultrasonic wave to and from an entire
region of the specimen by the actuator 202. With such a
configuration, the ultrasonic wave can be transmitted to and
received from substantially an entire periphery of a portion
serving as a measurement target of the specimen 1, and the
same effect as in the configuration shown in FIG. 6 A can be
obtained.

[0060] Although the oscillator array 201 has an annular-
ring shape or a combination or a part thereof in FIGS. 6A to
6F, the oscillator array 201 may have any other shapes, for
example, an elliptical shape. Alternatively, as shown in FIG.
6F, the oscillator array 201 may include two linear oscillator
arrays in which oscillators are linearly arrayed. A manufac-
turing cost of the oscillator array can be reduced by using the
linear oscillator arrays.

<Fixing Tool 211>

[0061] In the Embodiment 1, the fixing tool 211 fixes the
specimen 1 by pressing the same from both a palm side and
a back side of the specimen 1. Besides the press-fixing
method shown in the Embodiment 1, for example, a suction-
fixing method may be adopted as a fixing method.

[0062] In the Embodiment 1, as described above, the
fixing tool 211 includes the membrane member 211a having
a bag shape and elasticity, and the liquid 2114 is contained
in the membrane member 211a. The fixing tool pressure
adjustment unit 212 can change a pressure applied to the
specimen 1 by adjusting a pressure inside the fixing tool 211.
For example, the fixing tool pressure adjustment unit 212
may be a structure that adjusts the pressure by adjusting an
amount of the liquid 2115 contained in the membrane
member 211a, or a structure that adjusts the pressure by
inserting a member changing a volume of the membrane
member 211a. Specifically, a piston can be used as the fixing
tool pressure adjustment unit 212. Further, the fixing tool
211 includes a pressure sensor 213 therein, a pressure inside
the liquid 2115 can be measured by the pressure sensor 213,
and thereby the pressure applied to the specimen 1 can be
detected.

[0063] A medium with good acoustic propagation charac-
teristics is used for the membrane member 211a and the
liquid 2115 inside the same. In this embodiment, the
medium having good acoustic propagation characteristics
means a medium having a small ultrasonic wave attenuation
coefficient and, as described above, having an acoustic
impedance and a sound velocity close to those of the
specimen represented by a human skin and fat. The attenu-
ation coeflicient is desirably 10 dB or less at a frequency of
an ultrasonic wave to be transmitted and received.

[0064] The ultrasonic wave attenuation in a propagation
medium can be prevented by using a medium having good
acoustic propagation characteristics as the membrane mem-
ber 211a and the liquid 2115 that are positioned at a
propagation path of the ultrasonic wave transmitted to and
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received from the oscillator array 201. Moreover, reflection
at an interface between different media can be prevented.
Thus, an ultrasonic wave signal scattered in the specimen
can be detected with high efficiency. As a result, image
quality of the ultrasonic wave image 301 can be improved.
[0065] Further, the medium having a sound velocity close
to that of the specimen 1 is used as the membrane member
211a and the liquid 2115, thereby an influence of refraction
at an interface between media of the ultrasonic wave is
reduced, and particularly, in generation of the ultrasonic
wave image 301 that performs a calculation assuming linear
propagation, the quality of the ultrasonic wave image 301
can be improved.

[0066] For example, silicone can be used as a material of
the membrane member 211a, and water can be preferably
used as the liquid 2115 inside the fixing tool 211.

[0067] The pressure adjustment performed by the fixing
tool pressure adjustment unit 212 may be manually con-
trolled by the specimen 1 himself/herself, an examination
technician and the like, and may be automatically controlled
by the control/calculation unit 111.

[0068] In a case where the fixing tool pressure adjustment
unit 212 is controlled by the control/calculation unit 111, the
UI 112 may enable the specimen, the examination technician
and the like to set the pressure, or control the pressure to be
a predetermined pressure. The pressure adjustment may be
performed by adjusting the amount of the liquid 2114, or
feedback control for the fixing tool pressure adjustment unit
212 may be performed such that a measurement result of the
pressure sensor 213 becomes a set pressure.

[0069] Accordingly, the ultrasonic wave image 301 can be
generated with high accuracy by preventing the movement
of the specimen 1 in the ultrasonic wave measurement
(later-described step S108) by the fixing tool 211. Moreover,
since both attenuation amounts of the ultrasonic wave and
the ultrasonic wave refraction are small at a propagation
path other than the specimen 1, a high-quality ultrasonic
wave image can be generated.

[0070] A positional relationship between the oscillator
array 201 and the fixing tool 211 is as shown in FIG. 1, and
the oscillator array 201 may be present inside a bag of the
fixing tool 211 and co-exist with the liquid 2115, and the
oscillator array 201 may be positioned outside the fixing tool
211 and in contact with the fixing tool 211 through the
medium having good acoustic propagation characteristics
(for example, a gel).

<Wrist Fixing Tool 231>

[0071] In the ultrasonic wave transmission and reception
device of the Embodiment 1, as shown in FIGS. 1 to 3, a
second fixing tool (wrist fixing tool) 231 that fixes the
specimen is provided further outside the fixing tool 211. The
wrist fixing tool 231 is provided around the opening 261
through which the specimen (hand) 1 of the housing 211¢ is
inserted. The wrist fixing tool 231 fixes the wrist of the
specimen 1. The wrist fixing tool 231 is positioned at a
location where the ultrasonic wave is not propagated, and
has no limitation on acoustic propagation characteristics
relating to a material and a structure to be used.

[0072] The wrist fixing tool may be fixed by fastening
with a band-shaped fastener, or may be fixed by press, or
may be fixed by suction.

[0073] Further, the wrist fixing tool 231 may enable the
specimen, the examination technician and the like to fix the
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wrist manually, or may enable the control/calculation unit
111 to adjust fixing, releasing, a fixing pressure and the like.
[0074] The wrist is fixed by the wrist fixing tool 231, so
that during the ultrasonic wave measurement (later-de-
scribed step S108), the movement of the specimen 1 can be
further prevented and an ultrasonic wave image with less
blur can be generated.

<Guide Member (Fingertip Guide) 251>

[0075] FIG. 2 shows a cross-sectional view of the ultra-
sonic wave transmission and reception device 101 at an
angle rotated by 90 degrees from FIG. 1. The guide member
(hereinafter, referred to as a fingertip guide) 251 serves to
guide the finger such that the finger of the specimen 1
naturally spreads.

[0076] The fingertip guide 251 is formed of a material that
has the good acoustic propagation characteristics as
described above and that keeps a shape even hit by a finger
or the like. For example, fluororesin is used. When a finger
is in contact with an adjacent finger, transmission and
reception signals of the ultrasonic wave to and from a
contacting surface are greatly attenuated by the finger and a
bone inside, and the intensity of the ultrasonic wave propa-
gating to a side surface of the adjacent finger is greatly
attenuated. Therefore, it is difficult to obtain a sufficient
ultrasonic wave scattering signal to generate the ultrasonic
wave image 301, but the fingers can be naturally guided by
the fingertip guide 251 so as be separated from each other.
Further, since the fingertip guide 251 is formed of the
medium having good acoustic propagation characteristics,
the ultrasonic wave attenuation can be reduced inside the
fingertip guide and at a boundary surface of the fingertip
guide. Therefore, transmission and reception of an ultrasonic
wave through the side surface of the finger can be performed
with high signal intensity, and sufficient signal intensity of
the ultrasonic wave can be obtained to generate the ultra-
sonic wave image 301.

<Liquid Injection Mechanism 221>

[0077] The liquid injection mechanism 221 injects an
acoustic matching liquid 222 between the specimen 1 and
the fingertip guide 251, and between the specimen 1 and the
fixing tool 211 (the membrane member 211a). The liquid
injection mechanism 221 includes an injection tank 221a
that stores the acoustic matching liquid 222 to be injected,
a waste liquid tank 2215 that stores a waste liquid 223, an
injection pipe 221¢, a waste liquid pipe 2214, and valves
221e provided at the injection pipe 221¢ and the waste liquid
pipe 2214d. The acoustic matching liquid 222 in the injection
tank 222a is injected between the specimen 1 and the
fingertip guide 251 and between the specimen 1 and the
fixing tool 211 (the membrane member 211a), through the
injection pipe 221¢, by controlling the valve 221e by the
control/calculation unit 111. Further, after the measurement
is completed, the control/calculation unit 111 controls the
valve 221e, so as to recover the acoustic matching liquid 222
between the specimen 1 and the fingertip guide 251 and
between the specimen 1 and the fixing tool 211 (the mem-
brane member 211a) as the waste liquid 223 after use,
through the waste liquid pipe 2214, to the waste liquid tank
221b.

[0078] Aliquid injection port of the injection pipe 221c is
disposed, for example, at a lower portion of the fingertip
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guide 251 or near the opening 261 on an upper portion of the
fixing tool 211. Accordingly, when the injection port of the
liquid injection mechanism 211 is disposed at a position that
is not the propagation path of the ultrasonic wave, the liquid
injection mechanism 221 does not hinder the transmission
and reception of the ultrasonic wave. Therefore, deteriora-
tion of the ultrasonic wave image 301 due to the presence of
the liquid injection mechanism 221 can be prevented.
[0079] Here, the acoustic matching liquid 222 is a liquid
having good acoustic propagation characteristics (a liquid
having acoustic impedance and sound velocity similar to
those of the specimen 1), and, for example, is preferably
water or ethanol.

[0080] The acoustic matching liquid 222 reduces reflec-
tion of the ultrasonic wave caused by a space remaining
between the specimen 1 and the fingertip guide 251 and
between the specimen 1 and the fixing tool 211, improves
propagation of the ultrasonic wave between the oscillator
array 201 and the specimen 1, and enables the generated
ultrasonic wave image 301 to have a high quality.

[0081] Further, the liquid injection mechanism 221 may
include a liquid suction mechanism so as to recover the
acoustic matching liquid (waste liquid) more efficiently. The
examination time can be shortened by including the suction
mechanism.

[0082] The tanks 221a and 2215 that store the acoustic
matching liquid 222 and the acoustic matching liquid (waste
liquid) 223 are not limited to a tank configuration, and may
be configured to be capable of performing replenishment/
replacement/disposal operations.

<Dryer 241>

[0083] The ultrasonic wave transmission and reception
device of this embodiment includes a dryer 241 on an upper
portion of the wrist fixing tool 231 as shown in FIGS. 1 to
3. The dryer 241 dries the acoustic matching liquid 222
remaining in the specimen 1 after the imaging is completed.
For example, a structure that blows warm air to the specimen
1 so as to blow away and dry the acoustic matching liquid
adhering to the specimen 1 can be used as the dryer 241.
Accordingly, the acoustic matching liquid 222 adhering to
the specimen 1 does not need to be wiped off by the
specimen after the examination is completed, and the exami-
nation can be completed comfortably.

<Operation of Each Unit of Device>

[0084] Here, with reference to FIGS. 7 and 8, an ultrasonic
wave imaging operation performed by the ultrasonic wave
transmission and reception device 101 will be described
below. A flow of FIG. 7 is a flowchart illustrating an
ultrasonic wave imaging sequence executed under the con-
trol of the control/calculation unit 111 in the Embodiment 1.
Further, FIG. 8 shows information exchange between com-
ponents.

[Steps S101, $102]

[0085] In a case where a power source of the ultrasonic
wave transmission and reception device is turned on and an
activation instruction of the device is received from the
specimen or the technician via the UI 112 (step S101), the
control/calculation unit 111 enables the display unit 113 to
display an instruction of inserting a hand of the specimen 1
through the hand insertion opening 261 (step S102). The
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specimen 1 follows the displayed instruction, and inserts
each finger thereof into the fingertip guide 251 through the
hand insertion opening 261.

[Steps S103, S104]

[0086] When receiving an instruction of fixing the speci-
men 1 from the specimen or the technician via the UI 112
(step S103), the control/calculation unit 111 controls the
fixing tool pressure adjustment unit 212 to increase the
pressure inside the fixing tool 211 and press the membrane
member 211a against the specimen 1 so as to press and fix
the same (step S104).

[0087] In adding to receiving the instruction of fixing the
specimen 1 by the control/calculation unit 111 via the Ul
112, a sensor that senses the presence of the specimen 1 is
disposed inside the ultrasonic wave transmission and recep-
tion device 101. In a case where the sensor senses the
presence of the specimen 1, the control/calculation unit 111
may be replaced with a configuration that instructs the fixing
tool pressure adjustment unit 212 to fix the specimen 1.
[0088] The oscillator array 201 may be used as the sensor.
For example, in a case where the oscillator array 201
transmits and receives the ultrasonic wave and senses the
presence of the specimen 1 based on the reception signal of
the ultrasonic wave, the control/calculation unit 111 can
have a configuration that instructs the fixing tool pressure
adjustment unit 212 to fix the specimen 1.

[Step S105]

[0089] When the pressure applied to the specimen 1 by the
fixing tool 211 sufficiently rises, a signal indicating comple-
tion of specimen fixation is output from the fixing tool
pressure adjustment unit 212 to the control/calculation unit
111 (step S105). For example, in a case where the pressure
applied to the specimen 1 is measured by the pressure sensor
213 and exceeds a predetermined pressure value, the fixing
tool pressure adjustment unit 212 may stop the pressure rise
and output an instruction of completion of the specimen
fixation to the control/calculation unit 111. If the specimen
1 determines that the pressure sufficiently rises according to
subjectivity of the specimen 1, the specimen 1 may input
that the pressure sufficiently rises by operating the UI 112 by
himself/herself. In response to this, the fixing tool pressure
adjustment unit 212 may be configured to stop the pressure
rise and output the instruction of the completion of the
specimen fixation to the control/calculation unit 111.

[Steps S106, S107]

[0090] When receiving the instruction of the completion
of the specimen fixation (step S105), the control/calculation
unit 111 instructs the liquid injection mechanism 221 to
inject the acoustic matching liquid 222 between the speci-
men 1 and the fingertip guide 251 and between the specimen
1 and the fixing tool 211 (step S106). After a sufficient
amount of the acoustic matching liquid 222 is injected, the
liquid injection mechanism 221 outputs a signal indicating
completion of the acoustic matching liquid injection to the
control/calculation unit 111 (step S107).

[0091] Whether a sufficient amount of the acoustic match-
ing liquid 222 has been injected can be determined by the
liquid injection mechanism 221 determining whether a lig-
uid level height has reached a predetermined height, in
which the liquid level height of the acoustic matching liquid
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222 injected between the fixing tool 211 and the specimen or
the liquid level height of the acoustic matching liquid 222 in
the injection tank 221a is measured by a liquid surface
sensor (not shown) disposed in the fixing tool 211 or the
injection tank 221a. In addition, whether a sufficient amount
of the acoustic matching liquid 222 has been injected
between the fixing tool 211 and the specimen 1 may be
determined by the specimen 1 subjectively (visual or the
like). In a case where the specimen 1 determines that a
sufficient amount has been injected, the specimen 1 inputs
that a sufficient amount of the acoustic matching liquid 222
has been injected by operating the UI 112 by himself/herself.
In a case where a sufficient amount of the acoustic matching
liquid 222 has been injected, the liquid injection mechanism
221 stops the injection and outputs a signal indicating the
completion of the acoustic matching liquid injection to the
control/calculation unit 111.

[Step S108]

[0092] When receiving a signal of the completion of the
acoustic matching liquid injection (step S107), the control/
calculation unit 111 starts the ultrasonic wave measurement
(step S108).

[0093] With reference to the FIGS. 9 and 10, the infor-
mation exchange in the ultrasonic wave measurement (step
S108) will be described in detail.

[0094] FIG. 9 is a detailed flowchart of step S108 in FIG.
7, and FIG. 10 is a diagram showing the detailed information
exchange of step S108.

[0095] The control/calculation unit 111 first transmits and
receives an ultrasonic wave (step S201). Specifically, an
electrical ultrasonic wave transmission signal is transmitted
to the oscillator array 201. The oscillator array 201 converts
the electrical signal into an ultrasonic wave and transmits the
ultrasonic wave to the specimen 1. Subsequently, the ultra-
sonic wave scattering in, reflected from, or passing through
the specimen 1 is received by the oscillator array 201. The
oscillator array 201 converts the ultrasonic wave signal into
an electrical signal and transmits the electrical ultrasonic
wave reception signal to the control/calculation unit 111.
The control/calculation unit 111 stores the received ultra-
sonic wave reception signal in a memory.

[0096] Next, in order to obtain an entire image of the
specimen 1 (for example, a hand), the control/calculation
unit 111 mechanically drives the oscillator array 201 by the
oscillator array actuator 202 (steps S202, S205). Specifi-
cally, the control/calculation unit 111 determines whether
the number of mechanical driving steps of the oscillator
array 201 has reached a predetermined number (step S202),
and if not, the process proceeds to step S205, and the
control/calculation unit 111 transmits an instruction of
mechanically driving (moving) the oscillator array 201 to
the oscillator array actuator 202 (step S205). When receiving
the drive instruction from the control/calculation unit 111,
the oscillator array actuator 202 drives the oscillator array
201 by one step. Then, the control/calculation unit 111
returns to step S201, and transmits and receives an ultrasonic
wave again. This process is repeated until the number of
driving steps reaches the predetermined number (step S202).
If the number of the driving steps reaches the predetermined
number in step S202, the control/calculation unit 111 deter-
mines that scan (array scan) over a predetermined range by
the oscillator array 201 has been completed (step S202), and
the process proceeds to step S203.
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[0097] The control/calculation unit 111 generates the
ultrasonic wave image 301 from the reception signal
obtained in step S201 (step S203), and enables the display
unit 112 to display an image result thereof (step S204).

[0098] Steps S203 and S204 may be performed at any time
after each step S201, and may be performed between step
S205 and step S201, for example, for each scan step (driving

step).

[Step S109]

[0099] The control/calculation unit 111 determines
whether the ultrasonic wave measurement (step S108) has
been completed by the above steps S201 to S205 (step
S109). The control/calculation unit 111 may determine that
the ultrasonic wave measurement has been completed in a
case where a predetermined ultrasonic wave imaging
sequence (steps S201 to S205) has been completed success-
fully, may determine whether image taking data can be
obtained as assumed based on the generated ultrasonic wave
image 301, and may determine that the ultrasonic wave
measurement has been completed in a case where the
imaging can be completed as assumed. Further, in a case
where the control/calculation unit 111 enables the display
unit 113 to display the generated ultrasonic wave image
thereon, and the specimen 1 or the examination technician
who has seen such an ultrasonic wave image determines that
the imaging is good, and makes an input indicating that the
ultrasonic wave measurement has been completed via the Ul
112, the control/calculation unit 111 may determine that the
ultrasonic wave measurement has been completed.

[Step S110]

[0100] When determining that the ultrasonic wave mea-
surement has been completed (step S109), the control/
calculation unit 111 instructs the fixing tool pressure adjust-
ment unit 212 to reduce the pressure of the fixing tool 211
(step S110). Accordingly, when the fixing tool pressure
adjustment unit 212 reduces the pressure applied to the
specimen 1 by the fixing tool 211, the specimen (hand) 1 can
be pulled out of the ultrasonic wave transmission and
reception device 101.

[0101] When the pressure reduction of the fixing tool 211
is completed, the fixing tool pressure adjustment unit 212
outputs a signal indicating completion of the fixing tool
pressure reduction to the control/calculation unit 111. For
example, in a case where the pressure sensor 213 indicates
a pressure equal to or less than a predetermined pressure, or
in a case where the fixing tool pressure adjustment unit 212
extracts a predetermined amount of water from the fixing
tool 211, the fixing tool pressure adjustment unit 213 deter-
mines that the pressure reduction of the fixing tool is
completed. Further, the specimen may input that the pressure
reduction of the fixing tool has been completed via the Ul
112.

[Step S111]

[0102] Next, the control/calculation unit 111 instructs the
liquid injection mechanism 221 to discharge the acoustic
matching liquid 222 (step S111). The liquid injection mecha-
nism 221 operates the valve 221 so as to recover the acoustic
matching liquid 222 between the specimen 1 and the fin-
gertip guide 251 and between the specimen 1 and the fixing
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tool 211 (membrane member 211a) through the waste liquid
pipe 221d to the waste liquid tank 2215.

[0103] After step S11/, the dryer 241 may be operated to
dry the acoustic matching liquid 222 remaining in the
specimen 1 when the specimen 1 is pulled out of the
ultrasonic wave transmission and reception device 101.
Comfort and hygiene of the examination are improved by
drying the specimen 1.

[Step S112]

[0104] Next, in a case of receiving an instruction of
terminating the device from the specimen 1 or the technician
(step S112), the control/calculation unit 111 completes the
operation of the ultrasonic wave transmission and reception
device 101. In a case where there is no termination instruc-
tion, the process returns to step S102, and the above steps
S102 to S111 are repeated again.

[0105] The ultrasonic wave transmission and reception
device operating as in the above flow in FIG. 7 can perform
the imaging sequence of retaining the specimen 1 and then
transmitting and receiving the ultrasonic wave while auto-
matically controlling each unit, and can automatically image
a highly accurate ultrasonic wave image while preventing
the movement of the specimen 1. Therefore, the examination
can be performed independent of the skill of an ultrasonic
wave examiner (technician). The examination can also be
performed by the specimen 1 himself/herself. Further, since
the measurement can be repeated by the same measurement
method, a temporal change of the specimen 1 can be easily
monitored. Therefore, rheumatism diagnosis such as a
change of an ultrasonic wave pathological condition and a
determination of a therapeutic effect can be performed with
higher accuracy, based on the highly accurate ultrasonic
wave image.

[0106] In the Embodiment 1, an example in which the
specimen 1 is a portion from the fingertip to the wrist has
been described, but the specimen 1 may be other portions.
Other examples include a portion from ankles to toes, limbs
including knee/elbow joints, abdomen and breast. As in the
examination thereof| the fingertip guide 251, the fixing tool
211 and the hand insertion opening 261 may have an
appropriate shape corresponding to the shape of each por-
tion, and the oscillator array 201 may have an appropriate
size according to a size of each measurement portion, so that
the imaging can be performed with the same effect as
described in this embodiment.

Modification 1 of Embodiment 1

[0107] FIG. 11 shows a Modification 1 of the Embodiment
1. A direction where the specimen 1 is inserted into the
ultrasonic wave transmission and reception device 101 of
the Embodiment 1 is a vertical direction, but is oriented in
a horizontal direction in the Modification 1. In a configu-
ration of the Modification 1, since the palm of the specimen
1 faces a gravity direction, that is, downward, the specimen
(hand) 1 is more stable in the ultrasonic wave transmission
and reception device 101 and the movement of the specimen
1 is reduced during the measurement.

[0108] Accordingly, the pressure applied to the specimen
1 by the fixing tool 211 that fixes the specimen 1 can be
reduced compared with the Embodiment 1, and the manu-
facturing cost of the device can be reduced; meanwhile, the
comfort of the specimen 1 can be improved.
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[0109] The direction of the ultrasonic wave transmission
and reception device 101 is not limited thereto, and may be
an oblique direction between the vertical direction shown in
FIG. 1 and the horizontal direction shown in FIG. 11. An
appropriate angle is selected in consideration of a size and
a structure of the ultrasonic wave transmission and reception
device, so that the palm of the specimen 1 can be oriented
in a direction close to the gravity direction (downward)
while preventing the acoustic matching liquid 222 from
flowing out of the hand insertion opening 261. Therefore, the
specimen 1 can be stabilized.

[0110] Other configurations of the Modification 1 are the
same as those of the Embodiment 1, so the description
thereof is omitted.

Modification 2 of Embodiment 1

[0111] FIG. 12 shows a Modification 2 of the Embodiment
1. In the Modification 2 of FIG. 12, a glove 271 having good
acoustic propagation characteristics is attached to the speci-
men 1 in advance and then inserted into the opening 261 of
the ultrasonic wave transmission and reception device 101.
Since the glove 271 is used, the ultrasonic wave measure-
ment is less likely to be influenced by a surface condition of
the specimen 1, and a more reproducible and uniform
examination can be provided.

[0112] Further, since the glove 271 can be thrown away
and can be easily cleaned and sterilized in every use, the
ultrasonic wave transmission and reception device 101 can
be kept cleaner by attaching the glove 271 to the specimen
1, and a risk of hygiene such as virus infection can be
reduced.

[0113] Rubber materials such as latex can be used as the
glove 271. Since an elastic rubber material is used, adhe-
siveness between the specimen 1 and the glove 271 is
improved, and a factor that inhibits ultrasonic wave propa-
gation such as air between the specimen 1 and the glove can
be reduced. Thus, a high-quality ultrasonic wave image 301
can be provided.

[0114] An acoustic matching agent 272 may be injected or
applied between the glove 271 and the specimen 1. A
medium having an acoustic impedance equivalent to that of
the specimen 1, for example, a liquid such as water or
ethanol, or a fluid such as a gel is used as the acoustic
matching agent 272. Accordingly, a space between the glove
271 and the specimen 1 can be filled without a gap, and a
high-quality ultrasonic wave image 301 can be provided.
[0115] Other configurations of the Modification 2 are the
same as those of the embodiment 1, so the description
thereof is omitted.

Embodiment 2

[0116] The ultrasonic wave transmission and reception
device 101 of an Embodiment 2 will be described with
reference to FIG. 13.

[0117] The ultrasonic wave transmission and reception
device of the Embodiment 2 is different from that of the
Embodiment 1 in a structure of the fixing tool 211 for
retaining the specimen 1, and a drive mechanism 212 that
presses at least a part of the fixing tool 211 against the
specimen 1 so as to retain the specimen 1.

[0118] As shown in FIG. 13, the fixing tool 211 includes
amember 130q having a predetermined shape, and the drive
mechanism 131 is a mechanism that applies a force to move
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the member 130q in a direction where the member 130q is
pressed against the specimen 1. Specifically, the member
130q is formed of an elastic body, and an elastic material is
formed of a material having good ultrasonic wave acoustic
propagation characteristics (an acoustic impedance and a
sound velocity are equivalent to those of the specimen 1 and
an ultrasonic wave attenuation coefficient is sufficiently
small), such as a silicone rubber. A spring or an actuator can
be used as the drive mechanism 131.

[0119] The member 130a is provided with a space in
which the oscillator array 201 is disposed and the oscillator
array 201 can be scanned, and the oscillator array 201 and
the actuator 202 are disposed in the space. The space is filled
with a liquid having an acoustic impedance and a sound
velocity equivalent to those of the specimen 1 and a suffi-
ciently small ultrasonic wave attenuation coefficient. The
space, for example, is doughnut-shaped.

[0120] Even in a case where the member 130¢ is moved by
the drive mechanism 131 from an open state where the
specimen 1 is not pressed to a state where the specimen 1 is
pressed and retained, a space size that the member 130a is
not in contact with the oscillator array 120 is ensured. With
such a structure, although the member 130 of the fixing tool
211 is moved so as to move the specimen 1 for retaining, the
position of the oscillator array 201 can be kept unchanged.
Therefore, since an interval between the opposing oscillators
can be kept, the same calculation as in the Embodiment 1
can be performed even in a case where a calculation such as
image reconstruction is performed by the control/calculation
unit 111 from the reception signal.

[0121] Other configurations of the Embodiment 2 are the
same as those of the Embodiment 1, so the description
thereof is omitted.

<Modification 1 of Embodiment 2>

[0122] FIG. 14 shows an ultrasonic wave transmission and
reception device of a Modification 1 of the Embodiment 2.
The ultrasonic wave transmission and reception device of
FIG. 14 is configured in the same manner as in the Embodi-
ment 2, in which the fixing tool 211 is the member 130a
formed of an elastic body and is pressed against the speci-
men 1 by the actuator 131 so as to press the specimen 1 and
retain specimen 1, but is different from that of the Embodi-
ment 2 in that the oscillator array 201 is disposed outside the
fixing tool 211. Since the oscillator array 201 is disposed in
a space outside the fixing tool 211, the liquid 1305 is filled
in a space between the fixing tool 211 and the housing 211¢
outside the fixing tool 211.

[0123] The same effect as in the Embodiment 2 can be
obtained in this modification.

[0124] Other configurations of the Modification 1 are the
same as those of the Embodiment 2, so the description
thereof is omitted.

Modification 2 of Embodiment 2

[0125] An ultrasonic wave transmission and reception
device of a Modification 2 of the Embodiment 2 will be
described with reference to FIG. 15.

[0126] The ultrasonic wave transmission and reception
device of the Modification 2 is configured in the same
manner as in the Embodiment 2, in which the fixing tool 211
is the member 130a formed of an elastic body and is pressed
against the specimen 1 by the actuator 131 so as to press the
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specimen 1 and retain the specimen 1, but is different from
that of the Embodiment 2 in that the oscillator array 201 is
imbedded in the member 130a.

[0127] Further, the oscillator array 201 has a shape that is
also different from that of the Embodiment 1, having a
structure in which the ultrasonic wave oscillators are not
only arranged in a circumferential direction but also in a
scan direction of (vertical direction) the oscillator array 201
of the Embodiment 2 such that the ultrasonic wave trans-
mission and reception can be performed in a predetermined
range of the specimen 1 even if the oscillator array 201 is not
scanned (moved), for example, having a cylindrical struc-
ture.

[0128] Accordingly, the vertical scan (movement) of the
oscillator array 201 is not necessary, so that the actuator 202
is not provided in the Modification 2. Further, since the
oscillator array 201 is not moved, the oscillator array 201
and the member 130a adhere to each other with no gap
therebetween.

[0129] In the Modification 2, since the oscillator array 201
is not only arrayed in the circumferential direction but also
in the vertical direction, the entire specimen 1 can be imaged
even if the oscillator array 201 cannot be moved in the
vertical direction.

[0130] Further, in the structure of the Modification 2, the
position of the oscillator array 201 changes as the member
130a of the fixing tool 211 moves. That is, an interval
between opposing oscillators or adjacent oscillators changes
according to a thickness of the specimen 1. Thus, when a
calculation such as image reconstruction is performed by the
control/calculation unit 111 from the reception signal, a
positional relationship of the oscillators is obtained from a
driving amount of the actuator 131, and a distance between
the oscillators in an equation used for the calculation of the
image generation is corrected. Accordingly, the ultrasonic
wave image can be generated with high accuracy even if the
positional relationship of the oscillators changes.

[0131] Other configurations of the Modification 2 are the
same as those of the Embodiment 2, so the description
thereof is omitted.

Modification 3 of Embodiment 2

[0132] An ultrasonic wave transmission and reception
device of a Modification 3 of the Embodiment 2 will be
described with reference to FIG. 16.

[0133] FIG. 16 is a cross-sectional view of the vltrasonic
wave transmission and reception device of the Modification
3 shown in the horizontal direction. The fixing tool 211 of
the Modification 3 is an annular-ring-shaped elastic body
(for example, silicone rubber) 130a of which a part is cut
out. The actuator 131 has a structure of being disposed at the
cut-out position of the annular-ring-shaped elastic body of
the fixing tool 211, and pressing and fixing the specimen 1
by applying a force in a direction where the annular-ring-
shaped elastic body is tightened.

[0134] The liquid (for example, water) 1305 is filled
between the oscillator array 201 and the fixing tool 211.
However, the structure of the oscillator array 201 is not
limited to an annular ring shape, and the oscillator arrays
shown in FIGS. 6A to 6F and the like may also be used.
[0135] Other configurations of the Modification 3 are the
same as those of the Embodiment 2, so the description
thereof is omitted.
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[0136] In the above Embodiment 2 and Modifications 1 to
3 thereof, a wide range of the specimen 1 can be sandwiched
by the fixing tool 111 (member 1304), so that the injection
of the acoustic matching liquid 222 between the fixing tool
211 and the specimen 1 may be omitted. FIG. 17 shows an
operation flow of the ultrasonic wave transmission and
reception device in this case. As shown in FIG. 17, the steps
S106 and S107 the flow in FIG. 7 are omitted to omit the
injection of the acoustic matching liquid 222 between the
fixing tool 211 and the specimen 1, so that the ultrasonic
wave measurement can be performed in a simplified manner.

REFERENCE SIGN LIST

[0137] 1 specimen

[0138] 101 ultrasonic wave transmission and reception
device

[0139] 111 control/calculation unit

[0140] 112 UI

[0141] 113 display unit

[0142] 201 oscillator array

[0143] 202 oscillator array actuator

[0144] 211 fixing tool

[0145] 212 fixing tool pressure adjustment unit

[0146] 213 pressure sensor

[0147] 2115 liquid

[0148] 221 liquid injection mechanism

[0149] 222 acoustic matching liquid

[0150] 223 acoustic matching liquid (waste liquid)

[0151] 221e valve

[0152] 231 wrist fixing tool

[0153] 241 dryer

[0154] 251 fingertip guide

[0155] 261 hand insertion opening

[0156] 271 glove

[0157] 272 acoustic matching agent inside glove

[0158] 301 ultrasonic wave image

1. An ultrasonic wave transmission and reception device,
comprising:

an oscillator array that is arrayed with an oscillator, the

oscillator transmitting and receiving an ultrasonic
wave;

a fixing tool that is disposed between the oscillator array

and a specimen and retains the specimen; and
a drive mechanism that presses at least a part of the fixing
tool against the specimen so as to retain the specimen,

wherein an ultrasonic wave transmitted by the oscillator
array passes through the fixing tool and irradiates on
the specimen, the oscillator array and the fixing tool are
disposed in a positional relationship such that the
ultrasonic wave reflected by and/or passing through the
specimen and passing through the fixing tool is
received.

2. The ultrasonic wave transmission and reception device
according to claim 1, wherein the fixing tool is formed of a
material having an acoustic impedance with respect to the
ultrasonic wave transmitted by the oscillator array equiva-
lent to that of the specimen.

3. The ultrasonic wave transmission and reception device
according to claim 1, wherein the oscillator array has a shape
that two-dimensionally surrounds at least a part of a periph-
ery of the specimen.
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4. The ultrasonic wave transmission and reception device
according to claim 1, wherein the oscillator array includes at
least one pair of oscillators disposed at opposing positions
with the specimen sandwiched therebetween.

5. The ultrasonic wave transmission and reception device
according to claim 1, wherein the fixing tool includes an
elastic membrane member and containing a liquid, and

the drive mechanism includes a fixing tool pressure

adjustment unit that inflates the membrane member by
increasing an amount of the liquid contained in the
membrane member so as to press the membrane mem-
ber against at least a part of the specimen, thereby
retaining the specimen.

6. The ultrasonic wave transmission and reception device
according to claim 1, wherein the fixing tool is a member
having a predetermined shape, and

the drive mechanism includes a mechanism that applies a

force to move the member in a direction where the
member is pressed against the specimen.

7. The ultrasonic wave transmission and reception device
according to claim 1, further comprising a guide member
into which a tip of the specimen is inserted,

wherein the fixing tool retains a part of the specimen that

is not inserted into the guide member.

8. The ultrasonic wave transmission and reception device
according to claim 7, further comprising a liquid injection
mechanism that injects the liquid between the guide member
and the specimen.

9. The ultrasonic wave transmission and reception device
according to claim 1, further comprising an actuator that
moves the oscillator array relative to the specimen.

10. The ultrasonic wave transmission and reception
device according to claim 9, wherein the liquid is filled
between the oscillator array and the fixing tool.

11. The ultrasonic wave transmission and reception
device according to claim 6, wherein the oscillator array is
disposed in the member.

12. The ultrasonic wave transmission and reception
device according to claim 7, wherein the specimen is a hand,
and the guide member has a shape that guides a position of
a finger of the hand.

13. The ultrasonic wave transmission and reception
device according to claim 11, further comprising an image
generation unit that generates an image of the specimen by
performing a predetermined calculation using a reception
signal received by the oscillator,

wherein after the member is moved by the drive mecha-

nism in the direction where the member is pressed
against the specimen, the image generation unit deter-
mines a distance between the oscillator and the speci-
men and uses the distance information to perform the
calculation, thereby generating an image.

14. The ultrasonic wave transmission and reception
device according to claim 1, further comprising a liquid
injection mechanism that injects and discharges the liquid
between the fixing tool and the specimen.

15. The ultrasonic wave transmission and reception
device according to claim 1, further comprising a second
fixing tool that fixes the specimen further outside the fixing
tool.
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