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Description
Technical Field

[0001] The present invention relates to an acoustic
wave acquisition apparatus.

Background Art

[0002] A photoacoustic imaging method is proposed
as a technique for imaging the inside of a subject using
acoustic waves (typically, ultrasonic waves). The pho-
toacoustic imaging method is a method for visualizing
information related to optical characteristic values inside
a subject by using acoustic waves generated by irradiat-
ing the subject with pulse laser light.

[0003] PTL 1describesamethod forreceiving acoustic
waves from a subject (a breast) by using a plurality of
transducers arranged on a hemisphere surface and gen-
erating (reconstructing) three-dimensional image data.
Fig. 10 is a schematic diagram showing an appearance
of a detector described in PTL 1. Fig. 10 shows a state
in which the subject s irradiated with light. On this device,
a subject personinserts her breast into the hemispherical
detector to which transducers are arranged and the sub-
ject person lies on her stomach. A gap between the in-
serted breast and the transducers is filled with water to
perform acoustic matching. When measurement is per-
formed, the detector to which the transducers are ar-
ranged rotates step by step and the transducers receive
acoustic waves at each position. The rotation axis is an
axis passing through the top of the hemisphere and the
center of the hemisphere. The detector rotates in this
way, so that it is possible to perform measurement as if
transducers were present in many directions even when
a small number of transducers are used. The breast is
inserted to be located near the center of the hemisphere
of the detector, and pulse light is irradiated from the top
portion of the hemisphere on a rotation axis of the detec-
tor.

[0004] Prior art which is related to this field of technol-
ogy can be foundin e.g. document US 2010/0179434 A1
disclosing systems and methods for making and using
intravascular ultrasound systems with photo-acousticim-
aging capabilities, indocument US 2007/0299341 A1 dis-
closing a photoacoustic and thermoacoustic tomography
for breast imaging, in document US 2008/0173093 A1
disclosing a system and method for photoacoustic tom-
ography of joints, in document EP 2 003 472 A1 disclos-
ing an ultrasound device with improved isotropy of the
spatial resolution pattern, and in document EP 2 148 183
A1 disclosing an imaging device and method for optoa-
coustic imaging of small animals.
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[0005] [PTL 1] U.S. Patent No. 5,713,356

Summary of Invention

[0006] The acoustic wave generated from the subject
is proportional to the lightintensity at the position at which
the acoustic wave is generated. Therefore, when gener-
ating image data by using the photoacoustic imaging
method, it is desirable to irradiate the subject with light
having a uniform intensity. If the intensity of the irradiated
light is uneven, the intensity of the generated acoustic
waves becomes uneven, so that the contrast distribution
of reconstructed image is generated without respect to
the contrast distribution of an object (light-absorbing
body) in the subject.

[0007] When measurement is performed by using the
device shown in Fig. 10, the subject person lies on her
stomach and inserts her breast into the inside of the de-
tector having an opening in the upper portion thereof.
The pulse light is irradiated from the rotation axis direc-
tion, so that an intense light is irradiated near the nipple,
and the intensity of the light irradiated near the chest wall
weakens due to attenuation. Therefore, the acoustic
waves from the nipple portion are strong and the contrast
of the image is high. On the other hand, the acoustic
waves from the chest wall portion are weak and the con-
trast of the image is low. As described above, in the de-
vice of PTL 1, the light is irradiated only from the rotation
axis direction, so that the light irradiation position does
not change. Therefore, unevenness of light irradiation
intensity occurs in the subject.

[0008] In view of the above problem, the present in-
vention provides an acoustic wave acquisition apparatus
that reduces the unevenness of light irradiation intensity
in a rotation-type detector.

[0009] The acoustic wave acquisition apparatus of the
present invention is defined by claim 1.

Further details are set out in the dependent claims.

[0010] According to the presentinvention, itis possible
to reduce unevenness of the intensity of the light hit on
the subject by irradiating the subject with light from at
least a direction other than the rotation axis direction.

Brief Description of Drawings
[0011]

[fig. 1AJFig. 1A is a schematic diagram for explaining
an acoustic wave acquisition apparatus according
to a first embodiment of the present invention.

[fig. IB]Fig. 1B is a schematic diagram for explaining
the acoustic wave acquisition apparatus according
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to the first embodiment of the present invention.
[fig. 2]Fig. 2 is a block diagram for explaining the
device according to the first embodiment of the
present invention.

[fig. 3AJFig. 3A is a schematic diagram for explaining
atransducer and alightirradiation position according
to a second embodiment of the present invention.
[fig. 3B]Fig. 3B is a schematic diagram for explaining
the transducer and the light irradiation position ac-
cording to the second embodiment of the present
invention.

[fig. 4AJFig. 4Ais a schematic diagram for explaining
atransducer and alightirradiation position according
to a fourth embodiment of the present invention.
[fig.4B]Fig. 4B is a schematic diagram for explaining
the transducer and the light irradiation position ac-
cording to the fourth embodiment of the present in-
vention.

[fig.5]Fig. 5 is a schematic diagram for explaining an
acoustic wave acquisition apparatus according to a
fith embodiment of the present invention.
[fig.6A]Fig. 6A is a schematic diagram for explaining
atransducer and alightirradiation position according
to a sixth embodiment of the present invention.
[fig.6B]Fig. 6B is a schematic diagram for explaining
the transducer and the light irradiation position ac-
cording to the sixth embodiment of the present in-
vention.

[fig.7AJFig. 7A is a schematic diagram for explaining
an acoustic wave acquisition apparatus according
to a seventh embodiment of the present invention.
[fig.7B]Fig. 7B is a schematic diagram for explaining
the acoustic wave acquisition apparatus according
to the seventh embodiment of the present invention.
[fig.8AJFig. 8A is a schematic diagram for explaining
an acoustic wave acquisition apparatus according
to an eighth embodiment of the present invention.
[fig.8B]Fig. 8B is a schematic diagram for explaining
the acoustic wave acquisition apparatus according
to the eighth embodiment of the present invention.
[fig.9AJFig. 9A is a schematic diagram showing the
light intensity distribution formed by a conventional
example.

[fig.9B]Fig. 9B is a schematic diagram showing the
light intensity distribution formed by the first embod-
iment of the present invention.

[fig.9C]Fig. 9C is a schematic diagram showing the
light intensity distribution formed by the second em-
bodiment of the present invention.

[fig.9D]Fig. 9D is a schematic diagram showing the
light intensity distribution formed by the third embod-
iment of the present invention.

[fig. 10] Fig. 10 is a schematic diagram for explaining
a light irradiation method of a conventional example.

Description of Embodiments

[0012] Hereinafter, the present invention will be de-
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scribed with reference to the drawings.

[0013] A basic embodiment of an acoustic wave ac-
quisition apparatus to which the present invention can
be applied will be described with reference to Figs. 1 and
2. Figs. 1A and 1B are schematic diagrams showing a
configuration of the acoustic wave acquisition apparatus
to which the present invention can be applied. Fig. 1A is
a cross-sectional view showing a structure around a de-
tector 5 and an arrangement of a subject 6. Fig. 1B is a
top view showing an arrangement of transducers 7 and
lightirradiation portions 4. Fig. 2 is a block diagram show-
ing a configuration of the acoustic wave acquisition ap-
paratus to which the present invention can be applied.
[0014] The acoustic wave acquisition apparatus of the
present invention includes a plurality of transducers 7, a
light source 1 that generates pulse light, and a plurality
of light irradiation portions 4 that irradiate the subject 6
with the pulse light generated by the light source 1. The
plurality of transducers 7 are arranged on the detector 5
having a hemispherical shape so that the transducers 7
surround the subject 6. The detector 5 is rotated around
a predetermined rotation axis by a motor 12 which is a
rotation driving unit. The light generated by the light
source 1 is transmitted to the light irradiation portions 4
by a waveguide unit 3.

[0015] The transducer 7 is an element for receiving an
acoustic wave and converting the acoustic wave into an
electrical signal. The transducers 7 are arranged on the
detector 5 as indicated by black circles in Fig. 1B. The
positions of the light irradiation portions 4 that irradiate
the subject 6 with the pulse light are indicated by white
circles in Fig. 1B. When the light irradiation portions 4
irradiate the subject 6 with the light, an object (light-ab-
sorbing body) such as hemoglobin absorbs the light and
generates an acoustic wave having an intensity corre-
sponding to the intensity of the absorbed light. The gen-
erated acoustic wave is received by the transducers 7
fixed to the detector 5 and converted into electrical sig-
nals.

[0016] The detector 5 rotates to rotationally move the
transducers 7 and the light irradiation portions 4. At po-
sitions to which the transducers 7 and the light irradiation
portions 4 are moved, light is irradiated from the light
irradiation portions 4, and the transducers 7 receive the
generated acoustic wave and output electrical signals.
The movement and light irradiation are repeatedly per-
formed in this way, and the acoustic waves from the sub-
ject6 are measured. The electrical signals outputted from
the transducers 7 are digitalized by a signal processing
unit 9 and then recorded separately for each receiving
position at which the acoustic wave is received. Animage
reconstruction unit 10 reconstructs image by using the
electrical signals of each receiving position and gener-
ates image data. The generated image data is inputted
into a display unit 11 and displayed as an image.
[0017] The device described above includes a plurality
of light irradiation portions 4 fixed to positions other than
the rotation axis of the detector 5 and the light irradiation
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portions 4 rotate along with the transducers 7, so that
light can be irradiated from a plurality of positions around
the subject. Therefore, it is possible to reduce uneven-
ness (variations) of the light irradiation intensity.

[0018] Hereinafter, each component will be described
in detail.

Light source

[0019] The light source 1 is a unit for irradiating light
having a specific wavelength absorbed by a specific com-
ponent (for example, hemoglobin) included in the subject
(for example, living organism). The light source 1 in-
cludes at least one pulse light source capable of gener-
ating pulse light of 5 to 50 nanoseconds. Although the
light source 1 is desired to be alaser having alarge output
power, a light-emitting diode or the like can be used in-
stead of laser. As the laser, various lasers such as a
solid-state laser, a gas laser, a dye laser, a semiconduc-
tor laser can be used. In the present invention, the light
means an electromagnetic wave including visual light
and infrared light. Specifically, light having a wavelength
in arange from 500 nm to 1300 nm is used. Light having
a specific wavelength in the above range may be used
depending on the component to be measured. The tim-
ing, wavelength, intensity, and the like of the irradiation
are controlled by a light source control unit not shown in
the drawings.

Light irradiation portion

[0020] The lightirradiation portion 4 irradiates the light
from the light source 1 to the subject 6. In the present
invention, the light irradiation portions are provided at
positions other than the rotation axis of the detector. The
light irradiation portion provided at a position other than
the rotation axis of the detector can irradiate light from
another position with respect to the subject by the rotation
of the detector, so that the light irradiation portion can
irradiate light from a plurality of positions. The light irra-
diation portion may be provided on the rotation axis. Ex-
amples of the light irradiation portion 4 include a lens and
a diffuser panel. When an optical fiber is used as the
waveguide unit 3, the light irradiation portion 4 may be
the front end portion of the optical fiber.

[0021] When there is a light-absorbing body having a
uniform absorbing coefficient in the subject 6, the inten-
sity of the acoustic wave from the light-absorbing body
in the subject 6 is desired to be uniform regardless of the
positions in the subject 6. When the light irradiation area
is large, the light intensity distribution in the subject 6 is
smooth, so that the intensity distribution of the acoustic
wave is also smooth. Therefore, when the subject is ir-
radiated with light, it is desired that the light is widened
and a large area of the subject 6 is irradiated with the
light. Therefore, it is desired that a diffuser panel and a
plano-concave lens are arranged in the light irradiation
portion 4 and the irradiation area is widened.
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Waveguide unit

[0022] The waveguide unit 3 transmits light from the
light source 1 to the light irradiation portion 4. Examples
of the waveguide unit 3 include optical members such as
an optical fiber, a diffuser such as an integrating sphere,
a mirror that reflects light, a lens that collects, enlarges,
or deforms light, and a prism that diffuses/refracts/re-
flects light. As the waveguide unit 3, one of these optical
members may be used or a combination of these optical
members may be used. The light incident portion 2 is a
portion from which the light from the light source enters
the waveguide unit 3. When an optical fiber is used as
the waveguide unit 3, the light incident portion 2 may be
an end portion (opposite to the light irradiation portion 4)
of the optical fiber. As the light incident portion 2, an op-
tical member such as a lens, a mirror, and a prism may
be used.

Transducer

[0023] Thetransducer?7 is an element that receives an
acoustic wave and converts the acoustic wave into an
electrical signal. The transducer 7 is disposed on the de-
tector 5 with a receiving surface facing the subject 6. It
is desired that the transducers 7 are arranged so that the
transducers 7 receive acoustic waves from a plurality of
positions in a wide area when the detector 5 rotates. For
example, elements of the transducers 7 are arranged in
a helical shape as shown in Fig. 1B, so that the trans-
ducers 7 can receive acoustic waves a wide area. As the
transducer 7, any elementthatreceives an acoustic wave
and converts the acoustic wave into an electrical signal
can be used, such as a conversion element like a PZT
that uses a piezoelectric phenomenon, a conversion el-
ement that uses an optical resonation, and a conversion
element like a CMUT that uses capacitance change.

Detector

[0024] Thedetector 5has acontainer shape into which
the subject is inserted. Transducers 7 are arranged on
the detector 5. In Fig. 1A, the transducers 7 and the light
irradiation portions 4 are arranged in a helical shape so
that the transducers 7 and the light irradiation portions 4
surround the subject 6. The detector 5 is rotated around
a predetermined rotation axis by the motor 12 which is a
rotation driving unit. In Fig. 1A, the rotation axis is a line
passing through the top of the hemisphere and the center
of the hemisphere. Although, in Fig. 1, the detector 5 is
a container whose inner wall facing the subject has a
hemispherical shape, the inner wall may have a semiel-
liptical shape, a rectangular solid shape, or a cylindrical
shape. When measurement is performed, in the detector
5, a gap between the transducers 7 and the subject 6 is
filled with an acoustic matching material to perform
acoustic matching. Examples of the acoustic matching
material include water and castor oil.
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[0025] The detector 5 may rotate step by step, that is,
the detector 5 may rotate by a specific angle at a time.
Or, the detector 5 may rotate continuously. The control
unit 8 performs control related to the rotation such as the
rotation angle, the number of rotations, and the move-
ment for returning to an initial position after the measure-
ment. The rotation angle and the number of rotations can
be inputted by an operator from an input unit not shown
in the drawings. The control unit 8 outputs the rotation
angle and the number of rotations of the detector 5 to the
signal processing unit 9.

Signal processing unit

[0026] The signal processing unit 9 amplifies the elec-
trical signals outputted from the transducers 7 and per-
forms A/D conversion. Then, the signal processing unit
9 records the electrical signals in association with posi-
tions at which the acoustic waves are received. While
the detector 5 rotates during measurement, the signal
processing unit 9 records the electrical signals. After the
detector 5 stops rotating, the detector 5 outputs the elec-
trical signals to the image reconstruction unit 10.

Image reconstruction unit

[0027] The image reconstruction unit 10 reconstructs
an image on the basis of the signals outputted from the
signal processing unit 9 and generates image data. The
obtained image data indicates information distribution re-
lated to optical characteristic values in the subject 6. Spe-
cifically, the image data indicates a generation source
distribution of the acoustic waves, an initial acoustic pres-
sure distribution in the subject, a light energy absorption
density distribution derived from the initial acoustic pres-
sure distribution, an absorption coefficient distribution,
and a density distribution of the material included in the
tissues. The density distribution of the material is, for ex-
ample, a distribution of degrees of oxygen saturation and
an oxygenated/reduced hemoglobin density distribution.
[0028] As an image reconstruction algorithm for gen-
erating the image data, for example, back projection in
the time domain or the Fourier domain normally used in
tomography technique can be used. If a long time can
be used toreconstructanimage, animage reconstruction
method such as an inverse problem analysis method (it-
erative method) by an iteration process can also be used.
Typical examples of PAT image reconstruction method
include a Fourier transform method, a universal back-
projection method, and afiltered back-projection method.

Display unit

[0029] Thedisplay unit 11 displays the image data out-
putted from the image reconstruction unit 10 as an image.
The displayed image may be a MIP (Maximum Intensity
Projection) image and a slice image. However other dis-
play methods can be used. It is possible to display a 3D
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image from a plurality of directions and change the incli-
nation and the display area of the displayed image, the
window level, and the window width while checking the
display.

[0030] Next, the embodiments of the present invention
will be described.

First Embodiment

[0031] In the present embodiment, an example in
which the acoustic wave acquisition apparatus shown in
Fig. 1 is used will be described. In the acoustic wave
acquisition apparatus of the present embodiment, the
light irradiation portion 4 irradiates the subject 6 with the
light from the light source though the wave guide means
3. A plurality of optical fibers having a diameter of 0.1
mm to 1 mm are bundled together and used as the
waveguide unit 3. In the present embodiment, a concave
lens and a convex lens are used as the light incident
portion 2. The light from the light source is widened by
the concave lens and formed into a parallel light by the
convex lens, and the light is put into the optical fibers
which are the waveguide unit 3.

[0032] The transducers 7 are arranged in a helical
shape starting from the top of the hemisphere of the de-
tector 5 having a hemispherical surface. The diameter of
the detector 5 needs to be larger than the subject, so that
the diameter may be greater than or equal to 200 mm
and smaller than or equal to 350 mm. The light irradiation
portions 4 are arranged in a helical shape formed by ro-
tating the helical shape which is formed by the transduc-
ers 7 by 180 degrees around the rotation axis. As shown
in Fig. 1B, the light irradiation portions 4 are mounted in
a helical shape, so that when the light irradiation portions
4 rotate 360 degrees, light can be irradiated from almost
all directions to the inserted subject 6. Although, in Figs.
1A and 1B, 30 transducers 7 are arranged in an array
shape and also 30 lightirradiation portions 4 are arranged
in the same manner, the present invention is not limited
to this.

[0033] When animage is reconstructed by the photoa-
coustic imaging method, it is desired that the acoustic
waves from the subject 6 are received from a plurality of
directions. The detector 5 of the present embodiment ro-
tates 360 degrees step by step in 16 steps around the
rotation axis. The detector 5 rotates 360 degrees, so that
it is necessary to prevent the transducers 7 and the op-
tical fibers from being entangled. Therefore, as shown in
Fig. 1A, a structure in which cords of the transducers 7
and the optical fibers are held together on the rotation
axis may be employed.

[0034] As in the present embodiment, the light irradi-
ation portions 4 are widely arranged on the detector 5,
so that the light can be irradiated to the side surfaces of
the subject 6.

[0035] Figs. 9A, 9B, 9C, and 9D are schematic dia-
grams showing the light intensity distribution as seen
from above. Fig. 9B shows the light intensity distribution
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formed by the present embodiment. Fig. 9A is the light
intensity distribution when the light is irradiated only from
the rotation axis direction (conventional example). It is
found that the light is irradiated to a large area on the
detector in Fig. 9B as compared with Fig. 9A, so that a
large amount of light is irradiated near the chest wall of
the breast (marginal area of the detector, that is, near
the opening portion). In the configuration of the present
embodiment, a large amount of light is irradiated near
the chest wall as compared with a case in which light is
irradiated from one direction, so that unevenness of the
intensity of light irradiated into the subject 6 is reduced.
Further, unevenness of the contrast of the obtained im-
age data is reduced.

Second Embodiment

[0036] The acoustic wave acquisition apparatus of the
present embodiment, not being part of the invention, is
characterized in that a plurality of light irradiation portions
4 are arranged rotationally symmetrically around the ro-
tation axis of the detector 5.

[0037] In the first embodiment, when the detector 5
rotates, the light irradiation portions 4 maintain the same
positional relationship with the positions of the transduc-
ers 7. However, the positional relationship between the
light irradiation portions 4 and the subject 6 changes by
the rotation. Thereby, the distribution of the light irradiat-
ed to the subject 6 changes for each rotation position. In
the present embodiment, the light irradiation portions 4
are arranged rotationally symmetrically around the rota-
tion axis so that the light irradiation positions are not
changed by the rotation of the detector 5. A unit angle of
a rotation step is an integral multiple of the arrangement
angle of the light irradiation portions. The present em-
bodiment is the same as the first embodiment except for
the arrangement positions of the light irradiation portions
4, so that the differences from the first embodiment will
be mainly described below.

[0038] Figs.3A and 3B show the positions of the trans-
ducers 7 and the positions of the light irradiation portions
4 on the detector 5. In the present embodiment, the light
irradiation positions are arranged rotationally symmetri-
cally around the rotation axis as shown in Fig. 3B. In Figs.
3A and 3B, 30 transducers are arranged on the detector
5. Atthe depth of 50 mm from the opening of the detector
5, 16 light irradiation portions are arranged at unit angles
of 22.5 degrees around the rotation axis.

[0039] Itisdesiredthatthe lightfrom the lightirradiation
portions 4 is three-dimensional rotationally symmetric,
so that the light is irradiated to a position on the rotation
axis. The arrangement of the light irradiation portions 4
has a symmetric property of 16 axes. The number of the
rotation steps is set to 16/n (n is an integer), so that the
positional relationship between the light irradiation por-
tions 4 and the subject 6 does not change before and
after the rotation of the detector 5.

[0040] Fig. 9C shows the light intensity distribution ob-
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tained by the present embodiment. As shown in Fig. 9C,
in the present embodiment, even when the detector 6 is
rotated, the variation of the light intensity distribution is
small, so that unevenness of the light intensity between
measurements due to the rotation is reduced.

[0041] Although, in the present embodiment, the light
irradiation portions 4 are arranged rotationally symmet-
rically only at one height (at a specific position in the
rotation axis direction), the light irradiation portions 4 may
be arranged at a plurality of heights (at a plurality of po-
sitions in the rotation axis direction). At each height, the
light irradiation portions, the number of which is an inte-
gral multiple of the steps (the number of the steps * n),
are arranged at regular intervals. At this time, the number
of axes of symmetry may be different depending on the
height.

Third Embodiment

[0042] The present embodiment is characterized in
that the light irradiation portions 4 are arranged near the
opening of the detector. Figs. 4A and 4B show the posi-
tions of the transducers 7 and the positions of the light
irradiation portions 4 in the present embodiment. In Fig.
4, a light irradiation portion 4, which is not arranged on
the detector 5 and which is arranged outside the surface
of the detector and is not moved along with the rotation
of the detector 5, is provided. The detector 5 has a hem-
ispherical shape, and the subject 6 (for example, a
breast) is inserted into the detector 5 from the opening.
That is, the chest wall of the subject 6 is located higher
than the height of the opening. It is desired that a part of
the lightirradiation positions are located outside and near
the opening of the hemisphere in order to reduce atten-
uation of the light and irradiate the entire subject 6 with
the light.

[0043] In the present embodiment, the light irradiation
portions 4 are arranged on the detector 5, and at the
same time, the light irradiation portion 4 is also arranged
above the opening of the detector 5. In Fig. 4, the posi-
tions of the light irradiation portions 4 provided on the
detector 5 are the same as those in the first embodiment.
Although, in Fig. 4, the light irradiation portion 4 near the
opening is separated from the detector and provided
above the opening, the light irradiation portion 4 may be
provided on the detector 5. However, when the opening
of the detector 5 is located near the chest wall to irradiate
the chest wall, the detector 5 may come into contact with
the chest wall. Therefore, it is desired that the light irra-
diation portion 4 near the opening is provided above the
opening separately from the detector 5 and the light ir-
radiation portion 4 has a structure that does not rotate
along with the detector 5. "Near the opening" means a
position in a range of plus or minus 5 cm from the opening
position or the opening in the rotation axis direction. Fur-
ther, it is desired that a plurality of light irradiation portions
4 for irradiating the chest wall are arranged to surround
the subject around the rotation axis.
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[0044] Fig. 9D shows the light intensity distribution ob-
tained by the present embodiment. Differently from the
first embodiment (Fig. 9B), in the present embodiment,
it is possible to irradiate the chest wall portion of the sub-
ject 6 (the opening portion of the detector) with light.

Fourth Embodiment

[0045] In the present embodiment, a configuration of
the light irradiation portions 4 and the waveguide unit 3
is different from that of the first to the third embodiments.
In the first to the third embodiments, optical fibers are
used as the waveguide unit 3 and the measurement is
performed by rotating the detector 5. At this time, end
portions of the optical fibers, which are the lightirradiation
portions 4, move because the end portions are fixed to
the detector 5. The other end portions (light incident por-
tion 2) are in contact with the light source 1 and fixed.
Therefore, the shape of the optical fibers is changed by
the rotation. The larger the rotation angle is, the larger
the load on the optical fiber is.

[0046] In the present embodiment, a configuration in
which a waveguide unit 3 different from the optical fibers
is used and the load on the waveguide unit 3 is small will
be described. In the present embodiment, a space
through which light is transmitted is formed between the
detector 5 and the light source 1. The present embodi-
ment is the same as the first embodiment except for the
configuration of the light irradiation portions 4 and the
waveguide unit 3, so that the differences from the first
embodiment will be mainly described below.

[0047] As shown in Fig. 5, the waveguide unit 3 of the
present embodiment has a structure surrounded by an
inner surface of a hemisphere. The hemisphere surface
included in the waveguide unit 3 is formed of a diffuse
material. The light irradiated from the light source 1 is
diffused by the diffuse material of the inner wall and
spread inside the waveguide unit 3. The light irradiation
portions 4 are portions which are included in the
waveguide unit 3 and at which the diffuse material is not
included, so that the light leaks from the waveguide unit
3. Or the light irradiation portions 4 may be formed of a
diffuse material through which the light passes.

[0048] The width (width in the radial direction) of the
waveguide unit 3 needs to be adjusted according to the
curvature of the hemisphere surface so that the light is
sufficiently diffused inside the waveguide unit 3. Further,
a plurality of transducers 7 (including wiring portion) hav-
ing an array shape cross the waveguide unit 3, so that it
is desired that outer walls of the transducers 7 inside the
waveguide unit 3 are covered with the diffuse material.
A mirror surface (reflective surface) may be used as a
substitute of the diffuse material.

[0049] The light is irradiated into the waveguide unit 3
by transmitting the light through a space using an optical
system such as alens, a mirror, or a prism. In the present
embodiment, the light is irradiated from the rotation axis
direction to the waveguide unit 3. Therefore, in the
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present embodiment, even when the detector 5 rotates,
the shape of the waveguide unit 3 does not change.
Therefore, it is possible to form a configuration in which
the load on the waveguide unit 3 due to the rotational
movement is small.

Fifth Embodiment

[0050] In afourth embodiment, the configuration of the
waveguide unit 3 is changed to reduce the load on the
waveguide unit 3 including optical fibers caused by the
rotational movement of the detector 5 and the end por-
tions of the waveguide unit 3 (the light irradiation portions
4). In the present embodiment, a configuration will be
described in which the waveguide unit 3 includes optical
fibers and the arrangement of the transducers 7 is
changed to reduce the rotation angle of the detector 5 in
order to reduce the load on the optical fibers.

[0051] The rotation angle of the detector 5 is deter-
mined by the arrangement of the transducers 7. In the
photoacoustic imaging, it is desired that the acoustic
waves are received from a plurality of directions, so that
the detector 5 rotates 360 degrees around the rotation
axis inthefirstto the fourthembodiments. This is because
only one of transducers 7 arranged on the detector 5 of
the first to the fourth embodiments is disposed at each
position (each height) in the rotation axis direction and
when the detector rotates 360 degrees, the acoustic
wave that reaches the height can be received from every
direction.

[0052] Inthe present embodiment, as shown in Fig. 6,
two transducers 7 are disposed at predetermined posi-
tions in the rotation axis direction and the two transducers
7 are arranged to face each other so that the angle be-
tween the two transducers 7 with respect to the rotation
axis is 180 degrees. This arrangement allows to reduce
the rotation angle of the detector 5 to 180 degrees, which
is one half of that in the first to the fourth embodiment.
In Fig. 6, the number of the transducers 7 is 28, and 14
transducers form one helix. The light irradiation portions
4 has an arrangement obtained by rotating the arrange-
ment of the transducers 7 by 90 degrees, and the light
is irradiated from 28 positions.

[0053] In the measurement, the detector 5 is rotated
180 degrees by 8 steps. The rotation angle of the detector
5 is reduced by the structure of the present embodiment,
so that the load on the optical fibers is reduced. In the
present embodiment, not only the rotation angle but also
the measurement time is reduced to one half.

[0054] Although, in the present embodiment, two
transducers 7 are arranged at a specific height, the ro-
tation angle can be further reduced by arranging more
transducers 7 at a specific height. For example, when
there are three transducers 7 at a specific height, the
rotation angle is 120 degrees. The specific height of the
transducers 7 may have a certainrange, and itis possible
to reduce the rotation angle by arranging transducers 7
located at a similar height to face each other.
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Sixth Embodiment

[0055] The present embodiment is characterized in
that the waveguide unit 3 rotates along with the detector
5 and a space is provided between the waveguide unit
3 and the light incident portion 2 in order to reduce the
load on the waveguide unit 3 including optical fibers due
to the rotation of the detector 5.

[0056] Fig. 7A shows a configuration of the light source
1, the light incident portion 2, the waveguide unit 3, the
detector 5, and the light irradiation portions 5. The end
portions of the optical fibers of the waveguide unit 3 from
which the light enters is integrated into one end portion
and connected to the lightincident portion 2 which is con-
nected to the rotation motor and rotated along with the
detector 5. Asection of the light incident portion 2 to which
the light is applied is not connected to the motor, so that
the section does not rotate along with the detector 5.
Therefore, as shown in Fig. 7B, the section of the light
incident portion 2 to which the lightis applied is not rotated
and a section of the light incident portion 2 to which the
waveguide unit 3 is connected is rotated. The light inci-
dent portion 2 is rotated along with the detector 5, so that
it is possible to form a configuration in which the load on
the waveguide unit 3 due to the rotational movement is
small.

Seventh Embodiment

[0057] The present embodiment has a structure in
which the light incident portion 2 moves along with the
rotation of the detector 5 in order to reduce the load on
the waveguide unit 3 including optical fibers due to the
rotation of the detector 2.

[0058] Figs. 8A and 8b show the present embodiment.
When the measurementis performed, the waveguide unit
3 in which the optical fibers are bundled together is rota-
tionally moved along with the rotation axis by the motor.
Thelightincident position is also rotationally moved along
with the rotation. Specifically, if the positional relationship
between the light irradiation portions 4 and the light inci-
dent portion 2 is as shown in Fig. 9A, when the light ir-
radiation portions 4 and the light incident portion 2 are
rotated 180 degrees, the light incident position is also
rotated 180 degrees as shown in Fig. 9B. The light from
the light source, which is reflected and refracted by a
prism, enters the light incident portion 2. To cause the
light from the light source to enter the lightincident portion
2 that is rotationally moved along with the detector 5, the
optical path from the light source needs to be changed
according to the movement of the light incident portion
2. Therefore, an angle of the prism that reflects the light
from the light source is rotated along with the detector 5.
The rotation of the prism is controlled in conjunction with
the control unit 8 that controls and moves the motor.
[0059] Although, in the present embodiment, the light
incident portion 2 is rotationally moved along with the
detector 5, the light incident portion 2 may be moved to
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the extent that load is not applied to the optical fibers.
For example, the light incident portion 2 may be rotated
180 degrees along with the rotation of the detector 5 or
may be moved lineally. There may be a plurality of light
incident portions 2 at a plurality of positions. The prism
thatchanges the optical path may be replaced by a mirror,
or the prism may not only change the optical path by the
rotation, but also move to change the refraction angle
and the reflection angle.

[0060] As described above, the present embodiment
has a structure in which the light incident position rotates
by the same angle as the rotation angle of the detector
5. Thereby, it is possible to form a configuration in which
the shape of the waveguide unit 3 hardly changes even
when the detector 5 rotates and the load on the
waveguide unit 3 due to the rotational move is small.
[0061] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.

[0062] This application claims the benefit of Japanese
Patent Application No. 2011-027320, filed February 10,
2011, which is hereby incorporated by reference herein
in its entirety.

Reference Signs List
[0063]

Light source

Light incidence portion
Waveguide unit

Light irradiation portion
Detector

Subject

Transducer

~NOoO OO WN -

Claims
1. Anacoustic wave acquisition apparatus comprising:

a light source (1) configured to generate light;
a detector (5) having a container shape into
which the subjectisinserted, the detector includ-
ing a plurality of elements (7) helically arranged
on the detector and configured to receive an
acoustic wave generated from inside a subject
(6) when the subject (6) is irradiated with the
light;

a plurality of light irradiation portions (4) config-
ured toirradiate the subject (6) with the light from
the light source (1), and

a rotation driving unit (12) configured to rotate
the detector (5) around an axis of symmetry of
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the detector (5) as a rotation axis,

wherein the plurality of light irradiation portions
(4) are provided at least at positions other than
the rotation axis of the detector (5),

als der Rotationsachse der Erfassungseinrich-
tung (5) angeordnet ist,

dadurch gekennzeichnet, dass

die Lichtbestrahlungsabschnitte (4) an der Erfas-
sungseinrichtung befestigt sind; wobei die Rotati-
onsantriebseinrichtung (12) dazu eingerichtetist, um

characterized in that 5 die Lichtbestrahlungsabschnitte (4) zusammen mit
the light irradiation portions (4) are fixed to the der Erfassungseinrichtung (5) um die Rotationsach-
detector; se zu drehen; und
the rotation driving unit (12) is configured to ro- die Vielzahl von Lichtbestrahlungsabschnitten he-
tate the light irradiation portions (4) around the lixférmig auf der Erfassungseinrichtung angeordnet
rotation axis along with the detector (5); and 10 ist.
the plurality of light irradiation portions are heli-
cally arranged on the detector. Schallwellenerfassungsgerat gemafl Anspruch 1,
wobei die Vielzahl von Lichtbestrahlungsabschnit-
The acoustic wave acquisition apparatus according ten auch nahe einer Offnung der behalterférmigen
to Claim 1, wherein the plurality of light irradiation 75 Erfassungseinrichtung angeordnet ist.
portions are provided also near an opening of the
detector having a container shape. Schallwellenerfassungsgerat gemaf einem der An-
spriiche 1 bis 2, wobei die Lichtbestrahlungsab-
The acoustic wave acquisition apparatus according schnitte auch auf der Rotationsachse bereitgestellt
to any one of Claims 1 to 2, wherein the light irradi- 20 sind.
ation portions are provided also on the rotation axis.
Schallwellenerfassungsgerat gemaf einem der An-
The acoustic wave acquisition apparatus according spriiche 1 bis 3, des Weiteren mit:
to any one of Claims 1 to 3, further comprising: einer Wellenleitereinrichtung, die dazu eingerichtet
a waveguide unit configured to guide the light gen- 25 ist, um das von der Lichtquelle erzeugte Licht zu den
erated by the light source to the light irradiation por- Lichtbestrahlungsabschnitten zu leiten.
tions.
Revendications
Patentanspriiche 30
1. Appareil d’acquisition d’'onde acoustique,
Schallwellenerfassungsgerat, mit: comprenant :
einer Lichtquelle (1), die dazu eingerichtet ist, une source de lumiére (1) configurée pour gé-
um Licht zu erzeugen; 35 nérer de la lumiére ;
einer behalterférmigen Erfassungseinrichtung un détecteur (5) ayant une forme de récipient
(5), in die der Gegenstand eingesetzt ist, wobei dans lequel est introduit le sujet, le détecteur
die Erfassungseinrichtung eine Vielzahl von auf comprenant plusieurs éléments (7) disposés en
der Erfassungseinrichtung helixférmig angeord- hélice sur le détecteur et configurés pour rece-
neten Elementen (7) aufweist, die dazu einge- 40 voir une onde acoustique générée depuis l'inté-
richtet sind, um eine vom Inneren eines Gegen- rieurd’un sujet (6) lorsque le sujet (6) estexposé
standes (6) erzeugte Schallwelle zu empfangen, a un rayonnement de la lumiére ;
wenn der Gegenstand (6) mit Licht bestrahlt plusieurs parties d’exposition a un rayonnement
wird; de lumiére (4) configurées pour exposer le sujet
einer Vielzahl von Lichtbestrahlungsabschnit- 45 (6) a un rayonnement de la lumiére provenant
ten (4), die dazu eingerichtet sind, um den Ge- de la source de lumiéere (1), et
genstand (6) mit Licht aus der Lichtquelle (1) zu une unité d’entrainement en rotation (12) confi-
bestrahlen, und gurée pour entrainer en rotation le détecteur (5)
einer Rotationsantriebseinrichtung (12), die da- autour d’'un axe de symétrie du détecteur (5) en
zu eingerichtet ist, um die Erfassungseinrich- 50 tant qu’axe de rotation,
tung (5) um eine Symmetrieachse der Erfas- dans lequel les plusieurs parties d’exposition a
sungseinrichtung (5) als Rotationsachse zu dre- un rayonnement de lumiéere (4) sont au moins
hen, disposées a des positions autres que I'axe de
wobei die Vielzahl von Lichtbestrahlungsab- rotation du détecteur (5),
schnitten (4) zumindest an anderen Positionen 55 caractérisé en ce que

les parties d’exposition a un rayonnement de
lumiere (4) sont fixées au détecteur ;
I'unité d’entrainement en rotation (12) est con-
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figurée pour entrainer en rotation les parties
d’exposition a un rayonnement de lumiére (4)
autour de I'axe de rotation conjointement avec
le détecteur (5) ;

et

les plusieurs parties d’exposition a un rayonne-
ment de lumiére sont disposées en hélice surle
détecteur.

Appareil d’acquisition d’onde acoustique selon lare-
vendication 1, dans lequel

les plusieurs parties d’exposition a un rayonnement
de lumiére sont également disposées a proximité
d’'une ouverture du détecteur ayant une forme de
récipient.

Appareil d’acquisition d’onde acoustique selon I'une
quelconque des revendications 1 et 2, dans lequel
les parties d’exposition a un rayonnementde lumiere
sont également disposées sur I'axe de rotation.

Appareil d’acquisition d’onde acoustique selon I'une
quelconque des revendications 1 a 3, comprenant
en outre :

une unité guide d’'ondes configurée pour guider la
lumiere générée par la source de lumiére vers les
parties d’exposition a un rayonnement de lumiére.
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[Fig. 1A]

[Fig. 1B]
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[Fig. 3A]

[Fig. 3B]
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[Fig. 4A]

[Fig. 4B]
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[Fig. 5]
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[Fig. 6A]

[Fig. 6B]
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[Fig. 7A]

[Fig. 7B]
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[Fig. 9B]

[Fig. 9C]

[Fig. 9D]
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[Fig. 10]
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