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ULTRASONIC MEASUREMENT APPARATUS
AND ULTRASONIC PROBE

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic mea-

surement apparatus and an ultrasonic probe.

[0003] 2. Related Art

[0004] An ultrasonic measurement apparatus for display-
ing ultrasonic waves emitted to a subject under examination
using reflected waves, which are obtained by the reflection
of the ultrasonic waves from the inside of the subject under
examination, has been widely used. An insertion needle may
be inserted into an organ, such as a blood vessel located
inside the subject under examination using an ultrasonic
measurement apparatus. JP-A-2003-334191 discloses an
ultrasonic measurement apparatus including a guide unit for
guiding an insertion needle. According to this, a hole for
guiding the insertion needle is provided in the guide unit.
[0005] When inserting the insertion needle into the subject
under examination, the operator performs an operation so
that the insertion needle enters an ultrasonic wave emission
range. As a result, an image of the insertion needle is
displayed on the ultrasonic image. The operator checks
whether or not the traveling direction of the insertion needle
matches the target location while observing the ultrasonic
image. The operator advances the insertion needle to the
target location by adjusting the insertion angle of the inser-
tion needle while observing the ultrasonic image.

[0006] The operator checks the insertion needle using an
ultrasonic measurement apparatus. At this time, the operator
adjusts a probe so that ultrasonic waves are emitted to the
distal end of the insertion needle. Since the distal end of the
insertion needle moves, the operator adjusts the probe while
observing the display screen. When the probe disclosed in
JP-A-2003-334191 is used, an operation to move the probe
so that the insertion needle is imaged is performed. At this
time, since the probe is operated in a state in which the probe
is held by hand, the probe shakes. For this reason, the
ultrasonic image shakes and the distal end of the insertion
needle becomes not clear. As a result, the distal end of the
insertion needle may not be able to be checked on the
display screen. Therefore, an ultrasonic measurement appa-
ratus capable of changing the traveling direction of ultra-
sonic waves with good operability has been desired.

SUMMARY

[0007] An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.

Application Example 1

[0008] An ultrasonic measurement apparatus according to
this application example includes: an ultrasonic wave trans-
mission unit that emits an ultrasonic wave in a first direction;
a columnar acoustic lens that changes a traveling direction
of the ultrasonic wave emitted from the ultrasonic wave
transmission unit; and a movement restriction unit that
restricts a movement direction such that the acoustic lens
and the ultrasonic wave transmission unit move relatively
each other in a second direction crossing the first direction
and a column axis direction of the acoustic lens.
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[0009] According to this application example, the ultra-
sonic measurement apparatus includes the ultrasonic wave
transmission unit, the acoustic lens, and the movement
restriction unit. The ultrasonic wave transmission unit emits
an ultrasonic wave in the first direction. The acoustic lens is
a columnar lens, and changes the traveling direction of the
ultrasonic wave emitted from the ultrasonic wave transmis-
sion unit. The acoustic lens is a lens having a predetermined
sectional shape extending in a predetermined direction, and
the direction in which the predetermined sectional shape
extends is referred to as a column axis direction. The second
direction is a direction crossing the first direction and the
column axis direction of the acoustic lens. In addition, when
the acoustic lens and the ultrasonic wave transmission unit
move relatively each other, the movement restriction unit
restricts the movement direction so that the acoustic lens and
the ultrasonic wave transmission unit move relatively each
other in the second direction.

[0010] Accordingly, the second direction in which the
acoustic lens and the ultrasonic wave transmission unit
move relatively each other is a direction crossing the first
direction. The second direction is a direction crossing the
column axis direction of the acoustic lens. The acoustic lens
is a lens whose thickness in the first direction changes
corresponding to the position in the second direction. The
surface of the acoustic lens on the first direction side has
irregularities. In addition, the ultrasonic wave is input to the
acoustic lens, and is output from the acoustic lens. The
traveling direction of the ultrasonic wave output from the
acoustic lens changes corresponding to the angle of the
surface of the acoustic lens on the first direction side.

[0011] The acoustic lens and the ultrasonic wave trans-
mission unit move relatively each other in the second
direction. Accordingly, since the angle of the surface on the
first direction side of the location where the ultrasonic wave
is output from the acoustic lens is changed, the traveling
direction of the ultrasonic wave output from the acoustic
lens is changed. Therefore, the ultrasonic measurement
apparatus can change the traveling direction of the ultrasonic
wave. The traveling direction of the ultrasonic wave changes
only in the second direction, but does not change in the
column axis direction. Therefore, the ultrasonic measure-
ment apparatus can change the traveling direction of the
ultrasonic wave with good operability.

Application Example 2

[0012] In the ultrasonic measurement apparatus according
to the application example, the acoustic lens may be a
convex lens, and a material of the acoustic lens may be a
material in which a traveling speed of an ultrasonic wave is
higher than that of an ultrasonic wave in a subject under
examination.

[0013] According to this application example, the acoustic
lens is a convex lens. In addition, the acoustic lens is used
in contact with the subject under examination. The material
of the acoustic lens is a material in which the traveling speed
of the ultrasonic wave is higher than the traveling speed of
the ultrasonic wave in the subject under examination. There-
fore, the traveling speed of the ultrasonic wave is reduced
when the ultrasonic wave enters the subject under exami-
nation from the acoustic lens. The acoustic lens is a convex
lens, and the subject under examination functions as a
concave lens. Accordingly, the ultrasonic measurement



US 2017/0252006 A1l

apparatus can emit the ultrasonic wave to a place wider than
the width of the acoustic lens in the second direction.

Application Example 3

[0014] In the ultrasonic measurement apparatus according
to the application example, the acoustic lens may be a
concave lens, and a material of the acoustic lens may be a
material in which a traveling speed of an ultrasonic wave is
lower than that of an ultrasonic wave in a subject under
examination.

[0015] According to this application example, the acoustic
lens is a concave lens. In addition, the acoustic lens is used
in contact with the subject under examination. The material
of the acoustic lens is a material in which the traveling speed
of the ultrasonic wave is lower than the traveling speed of
the ultrasonic wave in the subject under examination. There-
fore, the traveling speed of the ultrasonic wave is increased
when the ultrasonic wave enters the subject under exami-
nation from the acoustic lens. In addition, since the acoustic
lens is a concave lens, the ultrasonic measurement apparatus
can emit the ultrasonic wave to a place wider than the width
of the acoustic lens in the second direction.

Application Example 4

[0016] The ultrasonic measurement apparatus according
to the application example further includes: a moving unit
that moves the acoustic lens and the ultrasonic wave trans-
mission unit relatively each other; a control unit that controls
a relative position between the acoustic lens and the ultra-
sonic wave transmission unit; and an input unit that receives
an input of the relative position.

[0017] According to this application example, the ultra-
sonic measurement apparatus further includes the moving
unit, the control unit, and the input unit. The moving unit
moves the acoustic lens and the ultrasonic wave transmis-
sion unit relatively each other. The control unit controls the
relative position. The input unit receives an input of the
relative position between the acoustic lens and the ultrasonic
wave transmission unit that are moved relatively each other
by the moving unit. The operator inputs the relative position
through the input unit. The control unit controls the moving
unit to move the acoustic lens and the ultrasonic wave
transmission unit relatively each other. Therefore, the opera-
tor can perform an operation of moving the acoustic lens and
the ultrasonic wave transmission unit relatively each other in
the second direction.

Application Example 5

[0018] The ultrasonic measurement apparatus according
to the application example may further include: a moving
unit that moves the acoustic lens and the ultrasonic wave
transmission unit relatively each other; a control unit that
controls the moving unit; an ultrasonic wave receiving unit
that receives a reflected wave reflected by a subject under
examination; an image forming unit that forms an ultrasonic
image from data of the reflected wave; a determination unit
that determines a subject of the ultrasonic image; and a
display unit that displays the ultrasonic image. When the
ultrasonic image does not include the subject, the control
unit controls the moving unit such that the ultrasonic image
includes the subject.

[0019] According to this application example, the ultra-
sonic measurement apparatus includes the moving unit, the
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control unit, the ultrasonic wave receiving unit, the image
forming unit, and the determination unit in addition to the
ultrasonic wave transmission unit, the acoustic lens, and the
movement restriction unit. The moving unit moves the
acoustic lens and the ultrasonic wave transmission unit
relatively each other. The control unit controls the moving
unit. The ultrasonic wave receiving unit receives a reflected
wave reflected by the subject under examination. The image
forming unit forms an ultrasonic image from the data of the
reflected wave. The determination unit determines a subject
of the ultrasonic image. The display unit displays an ultra-
sonic image.

[0020] The ultrasonic wave transmission unit emits an
ultrasonic wave to the subject under examination, and the
ultrasonic wave receiving unit receives a reflected wave that
is reflected by the subject under examination. Then, the
image forming unit forms an ultrasonic image from the data
of the reflected wave, and the determination unit determines
a subject of the ultrasonic image. At this time, when the
ultrasonic image does not include a subject, the control unit
controls the moving unit. Then, the ultrasonic image is made
to include a subject. As a result, the operator can recognize
the position of the subject by observing the ultrasonic image
without controlling the moving unit.

Application Example 6

[0021] In the ultrasonic measurement apparatus according
to the application example, the subject may be a rod-shaped
member having a distal end portion, and the control unit may
detect the distal end portion and display the ultrasonic image
including the distal end portion on the display unit.

[0022] According to this application example, the subject
is a rod-shaped member having a distal end portion. The
control unit detects the distal end portion. Then, the ultra-
sonic measurement apparatus displays an ultrasonic image
having a subject in a place close to the distal end portion on
the display unit. Accordingly, the operator can check the
position of the distal end portion even when the distal end
portion of the rod-shaped member moves.

Application Example 7

[0023] In the ultrasonic measurement apparatus according
to the application example, a liquid material may be dis-
posed between the ultrasonic wave transmission unit and the
acoustic lens.

[0024] According to this application example, the liquid
material is disposed between the ultrasonic wave transmis-
sion unit and the acoustic lens. A change in the acoustic
impedance between the ultrasonic wave transmission unit
and the acoustic lens can be reduced by the liquid material.
As a result, it is possible to suppress the reflection of the
ultrasonic wave between the ultrasonic wave transmission
unit and the acoustic lens.

Application Example 8

[0025] According to this application example, an ultra-
sonic probe includes: an ultrasonic wave transmission unit
that emits an ultrasonic wave in a first direction; a columnar
acoustic lens that changes a traveling direction of the
ultrasonic wave emitted from the ultrasonic wave transmis-
sion unit; and a movement restriction unit that restricts a
movement direction such that the acoustic lens and the
ultrasonic wave transmission unit move relatively each other
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in a second direction crossing the first direction and a
column axis direction of the acoustic lens.

[0026] According to this application example, the ultra-
sonic probe includes the ultrasonic wave transmission unit,
the acoustic lens, and the movement restriction unit. The
ultrasonic wave transmission unit emits an ultrasonic wave
in the first direction. The acoustic lens is a columnar lens,
and changes the traveling direction of the ultrasonic wave
emitted from the ultrasonic wave transmission unit. The
acoustic lens is a lens having a predetermined sectional
shape extending in a predetermined direction, and the direc-
tion in which the predetermined sectional shape extends is
referred to as a column axis direction. The second direction
is a direction crossing the first direction and the column axis
direction of the acoustic lens. In addition, when the acoustic
lens and the ultrasonic wave transmission unit move rela-
tively each other, the movement restriction unit restricts the
movement direction so that the acoustic lens and the ultra-
sonic wave transmission unit move relatively each other in
the second direction.

[0027] Accordingly, the second direction in which the
acoustic lens and the ultrasonic wave transmission unit
move relatively each other is a direction crossing the first
direction. The second direction is a direction crossing the
column axis direction of the acoustic lens. The acoustic lens
is a lens whose thickness in the first direction changes
corresponding to the position in the second direction. The
surface of the acoustic lens on the first direction side has
irregularities. In addition, the ultrasonic wave is input to the
acoustic lens, and is output from the acoustic lens. The
traveling direction of the ultrasonic wave output from the
acoustic lens changes corresponding to the angle of the
surface of the acoustic lens on the first direction side.
[0028] The acoustic lens and the ultrasonic wave trans-
mission unit move relatively each other in the second
direction. Accordingly, since the angle of the surface on the
first direction side of the location where the ultrasonic wave
is output from the acoustic lens is changed, the traveling
direction of the ultrasonic wave output from the acoustic
lens is changed. Therefore, the ultrasonic probe can change
the traveling direction of the ultrasonic wave. The traveling
direction of the ultrasonic wave changes only in the second
direction, but does not change in the column axis direction.
Therefore, the ultrasonic probe can change the traveling
direction of the ultrasonic wave with good operability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0030] FIG.11is a schematic perspective view showing the
configuration of an ultrasonic measurement apparatus
according to a first embodiment.

[0031] FIG. 2 is a schematic side sectional view showing
the structure of an ultrasonic probe.

[0032] FIG. 3 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0033] FIG. 4 is a diagram showing an ultrasonic image.
[0034] FIG. 5 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0035] FIG. 6 is a diagram showing an ultrasonic image.
[0036] FIG. 7 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0037] FIG. 8 is a diagram showing an ultrasonic image.
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[0038] FIG. 9 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0039] FIG. 10 is a diagram showing an ultrasonic image.
[0040] FIG. 11 is an electrical control block diagram of an
ultrasonic measurement apparatus.

[0041] FIG. 12 is a flowchart of an insertion needle
insertion method.

[0042] FIG. 13 is an electrical control block diagram of an
ultrasonic measurement apparatus according to a second
embodiment.

[0043] FIG. 14 is a flowchart of the insertion needle
insertion method.

[0044] FIG. 15 is a schematic side sectional view showing
the structure of an ultrasonic probe according to a third
embodiment.

[0045] FIG. 16 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0046] FIG. 17 is a schematic side sectional view showing
the structure of an ultrasonic probe according to a fourth
embodiment.

[0047] FIG. 18 is a schematic side sectional view showing
the structure of the ultrasonic probe.

[0048] FIG. 19 is a schematic side sectional view for
explaining a method of detecting a blood vessel using
ultrasonic waves according to a fifth embodiment.

[0049] FIG. 20 is a schematic side sectional view for
explaining a method of detecting a blood vessel using
ultrasonic waves.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0050] Hereinafter, embodiments will be described with
reference to the accompanying diagram. In each diagram,
the scale of each member is adjusted in order to have a
recognizable size.

First Embodiment

[0051] 1Inthe present embodiment, characteristic examples
of an ultrasonic measurement apparatus and a method of
inserting an insertion needle into a blood vessel using the
ultrasonic measurement apparatus will be described with
reference to the diagrams. The ultrasonic measurement
apparatus according to the first embodiment will be
described with reference to FIGS. 1 to 12. FIG. 1 is a
schematic perspective view showing the configuration of the
ultrasonic measurement apparatus. As shown in FIG. 1, the
ultrasonic measurement apparatus 1 includes an ultrasonic
probe 2 and a control device 3 as a control unit, and the
ultrasonic probe 2 and the control device 3 are connected to
each other by a wiring line 4.

[0052] The ultrasonic probe 2 is fixed to an arm 6a as a
subject under examination of a human body 6 by a tape 5.
In the arm 6a, a blood vessel 7 is present along the arm 6a.
A direction in which the blood vessel 7 extends along the
arm 6a is defined as a Y direction, and a direction toward the
blood vessel 7 from the surface of the arm 64 is defined as
a Z direction. A direction perpendicular to the Y and Z
directions is defined as an X direction.

[0053] An operator inserts the insertion needle 8¢ as a
subject of a syringe 8 into the blood vessel 7 of the arm 6a.
In addition, the blood vessel 7 may be a vein or an artery.
Then, the operator stops the movement of the insertion
needle 8a when the operator inserts the insertion needle 8a
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into the blood vessel 7 and the distal end of the insertion
needle 8a reaches the blood vessel 7. In this state, the
operator injects medicine into the blood vessel 7. Alterna-
tively, the operator sucks the blood in the blood vessel 7 into
the syringe 8.

[0054] The ultrasonic probe 2 emits ultrasonic waves
towards the distal end of the insertion needle 84 and the
blood vessel 7. Ther, reflected waves reflected by the distal
end of the insertion needle 8a and the blood vessel 7 are
received, and are converted into an electrical signal. The
electrical signal is converted into a digital signal and is
transmitted to the control device 3 through the wiring line 4.
A display device 9 as a display unit is provided in the control
device 3, and an ultrasonic image formed by the digital
signal is displayed on the display device 9. The ultrasonic
image is a sectional image of the arm 6a detected using the
reflected waves of the ultrasonic waves.

[0055] An input device 12 as an input unit, such as a rotary
knob 10 or a keyboard 11, is provided in the control device
3. The operator adjusts the traveling direction or the strength
of ultrasonic waves emitted from the ultrasonic probe 2 by
operating the input device 12. Then, the operator checks the
position of the distal end of the insertion needle 8¢ with
respect to the blood vessel 7 by observing the display device
9, and inserts the insertion needle 8a into the blood vessel 7.
The operator stops the movement of the insertion needle 8a
when the distal end of the insertion needle 8a enters the
blood vessel 7. Then, injection of medicine, collection of
blood, and the like are performed.

[0056] It is preferable to perform an operation by two
persons. One person operates the input device 12, and the
other person operates the syringe 8. The person who oper-
ates the input device 12 performs an operation so that the
distal end of the insertion needle 8a is displayed on the
display device 9. The person who operates the syringe 8
inserts the insertion needle 8¢ while observing the display
device 9. Accordingly, the person who operates the syringe
8 can easily insert the insertion needle 8a into the blood
vessel 7.

[0057] FIGS. 2 and 3 are schematic side sectional views
showing the structure of an ultrasonic probe. FIG. 2 is a
diagram viewed from the longitudinal direction of the blood
vessel 7, and FIG. 3 is a diagram viewed from a direction
perpendicular to the longitudinal direction of the blood
vessel 7. In FIGS. 2 and 3, the tape 5 is omitted. As shown
in FIGS. 2 and 3, the blood vessel 7 is located in the arm 6a,
and blood 7a flows in the blood vessel 7.

[0058] Theultrasonic probe 2 includes an acoustic lens 13,
and the acoustic lens 13 is pressed against the skin of the arm
6a. A gel 14 as a liquid material is applied on the surface of
the skin. The gel 14 is disposed between the acoustic lens 13
and the arm 6a. The gel 14 adjusts the acoustic impedance
between the acoustic lens 13 and the arm 6a. Due to the gel
14, it is difficult for an ultrasonic wave 24 to be reflected
when entering the arm 6a from the acoustic lens 13. There-
fore, the ultrasonic probe 2 can efficiently emit the ultrasonic
wave 24 into the arm 6.

[0059] A bottomed rectangular tubular first support body
15 is provided on the -Z direction side of the acoustic lens
13. A moving body 16 that moves in the Y direction is
provided in the first support body 15. The moving body 16
includes a substrate 17, and an ultrasonic element array 18
as an ultrasonic wave transmission unit and an ultrasonic
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wave receiving unit is provided on the surface of the
substrate 17 on the +Z direction side.

[0060] A second support body 21 is provided on both
surfaces of the substrate 17 on the +X and -X direction
sides, and the substrate 17 is supported by being interposed
between the second support bodies 21. A groove extending
in the Y direction is provided on the +X-direction-side
surface of the second support body 21 on the X direction
side. A groove extending in the Y direction is provided on
the —X-direction-side surface on the inner side of the first
support body 15. A plurality of spheres 22 are provided
between the grooves of the first support body 15 and the
second support body 21. The —-X-direction-side structure of
the moving body 16 and the first support body 15 is the same
as the +X-direction-side structure of the moving body 16
and the first support body 15. The first support body 15, the
second support body 21, and the sphere 22 form a linear
guide 23 as a movement restriction unit. In the linear guide
23, since the sphere 22 rolls, the frictional resistance at the
time of movement is small.

[0061] In the ultrasonic element array 18, diaphragms are
provided in a matrix on the silicon substrate. A piezoelectric
element is provided on each diaphragm. An AC waveform is
applied to the piezoelectric element. As a result, the piezo-
electric element vibrates the diaphragm to emit the ultra-
sonic wave 24. An ultrasonic element is mainly formed by
the diaphragm and the piezoelectric element. The emitted
ultrasonic wave 24 travels through the arm 6a, and is
reflected by the blood vessel 7 or the insertion needle 8a.
The ultrasonic element array 18 receives the reflected wave
of the ultrasonic wave 24. Some of the reflected ultrasonic
waves vibrate the diaphragm to expand or contract the
piezoelectric element. As a result, the piezoelectric element
outputs a voltage corresponding to the reflected wave. The
control device 3 forms an ultrasonic image using the voltage
output from each piezoelectric element.

[0062] In the ultrasonic element array 18, one ultrasonic
element may perform both transmission and reception of
ultrasonic waves, In addition, an ultrasonic element with
good ultrasonic wave transmission characteristics and an
ultrasonic element with good ultrasonic wave reception
characteristics may be arranged. Although the type of the
piezoelectric element is not particularly limited, it is pos-
sible to use a piezoelectric element, such as a lead zirconate
titanate (PZT) element or a polyvinylidene fluoride (PDVF)
element. In the present embodiment, a PZT element is used
as a piezoelectric element.

[0063] A direction in which the ultrasonic element array
18 emits the ultrasonic wave 24 is defined as a first direction
25. The first direction 25 is the Z direction. A direction in
which the moving body 16 moves is defined as a second
direction 26. The second direction 26 is the Y direction. The
acoustic lens 13 has a shape obtained by cutting a cylinder
along a plane parallel to the axial direction. The axial
direction of the cylinder is defined as a column axis direction
27. The column axis direction 27 is the X direction.
[0064] An elastic packing 28 is provided on the surface of
the substrate 17 on the +Z direction side. The packing 28 is
provided so as to surround the ultrasonic element array 18.
When the moving body 16 moves, the packing 28 slides on
the acoustic lens 13. The gel 14 is provided between the
substrate 17 and the acoustic lens 13, and the gel 14 is also
surrounded by the packing 28. In addition, when the moving
body 16 moves, the gel 14 also moves with the moving body
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16. Therefore, the gel 14 is always located between the
ultrasonic element array 18 and the acoustic lens 13.

[0065] A change in the acoustic impedance between the
ultrasonic element array 18 and the acoustic lens 13 can be
reduced by the gel 14. As a result, it is possible to suppress
the reflection of the ultrasonic wave 24 between the ultra-
sonic element array 18 and the acoustic lens 13.

[0066] On the surface of the substrate 17 on the -Z
direction side, a permanent magnet 29q is provided. In the
permanent magnet 29¢, an S pole and an N pole are
alternately arranged in the Y direction so as to be magnetized
at fine pitches. On the surface of the first support body 15 on
the +7 direction side, an electromagnet 295 is provided. In
the electromagnet 295, coils are arranged side by side in the
Y direction. The permanent magnet 29« and the electromag-
net 295 form a linear motor 29 as a moving unit. By
switching a current flowing through the coil in the linear
motor 29, the S pole and the N pole are switched. In
addition, the linear motor 29 moves the moving body 16 by
applying a Lorentz force between the permanent magnet 294
and the electromagnet 295.

[0067] In addition to the electromagnetic linear motor 29,
it is possible to use a linear piezoelectric motor driven by a
piezoelectric element, a linear resonance actuator that is
moved by vibration, and the like.

[0068] A circuit board 30 is provided on the -Z direction
side of the first support body 15. A motor driving circuit 31
for driving the linear motor 29 and a transducer driving
circuit 32 for driving the ultrasonic element array 18 are
mounted on the circuit board 30. The circuit board 30 is
connected to the control device 3 by the wiring line 4. On the
-Z direction side of the first support body 15, a housing 33
is provided so as to cover the circuit board 30. The housing
33 prevents the circuit board 30 from being short-circuited
or from becoming dirty.

[0069] As shown in FIG. 2, the ultrasonic element array 18
has a shape that is long in the column axis direction 27. In
addition, an ultrasonic image displayed on the display
device 9 is an image of a plane passing through the column
axis direction 27 and the first direction 25.

[0070] As shown in FIG. 3, the linear motor 29 moves the
moving body 16 in the second direction 26. In other words,
the linear motor 29 moves the acoustic lens 13 and the
ultrasonic element array 18 relatively each other. When the
moving body 16 and the ultrasonic element array 18 are
located at the center in the second direction 26, the ultra-
sonic wave 24 travels in the first direction 25. Then, when
the insertion needle 8a is located in the first direction 25 of
the ultrasonic element array 18, some of the reflected waves
of the ultrasonic waves 24 are input to the ultrasonic element
array 18 from the insertion needle 8a.

[0071] FIG. 4 is a diagram showing an ultrasonic image.
An ultrasonic image 34 is an image formed by the reflected
wave of the ultrasonic wave 24 shown in FIG. 3. As shown
in FIG. 4, a blood vessel image 34a showing the blood
vessel 7 and an insertion needle image 34b showing the
insertion needle 8« are displayed on the ultrasonic image 34.
At this time, since the insertion needle 8a is a rod-shaped
member and a distal end portion 8b, which is the distal end
of the insertion needle 8«, is away from the blood vessel 7,
an image is obtained in which the blood vessel image 34a
and the insertion needle image 345 are separated from each
other.
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[0072] FIG. 5 is a schematic side sectional view showing
the structure of the ultrasonic probe, and is a diagram when
viewed from a direction perpendicular to the longitudinal
direction of the blood vessel 7. As shown in FIG. 5, when the
moving body 16 moves to the =Y direction side along the
second direction 26, the ultrasonic wave 24 travels to the =Y
direction side due to the acoustic lens 13.

[0073] The material of the acoustic lens 13 is a material in
which the traveling speed of the ultrasonic wave 24 is higher
than the traveling speed of the ultrasonic wave 24 in the arm
6a. The traveling speed of the ultrasonic wave 24 in the arm
6a is 1530 my/s. Nylon, polystyrene, and polyethylene can be
used as materials of the acoustic lens 13. The traveling speed
of the ultrasonic wave 24 in nylon is 2600 m/s, the traveling
speed of the ultrasonic wave 24 in polystyrene is 2350 m/s,
and the traveling speed of the ultrasonic wave 24 in poly-
ethylene is 1900 m/s. In the present embodiment, for
example, nylon is used as the material of the acoustic lens
13.

[0074] At this time, the traveling speed of the ultrasonic
wave 24 is reduced when the ultrasonic wave 24 enters the
arm 6a from the acoustic lens 13. The acoustic lens 13 is a
convex lens, and the subject under examination functions as
a concave lens. Accordingly, the ultrasonic probe 2 can emit
the ultrasonic wave 24 to a place wider than the width of the
acoustic lens 13 in the second direction 26. By moving the
moving body 16 to the -Y direction side, the ultrasonic wave
24 is made to travel to the -Y direction side. Therefore, it is
possible to detect the insertion needle 8a inserted from the
-Y direction side.

[0075] FIG. 6 is a diagram showing an ultrasonic image.
An ultrasonic image 35 is an image formed by the reflected
wave of the ultrasonic wave 24 shown in FIG. 5. As shown
in FIG. 6, a blood vessel image 35a showing the blood
vessel 7 and an insertion needle image 35b showing the
insertion needle 8a are displayed on the ultrasonic image 35.
At this time, since the distal end portion 85 of the insertion
needle 8a is away from the blood vessel 7, an image is
obtained in which the blood vessel image 354 and the
insertion needle image 354 are separated from each other.
Then, it is possible to check that the insertion needle image
35b is located in a shallow place of the arm 6a.

[0076] FIG. 7 is a schematic side sectional view showing
the structure of the ultrasonic probe, and is a diagram when
viewed from a direction perpendicular to the longitudinal
direction of the blood vessel 7. As shown in FIG. 7, when the
moving body 16 moves to the +Y direction side by a short
distance along the second direction 26, the ultrasonic wave
24 passes the +Y direction side from the distal end portion
8b of the insertion needle 8a. Accordingly, there is no
reflected wave from the insertion needle 8a.

[0077] FIG. 8 is a diagram showing an ultrasonic image.
An ultrasonic image 36 is an image formed by the reflected
wave of the ultrasonic wave 24 shown in FIG. 7. As shown
in FIG. 8, a blood vessel image 36a showing the blood
vessel 7 is displayed on the ultrasonic image 36. At this time,
it is not possible to check an image corresponding to the
insertion needle 8a. Since it is not possible to check the
image corresponding to the insertion needle 8a even if the
distance of the movement of the moving body 16 is short, it
can be seen that the ultrasonic wave 24 has passed the
vicinity of the distal end portion 85 of the insertion needle
8a. Therefore, the operator can recognize that the position of
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the insertion needle image 354 of the ultrasonic image 35 is
close to the position of the distal end portion 85 of the
insertion needle 8a.

[0078] FIG. 9 is a schematic side sectional view showing
the structure of the ultrasonic probe, and is a diagram when
viewed from a direction perpendicular to the longitudinal
direction of the blood vessel 7. As shown in FIG. 9, the
insertion needle 8a is inserted in the +Y direction. At this
time, the control device 3 moves the moving body 16 to the
+Y direction side along the second direction 26. Then, since
the ultrasonic wave 24 passes through the distal end portion
8b of the insertion needle 84, the ultrasonic element array 18
detects reflected waves from the distal end portion 85 of the
insertion needle 8a.

[0079] FIG. 10 is a diagram showing an ultrasonic image.
An ultrasonic image 37 is an image formed by the reflected
wave of the ultrasonic wave 24 shown in FIG. 9. As shown
in FIG. 10, a blood vessel image 37a showing the blood
vessel 7 and an insertion needle image 37b showing the
insertion needle 8« are displayed on the ultrasonic image 37.
At this time, since the distal end portion 85 of the insertion
needle 8a is in contact with the blood vessel 7, an image is
obtained in which the blood vessel image 37a and the
insertion needle image 374 are in contact with each other.
Then, the operator can check that the insertion needle 8a has
reached the blood vessel 7.

[0080] Thus, the ultrasonic element array 18 emits the
ultrasonic wave 24 in the first direction 25. The acoustic lens
13 is a columnar lens, and changes the traveling direction of
the ultrasonic wave 24 emitted from the ultrasonic element
array 18. The acoustic lens 13 is a lens having a predeter-
mined semicircular sectional shape extending in the column
axis direction 27. The second direction 26 is a direction
crossing the first direction 25 and the column axis direction
27. The linear guide 23 restricts the movement direction so
that the acoustic lens 13 and the ultrasonic element array 18
move relatively each other in the second direction 26.

[0081] The acoustic lens 13 is a lens whose thickness in
the first direction 25 changes corresponding to the position
of the second direction 26. The ultrasonic wave 24 is input
to the acoustic lens 13, and is output from the acoustic lens
13. The traveling direction of the ultrasonic wave 24 output
from the acoustic lens 13 changes corresponding to the angle
of the surface of the acoustic lens on the +Z direction side.

[0082] The acoustic lens 13 and the ultrasonic element
array 18 move relatively each other in the second direction
26. Then, when the ultrasonic wave 24 is output from the
acoustic lens 13, the traveling direction of the ultrasonic
wave 24 is changed. Therefore, the ultrasonic probe 2 can
change the traveling direction of the ultrasonic wave 24. The
traveling direction of the ultrasonic wave 24 changes only in
the second direction 26, but does not change in the column
axis direction 27. When the traveling direction of the ultra-
sonic wave 24 changes in the column axis direction 27,
images of the ultrasonic images 34 to 37 shake in the
horizontal direction. Accordingly, it is difficult to check the
images. The ultrasonic measurement apparatus 1 can change
the traveling direction of the ultrasonic wave 24 only in the
second direction 26 with good operability. Accordingly,
since the traveling direction of the ultrasonic wave 24 does
not change in the column axis direction 27, it becomes easy
to check the image by suppressing the shaking of the images
of the ultrasonic images 34 to 37 in the horizontal direction.
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[0083] FIG. 11 is an electric control block diagram of the
ultrasonic measurement apparatus. In FIG. 11, the ultrasonic
measurement apparatus 1 includes the control device 3 that
controls the operation of the ultrasonic measurement appa-
ratus 1. In addition, the control device 3 includes a central
processing unit (CPU 38) that performs various kinds of
arithmetic processing as a processor and a memory 41 that
stores various kinds of information. The transducer driving
circuit 32, the motor driving circuit 31, the input device 12,
and the display device 9 are also connected to the CPU 38
through an input and output interface 44 and a data bus 45.

[0084] The transducer driving circuit 32 is a device for
driving the ultrasonic element array 18. The transducer
driving circuit 32 receives an instruction signal from the
CPU 38. Transducers are provided in the ultrasonic element
array 18. The transducer driving circuit 32 sequentially
vibrates the transducers at predetermined locations. The
ultrasonic waves 24 are emitted at the locations where the
transducers vibrate. The emitted ultrasonic waves 24 are
reflected by the blood vessel 7 or the insertion needle 84, and
some of the ultrasonic waves 24 reach the ultrasonic element
array 18. In the ultrasonic element array 18, transducers are
vibrated by the received ultrasonic wave 24, and a voltage
signal is output to the transducer driving circuit 32. The
transducer driving circuit 32 receives the voltage signal,
converts the voltage signal into a digital signal, and outputs
the digital signal to the CPU 38.

[0085] The motor driving circuit 31 is a device for driving
the linear motor 29 and a linear encoder 46. The linear
encoder 46 is provided in the first support body 15, and the
linear encoder 46 detects the position of the moving body
16. The motor driving circuit 31 receives an instruction
signal from the CPU 38. Then, the position and the traveling
speed of the moving body 16 are detected using the linear
encoder 46. Then, the motor driving circuit 31 drives the
linear motor 29 so that the moving body 16 is located at a
position indicated by the instruction signal.

[0086] In addition to the rotary knob 10 or the keyboard
11, a device for performing cable communication and wire-
less communication with an external computer is included in
the input device 12. Various kinds of data are input to the
CPU 38 and the memory 41 through the input device 12. The
operator inputs an instruction of the relative position of the
moving body 16 with respect to the acoustic lens 13 by
operating the input device 12.

[0087] The display device 9 is a display device, such as a
liquid crystal display (LCD) or an organic light-emitting
diode (OLED). Measurement conditions, the ultrasonic
images to 37 that are measurement results, and the like are
displayed on the display device 9.

[0088] The memory 41 is a concept including a semicon-
ductor memory, such as a RAM or a ROM, or an external
storage device, such as a hard disk or a DVD-ROM. Func-
tionally, a storage region for storing program software 47, in
which the control procedure of the operation of the ultra-
sonic measurement apparatus 1 is described, or a storage
region for storing ultrasonic image data 48 detected by the
ultrasonic element array 18 is set. In addition, a storage
region for storing motor driving data 49, which is the data
of conditions for driving the linear motor 29, is set. In
addition, a storage region functioning as a temporary file or
awork area for the CPU 38 or other various kinds of storage
regions are set.
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[0089] The CPU 38 moves the moving body 16 according
to the program software 47 stored in the memory 41. Then,
the CPU 38 performs control to detect the reflected wave by
emitting the ultrasonic wave 24 from the ultrasonic element
array 18. As a specific function realizing section, the CPU 38
has an ultrasonic wave reception and transmission control
section 50. The ultrasonic wave reception and transmission
control section 50 performs control to acquire the data of the
ultrasonic wave 24 by making the transducer driving circuit
32 drive the ultrasonic element array 18.

[0090] In addition, the CPU 38 has a movement control
section 51. The movement control section 51 receives infor-
mation of the detection position input from the input device
12. The information of the detection position is information
that the operator sets by operating the input device 12. Then,
the movement control section 51 receives the position data
of the moving body 16 detected by the linear encoder 46.
Then, the movement control section 51 performs control to
move the moving body 16 so that the moving body 16 is
located at the position input by the operator. That is, the
input device 12 receives an input of the relative position
between the acoustic lens 13 and the ultrasonic element
array 18 that are moved relatively each other by the linear
motor 29. The movement control section 51 controls the
relative position between the acoustic lens 13 and the
ultrasonic element array 18.

[0091] In addition, the CPU 38 has an image forming
section 52. The image forming section 52 receives digital
data of the reflected waves output from the transducer
driving circuit 32. Then, an ultrasonic image is formed by
the data of reflected waves. In the present embodiment, each
of the functions described above is realized by program
software using the CPU 38. However, in a case where each
of the functions described above can be realized by a single
electronic circuit (hardware) in which the CPU 38 is not
used, it is also possible to use such an electronic circuit.
[0092] Next, an insertion needle insertion method for
inserting the insertion needle 8a into the blood vessel 7 using
the ultrasonic measurement apparatus 1 will be described
with reference to FIG. 12. FIG. 12 is a flowchart of the
insertion needle insertion method. The operation of the
ultrasonic measurement apparatus 1 is performed by two
operators of first and second operators.

[0093] In the flowchart shown in FIG. 12, step S1 is an
initial setting step. This step is a step in which the movement
control section 51 moves the moving body 16 to the end on
the =Y direction side by making the motor driving circuit 31
drive the linear motor 29. Since the insertion needle 8a is
inserted from the -Y direction side, the ultrasonic element
array 18 emits the ultrasonic wave 24 to the -Y direction
side and stands by. Then, the process proceeds to steps S2
and S3. Step S2 corresponds to a needle insertion step. This
step 1s a step in which the first operator inserts the insertion
needle 8a into the arm 6a. At this time, the first operator
inserts the insertion needle 8a while observing the ultrasonic
image displayed on the display device 9. Steps S2 and S3 to
S6 are performed in parallel.

[0094] Step S3 is an image acquisition step. This step is a
step of acquiring an ultrasonic image. First, the ultrasonic
wave reception and transmission control section 50 emits the
ultrasonic wave 24 into the arm 6a by making the transducer
driving circuit 32 drive the ultrasonic element array 18.
Some of the ultrasonic waves 24 are reflected by the blood
vessel 7, the insertion needle 8a, or the like. Some of the
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reflected ultrasonic waves 24 reach the ultrasonic element
array 18. In the ultrasonic element array 18, transducers are
vibrated by the ultrasonic waves 24 that have reached the
ultrasonic element array 18, thereby outputting a voltage
proportional to the strength of the ultrasonic wave 24 to the
transducer driving circuit 32. The transducer driving circuit
32 converts the voltage proportional to the strength of the
ultrasonic wave 24 into digital data, and outputs the digital
data to the image forming section 52 of the CPU 38. The
image forming section 52 forms the ultrasonic image data 48
by combining the digital data, and stores the ultrasonic
image data 48 in the memory 41. Then, the process proceeds
to step S4.

[0095] Step S4 is a display step. This step is a step in
which the display device 9 displays the ultrasonic image
data 48. Then, the process proceeds to step S5. Step S5 is a
determination step. This step is a step in which the second
operator determines whether or not the ultrasonic image
includes an insertion needle image while observing the
display device 9. When the second operator determines that
the ultrasonic image does not include an insertion needle
image, the process proceeds to step S6. When the second
operator determines that the ultrasonic image includes an
insertion needle image, the process proceeds to step S7.
[0096] Step S6 is a backward step. This step is a step of
moving the moving body 16 in the =Y direction. The second
operator operates the input device 12 to input an instruction
to move the moving body 16 by a predetermined distance in
the —Y direction. The movement control section 51 receives
a movement instruction signal, thereby receiving the posi-
tion of the moving body 16 indicated by the linear encoder
46. When the moving body 16 is located at the end in the -Y
direction, the position of the moving body 16 is maintained.
Then, a message indicating that the ultrasonic wave 24 has
reached the end in the -Y direction is displayed on the
display device 9. When the moving body 16 is not located
at the end in the -Y direction, the motor driving circuit 31
is made to drive the linear motor 29 so that the moving body
16 is moved by a predetermined distance in the -Y direction.
Then, the process proceeds to step S3.

[0097] Step S7 is an end determination step. This step is a
step of determining whether or not to end the measurement
of the position of the insertion needle 8a. In this step, the
second operator checks an ultrasonic image displayed on the
display device 9. When the insertion needle 8a reaches the
blood vessel 7 and the distal end portion 85 of the insertion
needle 8a is not inserted into the blood vessel 7, it is
determined that the measurement of the position of the
insertion needle 8a is not ended. Then, the process proceeds
to step S8. When the insertion needle 8a reaches the blood
vessel 7 and the distal end portion 84 of the insertion needle
8a is inserted into the blood vessel 7, it is determined that the
measurement of the position of the insertion needle 8a is
ended. Then, the step of inserting the insertion needle 8a into
the blood vessel 7 is ended.

[0098] Step S8 is a forward step. This step is a step of
moving the moving body 16 in the +Y direction. The second
operator operates the input device 12 to input an instruction
to move the moving body 16 by a predetermined distance in
the +Y direction. The movement control section 51 receives
a movement instruction signal, thereby receiving the posi-
tion of the moving body 16 indicated by the linear encoder
46. When the moving body 16 is located at the end in the +Y
direction, the position of the moving body 16 is maintained.



US 2017/0252006 A1l

Then, a message indicating that the ultrasonic wave 24 has
reached the end in the +Y direction is displayed on the
display device 9. When the moving body 16 is not located
at the end in the +Y direction, the motor driving circuit 31
is made to drive the linear motor 29 so that the moving body
16 is moved by a predetermined distance in the +Y direction.
Then, the process proceeds to step S3.

[0099] Next, an insertion needle insertion method corre-
sponding to steps S4 to S8 shown in FIG. 12 will be
described in detail with reference to FIGS. 5 to 8. In the
image acquisition step of step S3, as shown in FIG. 7, the
insertion needle 8a is located on the -Y direction side with
respect to the ultrasonic wave 24. At this time, the ultrasonic
image 36 shown in FIG. 8 is displayed on the display device
9 in the display step of step S4. In the determination step of
step S5, the second operator determines that the ultrasonic
image 36 does not include an insertion needle image. Then,
in the backward step of step S6, the second operator moves
the moving body 16 in the -Y direction by operating the
input device 12. The amount of movement of the moving
body 16 is a predetermined short distance.

[0100] As a result, in step S3, as shown in FIG. 5, the
ultrasonic wave 24 is emitted to the insertion needle 8a.
Then, in step S4, the ultrasonic image 35 shown in FIG. 6
is displayed on the display device 9. The blood vessel image
35a and the insertion needle image 355 are displayed on the
ultrasonic image 35. Since the amount of movement of the
moving body 16 is short, the insertion needle image 356 of
the location of the distal end portion 85 of the insertion
needle 8a is displayed on the ultrasonic image 35. Through
the ultrasonic image 35, the first operator can recognize that
the blood vessel image 35a and the insertion needle image
3556 are away from each other. Then, in step S2, the first
operator further inserts the insertion needle 8a. As a result,
the distal end portion 85 of the insertion needle 8« is located
on the +Y direction side with respect to the location where
the ultrasonic wave 24 passes.

[0101] In the determination step of step S5, the second
operator determines that the ultrasonic image 35 includes the
insertion needle image 355. Then, in the forward step of step
S8, the second operator moves the moving body 16 by a
predetermined distance in the +Y direction by operating the
input device 12. Thus, steps S2 to S8 are repeated. The first
operator can advance the insertion needle 8a while checking
the position of the distal end portion 85 of the insertion
needle 8a according to this procedure. Then, as shown in
FIG. 9, the insertion needle 8a reaches the blood vessel 7. In
step S4, the first operator checks that the insertion needle 8a
has reached the blood vessel 7, and further inserts the
insertion needle 8a into the blood vessel 7. Then, the first
and second operators check that the insertion needle 8a has
been inserted into the blood vessel 7 by checking the display
device 9. In the end determination step of step S7, determi-
nation to end a step of acquiring an ultrasonic image is made,
and a step of inserting the insertion needle 8« into the blood
vessel 7 is ended.

[0102] As described above, according to the present
embodiment, the following effect is obtained.

[0103] (1) According to the present embodiment, the ultra-
sonic measurement apparatus 1 includes the ultrasonic ele-
ment array 18, the acoustic lens 13, and the linear guide 23.
The ultrasonic element array 18 emits the ultrasonic wave 24
in the first direction 25. The acoustic lens 13 is a columnar
lens, and changes the traveling direction of the ultrasonic
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wave 24 emitted from the ultrasonic element array 18. The
acoustic lens 13 has a shape in which a predetermined
sectional shape extends in the column axis direction 27.
When the acoustic lens 13 and the ultrasonic element array
18 move relatively each other, the linear guide 23 restricts
the movement direction so that the acoustic lens 13 and the
ultrasonic element array 18 move relatively each other in the
second direction 26.

[0104] Accordingly, the second direction 26 in which the
acoustic lens 13 and the ultrasonic element array 18 move
relatively each other is a direction crossing the first direction
25. The second direction 26 is a direction crossing the
column axis direction 27 of the acoustic lens 13. The
acoustic lens 13 is a lens whose thickness in the first
direction 25 changes corresponding to the position of the
second direction 26. That is, the surface of the acoustic lens
13 in the first direction 25 is a convex shape. The ultrasonic
wave 24 is input to the acoustic lens 13, and is output from
the acoustic lens 13. The traveling direction of the ultrasonic
wave 24 output from the acoustic lens 13 changes corre-
sponding to the angle of the surface of the acoustic lens 13
on the first direction 25 side.

[0105] The acoustic lens 13 and the ultrasonic element
array 18 move relatively each other in the second direction
26. Accordingly, since the angle of the surface on the first
direction 25 side of the location where the ultrasonic wave
24 is output from the acoustic lens 13 is changed, the
traveling direction of the ultrasonic wave 24 is changed
when the ultrasonic wave 24 is output from the acoustic lens
13. Therefore, the ultrasonic measurement apparatus 1 can
change the traveling direction of the ultrasonic wave 24. The
traveling direction of the ultrasonic wave 24 changes only in
the second direction 26, but does not change in the column
axis direction 27. Since the traveling direction of the ultra-
sonic wave 24 does not change in the column axis direction
27, it is possible to suppress the shaking of the ultrasonic
image displayed on the display device 9 in the horizontal
direction. Therefore, the ultrasonic measurement apparatus 1
can change the traveling direction of the ultrasonic wave 24
with good operability.

[0106] (2) According to the present embodiment, the
acoustic lens 13 is a convex lens. In addition, the acoustic
lens 13 is used in contact with the arm 6a. The material of
the acoustic lens 13 is a material in which the traveling speed
of the ultrasonic wave 24 is higher than the traveling speed
of the ultrasonic wave 24 in the arm 6a. For this reason, the
traveling speed of the ultrasonic wave 24 is reduced when
the ultrasonic wave 24 enters the subject under examination
from the acoustic lens 13. In addition, since the acoustic lens
13 is a convex lens and the arm 6a functions as a concave
lens, the ultrasonic measurement apparatus 1 can emit the
ultrasonic wave 24 to a place wider than the width of the
acoustic lens in the second direction 26.

[0107] (3) According to the present embodiment, the ultra-
sonic measurement apparatus 1 further includes the linear
motor 29, the movement control section 51, and the input
device 12. The linear motor 29 moves the acoustic lens 13
and the ultrasonic element array 18 relatively each other.
The movement control section 51 controls the relative
position between the acoustic lens 13 and the ultrasonic
element array 18. The second operator inputs the relative
position using the input device 12. Then, the input device 12
receives an input of the relative position between the acous-
tic lens 13 and the ultrasonic element array 18 that are
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moved relatively each other by the linear motor 29. The
movement control section 51 controls the linear motor 29 to
move the acoustic lens 13 and the ultrasonic element array
18 relatively each other. Therefore, the second operator can
perform an operation of moving the acoustic lens 13 and the
ultrasonic element array 18 in the second direction 26. As a
result, the distal end portion 84 of the insertion needle 8a can
be displayed on the display device 9.

[0108] (4) According to the present embodiment, the gel
14 is disposed between the ultrasonic element array 18 and
the acoustic lens 13. A change in the acoustic impedance
between the ultrasonic element array 18 and the acoustic
lens 13 can be reduced by the gel 14. As a result, it is
possible to suppress the reflection of the ultrasonic wave 24
between the ultrasonic element array 18 and the acoustic
lens 13.

[0109] (5) According to the present embodiment, since the
first operator can observe the distal end portion 86 of the
insertion needle 8a in a clear ultrasonic image, it is possible
to reduce the failure of insertion. In addition, it is possible
to reduce complications caused by blood leakage due to the
failure of insertion.

Second Embodiment

[0110] Next, an embodiment of the ultrasonic measure-
ment apparatus will be described with reference to FIGS. 13
and 14. The present embodiment is different from the first
embodiment in that the CPU 38 has functions of an image
processing section and a determination section. In addition,
the explanation of the same points as in the first embodiment
will be omitted.

[0111] FIG. 13 is an electric control block diagram of the
ultrasonic measurement apparatus. That is, in the present
embodiment, as shown in FIG. 13, in a control device 56 as
a control unit of the ultrasonic measurement apparatus 55,
the CPU 38 has an image processing section 57 as a specific
function realizing section. The image processing section 57
performs image processing on the ultrasonic image formed
by the image forming section 52. First, the image processing
section 57 removes noise from the ultrasonic image. This
makes the brightness of a portion having a minute area the
same as the surrounding brightness. Then, division into a
bright portion and a dark portion is performed using a
predetermined brightness setting value. Usually, this step is
called binarization. Then, the respective bright and dark
regions are divided into separate islands, and the number of
pixels of each island is measured. This island indicates a
portion when a bright portion and a dark portion are sepa-
rated from each other and each region of a region of a bright
portion and a region of a dark portion. The number of pixels
is a feature quantity corresponding to the area of the ultra-
sonic image. In addition, the image processing section 57
calculates the feature quantity of each island by calculating
the circumference and the width of each island and perform-
ing classification as to whether or not the island has a ring
shape.

[0112] The CPU 38 has a determination section 58. The
determination section 58 performs classification into an
island corresponding to a blood vessel image and an island
corresponding to an insertion needle image from the feature
quantity, such as the area measured by the image processing
section 57. Then, the determination section 58 checks an
insertion needle image in the ultrasonic image to determine
whether or not the ultrasonic image includes an insertion
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needle image. The motor driving data 49 of the memory 41
includes data of the amount of movement for moving the
moving body 16 in the forward step and the backward step.
The determination section 58 has a function of outputting an
instruction signal, which indicates whether to advance the
moving body 16 in the +Y direction or to retreat the moving
body 16 in the =Y direction according to a determination
result regarding whether or not the ultrasonic image includes
an insertion needle image, to the movement control section
51. The movement control section 51 receives the instruc-
tion signal of the determination section 58, and performs
control to move the moving body 16 based on the instruction
signal.

[0113] FIG. 14 is a flowchart of the insertion needle
insertion method. The operation of the ultrasonic measure-
ment apparatus 55 is performed by one first operator. Since
steps S1 to S3 are the same as in the first embodiment, the
explanation thereof will be omitted. After step S3, a deter-
mination step of step S11 is performed. In step S11, the CPU
38 determines whether or not the ultrasonic image 36
includes an insertion needle image. Specifically, the image
processing section 57 calculates a feature quantity, such as
the area of each island of an image included in the ultrasonic
image. The insertion needle image has a vertically long
shape, and the blood vessel image has a circular shape. Such
determination can be made based on the ratio of the hori-
zontal width and the vertical length. Since the area of the
insertion needle image is smaller than the area of the blood
vessel image, such determination can be made by compari-
son with a predetermined determination value. In addition,
respective islands are classified into an island corresponding
to the blood vessel image and an island corresponding to the
insertion needle image. Then, the determination section 58
checks an insertion needle image in the ultrasonic image to
determine whether or not the ultrasonic image includes an
insertion needle image.

[0114] When the determination section 58 determines that
the ultrasonic image does not include an insertion needle
image in the determination step of step S11, the process
proceeds to the backward step of step S12. Then, in the
backward step of step S12, the movement control section 51
controls the motor driving circuit 31 to drive the linear motor
29 50 that the moving body 16 is moved in the -Y direction.
Data of the amount of movement as the amount of relative
movement by which the moving body 16 moves is stored in
the motor driving data 49, and is a predetermined length.
Then, the process proceeds to step S3. When the ultrasonic
image does not include an insertion needle image, steps S3,
S11, and S12 are repeated so that the ultrasonic image
includes an insertion needle image. Then, the control device
56 controls the moving body 16 so that the ultrasonic image
includes an insertion needle image.

[0115] When the determination section 58 determines that
the ultrasonic image includes an insertion needle image in
the determination step of step S11, the process proceeds to
the display step of step S4. In step S4, the ultrasonic image
is displayed on the display device 9. The insertion needle 8a
is a rod-shaped member having the distal end portion 85, and
the determination section 58 proceeds to step S4 only when
an insertion needle image is detected in the ultrasonic image.
Then, in step S4, an ultrasonic image including the insertion
needle image of the distal end portion is displayed on the
display device 9. Since the ultrasonic image includes the
insertion needle image, the operator can check the position
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of the insertion needle. Then, the process proceeds to the end
determination step of step S7. When the first operator
determines “not ended”, the process proceeds to the forward
step of step S13. In step S13, the movement control section
51 controls the motor driving circuit 31 to drive the linear
motor 29 so that the moving body 16 is moved in the +Y
direction. Data of the amount of movement as the amount of
relative movement by which the moving body 16 moves is
stored in the motor driving data 49, and is a predetermined
length. Then, the process proceeds to step S3.

[0116] When the first operator determines “ended” in the
end determination step of step S7, the step of inserting the
insertion needle 8a into the blood vessel 7 is ended.
[0117] An ultrasonic image is displayed on the display
device 9 only when the moving body 16 is moved in the +Y
direction in the forward step of step S13 and the ultrasonic
image includes an insertion needle image in the determina-
tion step of step S11. When the ultrasonic wave 24 is emitted
to the +Y direction side from the distal end portion 85 of the
insertion needle 8a, no ultrasonic image is displayed on the
display device 9 since the ultrasonic image does not include
an insertion needle image. Therefore, an ultrasonic image
including the image of the distal end portion 85 of the
insertion needle 8a is displayed on the display device 9.
[0118] As described above, according to the present
embodiment, the following effect is obtained.

[0119] (1) According to the present embodiment, the
image forming section 52 forms an ultrasonic image from
the data of reflected waves, and the determination section 58
determines an insertion needle image of the ultrasonic
image. At this time, when the ultrasonic image does not
include an insertion needle image, the movement control
section 51 controls the linear motor 29. Then, the ultrasonic
image is made to include an insertion needle image. As a
result, the first operator can recognize the position of the
distal end portion 85 of the insertion needle 8a by observing
the ultrasonic image.

[0120] (2) According to the present embodiment, the
insertion needle 84 is a rod-shaped member having the distal
end portion 85. The determination section 58 detects the
distal end portion 85 depending on whether or not the distal
end portion 8b is reflected on the ultrasonic image. Then, the
ultrasonic measurement apparatus 55 displays the ultrasonic
image including the distal end portion 85 on the display
device 9. Therefore, the first operator can check the position
of the distal end portion 8 even when the distal end portion
86 of the insertion needle 8a moves.

Third Embodiment

[0121] Next, an embodiment of the ultrasonic measure-
ment apparatus will be described with reference to FIGS. 15
and 16. The present embodiment is different from the first
embodiment in that the acoustic lens is a concave lens. In
addition, the explanation of the same points as in the first
embodiment will be omitted.

[0122] FIGS. 15 and 16 are schematic side sectional views
showing the structure of an ultrasonic probe. FIG. 15 is a
diagram when the moving body 16 has moved in the -Y
direction, and FIG. 16 is a diagram when the moving body
16 has moved in the +Y direction. That is, in the present
embodiment, as shown in FIG. 15, an ultrasonic probe 62
provided in an ultrasonic measurement apparatus 61
includes an acoustic lens 63. The acoustic lens 63 is a
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concave lens. The acoustic lens 63 is pressed against the skin
of the arm 64, and is used in contact with the skin of the arm
6a.

[0123] A bottomed rectangular tubular first support body
64 is provided on the -Z direction side of the acoustic lens
63. A moving body 16 that moves in the Y direction is
provided in the first support body 64. The moving body 16
includes a substrate 17, and an ultrasonic element array 18
as an ultrasonic wave transmission unit and an ultrasonic
wave receiving unit is provided on the surface of the
substrate 17 on the +7 direction side.

[0124] When the moving body 16 moves to the -Y
direction side along the second direction 26, the ultrasonic
wave 24 travels to the -Y direction side due to the acoustic
lens 63. The material of the acoustic lens 63 is a material in
which the traveling speed of the ultrasonic wave 24 is lower
than the traveling speed of the ultrasonic wave 24 in the arm
6a. The traveling speed of the ultrasonic wave 24 in the arm
6a is 1530 nv/s. Silicone rubber and PDMS can be used as
materials of the acoustic lens 63. The traveling speed of the
ultrasonic wave 24 in silicone rubber is 1000 my/s, and the
traveling speed of the ultrasonic wave 24 in polydimethyl-
siloxane (PDMS) is 900 to 10000 m/s. In the present
embodiment, for example, silicone rubber is used as a
material of the acoustic lens 63.

[0125] At this time, the traveling speed of the ultrasonic
wave 24 is increased when the ultrasonic wave 24 enters the
arm 6a from the acoustic lens 63. The acoustic lens 63 is a
concave lens, and the subject under examination functions
as a convex lens. Accordingly, the ultrasonic probe 62 can
emit the ultrasonic wave 24 to a place wider than the width
of the acoustic lens 63 in the second direction 26. By moving
the moving body 16 to the -Y direction side, the ultrasonic
wave 24 is made to travel to the -Y direction side. There-
fore, it is possible to detect the insertion needle 8a inserted
from the -Y direction side.

[0126] As shown in FIG. 16, the insertion needle 8a is
inserted in the +Y direction. At this time, the control device
3 moves the moving body 16 to the +Y direction side along
the second direction 26. The ultrasonic wave 24 travels to
bend in the +Y direction due to the acoustic lens 63. Then,
since the ultrasonic wave 24 passes through the distal end
portion 85 of the insertion needle 8q, the ultrasonic element
array 18 detects reflected waves from the distal end portion
86 of the insertion needle 8a.

[0127] As described above, according to the present
embodiment, the following effect is obtained.

[0128] (1) According to the present embodiment, the
acoustic lens 63 is a concave lens. In addition, the acoustic
lens 63 is used in contact with the arm 6a. The material of
the acoustic lens 63 is a material in which the traveling speed
of the ultrasonic wave 24 is lower than the traveling speed
of the ultrasonic wave 24 in the arm 6a. Accordingly, the
traveling speed of the ultrasonic wave 24 is increased when
the ultrasonic wave 24 enters the arm 6a from the acoustic
lens 63. In addition, since the acoustic lens 63 is a concave
lens, the ultrasonic measurement apparatus 61 can emit the
ultrasonic wave 24 to a place wider than the width of the
acoustic lens 63 in the second direction 26.

Fourth Embodiment

[0129] Next, an embodiment of the ultrasonic measure-
ment apparatus will be described with reference to FIGS. 17
and 18. The present embodiment is different from the first
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embodiment in that the moving body 16 moves obliquely
with respect to the first direction 25. In addition, the expla-
nation of the same points as in the first embodiment will be
omitted.

[0130] FIGS. 17 and 18 are schematic side sectional views
showing the structure of an ultrasonic probe. F1G. 17 is a
diagram when the moving body has moved to the center, and
FIG. 18 is a diagram when the moving body has moved in
the +Y direction. That is, in the present embodiment, as
shown in FIG. 17, an ultrasonic probe 68 provided in an
ultrasonic measurement apparatus 67 includes an acoustic
lens 13. The acoustic lens 13 is pressed against the skin of
the arm 6a, and is used in contact with the skin of the arm
6a.

[0131] A bottomed rectangular tubular first support body
69 is provided on the -Z direction side of the acoustic lens
13. A moving body 71 that moves along an oblique second
direction 70 crossing the first direction 25 is provided inside
the first support body 69. The moving body 71 includes a
substrate 72, and an ultrasonic element array 18 is provided
on the surface of the substrate 72 on the +Z7 direction side.

[0132] Alinear guide 73 as a movement restriction unit is
provided on both sides of the substrate 72 on the +X and -X
direction sides. The moving body 71 is moved in the second
direction 70 by the linear guide 73. When the moving body
71 moves in the second direction 70, the distance between
the moving body 71 and the acoustic lens 13 is changed. The
packing 28 has elasticity, and expands and contracts in the
first direction 25. Therefore, the gel 14 is held between the
ultrasonic element array 18 and the acoustic lens 13.

[0133] As shown in FIG. 18, the insertion needle 8a is
inserted in the +Y direction. At this time, the control device
3 moves the moving body 71 to the +Y direction side along
the second direction 70. The ulirasonic wave 24 travels to
bend in the +Y direction due to the acoustic lens 13. Then,
since the ultrasonic wave 24 passes through the distal end
portion 85 of the insertion needle 84, the ultrasonic element
array 18 detects reflected waves from the distal end portion
8b of the insertion needle 8a.

[0134] When the moving body 71 moves along the second
direction 70, the position of the moving body 71 in the first
direction 25 with respect to the arm 6a is changed. A place
where the ultrasonic wave 24 concentrates due to the acous-
tic lens 13 is defined as a focal point 24a. When the moving
body 71 moves along the second direction 70, the position
of the focal point 24a in the first direction 25 with respect to
the arm 6a is changed. When the distal end portion 85 of the
insertion needle 8a is located on the -Y direction side, the
distal end portion 85 is located in a shallow place of the arm
6a. Then, when the moving body 71 is located on the -Y
direction side, the focal point 24a is also located in a shallow
place of the arm 6a. In a place close to the focal point 24aq,
it is possible to make an ultrasonic image clear compared
with a place far from the focal point 24a. Therefore, it is
possible to make an insertion needle image corresponding to
the distal end portion 85 clear.

[0135] When the distal end portion 85 of the insertion
needle 8a is located on the +Y direction side, the distal end
portion 85 is located in a deep place of the arm 6a. Then,
when the moving body 71 is located on the +Y direction
side, the focal point 24a is also located in a deep place of the
arm 6a. Therefore, it is possible to make an insertion needle
image corresponding to the distal end portion 85 clear.
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[0136] As described above, according to the present
embodiment, the following effect is obtained.

[0137] (1) According to the present embodiment, since the
ultrasonic probe 68 changes the position of the focal point
24a according to the movement of the moving body 71, an
image corresponding to the distal end portion 85 of the
insertion needle 8¢ in an ultrasonic image can be made clear.

Fifth Embodiment

[0138] Next, an embodiment using an ultrasonic measure-
ment apparatus will be described with reference to FIGS. 19
and 20. The present embodiment is different from the first
embodiment in that the blood vessel 7 that is obliquely
located in the arm 6a is imaged. In addition, the explanation
of the same points as in the first embodiment will be omitted.

[0139] FIGS. 19 and 20 are schematic side sectional views
for explaining a method of detecting a blood vessel using
ultrasonic waves. FIG. 19 is a diagram when the moving
body has moved to the center, and FIG. 20 is a diagram when
the moving body has moved in the -Y direction. That is, in
the present embodiment, as shown in FIG. 19, the blood
vessel 7 is disposed obliquely with respect to a surface 64 of
the arm 6a. In the second direction 26, the moving body 16
is located at the center of the ultrasonic probe 2. At this time,
the ultrasonic wave 24 emitted from the ultrasonic element
array 18 passes through the acoustic lens 13 to travel in the
first direction 25.

[0140] The ultrasonic wave 24 emitted to the blood vessel
7 is reflected by the blood vessel 7. Since the blood vessel
7 is oblique with respect to the first direction 25, a main
portion of the reflected wave of the ultrasonic wave 24
travels obliquely with respect to the first direction 25. Then,
the strength of the reflected wave of the ultrasonic wave 24
traveling in the first direction 25 becomes low. Therefore,
the strength of the ultrasonic wave 24 received by the
ultrasonic element array 18 is low. For this reason, in the
ultrasonic image displayed on the display device 9 by the
ultrasonic measurement apparatus 1, an image correspond-
ing to the blood vessel 7 becomes thin. Accordingly, it is
difficult to check the image. In particular, since the strength
of the reflected wave is low on the inner wall of the blood
vessel 7, it is difficult to check an image corresponding to the
inner wall of the blood vessel 7 in the ultrasonic image.

[0141] As shown in FIG. 20, when the moving body 16
moves in the -Y direction, the ultrasonic wave 24 emitted
from the ultrasonic element array 18 passes through the
acoustic lens 13 to travel in the -Y direction and +7
direction. The ultrasonic wave 24 emitted to the blood vessel
7 is reflected by the blood vessel 7. The traveling direction
of the ultrasonic wave 24 and the direction in which the
blood vessel 7 extends are approximately perpendicular to
each other. At this time, a main portion of the reflected wave
of the ultrasonic wave 24 travels toward the ultrasonic
element array 18. Then, the strength of the reflected wave of
the ultrasonic wave 24 traveling toward the ultrasonic ele-
ment array 18 becomes high. Accordingly, the strength of the
ultrasonic wave 24 received by the ultrasonic element array
18 is high. For this reason, in the ultrasonic image displayed
on the display device 9 by the ultrasonic measurement
apparatus 1, an image corresponding to the blood vessel 7
becomes clear. Accordingly, it is easy to check the image.
Also on the inner wall of the blood vessel 7. the strength of
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the reflected wave is high. Therefore, it is easy to check the
image corresponding to the blood vessel 7 in the ultrasonic
image.

[0142] As described above, according to the present
embodiment, the following effect is obtained.

[0143] (1) According to the present embodiment, the ultra-
sonic probe 2 can change the traveling direction of the
ultrasonic wave 24 according to the movement of the
moving body 16. Even when the blood vessel 7 is oblique
with respect to the first direction 25, the image correspond-
ing to the blood vessel 7 can be made clear by changing the
traveling direction of the ultrasonic wave 24 by moving the
moving body 16.

[0144] The invention is not limited to the embodiments
described above, and various modifications or improve-
ments can be made within the technical idea of the invention
by those skilled in the art. Modification examples will be
described below.

Modification Example 1

[0145] In the first embodiment described above, the linear
motor 29 moves the moving body 16. Without being limited
thereto, an operator may press the moving body 16 with a
finger. Since the linear motor 29 and the motor driving
circuit 31 are not necessary, it is possible to manufacture the
ultrasonic measurement apparatus 1 with good productivity.
When using a motor, motors other than the linear motor 29
may be used. A ball screw and a motor having a rotary shaft
may be combined. Alternatively, a piezoelectric motor may
be used.

Modification Example 2

[0146] In the first embodiment described above, the ultra-
sonic probe 2 and the control device 3 are connected to each
other by the wiring line 4. The ultrasonic probe 2 and the
control device 3 may wirelessly communicate with each
other. It is possible to easily provide the control device 3 in
a place where the display device 9 is easy to see.

Modification Example 3

[0147] In the first embodiment described above, an
example of injection into the blood vessel 7 is shown. In
addition, at the time of injection into nerves or at the time of
injection into an organ, the ultrasonic measurement appara-
tus 1 may be used. Also at this time, it is possible to
accurately insert the insertion needle 8a to the target loca-
tion. In addition, it is possible to suppress complications
caused by damaging the nerve. In addition, when sampling
the tissue of a lesion part for biological tissue diagnosis, the
ultrasonic measurement apparatus 1 may be used. In addi-
tion, the ultrasonic measurement apparatus 1 maybe used for
percutaneous radiofrequency ablation therapy. In the percu-
taneous radiofrequency ablation therapy, the electrode
needle is inserted into the center of the tumor through the
skin. Then, the current of the wavelength of the radio wave
is applied to generate heat around the needle. The tumor is
necrotized by the heat. The electrode needle is inserted to the
center of the tumor while observing the tumor in the
ultrasonic image formed by the ultrasonic measurement
apparatus 1. Therefore, it is possible to locate the electrode
needle with high positional accuracy.
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[0148] The entire disclosure of Japanese Patent Applica-
tion NO. 2016-041857 filed on Mar. 4, 2016 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic measurement apparatus, comprising:

an ultrasonic wave transmission unit that emits an ultra-
sonic wave in a first direction;

a columnar acoustic lens that changes a traveling direction
of the ultrasonic wave emitted from the ultrasonic wave
transmission unit; and

a movement restriction unit that restricts a movement
direction such that the acoustic lens and the ultrasonic
wave transmission unit move relatively each other in a
second direction crossing the first direction and a
column axis direction of the acoustic lens.

2. The ultrasonic measurement apparatus according to

claim 1,

wherein the acoustic lens is a convex lens, and

a material of the acoustic lens is a material in which a
traveling speed of an ultrasonic wave is higher than that
of an ultrasonic wave in a subject under examination.

3. The ultrasonic measurement apparatus according to

claim 1,

wherein the acoustic lens is a concave lens, and

a material of the acoustic lens is a material in which a
traveling speed of an ultrasonic wave is lower than that
of an ultrasonic wave in a subject under examination.

4. The ultrasonic measurement apparatus according to

claim 1, further comprising:

a moving unit that moves the acoustic lens and the
ultrasonic wave transmission unit relatively each other;

a control unit that controls a relative position between the
acoustic lens and the ultrasonic wave transmission unit;
and

an input unit that receives an input of the relative position.

5. The ultrasonic measurement apparatus according to

claim 1, further comprising:

a moving unit that moves the acoustic lens and the
ultrasonic wave transmission unit relatively each other;

a control unit that controls the moving unit;

an ultrasonic wave receiving unit that receives a reflected
wave reflected by a subject under examination;

an image forming unit that forms an ultrasonic image
from data of the reflected wave;

a determination unit that determines a subject of the
ultrasonic image; and

a display unit that displays the ultrasonic image,

wherein, when the ultrasonic image does not include the
subject, the control unit controls the moving unit such
that the ultrasonic image includes the subject.

6. The ultrasonic measurement apparatus according to

claim 5,

wherein the subject is a rod-shaped member having a
distal end portion, and

the control unit detects the distal end portion, and displays
the ultrasonic image including the distal end portion on
the display unit.

7. The ultrasonic measurement apparatus according to

claim 1,

wherein a liquid material is disposed between the ultra-
sonic wave transmission unit and the acoustic lens.

8. An ultrasonic probe, comprising:

an ultrasonic wave transmission unit that emits an ultra-
sonic wave in a first direction;
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a columnar acoustic lens that changes a traveling direction
of the ultrasonic wave emitted from the ultrasonic wave
transmission unit; and

a movement restriction unit that restricts a movement
direction such that the acoustic lens and the ultrasonic
wave transmission unit move relatively each other in a
second direction crossing the first direction and a
column axis direction of the acoustic lens.
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