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Description

Background Art

[0001] The present invention relates to a photoacous-
tic apparatus that receives a photoacoustic wave gener-
ated by irradiating an object with light and acquires object
information. The present invention also relates to an in-
formation acquisition apparatus for acquiring information
about an object by using a photoacoustic wave generated
by irradiating the object with light.
[0002] Optical imaging apparatuses are actively stud-
ied in the medical field. Optical imaging apparatuses ir-
radiate an object, such as a living body, with light emitted
from a light source, such as a laser, and form an image
of information about the inside of the object, which is
obtained on the basis of the light with which the object is
irradiated. Examples of such an optical imaging technol-
ogy include photoacoustic imaging (PAI). With photoa-
coustic imaging, an object is irradiated with pulsed light
emitted from a light source; and an acoustic wave (typi-
cally, an ultrasonic wave) generated from object tissues
(acoustic source), which have absorbed the energy of
the pulsed light that has propagated and dispersed in the
object, is received. Then, with photoacoustic imaging,
imaging (forming of an image) of information about the
inside of the object is performed on the basis of the re-
ceived signal. That is, by using the difference in optical
energy absorptance between a part of the object to be
observed, such as a tumor, and other tissues, an elastic
wave (photoacoustic wave) that is generated when the
part of the object instantaneously expands by absorbing
the energy of emitted light is received by an acoustic
wave receiver. By mathematically processing the re-
ceived signal, information about the inside of the object,
such the generated acoustic pressure distribution and
the absorption coefficient distribution, can be acquired.
In recent years, by using photoacoustic imaging, preclin-
ical studies of imaging of a blood vessel of a small animal
and clinical studies of application of this principle to di-
agnosis of breast cancer and the like have been actively
carried out (see NPL 1).
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[0003] NPL 1: "Photoacoustic imaging in biomedicine",
M. Xu, L. V. Wang, REVIEW OF SCIENTIFIC INSTU-
RUMENT, 77, 041101, 2006)

Summary of Invention

Technical Problem

[0004] In a photoacoustic image obtained by using a
photoacoustic apparatus, an image of an acoustic source
may be buried in image noise. KRUGER ROBERT A ET

AL "Dedicated 3D photoacoustic breast imaging", MED-
ICAL PHYSICS, AIP, MELVILLE, NY, US, vol. 40, no.
11, 10 October 2013 pages 113301-1 - 113301-8, dis-
closes a photoacoustic breast imaging apparatus using
spiral scan patterns, where reconstructed images are
processed by applying a depth-dependent exponential
scaling to compensate for the exponential loss of contrast
as a function of the thickness of breast tissue.

Solution to Problem

[0005] The invention is defined by the claims. A pho-
toacoustic apparatus disclosed in the present description
includes a light irradiation unit that irradiates an object
with light, an acoustic wave receiving unit that receives
an acoustic wave generated by irradiating the object with
light emitted from the light irradiation unit and that outputs
an electric signal, a control unit that controls the light
irradiation unit, and a processing unit that processes the
electric signal. The control unit controls the light irradia-
tion unit so that a density of a distribution of emission
positions in a plurality of times of light emission by the
light irradiation unit is higher in an inner part of the dis-
tribution of the emission positions than in an outer part
of the distribution. The acoustic wave receiving unit out-
puts a plurality of electric signals corresponding to the
plurality of times of light emission by receiving acoustic
waves generated by the plurality of times of light emis-
sion. The processing unit acquires image data on the
basis of the plurality of electric signals.
[0006] Further aspects of the present invention will be-
come apparent from the following description of embod-
iments with reference to the attached drawings.

Brief Description of Drawings

[0007]

Fig. 1 is a schematic view illustrating an example of
the structure of a photoacoustic apparatus according
to the present embodiment.
Fig. 2A illustrates an example of a measurement po-
sition and an emission position at a certain light emis-
sion timing according to the present embodiment.
Fig. 2B illustrates an example of a measurement po-
sition and an emission position at another light emis-
sion timing according to the present embodiment.
Fig. 3A illustrates an example of a light amount dis-
tribution in an object at a certain light emission timing
according to the present embodiment.
Fig. 3B illustrates an example of a light amount dis-
tribution in an object at another light emission timing
according to the present embodiment.
Fig. 4A is a schematic view illustrating an example
of the distribution of measurement positions or emis-
sion positions according to a comparative example.
Fig. 4B illustrates an example of the total light amount
according to the comparative example.
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Fig. 5A is a schematic view illustrating an example
of the distribution of the measurement positions or
the emission positions according to the present em-
bodiment.
Fig. 5B illustrates an example of the total light amount
according to the present embodiment.
Fig. 6 is a schematic view illustrating an example of
another distribution of the measurement positions or
the emission positions according to the present em-
bodiment.
Fig. 7 is a schematic view illustrating a part of the
structure of a photoacoustic apparatus according to
an example.
Fig. 8 is a schematic view illustrating an example of
the structure of a photoacoustic apparatus according
to the example.
Fig. 9 is a schematic view illustrating an example of
the structure of the photoacoustic apparatus accord-
ing to the example.
Fig. 10A illustrates a photoacoustic image acquired
by a photoacoustic apparatus according to example
1.
Fig. 10B illustrates a photoacoustic image acquired
by a photoacoustic apparatus according to the com-
parative example.
Fig. 11A is a view for describing an information ac-
quisition apparatus according to the present embod-
iment.
Fig. 11B is a view for describing the information ac-
quisition apparatus according to the present embod-
iment.

Description of Embodiments

[0008] A photoacoustic apparatus according to the
present embodiment is an apparatus that acquires object
information from a received signal of a photoacoustic
wave generated by photoacoustic the effect. Examples
of the object information (photoacoustic image) that can
be acquired from a received signal of a photoacoustic
wave include an initial acoustic pressure distribution of
the photoacoustic wave, an optical energy absorption
density distribution, an absorption coefficient distribution,
and a distribution of the concentration of a substance
included in the object. Examples of the concentration of
a substance include oxygen saturation, oxyhemoglobin
concentration, deoxyhemoglobin concentration, and to-
tal hemoglobin concentration. The total hemoglobin con-
centration is the sum of the oxyhemoglobin concentration
and the deoxyhemoglobin concentration.

Structure of Photoacoustic Apparatus

[0009] Referring to Fig. 1, the structure of the photoa-
coustic apparatus according to the present embodiment
will be described.
[0010] The photoacoustic apparatus according to the
present embodiment has a basic hardware structure in-

cluding a light source 11, an optical system 13, an acous-
tic wave receiver 60, a scanner 21, an input unit 24, a
controller 19C, a data acquisition system 26, and a com-
puter 19. In Fig. 1, a supporter 22 is shown in cross sec-
tion. The optical system 13 includes light emission ends
(not shown) from which light is emitted.
[0011] Hereinafter, the elements of the photoacoustic
apparatus according to the present embodiment will be
described.

Light Source 11

[0012] The light source 11 supplies optical energy to
an object and causes the object to generate a photoa-
coustic wave. In a case where the object is the object,
the light source 11 emits light having a specific wave-
length that is absorbed by a specific one of the compo-
nents of the object. The light source may be integrated
with the photoacoustic imaging apparatus according to
the present embodiment or may be an independent unit.
The light source may be a pulsed light source that can
generate pulsed light of the order from several nanome-
ters to several hundreds of nanometers as irradiation
light. To be specific, in order to efficiently generate a pho-
toacoustic wave, a pulse width in the range of 10 to 100
nanoseconds is used. The light source may be a laser,
with which high power can be obtained. Instead of a laser,
a light emitting diode or the like can be used. Examples
of the laser include a solid-state laser, a gas laser, a fiber
laser, a dye laser, a semiconductor laser, and various
other lasers. The timing of light emission, the waveform
of light, and the intensity of light are controlled by a light
source controller. In the present invention, the wave-
length of a light source used may be such a wavelength
that, in a case where the object is a living body, light can
propagate into the living body. To be specific, the wave-
length is 500 nm or larger and 1200 nm or smaller.

Optical System 13

[0013] Pulsed light 12 emitted from the light source 11
is guided toward the object while being processed to have
a desired light distribution shape by optical components,
which are typically lenses, mirrors, and the like. Alterna-
tively, it is also make light propagate through an optical
fiber; an optical fiber bundle; or optical waveguides, such
as an articulated arm including a lens barrel, a mirror, or
the like. Such devices are also regarded as the optical
system 13. Other examples of the optical system 13 in-
clude a mirror that reflects light, a lens that causes light
to converge or diverge or that changes the shape of light,
and a diffuser panel that diffuses light. Any of such optical
components may be used, as long as an object 15 can
be irradiated in a desired shape with the pulsed light 12
emitted from the light source. In view of increasing the
diagnosed area of the object, the optical system 13 may
expand the light to a certain area. Typically, an emission
position from which light is emitted from the optical sys-
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tem 13 is the same as the position of a light emission end
of the optical system 13.
[0014] If the pulsed light 12 can be emitted desirably
from the light source 11, it is not necessary that the pho-
toacoustic apparatus include the optical system 13.

Object 15

[0015] The object 15, which is not included in the pho-
toacoustic apparatus according to the present embodi-
ment, will be described below. The photoacoustic appa-
ratus according to the present embodiment is mainly
used to diagnose malignant tumors and blood vessel dis-
eases of a human or an animal and to follow up chemo-
therapy. Therefore, it is assumed that the object 15 is a
breast, a finger, a hand, or a foot of a human or an animal,
which is to be diagnosed. A light absorber inside the ob-
ject may be assumed to be a substance that has a rela-
tively high absorption coefficient in the object 15. For ex-
ample, if a human body is to be measured, the light ab-
sorber corresponds to oxy-hemgoglobin, reduced hemo-
globin, or a blood vessel or a newborn blood vessel in
which a large amount of such hemoglobin are present.
Examples of a light absorber at a surface of the object
15 include melanin. However, by appropriately selecting
the wavelength of light, other substances in the human
body, such as fat, water, and collagen, may serve as a
light absorber.

Acoustic Wave Receiving Element 17

[0016] The acoustic wave receiver 60 as an acoustic
wave receiving unit includes a plurality of acoustic wave
receiving elements 17 and the supporter 22. Each acous-
tic wave receiving element 17 receives an acoustic wave
and converts the acoustic wave into an analog electric
signal. Each acoustic wave receiving element 17 may be
any device that can detect an acoustic wave, such as a
piezoelectric transducer, a transducer using optical res-
onance, or a transducer using a change in capacity. In
the present embodiment, the plurality of acoustic wave
receiving elements 17 are disposed. By using such a
multidimensional-array element, an acoustic wave can
be simultaneously received at a plurality of positions.
Therefore, a receiving time can be reduced, and the in-
fluence of vibration of the object 15 or the like can be
reduced.

Supporter 22

[0017] The plurality of acoustic wave receiving ele-
ments 17 are disposed along the supporter 22. The sup-
porter 22 may be configured so that the plurality of acous-
tic wave receiving elements 17 are disposed on a closed
curved surface surrounding the object 15. However, if
the object is a human body or the like and it is difficult to
dispose the plurality of acoustic wave receiving elements
17 on any closed curved surface that surrounds the ob-

ject, the plurality of acoustic wave receiving elements 17
may be disposed on a surface of the hemispherical sup-
porter 22 as shown in Fig. 1. If it is difficult to dispose the
plurality of acoustic wave receiving elements 17 on a
hemispherical supporter, the plurality of acoustic wave
receiving elements 17 may be disposed on a planar sup-
porter.
[0018] In general, each of the plurality of acoustic wave
receiving elements 17 has the highest receiving sensi-
tivity in a direction perpendicular to the receiving face
(surface) thereof. By making the directional axes of the
plurality of acoustic wave receiving elements 17 con-
verge toward the center of the curvature of the hemi-
spherical shape, a high-resolution region 23 that can be
visualized with high precision is formed.
[0019] For example, the high-resolution region 23 is
considered to be a substantially hemispherical region
that is centered at the center of curvature for obtaining
the highest resolution and that has a radius r represented
by expression (1).
[Math.1] 

[0020] R is the lower limit resolution of the high-reso-
lution region 23, r0 is the radius of the hemispherical sup-
porter 22, and Φd is the diameter of the acoustic wave
receiving element 17. R may be a resolution that is, for
example, a half of the highest resolution that is obtained
at the center of curvature.
[0021] A case where the high-resolution region 23 has
a substantially hemispherical shape centered at the cent-
er of curvature of the supporter 22 is considered. In this
case, the computer 19 can estimate the range of the high-
resolution region 23 at each measurement position in
accordance with expression (1).
[0022] In the present invention, the disposition of the
plurality of acoustic wave receiving elements 17 is not
limited to the example of the hemispherical shape shown
in Fig. 1. The plurality of acoustic wave receiving ele-
ments 17 may be disposed in any way, as long as the
directional axes of the plurality of acoustic wave receiving
elements 17 converge in a predetermined region and the
predetermined high-resolution region 23 can be formed.
That is, the plurality of acoustic wave receiving elements
17 may be disposed along a curved surface so as to form
a predetermined region so that the predetermined high-
resolution region 23 can be formed. Examples of a curved
surface in the present description include a perfect
sphere or a hemisphere having an opening. Examples
of a curved surface further include a surface having pro-
trusions and recesses to a degree that the surface can
be regarded as a sphere and a surface of an ellipsoid (a
three-dimensional quadratic surface that is a three-di-
mensional extension of an ellipse) that can be regarded
as a sphere.
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[0023] When the plurality of acoustic wave receiving
elements are disposed along a supporter having the
shape of a sphere cut along an arbitrary sectional plane,
the directional axes converge most at the center of the
shape of the supporter. The hemispherical supporter 22
described in the present embodiment is also an example
of a supporter having the shape of a sphere cut along an
arbitrary sectional plane. In the present description, the
shape of a sphere cut along an arbitrary sectional plane
will be referred to as a "shape based on a sphere". A
plurality of acoustic wave receiving elements that are dis-
posed on a supporter having the shape based on a
sphere are considered to be disposed on a sphere.
[0024] The supporter 22 has an irradiation hole, for
guiding the pulsed light 12, in a bottom surface thereof.
Light guided by the optical system 13 is emitted through
the irradiation hole toward the object 15. The optical sys-
tem 13 and the irradiation opening may be considered
to constitute an optical system according to the present
invention.

Data Acquisition System 26

[0025] The photoacoustic apparatus according to the
present embodiment includes the data acquisition sys-
tem 26, which amplifies an electric signal obtained by the
acoustic wave receiving elements 17 and which converts
the electric signal from an analog signal into a digital sig-
nal. Typically, the data acquisition system 26 includes an
amplifier, an A/D converter, a FPGA (field programmable
gate array) chip, and the like. In a case where a plurality
of received signals can be obtained from a probe, the
plurality of signals may be simultaneously processed. By
doing so, a time required to form an image can be re-
duced. In the present description, the term "received sig-
nal" refers not only to an analog signal acquired from the
acoustic wave receiving elements 17 but also to a digital
signal generated by subsequently performing A/D con-
version of the analog signal. The received signal may be
referred to as a "photoacoustic signal".

Computer 19

[0026] The computer 19, which corresponds to a
processing unit, includes an operation unit 19A, a storage
unit 19B, and the controller 19C as a control unit. The
computer 19 can perform predetermined processing on
electric signals output from the plurality of acoustic wave
receiving elements 17. The computer 19 can control the
operation of each element of the photoacoustic appara-
tus.
[0027] Typically, the operation unit 19A includes ele-
ments, such as a CPU, a GPU (graphics processing unit),
and an A/D converter; and circuits, such as a FPGA and
an ASIC. The operation unit 19A may include not only a
single element or a single circuit but may include a plu-
rality of elements and a plurality of circuits. Each process-
ing performed by the computer 19 may be performed by

any of the element or circuit.
[0028] Typically, the storage unit 19B includes a stor-
age medium, such as a ROM, a RAM, or a hard disk.
The storage unit 19B may include not only a single stor-
age medium but may include a plurality of storage media.
[0029] Typically, the controller 19C includes a CPU.
[0030] The computer 19 may be configured to perform
pipeline processing of a plurality of signals simultaneous-
ly. By doing so, a time required to acquire object infor-
mation can be reduced.
[0031] The operation unit 19A acquires object informa-
tion in each voxel by preforming image reconstruction
processing on received signal data stored in the storage
unit 19B. Examples of image reconstruction processing
include time domain backprojection and Fourier domain
backprojection, and phase addition processing, which
are generally used in the tomography technology. An im-
age reconstruction method such as inverse problem
analysis using an iterative processing may be used. By
using a probe including an acoustic lens or the like and
having a receiving focus function, object information may
be visualized without performing image reconstruction.
The operation unit 19A, which performs image recon-
struction processing, generally includes a GPU, which
has a high-performance calculation function and a graph-
ic display function. Thus, a time required to perform im-
age reconstruction processing or to form a display image
can be reduced.
[0032] The controller 19C reads program codes stored
in the storage unit 19B and controls various parts of the
photoacoustic apparatus. For example, the controller
19C controls driving of the scanner 21, the light emission
timing of the light source 11, and the like. By controlling
the scanner 21, the controller 19C can control parame-
ters related to movement of the supporter 22, such as
the movement velocity, the movement direction, and the
movement range of the supporter 22. The movement
range may be changed in accordance with the size of
the object. For example, extra measurement time can be
reduced by controlling movement of the supporter 22 in
a small movement range if the object is small and by
controlling the movement in a large movement range if
the object is large. Note that the storage unit in which the
program is stored is a non-transitory recording medium.
[0033] The functions of the computer 19 may be per-
formed by different hardware devices. The acoustic wave
receiver 60, the data acquisition system 26, and the com-
puter 19 may be integrated in a single hardware device.
Some of these elements may be integrated in a single
hardware device. For example, the acoustic wave receiv-
er 60 and the data acquisition system 26 may be inte-
grated in a single hardware device.

Display Unit 20

[0034] A display unit 20 is a device for displaying image
data output from the computer 19. Typically, a liquid crys-
tal display is used as the display unit 20. The display unit
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20 may be independent from the photoacoustic appara-
tus.

Scanner 21

[0035] The scanner 21, which corresponds to a moving
unit, includes a driving unit, such as a motor, and me-
chanical components for transmitting a driving force of
the motor.
[0036] In accordance with position control information
from the controller 19C, the scanner 21 moves the meas-
urement position of the supporter 22 or the emission po-
sition of light from the optical system 13 relative to the
object 15. By repeating acquisition of received signal data
while moving the emission position and the measurement
position relative to the object 15, received signal data for
obtaining object information for a targeted wide area can
be acquired.
[0037] In synchronism with irradiation control of the
pulsed light 12 by the controller 19C, the scanner 21 out-
puts position information about the supporter 22 or the
optical system 13 during light irradiation, that is, during
receiving of a photoacoustic wave, to the computer 19.
[0038] The scanner 21 may be capable of moving at
least one of the optical system 13, the acoustic wave
receiving elements 17, and the object 15.
[0039] The scanner 21 may be a step-and-repeat scan-
ner that repeats moving and stopping or a continuous
movement scanner that continuously moves. However,
with a continuous movement scanner that continuously
moves, the total movement time can be reduced and a
load on a subject can be reduced. Moreover, by perform-
ing continuous movement with a small change in the ac-
celeration of movement, the influence of shaking of the
apparatus can be reduced.
[0040] The scanner 21 may move the optical system
13 together with the supporter 22 in order to move the
irradiation position of the pulsed light 12 emitted from the
light source 11. That is, the supporter 22 and the optical
system 13 may be moved in synchronism with each other.
By doing so, the relationship between the acoustic wave
receiving position and the light irradiation position is
maintained constant, so that more uniform object infor-
mation can be acquired. In the present embodiment, a
unit that moves the relative positions of the optical system
13 and the object 15 will be referred to as an emission
position moving unit, and a unit that moves the relative
positions of the acoustic wave receiver 60 and the object
15 will be referred to as a measurement position moving
unit.
[0041] In the case where the object is a human body,
the irradiation area of the object over which irradiation
can be performed is limited by the standard of American
National Standards Institute (ANSI). Therefore, in order
to increase the amount of light that propagates into the
object 15, the irradiation intensity and the irradiation area
may be increased, but the irradiation area is limited in
view of the cost of the light source. Moreover, due to the

directivity of a receiving element, the utilization efficiency
of the amount of light is low if a region having a low re-
ceiving sensitivity is irradiated with light. Therefore, it is
not efficient to irradiate the entirety of a large object with
light. That is, light may be moved together with the acous-
tic wave receiver, because it is efficient to irradiate with
light only a region in which the sensitivity of the acoustic
wave receiver is high.

Input Unit 24

[0042] The input unit 24 may include a mouse, a key-
board, or the like, which can be operated by a user. The
display unit 20 may include a touch panel, and the display
unit 20 may be used as the input unit 24. Examples of
operations that a user can perform by using the input unit
24 include setting of parameters related to imaging; in-
struction for starting imaging; setting of observation pa-
rameters, such as the range and the shape of a region
of interest; and other image processing operations relat-
ed to an image.
[0043] The elements of the photoacoustic apparatus
may be configured as independent devices or a single
integrated device. Alternatively, at least some of the el-
ements of the photoacoustic apparatus may be config-
ured as a single integrated device.

Acoustic Matching Member 27

[0044] A space between the object 15 and the support-
er 22, which is a propagation path of a photoacoustic
wave, may be filled with an acoustic matching member
27, such as water or a gel for ultrasonic measurement,
so that an air gap may not be formed in the space. The
acoustic matching member 27, which also serves as a
propagation path of the pulsed light 12, may be a medium
that is transparent with respect to the pulsed light 12. For
example, water is used as the acoustic matching member
27.

Holding Unit 40

[0045] A holding unit 40 is used to hold the shape of
the object 15 during measurement. By holding the object
15 using the holding unit 40, movement of the object can
be suppressed and the position of the object 15 can be
retained in the holding unit 40. PET-G or the like can be
used as the material of the holding unit 40.
[0046] The holding unit 40 may be made of a material
having a hardness with which the holding unit 40 can
hold the object 15. The holding unit 40 may be made of
a material that transmits light used for measurement. The
holding unit 40 may be made of a material having sub-
stantially the same impedance as the object 15. When
the object 15 is an object having a curved surface, such
as a breast, the holding unit 40 may have a concave
shape. In this case, the object 15 can be inserted into
the concave portion of the holding unit 40.
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Image Capturing Device 50

[0047] An image capturing device 50 generates image
data of the object and outputs the generated image data
to the computer 19. The image capturing device 50 in-
cludes an image capturing element 51 and an image gen-
erator 52. The image generator 52 generates image data
of the object by analyzing a signal output from the image
capturing element 51, and the generated image data is
stored in the storage unit 19B.
[0048] For example, an optical image capturing ele-
ment, such as a CCD sensor or a CMOS sensor, may
be used as the image capturing element 51. A transducer
that can transmit and receive an acoustic wave, such as
a piezoelectric element or CMUT, may be used as the
image capturing element 51. Some of the plurality of
acoustic wave receiving elements 17 may be used as
the image capturing element 51. Any element may be
used as the image capturing element, as long as the im-
age generator 52 can generate an image of the object
on the basis of a signal output from the image capturing
element 51.
[0049] The image generator 52 includes elements,
such as a CPU, a GPU, and an A/D converter; and cir-
cuits, such as a FPGA and an ASIC. The computer 19
may also function as the image generator 52. That is, the
operation unit 19A in the computer 19 may be used as
the image generator 52.

Operation of Photoacoustic Apparatus

[0050] Next, the operation of the photoacoustic appa-
ratus according to the present embodiment will be de-
scribed. The controller 19C drives the scanner 21 in ac-
cordance with instruction from the computer 19 and
moves the acoustic wave receiver 60 (supporter 22)
along a desired movement path. At this time, at a certain
timing, the pulsed light 12 emitted from the light source
11 is guided by the optical system 13; and the object 15,
such as a living body, is irradiated with the pulsed light
12. At the timing at which the object 15 is irradiated with
the pulsed light 12, the pulsed light 12 reaches the en-
tirety of the inside of the object 15 substantially simulta-
neously. When a part of the energy of the pulsed light 12
that has propagated through the inside of the object 15
is absorbed by a light absorber (which is to serve as an
acoustic source), such as a blood vessel in which a large
amount of hemoglobin is included, a photoacoustic wave
(typically, an ultrasonic wave) is generated due to thermal
expansion of the light absorber. The plurality of acoustic
wave receiving elements 17 receive the photoacoustic
wave and converts the photoacoustic wave into an elec-
tric signal.
[0051] Typically, the propagation velocity of the pho-
toacoustic wave is higher than the velocity with which the
scanner 21 moves the acoustic wave receiver 60. There-
fore, the photoacoustic wave is received at positions at
which the plurality of acoustic wave receiving elements

17 are located at the emission timing of the pulsed light
12. Thus, movement of the acoustic wave receiver 60
during a period from the time at which the pulsed light 12
is emitted toward the object 15 to the time at which the
plurality of acoustic wave receiving elements 17 receive
the photoacoustic wave may be neglected. Therefore, in
the present embodiment, the light emission timing of the
pulsed light 12 is regarded as the timing at which the
photoacoustic wave is received. The position of the sup-
porter 22 relative to the object 15 at the light emission
timing of the pulsed light 12 will be referred to as the
"measurement position of the supporter 22 (measure-
ment position of the acoustic wave receiver 60)".
[0052] In the present embodiment, the position of the
center of the supporter 22 is regarded as the position of
the supporter 22. The position of the optical system 13
relative to the object 15 at the light emission timing of the
pulsed light 12 will be referred to as the "emission position
of light from the optical system 13".
[0053] In the present embodiment, the supporter 22
includes the plurality of acoustic wave receiving elements
17. Therefore, it is possible to identify the positions of the
plurality of acoustic wave receiving elements 17 at each
light emission timing from the measurement position of
the supporter 22 at each light emission timing. In the
present embodiment, the scanner 21 moves the support-
er 22 and the optical system 13 while maintaining the
positional relationship between the supporter 22 and the
optical system 13. Therefore, the positional relationship
between the emission position from which light is emitted
from the optical system 13 and the measurement position
of the supporter 22 at each light emission timing is con-
stant. Hereinafter, "the measurement position of the sup-
porter 22" may be simply referred to as the "measurement
position". The "emission position of light from the optical
system 13" may be simply referred to as the "emission
position".
[0054] Next, the controller 19C drives the scanner 21
in accordance with instruction from the computer 19 to
move the optical system 13 and the supporter 22. At this
time, the pulsed light 12 is emitted at another timing, and
the plurality of acoustic wave receiving elements 17 re-
ceive a newly generated photoacoustic wave. In this way,
the photoacoustic wave can be received at an emission
position and a measurement position that differ from the
emission position and the measurement position at the
previous timing. In the present embodiment, because the
light source 11 generates the pulsed light 12 with a pre-
determined cyclic frequency, the emission position and
the measurement position can be controlled by control-
ling the scanner 21. In this case, the light source 11, the
optical system 13, and the scanner 21 constitute a light
irradiation unit; and the controller 19C can control the
emission position by controlling the scanner 21 as the
light irradiation unit.
[0055] The controller 19C may change the emission
timing of the light source 11. In this case, the controller
19C controls the emission position and the measurement
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position by controlling the light emission timing of the light
source 11 and driving of the scanner 21. In this case, the
light source 11, the optical system 13, and the scanner
21 constitute a light irradiation unit; and the controller
19C can control the emission position by controlling the
light source 11 and the scanner 21 as the light irradiation
unit.
[0056] The optical system 13 may include a plurality
of light emission ends, and the controller 19C may control
the emission position by controlling from which light emis-
sion end light is emitted. In this case, the light source 11
and the optical system 13 constitute a light irradiation
unit, and the controller 19C controls the emission position
by controlling the optical system 13 as the light irradiation
unit. For example, by including an optical filter that re-
duces light and or a beam splitter that splits a light, the
optical system 13 can change the light emission end from
which light is emitted. Because the power of the light
source 11 is limited, if light is emitted from a large number
of emission ends at one time of light emission, the inten-
sity of light emitted from each emission end becomes
low. In this case, there are some positions in the object
to which only a small amount of light reaches at any light
emission timing. It may be difficult to form an image of
such a position with high precision. Therefore, in one time
of light emission from the light source 11, the light may
be split to some of the plurality of emission ends, and the
object may be irradiated with light emitted from the some
of the emission ends. The emission ends to which light
is split may differ between the first light emission timing
(first light emission) and the second light emission timing
(second light emission) so that light can be emitted from
all of set emission positions through a plurality of times
of light emission.
[0057] Next, the data acquisition system (DAS) 26 per-
forms amplification and digital conversion of an electric
signal output from the plurality of acoustic wave receiving
elements 17.
[0058] Next, the computer 19 sets a region of interest,
whose image based on object information is to be dis-
played. The computer 19 may set a region that a user
has specified by using the input unit 24 as a region of
interest. Alternatively, the computer 19 may set a region
specified by a user in an image obtained by another im-
age forming apparatus (for example, the image capturing
device 50) as a region of interest. Further alternatively,
the computer 19 may set a region of interest by analyzing
an image obtained by another image forming apparatus
(for example, the image capturing device 50). Further
alternatively, the computer 19 may be set a region of
interest by reading information stored beforehand in the
storage unit 19B. For example, when setting the entire
region of the object as a region of interest, a region in-
cluding the entire region in the holding unit 40 may be
set beforehand as a region of interest.
[0059] Next, the computer 19 acquires object informa-
tion in the region of interest, such as an initial acoustic
pressure distribution and an absorption coefficient distri-

bution, by performing predetermined processing, such
as image reconstruction, on a digital signal output from
the data acquisition system 26. For example, by perform-
ing image reconstruction processing described in U.S.
Patent No. 5713356, object information for each voxel
can be acquired from electric signals obtained at a plu-
rality of light emission timings. Typically, the computer
19 acquires object information for each voxel by super-
posing a plurality of electric signals. If the number of elec-
tric signals used for calculation differs between the vox-
els, the superposed value may be divided by the number
of signals used for calculation. By doing so, variation of
object information due to variation in the number of sig-
nals can be reduced. Note that, if the number of electric
signals used for calculation does not differ between vox-
els, the superposed value may be used as it is.
[0060] Next, the computer 19 generates image data to
be displayed on the display unit 20 on the basis of the
acquired object information. Then, the computer 19 caus-
es the display unit 20 to display a photoacoustic image
based on the generated image data.
[0061] A user, such as a doctor, can use the photoa-
coustic image of the object information, which is dis-
played on the display unit 20 as described above, for
diagnosis and the like.
[0062] For example, Figs. 2A and 2B illustrate an ex-
ample of the positions of the optical system 13 and the
supporter 22 at certain light emission timings A and B.
That is, Figs. 2A and 2B illustrate the emission position
and the measurement position at the light emission tim-
ings A and B. In each of Figs. 2A and 2B, the direction
indicated by an arrow (direction in which the pulsed light
12 is emitted) is the depth direction of the object 15. A
photoacoustic image of a region including a region of
interest 32 is to be finally displayed on the display unit 20.
[0063] As illustrated in Figs. 2A and 2B, the acoustic
wave receiving elements 17, which are disposed on the
hemispherical supporter 22, form the spherical high-res-
olution region 23 in the vicinity of the center of curvature
of the hemisphere. Here, the high-resolution region 23
is a region in which an image having a resolution up to
a half of the maximum resolution can be obtained.
[0064] In the present embodiment, the computer 19
sets the high-resolution region 23 or a region including
the high-resolution region 23 as an image reconstruction
region 33 to be imaged. The computer 19 sets the image
reconstruction region 33 corresponding to each light
emission timing so that the region of interest 32 is filled
with the image reconstruction region 33 corresponding
to each light emission timing. In the present embodiment,
an example in which the computer 19 performs image
reconstruction processing at each light emission timing
will be described. However, the computer 19 may per-
form image reconstruction processing on electric signals
obtained at a plurality of light emission timings.
[0065] In the present embodiment, the computer 19
sets the region of interest 32 and the image reconstruc-
tion region 33 for each light emission timing, and divides
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the inside thereof into voxels 35. In Fig. 2A, only some
of the voxels 35 are shown for convenience.
[0066] In the present embodiment, because object in-
formation in a three-dimensional space region is to be
acquired, the minimum region to be reconstructed is re-
ferred to as a "voxel". However, object information in a
two-dimensional space region may be acquired. In this
case, the minimum region to be reconstructed is referred
to as a "pixel".
[0067] Alternatively, a user may specify any appropri-
ate region by using the input unit 24, and the computer
19 may set the region specified by the user as the region
of interest 32 or the image reconstruction region 33. Fur-
ther alternatively, the region of interest 32 or the image
reconstruction region 33 may be set beforehand.
[0068] Hereinafter, the distribution of emission posi-
tions or the measurement position according to the
present embodiment will be described. In the present em-
bodiment, because the positional relationship between
the emission position and the measurement position are
constant as described above, the distributions of the
emission position and the measurement position are sim-
ilar to each other.

Distribution of Emission Positions

[0069] In photoacoustic apparatuses, the acoustic
pressure of the generated photoacoustic wave changes
in accordance with the light amount distribution in an ob-
ject. Typically, the generated acoustic pressure of a pho-
toacoustic wave is proportional to the amount of light.
That is, even when the object is a blood vessel (blood)
having the same absorption coefficient, the light amount
distribution in the object is not uniform depending on the
light emission method and the shape of the object, and
therefore the acoustic pressure generated in the object
varies considerably. If the generated acoustic pressure
of a photoacoustic wave is low, the intensity of the re-
ceived signal of the photoacoustic wave is also low.
Therefore, in a photoacoustic image obtained by per-
forming image reconstruction processing on the received
signal, there may exit a region in which the generated
acoustic pressure is not represented by being buried in
image noise. That is, regarding a region in which the gen-
erated acoustic pressure is low, there may exist a region
in which the image noise level is not at a level with which
the generated acoustic pressure can be represented.
[0070] Therefore, in the present embodiment, the
emission position is set so that the total amount of light
due to light emission at a plurality of light emission timings
corresponding to each voxel in the region of interest 32
is larger than or equal to a threshold. That is, the controller
19C controls the scanner 21 so that, when the region of
interest 32 is divided into the voxels, the distribution of
emission positions is such that the total amount of light
in each voxel by a plurality of times of light emission is
larger than or equal to the threshold.
[0071] By making the emission position to have such

a distribution, the generated acoustic pressure of a pho-
toacoustic wave generated in a voxel in which an acoustic
source is present can be made higher than or equal to a
predetermined level. Therefore, burying the image of the
acoustic source in image noise can be suppressed. Here-
inafter, the distribution of emission positions according
to the present embodiment will be described. In describ-
ing the present embodiment, it is assumed that the light
source 11 generates the pulsed light 12 with a constant
intensity at each light emission timing.
[0072] Figs. 3A and 3B illustrate an example of the
distribution of the amount of the pulsed light 12 in the
object 15 at certain light emission timings A and B. In
each of the figures, the black region is a region in which
the amount of light is high, and the white region is a region
in which the amount of light is low. In each of the figures,
the direction indicted by an arrow (the direction in which
the pulsed light 12 is emitted) is the depth direction of
the object 15.
[0073] By changing the emission position between a
plurality of timings, the light irradiation position at which
the object 15 is irradiated with light is changed. As a re-
sult, the amount of light in the object voxels at the light
emission timings, that is, the light amount distribution in
the object 15 differs as shown in Figs. 3A and 3B. In
particular, when the object 15 is hemispherical, the
amount of light is relatively low in a deep part of the object
15, because the amount of light is reduced due to diffu-
sion decay. That is, as can be understood from Figs. 3A
and 3B, the amount of light is high at the irradiation po-
sition of the pulsed light 12 and the amount of light grad-
ually decreases as a position becomes farther from the
irradiation position. The light amount distribution in the
object 15 at each light emission timing can be acquired
by the computer 19 on the basis of, for example, the light
emission pattern at each light emission timing, the optical
constants of the object 15, information about the coordi-
nates of the surface of the object 15, an the like.
[0074] By calculating the sum of the amounts of light
in an object voxel at the light emission timings, the total
light amount in each voxel can be obtained. The total
light amount in each voxel differs depending on the dis-
tribution of the emission positions.
[0075] For example, Fig. 4A illustrates the distribution
of emission positions according to a comparative exam-
ple, which is described in NPL 2: "Dedicated 3D Photoa-
coustic Breast imaging", Robert A. Kruger, Cherie M.
Kuzmiak, Richard B. Lam, Daniel R. Reinecke, Stephen
P. Del Rio, and Doreen Steed, Medical Physics 40,
113301 (2013). In Fig. 4A, the emission position at each
light emission timing is plotted with a dot. NPL 2 proposes
a method for uniformly reducing image noise due to re-
construction artifacts, which are generated by image re-
construction, by moving an acoustic wave receiver, on
which a plurality of acoustic wave receiving elements are
disposed on a hemispherical surface, with an equal dis-
tance. In NPL 2, because an optical system is scanned
while maintaining the positional relationship between the
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optical system and the acoustic wave receiver, the den-
sity of the distribution of emission positions is uniform as
shown in Fig. 4A. Fig. 4B illustrates the total light amount
in the voxels in the case where the density of the distri-
bution of emission positions is uniform as shown in Fig.
4A. As can be understood from Fig. 4B, at the same depth
in the object 15, the total light amount in voxels in a central
part of the object 15 is smaller than the total light amount
in voxels in a peripheral part of the object 15.
[0076] As described above, in a region in which the
amount of light is low, the image of an acoustic source
may be buried in image noise. In order to increase the
total light amount in voxels in a central part of the object
15 by using the method described in NPL 2, for making
the density of the distribution of emission positions be
uniform, it is necessary to also perform additional meas-
urement (light irradiation) of voxels in a peripheral part
of the object 15, in which the total light amount is suffi-
ciently high. Therefore, in order to make image noise
included in each voxel to a desired noise level by using
the method described in NPL 2, a long measurement
time is needed.
[0077] In contrast, in the present embodiment, in order
to increase the total light amount in voxels in a central
part of the object 15, the distribution of emission positions
shown in Fig. 5A is set. That is, the density of the distri-
bution of emission positions is changed, and the distri-
bution of emission positions is set so that the total light
amount due to light emission at a plurality of light emis-
sion timings corresponding to each voxel in the region of
interest 32 is larger than or equal to a threshold.
[0078] In the present embodiment, the density of the
distribution of emission positions is not uniform, and the
density is higher in an inner part of the distribution of the
emission positions than in an outer part of the distribution.
In the present embodiment, the scanner 21 moves the
optical system 13 so that the distance between each
emission position and an adjacent emission position
changes. In Fig. 5A, the scanner 21 moves the optical
system 13 so that the distance between adjacent emis-
sion positions decreases from an outer part toward an
inner part of a spiral movement path.
[0079] By using the distribution of emission positions
shown in Fig. 5A, the total light amount in the voxels
shown in Fig. 5B can be obtained. In Fig. 5B, the total
light amount is substantially uniform at the same depth
of the object 15. By using the nonuniform distribution of
the emission position, light can be selectively emitted to-
ward voxels in which the total light amount is smaller than
a predetermined threshold. Therefore, it is possible to
reduce the time required for measurement that is per-
formed to make the total light amount in each voxel be
larger than or equal to a predetermined threshold.
[0080] In the present invention, as long as the total light
amount in each voxel is larger than or equal to a prede-
termined threshold, the total light amount may be nonu-
niform at the same depth of the object 15.
[0081] As heretofore described, with the present em-

bodiment, the total amount of light with which each voxel
is irradiated can be made larger than or equal to a pre-
determined threshold while reducing the measurement
time. Therefore, the generated acoustic pressure of a
photoacoustic wave generated in each voxel can be
made higher than or equal to a predetermined level, and
thereby burying of image of an acoustic source in image
noise can be suppressed.
[0082] The total light amount in each voxel may be
made larger than or equal to a predetermined threshold
by emitting light a larger number of times at the positions
shown by asterisks in Fig. 6 than at other positions. That
is, the number of times light is emitted at emission posi-
tions from which light can be emitted toward a central
part of the object 15 may be made larger than the number
of times light is emitted at other emission positions. To
be specific, when the controller 19C moves the optical
system 13 to a certain emission position, the controller
19C stops the movement of the optical system 13 at the
emission position and causes the light source 11 to emit
light a plurality of times at the same emission position.
Alternatively, the controller 19C may move the optical
system 13 continuously to move the optical system 13
to a previous emission position and causes the light
source 11 to emit light at the emission position. By doing
so, the object 15 can be irradiated with light a plurality of
times at the same emission position.
[0083] Also in this case, as shown in Fig. 5B, the total
light amount can be made substantially uniform at the
same depth of the object 15. Making the number of times
of light emission differ between emission positions is in-
cluded in making the density of the distribution of emis-
sion positions differ. That is, in both of the cases shown
in Fig. 5A and Fig. 6, the number of emission positions
per unit area or per unit volume (distribution density) is
not uniform but differs.
[0084] Here, a threshold of the amount of light is an
apparatus-specific value and differs between the voxels.
To be specific, if an object to be imaged is a blood vessel,
it is assumed that a substance having the same absorp-
tion coefficient as blood exists in the object, simulation
of light emission and various measurement positions is
performed, and the threshold is determined as a total
light amount with which the object can be visually recog-
nized. That is, the threshold is a value that is determined
with consideration of apparatus characteristics and the
object characteristics. However, if it is difficult to perform
simulation, an empirical value may be used. When the
threshold of the total light amount is determined, the com-
puter 19 can determine the distribution of emission po-
sitions so that the total light amount in each voxel in the
region of interest 32 is larger than or equal to the thresh-
old.
[0085] If shaking of the acoustic matching member 27
occurs due to movement of the optical system 13 and
the supporter 22, it may happen that the space between
the object 15 and the acoustic wave receiving elements
17 may not be filled with the acoustic matching member
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27. In this case, a photoacoustic wave generated in the
object 15 may not be able to reach the acoustic wave
receiving elements 17 with a sufficient intensity. For this
reason, the scanner 21 moves the optical system 13 and
the supporter 22 along a spiral movement path during a
plurality of light emission timings. By moving the optical
system 13 and the supporter 22 with a small change in
acceleration in this way, shaking of the acoustic matching
member 27 can be suppressed. The movement path
need not be spiral, a long as the optical system 13 and
the supporter 22 can be moved with a small change in
acceleration so that shaking of the acoustic matching
member 27 can be suppressed.

Distribution of Measurement Positions

[0086] In the present embodiment, the distribution of
measurement positions can be set so that burying of the
image of an acoustic source in image noise can be sup-
pressed. Hereinafter, the distribution of measurement
positions according to the present embodiment will be
described.
[0087] As described above, if the total light amount is
as shown in Fig. 4B, because the generated acoustic
pressure of photoacoustic wave is low in the central part
of the object 15 as described above, an image of an
acoustic source may be buried in image noise due to
system noise. Moreover, regarding photoacoustic appa-
ratuses, there exists a factor that influences image noise
of a reconstructed image, other than the total light amount
in each voxel. For example, image reconstruction arti-
facts, which are generated because the acoustic source
cannot be surrounded by the acoustic wave receiving
elements 17 from all directions, may cause image noise.
That is, image noise due to image reconstruction artifacts
is likely to occur in a region other than the high-resolution
region 23. Moreover, because a photoacoustic wave de-
cays as it propagates and a received signal of the pho-
toacoustic wave decreases, the image of an acoustic
source may be buried in image noise due to system noise.
[0088] In the present embodiment, as shown in Figs.
2A and 2B, the position of the high-resolution region 23
is uniquely determined in accordance with the measure-
ment position of the supporter 22. The plurality of acoustic
wave receiving elements 17, which are disposed on the
supporter 22, can each receive a photoacoustic wave
generated in the high-resolution region 23 with high sen-
sitivity.
[0089] Therefore, in the present embodiment, the dis-
tribution of measurement positions is set so that image
noise included in a reconstructed image is lower than or
equal to a predetermined threshold. To be specific, as
shown in Fig. 5A, the density of the distribution of meas-
urement positions is set so that the density is higher in
an inner part of the distribution of measurement positions
than in an outer part of the distribution. In the present
embodiment, the scanner 21 moves the supporter 22 so
that the distance between each measurement position

and an adjacent measurement position changes. In the
case of the spiral movement path, the scanner 21 moves
the supporter 22 so that the distance between adjacent
measurement positions decreases from an outer part to-
ward an inner part of the spiral path.
[0090] By receiving the acoustic wave at various posi-
tions in this way, image noise due to reconstruction arti-
facts in a photoacoustic image after image reconstruction
can be reduced. Moreover, by increasing the number of
times of measurement when the high-resolution region
23 is located in a central part of the object 15, image
noise due to system noise included in voxels near the
center of the object 15 can be reduced.
[0091] Here, a threshold of image noise is an appara-
tus-specific value and differs between the voxels. To be
specific, if an object to be imaged is a blood vessel, it is
assumed that a substance having the same absorption
coefficient as blood exists in the object, simulation of light
emission and various measurement positions is per-
formed, and the threshold is an image noise level with
which the object can be visually recognized. That is, the
threshold is a value that is determined with consideration
of the apparatus characteristics of and the object char-
acteristics. However, if it is difficult to perform simulation,
an empirical value may be used. When the value of image
noise is determined, the computer 19 can determine the
distribution of the measurement positions so that the im-
age noise in each voxels in the region of interest 32 is
lower than or equal to the threshold.
[0092] Image noise included in each voxel may be
made lower than or equal to a predetermined threshold
by making the number of times of measurement be larger
at the positions shown by asterisks in Fig. 6 than at other
positions. That is, the number of times of measurement
at measurement positions with which the high-resolution
region 23 is located in a central part of the object 15 may
be made larger than the number of times of measurement
at other measurement positions. To be specific, when
the controller 19C moves the supporter 22 to a certain
measurement position, the controller 19C stops the
movement of the supporter 22 at the measurement po-
sition and causes the supporter 22 to emit light a plurality
of times at the measurement position. Alternatively, the
controller 19C may move the supporter 22 continuously
to move the supporter 22 to a previous measurement
position and causes the light source 11 to emit light at
the measurement position. By doing so, photoacoustic
waves can be received at the same measurement posi-
tion.
[0093] Making the number of times of measurement
differ in accordance with measurement positions is in-
cluded in making the density of the distribution of meas-
urement positions differ. That is, in both of the cases of
Fig. 5A and Fig. 6, the number the measurement posi-
tions per unit area or per unit volume (distribution density)
is not uniform but differs.
[0094] It is not necessary that both the density of dis-
tribution of the emission positions and the density of the
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distribution of measurement positions be uniform in order
to make image noise included in each voxel in the region
of interest 32 be lower than or equal to a threshold. In
this case, the scanner 21 may move the optical system
13 and the supporter 22 while maintaining a positional
relationship between the emission position and the
measurement position so that the pulsed light 12 is emit-
ted toward the high-resolution region 23. By doing so, a
region in which a photoacoustic wave can be received
with high sensitivity overlaps a region in which the amount
of light is large, and therefore the signal intensity of a
received signal is high and image noise in the region of
interest can be considerably reduced in a single meas-
urement.
[0095] The amount of light and the image noise level
in each voxel in a region of interest when the object is
irradiated with light vary in accordance with the shape of
the object, the optical coefficients (such as the absorption
coefficient, the scattering coefficient, the attenuation co-
efficient, and the like) of the object, the optical coefficients
of the acoustic matching member, and the like. There-
fore, the controller 19C may determine the emission po-
sition or the measurement position by using information
based on the shape of the object. That is, on the basis
of information about the shape of the object, the controller
19C may determine the emission position so that the total
light amount due to light emission at a plurality of light
emission timings corresponding to each voxel in the re-
gion of interest 32 is larger than or equal to a threshold.
On the basis of information about the shape of the object,
the controller 19C may determine the measurement po-
sition so that the level of image noise included in a re-
constructed image is lower than or equal to a predeter-
mined threshold.
[0096] The controller 19C may acquire information
about the shape of the object, the optical coefficients
(such as the absorption coefficient, the scattering coef-
ficient, the attenuation coefficient, and the like) of the
object, the optical coefficients of the acoustic matching
member, and the like, and may read an irradiation posi-
tion pattern or a measurement position pattern corre-
sponding to the acquired information. The controller 19C
controls the scanner 21 and the light source 11 so that
emission positions and measurement positions form the
emission position pattern or the measurement position
pattern obtained in this way. For example, the controller
19C acquires information based on the shape of the ob-
ject. Then, the controller 19C reads an emission position
pattern or a measurement position pattern corresponding
to the information based on the shape of the object from
the storage unit 19B, in which a plurality of emission po-
sition patterns or measurement position patterns asso-
ciated with the shape of the object have been stored.
[0097] When a tentative emission position pattern or a
tentative measurement position pattern is assumed, the
operation unit 19A estimates the amount of light or the
image noise level in each voxel on the basis of parame-
ters, such as the shape of the object, the optical coeffi-

cients of the object, and the optical coefficients of the
acoustic matching member. Next, the operation unit 19A
determines whether or not the amount of light in each
voxel is larger than or equal to a predetermined threshold
or whether or not the image noise in each voxel is lower
than or equal to a predetermined threshold. If the amount
of light in each voxel is larger than or equal to a prede-
termined threshold, the operation unit 19A transmits in-
formation about the emission position pattern assumed
by the controller 19C. Then, the controller 19C controls
the emission position by controlling the light irradiation
unit on the basis of the information about the emission
position pattern received from the operation unit 19A. If
the image noise level in each voxel is lower than or equal
to a predetermined threshold, the operation unit 19A
transmits information about the measurement position
pattern assumed by the controller 19C. Then, the con-
troller 19C controls the measurement position by control-
ling the scanner on the basis of the information about the
measurement position pattern received from the opera-
tion unit 19A. On the other hand, if the amount of light in
each voxel is smaller than a predetermined threshold,
the operation unit 19A assumes a new emission position
pattern, estimates the amount of light in each voxel, and
compares the amount of light with the threshold. If the
image noise level in each voxel is higher than the prede-
termined threshold, the operation unit 19A assumes a
new measurement position pattern, estimates the noise
level in each voxel, and compares the image noise level
with the threshold.
[0098] In the present invention, the term "information
based on the shape of the object" refers to information
about the position coordinates of the surface of the object
or information about the type of the holding unit. The
phrase "acquires information based on the shape of the
object" means that the controller 19C receives informa-
tion based on the shape of the object.
[0099] Hereinafter, an example of a method with which
the controller 19C acquires the information based on the
shape of the object will be described.
[0100] The controller 19C may acquire the information
based on the shape of the object on the basis of image
data of the object acquired by the image capturing device
50. First, the operation unit 19A reads image data of the
object, which has been acquired by the image capturing
device 50, from the storage unit 19B. Next, the operation
unit 19A calculates the coordinate information about the
surface of the object on the basis of the image data of
the object, and outputs the coordinate information to the
controller 19C. For example, the operation unit 19A may
calculate the coordinate information about the surface of
the object on the basis of a plurality of image data items
by using a three-dimensional measurement technology,
such as a stereo method. Then, the controller 19C re-
ceives the information about the position coordinates of
the surface of the object, which has ben output from the
operation unit 19A, and can acquire the information as
information about the shape of the object.
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[0101] Information about the position coordinates of
the holding unit 40, which is known beforehand, may be
stored in the storage unit 19B. Then, the controller 19C
can read the information about the position coordinates
of the holding unit 40 from the storage unit 19B, and can
acquire the information as information about the position
coordinates of the surface of the object.
[0102] A detector 42, which detects the type of the hold-
ing unit 40 attached to an attachment portion 41 and out-
puts information about the type of the holding unit 40 to
the computer 19, may be provided. Then, the controller
19C can receive the information about the type of the
holding unit 40, which has been output from the detector
42, and can acquire the information as the information
based on the shape of the object. For example, a reader
that reads an ID chip, which is mounted on the holding
unit 40 and representing the type of the holding unit 40,
may be used as the detector 42. By doing so, the infor-
mation based on the shape of the object can be acquired
without performing calculation.
[0103] A user may input the type of the holding unit 40
to be used by using the input unit 24, and the input unit
24 may output the input information to the computer 19.
Then, the controller 19C may receive the information
about the type of the holding unit 40, which has been
output from the input unit 24, and may acquire the infor-
mation as the information based on the shape of the ob-
ject. By doing so, the information based on the shape of
the object can be acquired without performing calcula-
tion.
[0104] If the type of the holding unit 40 does not change
and it is not assumed that the size of the holding unit 40
does not change due to the apparatus specifications, the
information based on the shape of the object used by the
controller 19C may be constant.
[0105] The controller 19C can acquire the optical co-
efficients of the object or the optical coefficients of the
acoustic matching member, which have been calculated
by using a known method such as time-resolved spec-
troscopy. A user may input the information based on the
shape of the object, the optical coefficients of the object,
or the optical coefficients of the acoustic matching mem-
ber by using the input unit 24; and the controller 19C may
receive such information items.

INFORMATION ACQUISITION APPARATUS

[0106] Next, referring to Figs. 11A and 11B, an infor-
mation acquisition apparatus for acquiring information
about an object by using a photoacoustic wave generated
by irradiating the object with light will be described.
[0107] The information acquisition apparatus includes
the aforementioned light irradiation unit, a scanning unit,
a holding unit, a receiving unit, and a processing unit.
[0108] The light irradiation unit (denoted by 151 in Fig.
11B), for irradiating the object with light, has, for example,
a light emission end for emitting light that is guided from
the aforementioned light source through an optical

waveguide.
[0109] For example, the light irradiation unit is struc-
tured so that the light irradiation unit can periodically emit
pulsed light.
[0110] The scanning unit moves an emission position
150 of light, from which light is emitted from the light ir-
radiation unit 151, relative the object in an in-plane direc-
tion (such as a direction parallel to the X-Y plane shown
in Fig. 11B). Needless to say, the scanning unit may move
the object, the light irradiation unit 151, or both of these.
In a case where the object is a breast or the like, in con-
sideration of a load on a subject, the light irradiation unit
151 may be moved.
[0111] The holding unit holds the object. To be specific,
the holding unit holds the object so that the object has a
portion in which the distance L from the emission position
150 of the light irradiation unit to a light irradiation position
152 on a surface of the object differs in accordance with
the emission position 150. Here, the distance L is a length
in a direction perpendicular to the in-plane direction.
[0112] The holding unit has a concave shape, such as
a hemispherical shape, for holding a breast, which is an
example of the object. As long as the holding unit has an
opening for inserting a breast or the like therethrough, it
is not necessary that the holding unit have a structure
that supports the breast or the like in a direction (-Z di-
rection) opposite to the direction of gravity.
[0113] The emission position 150 of light is a position
from which light is emitted from the light irradiation unit.
The light irradiation position 152 is a position on the object
surface irradiated with light.
[0114] The dots in Fig. 11A show an example of a
movement path of the emission position 150 of light. The
intensity of light emitted from the emission position may
be controlled so as to be constant between the dots.
When emitting light beams having two wavelengths (λ1,
λ2), the light beams may be alternately omitted, that is,
in the order of λ1, λ2, λ1, λ2, λ1 .... The pulsed light
beams having the two wavelengths λ1 and λ2 may be
emitted from one emission position.
[0115] The receiving unit, which is a unit for receiving
a photoacoustic wave, includes, for example, capacitive
micro-machined ultrasonic transducers (CMUTs).
[0116] As described above, the processing unit ac-
quires information about the object by using a signal out-
put from the receiving unit.
[0117] The receiving unit may be structured so that the
receiving unit can be moved by the scanning unit in syn-
chronism with the light irradiation unit. For example, a
support member provided with the light irradiation unit
and the receiving unit is prepared, and the support mem-
ber is moved relative to the object.
[0118] A plurality of emission positions formed by the
scanning unit at least include a first emission position
group (for example, emission positions in a region 100
of Fig. 11A) and a second emission position group (for
example, emission positions in a region 200 of Fig. 11A).
[0119] The first emission position group includes a plu-
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rality of emission positions for each of which the distance
from the emission position 150 to the light irradiation po-
sition 152 is in a first range.
[0120] Likewise, the second emission position group
includes a plurality of emission positions for each of which
the distance from the emission position 150 to the light
irradiation position 152 is in a second range that is con-
stituted by values larger than any value in the first range.
[0121] In Fig. 11A, a large number of emission posi-
tions are drawn in one region 100 (or 200). However, a
region including at least several emission positions may
be considered.
[0122] The distance between emission positions in one
group may gradually change.
[0123] The scanning unit is controlled so that the den-
sity of the emission positions included in the first emission
position group is higher than the density of the emission
positions included in the second emission position group.
[0124] Here, the density of the emission positions is
the density of the number of emission positions in a pre-
determined area, and may be also called the surface den-
sity. Note that, in a case where pulsed light is emitted
twice at one emission position, the number of the emis-
sion position is counted as two.
[0125] In the present apparatus, the distribution of a
plurality of emission positions in a predetermined area
may differ in accordance with an in-plane direction in
which the light irradiation unit moves.
[0126] The density of the distribution of emission po-
sitions may be controlled by maintaining the cyclic fre-
quency of pulsed light to be constant and by modulating
the scanning speed of the scanning unit. Alternatively,
the density of the distribution of emission positions may
be controlled by modulating the cyclic frequency of emit-
ted pulsed light while maintaining the scanning speed of
the scanning unit to be constant. Further alternatively,
both of the modulation of the scanning speed and the
modulation of the cyclic frequency of pulsed light may be
used.
[0127] The scanning unit may perform scanning so that
the plurality of emission positions form a spiral movement
path. The information acquisition apparatus may be
structured so that, at the plurality of emission positions,
pulsed light beams having wavelengths that differ from
each other are alternately emitted from the light irradia-
tion unit.
[0128] The scanning unit may be controlled so that the
distance between the plurality of emission positions that
form the spiral movement path decreases from an outer
part toward an inner part of the spiral movement path.
[0129] The light irradiation unit may have a plurality of
emission ends, and the controller may move the emission
positions by switching the emission end from which light
is emitted.

Other Embodiments

[0130] The present invention may be carried out by

performing a process described below. That is, software
(program) implementing the functions of the embodiment
described above is provided to a system or an apparatus
through a network or various storage media, and a com-
puter (or CPU, MPU, or the like) of the system or the
apparatus reads the program and executes the process.

Example 1

[0131] An example of a photoacoustic apparatus that
realizes photoacoustic imaging will be described. Here,
an example of a case where the object is a human breast
will be shown.
[0132] Fig. 7 illustrates a photoacoustic apparatus for
measuring a breast. The apparatus includes a table (T),
on which a subject lies, and a hemispherical plastic cup
(C), which has a thickness of 0.02 inches. The hemi-
spherical plastic cup (C), which corresponds to an object
holding unit, is a breast cup for holding a breast. The
breast cup (C) as an object holding unit has a curved
holding surface and holds a breast in a shape along the
curved holding surface. In order to keep acoustic match-
ing between the breast and the breast cup (C), a small
amount of water is poured into the breast cup.
[0133] Fig. 8 illustrates a hemispherical array receiver
(A), which is disposed below the breast cup, and a two-
axis stage (XY), which moves the array receiver (A). The
two-axis stage is controlled by the computer 19. The array
receiver (A) includes a hemispherical supporter (having
a radius of 127 mm), which is made of ABS plastic, and
acoustic wave receiving elements of 512 ch. Each acous-
tic wave receiving element has a diameter of 3 mm width
and is made of a piezoelectric material having a center
frequency of 2 MHz.
[0134] The array receiver (A) and the space inside a
plastic basin (E) for holding the array receiver (A) are
filled with water for keeping acoustic matching of the
acoustic wave receiving elements of 512 ch and the
breast cup. The water has been filtered through a reverse
osmosis membrane. A pulsed laser beam (75 ns, 300
mJ/pulse) emitted from an alexandrite laser has a width
of 7 mm, and the object is irradiated with the laser beam
through a movable arm. The movable arm moves togeth-
er with the array receiver (A), and the laser beam (L) is
emitted perpendicularly from a bottom surface of a probe.
The diameter of the laser beam is increased by using a
convex lens having a diameter of 12 mm, which is dis-
posed at a bottom surface of the array receiver (A), and
finally the bottom surface of the breast cup (C) is irradi-
ated with a diameter of 60 mm. The peak intensity of the
amount of light at the center is approximately 10 mJ/cm2,
which is lower than the MPE recommended by ANSI.
[0135] Fig. 9 is a schematic sectional view of the pho-
toacoustic apparatus, representing the relationship
among the array receiver (A), the basin (E), the table (T),
and the breast cup (C). The basin (E) holds the array
receiver (A) so that the array receiver (A) can move par-
allelly along a breast surface. The basin (E) is configured
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to be filled with water so as to maintain acoustic matching
of the array receiver and the breast. The maximum im-
aging volume (1335 mL) is determined in accordance
with the radius of curvature of the breast cup (C), the
width (184 mm) of the opening in which the breast is to
be placed, and the depth of the cup. The maximum im-
aging volume is shown in Fig. 9.
[0136] Regarding this system, by performing simula-
tion with consideration of the apparatus characteristics,
image noise with which a red dot pattern in a contrast
phantom can be recognized with a contrast 5 was calcu-
lated for each voxel. In the present example, the distri-
bution shown in Fig. 5A was used as the distribution of
emission positions and the measurement position that
satisfies the image noise. A spiral movement path was
used as the movement path. As a comparative example,
the measurement position and the emission position
were sampled at a substantially equal distance as shown
in Fig. 4A. In the present example and the comparative
example, the number of the measurement positions and
the emission positions were 2048, and the maximum ra-
dius of movement of the scanner 21 was 100 mm. Data
from the acoustic wave receiving elements of 512 ch for
each light emission was digitally converted with 20 MHzd,
2048 sampling, and 12 bit. Subsequently, on the basis
of the received signal data, a three-dimensional photoa-
coustic image was reconstructed by using a backprojec-
tion algorithm.
[0137] Next, the result of examining the effect of the
present example by using the contrast phantom will be
described. The contrast phantom was a region of 20 cm
in which red dots were dispersed, and the contrast phan-
tom was imaged. The red dot array was buried at a depth
of 30 mm in a polyurethane resin and was located at the
center of the breast cup (C). Figs. 10A and 10B show
photoacoustic images of the contrast phantom at a thick-
ness of about 30 mm, which were acquired at the emis-
sion positions and the measurement positions according
to present example, which are shown in Fig. 5A, and the
emission positions and the measurement positions ac-
cording to the comparative example, which are shown in
Fig. 4A. That is, Fig. 10A illustrates a photoacoustic im-
age captured by using a spiral scan pattern in which the
density of the distribution of the measurement positions
and the emission positions increases toward the center
of the distribution. On the other hand, Fig. 10B illustrates
a photoacoustic image captured by using a spiral scan
pattern in which the density of the distribution of the
measurement positions and the emission positions is
substantially uniform.
[0138] By comparing Fig. 10A with Fig. 10B, all dot
patterns can be recognized with the same brilliance in
Fig. 10A. On the other hand, it is difficult to recognize dot
patterns in a central part of the image of Fig. 10B. The
reason for this is as follows. In the photoacoustic appa-
ratus according to the present example, the breast cup
has a hemispherical shape as shown in Fig. 9. Therefore,
a phantom disposed in the breast cup has a large thick-

ness at a central part and a small thickness decreases
at a peripheral part. When such a phantom is irradiated
with a laser beam from below as illustrated in Fig. 1, the
amount of light at the central part is low when a plane at
the same thickness is compared, because the central
part of the phantom is thick. As a result, the generated
acoustic pressure generated from the red dots, which are
the contrast phantom, is lower at the central part and
higher in the peripheral part. That is, due to the light
amount distribution in the phantom, the generated acous-
tic pressure differs between the dots, which have the
same absorption coefficient. Therefore, when an image
having a uniform image noise is formed, as shown in Fig.
10B, an image in which the brilliance of the dots at the
central part is low as shown in Fig. 10B is formed. On
the other hand, a case where the density of the distribu-
tion of the measurement positions and the emission po-
sition is increased toward the center in order to further
reduce image noise in the central part, in which the gen-
erated acoustic pressure is low, is considered. In this
case, in a region in which the density of the distribution
of the measurement positions and the emission positions
is high, image noise due to image reconstruction artifacts
and image noise due to system noise are reduced. There-
fore, when an image is formed by image reconstruction,
an image in which the red dots are uniformly displayed
as in Fig. 10A, is formed. That is, when the brilliance of
the red dots is denoted by S and the brilliance of a region
surrounding the red dots is denoted by N, the image
shown in Fig. 10A can maintain a substantially uniform
S/N (image contrast ratio) at the same depth.
[0139] As heretofore described, with the photoacoustic
apparatus according to the present example, the level of
image noise included in each voxel of a region of interest
can be reduced to a level lower than or equal to a thresh-
old.

Other Embodiments

[0140] Embodiment(s) of the present invention can al-
so be realized by a computer of a system or apparatus
that reads out and executes computer executable in-
structions (e.g., one or more programs) recorded on a
storage medium (which may also be referred to more
fully as a ’non-transitory computer-readable storage me-
dium’) to perform the functions of one or more of the
above-described embodiment(s) and/or that includes
one or more circuits (e.g., application specific integrated
circuit (ASIC)) for performing the functions of one or more
of the above-described embodiment(s), and by a method
performed by the computer of the system or apparatus
by, for example, reading out and executing the computer
executable instructions from the storage medium to per-
form the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits
to perform the functions of one or more of the above-
described embodiment(s). The computer may comprise
one or more processors (e.g., central processing unit
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(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors
to read out and execute the computer executable instruc-
tions. The computer executable instructions may be pro-
vided to the computer, for example, from a network or
the storage medium. The storage medium may include,
for example, one or more of a hard disk, a random-access
memory (RAM), a read only memory (ROM), a storage
of distributed computing systems, an optical disk (such
as a compact disc (CD), digital versatile disc (DVD), or
Blu-ray Disc (BD)™), a flash memory device, a memory
card, and the like.

Claims

1. A photoacoustic apparatus comprising:

a light irradiation unit that irradiates an object
with light;
an acoustic wave receiving unit that receives an
acoustic wave generated by irradiating the ob-
ject with light emitted from the light irradiation
unit and that outputs an electric signal;
a control unit that controls the light irradiation
unit; and
a processing unit that processes the electric sig-
nal, wherein the control unit controls the light
irradiation unit so that a density of a distribution
of emission positions in a plurality of times of
light emission by the light irradiation unit is high-
er in an inner part of the distribution of the emis-
sion positions than in an outer part of the distri-
bution,

wherein the acoustic wave receiving unit outputs a
plurality of electric signals corresponding to the plu-
rality of times of light emission by receiving acoustic
waves generated by the plurality of times of light
emission, and
wherein the processing unit acquires image data on
the basis of the plurality of electric signals.

2. The photoacoustic apparatus according to Claim 1,
wherein the light irradiation unit includes a light
source that emits light, an optical system that irradi-
ates the object with light from the light source, and
an emission position moving unit that moves relative
positions of the object and the optical system, and
wherein the control unit controls driving of the emis-
sion position moving unit.

3. The photoacoustic apparatus according to Claim 2,
wherein the light source emits light with a predeter-
mined cyclic frequency.

4. The photoacoustic apparatus according to Claim 2
or 3,

wherein the control unit controls the emission posi-
tion moving unit so that a path of movement of the
optical system due to the emission position moving
unit is spiral.

5. The photoacoustic apparatus according to Claim 1,
wherein the light irradiation unit includes a light
source that emits light and an optical system that
irradiates the object with light from the light source,
wherein the optical system includes a plurality of
emission ends, and
wherein the control unit performs control so that one
of the plurality of emission ends from which light is
emitted differs between first light emission and sec-
ond light emission of the plurality of times of light
emission.

6. The photoacoustic apparatus according to any one
of Claims 1 to 5, further comprising:

a measurement position moving unit that moves
relative positions of the object and the acoustic
wave receiving unit,
wherein the acoustic wave receiving unit in-
cludes a plurality of acoustic wave receiving el-
ements that are disposed so that directional ax-
es of the plurality of acoustic wave receiving el-
ements converge, and
wherein the control unit controls driving of the
light irradiation unit and the measurement posi-
tion moving unit so that light from the light irra-
diation unit is emitted toward a region in which
the directional axes converge in the plurality of
times of light emission.

7. The photoacoustic apparatus according to any one
of Claims 1 to 6,
wherein the control unit controls the light irradiation
unit so that the number of times of light emission
differs between the emission positions.

8. A photoacoustic apparatus comprising:

a light irradiation unit that irradiates an object
with light;
an acoustic wave receiving unit that receives an
acoustic wave generated by irradiating the ob-
ject with the light from the light irradiation unit
and that outputs an electric signal;
a measurement position moving unit that moves
relative positions of the object and the acoustic
wave receiving unit;
a control unit that controls driving of the meas-
urement position moving unit; and
a processing unit that processes the electric sig-
nal,

wherein the control unit controls the measurement
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position moving unit so that a density of a distribution
of measurement positions of the acoustic wave re-
ceiving unit in a plurality of times of light emission by
the light irradiation unit is higher in an inner part of
the distribution of the measurement positions than
in an outer part of the distribution,
wherein the acoustic wave receiving unit outputs a
plurality of electric signals corresponding to the plu-
rality of times of light emission by receiving acoustic
waves generated by the plurality of times of light
emission, and
wherein the processing unit acquires image data on
the basis of the plurality of electric signals.

9. The photoacoustic apparatus according to Claim 8,
wherein the acoustic wave receiving unit includes a
plurality of acoustic wave receiving elements that are
disposed so that directional axes of the plurality of
acoustic wave receiving elements converge.

10. The photoacoustic apparatus according to Claim 8
or 9,
wherein the control unit controls the measurement
position moving unit so that a path of movement of
the acoustic wave receiving unit due to the meas-
urement position moving unit is spiral.

11. The photoacoustic apparatus according to any one
of Claims 8 to 10,
wherein the acoustic wave receiving unit includes a
plurality of acoustic wave receiving elements that are
disposed so that directional axes of the plurality of
acoustic wave receiving elements converge, and
wherein the control unit controls driving of the light
irradiation unit and the measurement position mov-
ing unit so that light from the light irradiation unit is
emitted toward a region in which the directional axes
converge in the plurality of times of light emission.

12. The photoacoustic apparatus according to any one
of Claims 8 to 10,
wherein the control unit controls the moving unit so
that the number of times of light emission differs be-
tween the measurement positions.

13. The photoacoustic apparatus according to any one
of Claims 1 to 12, further comprising:

a holding unit that has a curved holding surface
and that holds the object.

14. An information acquisition apparatus for acquiring
information about an object by using a photoacoustic
wave generated by irradiating the object with light,
the information acquisition apparatus comprising:

a light irradiation unit for irradiating the object
with light;

a scanning unit that moves an emission position,
from which light is emitted from the light irradi-
ation unit, relative to the object in an in-plane
direction;
a holding unit that holds the object so that the
object has a portion in which a distance from the
emission position of the light irradiation unit to a
light irradiation position on a surface of the object
differs in accordance with the emission position;
a receiving unit for receiving the photoacoustic
wave; and
a processing unit for acquiring the information
about the object by using a signal output from
the receiving unit,
wherein the emission position formed by the
scanning unit at least includes

a first emission position group including a
plurality of the emission positions for each
of which the distance from the emission po-
sition to the light irradiation position is in a
first range, and
a second emission position group including
a plurality of the emission positions for each
of which the distance from the emission po-
sition to the light irradiation position is in a
second range that is constituted by values
larger than any value in the first range, and

wherein the scanning unit is controlled so that a
density of the emission positions included in the
first emission position group is higher than the
density of the emission positions included in the
second emission position group.

15. The information acquisition apparatus according to
Claim 14,
wherein the light irradiation unit periodically emits
pulsed light.

16. The information acquisition apparatus according to
Claim 14 or 15,
wherein the holding unit has a concave shape for
holding the object.

17. The information acquisition apparatus according to
any one of Claims 14 to 16,
wherein the receiving unit is moved by the scanning
unit in synchronism with the light irradiation unit.

18. The information acquisition apparatus according to
any one of Claims 14 to 17,
wherein the scanning unit performs scanning so that
the plurality of emission positions form a spiral move-
ment path.

19. The information acquisition apparatus according to
Claim 18,
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wherein the scanning unit is controlled so that a dis-
tance between the plurality of emission positions that
form the spiral movement path decreases from an
outer part toward an inner part of the spiral move-
ment path.

20. The information acquisition apparatus according to
Claim 18 or 19,
wherein, at the plurality of emission positions, pulsed
light beams having wavelengths that differ from each
other are alternately emitted from the light irradiation
unit.

Patentansprüche

1. Fotoakustische Vorrichtung, umfassend:

eine Lichtbestrahlungseinheit, die ein Objekt mit
Licht bestrahlt;
eine Akustikwellenempfangseinheit, die eine
Akustikwelle empfängt, welche durch Bestrah-
lung des Objekts mit aus der Lichtbestrahlungs-
einheit emittiertem Licht erzeugt wird, und ein
elektrisches Signal ausgibt;
eine Steuereinheit, die die Lichtbestrahlungs-
einheit steuert; und
eine Verarbeitungseinheit, die das elektrische
Signal verarbeitet,
wobei die Steuereinheit die Lichtbestrahlungs-
einheit derart steuert, dass eine Emissionsposi-
tionsverteilungsdichte in mehreren Lichtemissi-
onszeitpunkten durch die Lichtbestrahlungsein-
heit in einem inneren Teil der Emissionspositi-
onsverteilung höher ist als in einem äußeren Teil
der Verteilung,
wobei die Akustikwellenempfangseinheit durch
Empfang von durch die Lichtemission zu meh-
reren Lichtemissionszeitpunkten erzeugten
Akustikwellen mehrere den mehreren Lichte-
missionszeitpunkten entsprechende elektri-
sche Signale ausgibt, und
wobei die Verarbeitungseinheit Bilddaten basie-
rend auf den mehreren elektrischen Signalen er-
fasst.

2. Fotoakustische Vorrichtung nach Anspruch 1,

wobei die Lichtbestrahlungseinheit eine Licht-
quelle enthält, die Licht ausgibt, ein optisches
System, das das Objekt mit Licht aus der Licht-
quelle bestrahlt sowie eine Emissionspositions-
bewegungseinheit, die Relativpositionen des
Objekts und des optischen Systems bewegt,
und
wobei die Steuereinheit das Antreiben der Emis-
sionspositionsbewegungseinheit steuert.

3. Fotoakustische Vorrichtung nach Anspruch 2, wobei
die Lichtquelle Licht mit einer vorbestimmten zykli-
schen Frequenz emittiert.

4. Fotoakustische Vorrichtung nach einem der Ansprü-
che 2 oder 3,

wobei die Steuereinheit die Emissionspositions-
bewegungseinheit derart steuert, dass ein Be-
wegungspfad des optischen Systems durch die
Emissionspositionsbewegungseinheit spiralför-
mig ist.

5. Fotoakustische Vorrichtung nach Anspruch 1,

wobei die Lichtbestrahlungseinheit eine Licht-
quelle enthält, die Licht emittiert sowie ein opti-
sches System, das das Objekt mit Licht aus der
Lichtquelle bestrahlt,
wobei das optische System mehrere Emissions-
endbereiche enthält, und
wobei die Steuereinheit eine Steuerung derart
durchführt, dass einer der mehreren Emissions-
endbereiche, aus denen Licht emittiert wird, sich
zwischen der ersten Lichtemission und der
zweiten Lichtemission der mehreren Lichtemis-
sionszeitpunkte unterscheidet.

6. Fotoakustische Vorrichtung nach einem der Ansprü-
che 1 bis 5, ferner umfassend:

eine Messpositionsbewegungseinheit, die Re-
lativpositionen des Objekts und der Akustikwel-
lenempfangseinheit bewegt,
wobei die Akustikwellenempfangseinheit meh-
rere Akustikwellenempfangselemente enthält,
die derart angeordnet sind, dass Richtungsach-
sen der mehreren Akustikwellenempfangsele-
mente zusammenlaufen, und
wobei die Steuereinheit das Antreiben der Licht-
bestrahlungseinheit und der Messpositionsbe-
wegungseinheit derart steuert, dass Licht aus
der Lichtbestrahlungseinheit in Richtung eines
Gebiets emittiert wird, in dem die Richtungsach-
sen in den mehreren Lichtemissionszeitpunkten
zusammenlaufen.

7. Fotoakustische Vorrichtung nach einem der Ansprü-
che 1 bis 6, wobei die Steuereinheit die Lichtbestrah-
lungseinheit derart steuert, dass sich die Anzahl der
Lichtemissionszeitpunkte zwischen den Emissions-
positionen unterscheidet.

8. Fotoakustische Vorrichtung, umfassend:

eine Lichtbestrahlungseinheit, die ein Objekt mit
Licht bestrahlt;
eine Akustikwellenempfangseinheit, die eine
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Akustikwelle empfängt, welche durch Bestrah-
lung des Objekts mit Licht aus der Lichtbestrah-
lungseinheit erzeugt wird, und ein elektrisches
Signal ausgibt;
eine Messpositionsbewegungseinheit, die Re-
lativpositionen des Objekts und der Akustikwel-
lenempfangseinheit bewegt;
eine Steuereinheit, die das Antreiben der Mess-
positionsbewegungseinheit steuert; und
eine Verarbeitungseinheit, die das elektrische
Signal verarbeitet,
wobei die Steuereinheit die Messpositionsbe-
wegungseinheit derart steuert, dass eine Mess-
positionsverteilungsdichte der Akustikwellen-
empfangseinheit in mehreren Lichtemissions-
zeitpunkten durch die Lichtbestrahlungseinheit
in einem inneren Teil der Messpositionsvertei-
lung höher ist als in einem äußeren Teil der Ver-
teilung,
wobei die Akustikwellenempfangseinheit durch
Empfang von durch die Lichtemission zu meh-
reren Lichtemissionszeitpunkten erzeugten
Akustikwellen mehrere den mehreren Lichte-
missionszeitpunkten entsprechende elektri-
sche Signale ausgibt, und
wobei die Verarbeitungseinheit Bilddaten basie-
rend auf den mehreren elektrischen Signalen er-
fasst.

9. Fotoakustische Vorrichtung nach Anspruch 8, wobei
die Akustikwellenempfangseinheit mehrere Akustik-
wellenempfangselemente enthält, die derart ange-
ordnet sind, dass Richtungsachsen der mehreren
Akustikwellenempfangselemente zusammenlau-
fen.

10. Fotoakustische Vorrichtung nach einem der Ansprü-
che 8 oder 9,

wobei die Steuereinheit die Messpositionsbe-
wegungseinheit derart steuert, dass ein Bewe-
gungspfad der Akustikwellenempfangseinheit
durch die Messpositionsbewegungseinheit spi-
ralförmig ist.

11. Fotoakustische Vorrichtung nach einem der Ansprü-
che 8 bis 10,

wobei die Akustikwellenempfangseinheit meh-
rere Akustikwellenempfangselemente enthält,
die derart angeordnet sind, dass Richtungsach-
sen der mehreren Akustikwellenempfangsele-
mente zusammenlaufen, und
wobei die Steuereinheit das Antreiben der Licht-
bestrahlungseinheit und der Messpositionsbe-
wegungseinheit derart steuert, dass Licht aus
der Lichtbestrahlungseinheit in Richtung eines
Gebiets emittiert wird, in dem die Richtungsach-

sen in den mehreren Lichtemissionszeitpunkten
zusammenlaufen.

12. Fotoakustische Vorrichtung nach einem der Ansprü-
che 8 bis 10,

wobei die Steuereinheit die Bewegungseinheit
derart steuert, dass sich die Anzahl der Lichte-
missionszeitpunkte zwischen den Messpositio-
nen unterscheidet.

13. Fotoakustische Vorrichtung nach einem der Ansprü-
che 1 bis 12, ferner umfassend:

eine Halteeinheit, die eine gekrümmte Halteo-
berfläche aufweist und die das Objekt hält.

14. Informationserfassungsvorrichtung zum Erfassen
von Information über ein Objekt durch Verwenden
einer durch Bestrahlen des Objekts mit Licht erzeug-
ten Fotoakustikwelle, wobei die Informationserfas-
sungsvorrichtung umfasst:

eine Lichtbestrahlungseinheit zum Bestrahlen
des Objekts mit Licht;
eine Abtasteinheit, die eine Emissionsposition
bewegt, aus der Licht von der Lichtbestrah-
lungseinheit emittiert wird, relativ zum Objekt in
einer Richtung der Ebene;
eine Halteeinheit, die das Objekt derart hält,
dass das Objekt einen Abschnitt aufweist, in
dem sich eine Entfernung von der Emissions-
position der Lichtbestrahlungseinheit zu einer
Lichtbestrahlungsposition auf einer Oberfläche
des Objekts gemäß der Emissionsposition un-
terscheidet;
eine Empfangseinheit zum Empfangen der fo-
toakustischen Welle; und
eine Verarbeitungseinheit zum Erfassen der In-
formation über das Objekt durch Verwenden ei-
nes aus der Empfangseinheit ausgegebenen Si-
gnals,
wobei die durch die Abtasteinheit gebildete
Emissionsposition zumindest enthält:

eine erste Emissionspositionsgruppe, ent-
haltend mehrere der Emissionspositionen,
für die jeweils die Entfernung von der Emis-
sionsposition zur Lichtbestrahlungsposition
in einem ersten Gebiet liegt, und
eine zweite Emissionspositionsgruppe, ent-
haltend mehrere der Emissionspositionen,
für die jeweils die Entfernung von der Emis-
sionsposition zur Lichtbestrahlungsposition
in einem zweiten Gebiet liegt, das durch
Werte gebildet ist, die größer als ein belie-
biger Wert im ersten Gebiet sind, und
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wobei die Abtasteinheit derart gesteuert wird,
dass eine Dichte der Emissionspositionen, die
in der ersten Emissionspositionsgruppe enthal-
ten sind, höher ist als eine Dichte der Emissi-
onspositionen, die in der zweiten Emissionspo-
sitionsgruppe enthalten sind.

15. Informationserfassungsvorrichtung nach Anspruch
14,

wobei die Lichtbestrahlungseinheit pulsieren-
des Licht periodisch emittiert.

16. Informationserfassungsvorrichtung nach Anspruch
14 oder 15,

wobei die Halteeinheit eine konkave Form zum
Halten des Objekts aufweist.

17. Informationserfassungsvorrichtung nach einem der
Ansprüche 14 bis 16, wobei die Empfangseinheit
durch die Abtasteinheit synchron zur Lichtbestrah-
lungseinheit bewegt wird.

18. Informationserfassungsvorrichtung nach einem der
Ansprüche 14 bis 17,

wobei die Abtasteinheit das Abtasten derart
durchführt, dass die mehreren Emissionspositi-
onen einen spiralförmigen Bewegungspfad bil-
den.

19. Informationserfassungsvorrichtung nach Anspruch
18,

wobei die Abtasteinheit derart gesteuert wird,
dass eine Entfernung zwischen den mehreren
Emissionspositionen, die den spiralförmigen
Bewegungspfad bilden, von einem äußeren Teil
in Richtung einem inneren Teil des spiralförmi-
gen Bewegungspfads abnimmt.

20. Informationserfassungsvorrichtung nach Anspruch
18 oder 19,

wobei an den mehreren Emissionspositionen
pulsierende Lichtstrahlen mit Wellenlängen, die
sich voneinander unterscheiden, abwechselnd
von der Lichtbestrahlungseinheit emittiert wer-
den.

Revendications

1. Appareil photo-acoustique, comprenant :

une unité d’exposition à un rayonnement de lu-
mière qui expose un objet à un rayonnement de

lumière ;
une unité de réception d’onde acoustique qui
reçoit une onde acoustique générée par une ex-
position de l’objet à un rayonnement de lumière
émis à partir de l’unité d’exposition à un rayon-
nement de lumière et qui délivre un signal
électrique ;
une unité de commande qui commande l’unité
d’exposition à un rayonnement de lumière ; et
une unité de traitement qui traite le signal élec-
trique,

dans lequel l’unité de commande commande l’unité
d’exposition à un rayonnement de lumière de sorte
qu’une densité d’une distribution de positions
d’émission d’une pluralité d’émissions de lumière
par l’unité d’exposition à un rayonnement de lumière
soit supérieure dans une partie interne de la distri-
bution de positions d’émission que dans une partie
externe de la distribution,
dans lequel l’unité de réception d’onde acoustique
délivre une pluralité de signaux électriques corres-
pondant à la pluralité d’émissions de lumière par une
réception d’ondes acoustiques générées par la plu-
ralité d’émissions de lumière, et
dans lequel l’unité de traitement acquiert des don-
nées d’image sur la base de la pluralité de signaux
électriques.

2. Appareil photo-acoustique selon la revendication 1,
dans lequel l’unité d’exposition à un rayonnement
de lumière comprend une source de lumière qui
émet de la lumière, un système optique qui expose
l’objet à un rayonnement de lumière provenant de la
source de lumière, et une unité de déplacement de
positions d’émission qui déplace des positions rela-
tives de l’objet et du système optique, et
dans lequel l’unité de commande commande un pi-
lotage de l’unité de déplacement de positions d’émis-
sion.

3. Appareil photo-acoustique selon la revendication 2,
dans lequel la source de lumière émet de la lumière
à une fréquence cyclique prédéterminée.

4. Appareil photo-acoustique selon la revendication 2
ou la revendication 3,
dans lequel l’unité de commande commande l’unité
de déplacement de positions d’émission de sorte
qu’un trajet de déplacement du système optique dû
à l’unité de déplacement de positions d’émission soit
une spirale.

5. Appareil photo-acoustique selon la revendication 1,
dans lequel l’unité d’exposition à un rayonnement
de lumière comprend une source de lumière qui
émet de la lumière et un système optique qui expose
l’objet à de la lumière provenant de la source de lu-
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mière,
dans lequel le système optique comprend une plu-
ralité d’extrémités d’émission, et
dans lequel l’unité de commande exécute une com-
mande de sorte qu’une extrémité de la pluralité d’ex-
trémités d’émission à partir de laquelle est émise de
la lumière diffère entre une première émission de
lumière et une seconde émission de lumière de la
pluralité d’émissions de lumière.

6. Appareil photo-acoustique selon l’une quelconque
des revendications 1 à 5, comprenant en outre :

une unité de déplacement de positions de me-
sure qui déplace des positions relatives de l’ob-
jet et de l’unité de réception d’onde acoustique,
dans lequel l’unité de réception d’onde acousti-
que comprend une pluralité d’éléments de ré-
ception d’onde acoustique qui sont disposés de
sorte que des axes directionnels de la pluralité
d’éléments de réception d’onde acoustique con-
vergent, et
dans lequel l’unité de commande commande un
pilotage de l’unité d’exposition à un rayonne-
ment de lumière et de l’unité de déplacement de
positions de mesure de sorte que de la lumière
provenant de l’unité d’exposition à un rayonne-
ment de lumière soit émise en direction d’une
région dans laquelle convergent les axes direc-
tionnels de la pluralité d’émissions de lumière.

7. Appareil photo-acoustique selon l’une quelconque
des revendications 1 à 6,
dans lequel l’unité de commande commande l’unité
d’exposition à un rayonnement de lumière de sorte
que le nombre d’émissions de lumière diffère entre
les positions d’émission.

8. Appareil photo-acoustique, comprenant :

une unité d’exposition à un rayonnement de lu-
mière qui expose un objet à un rayonnement de
lumière ;
une unité de réception d’onde acoustique qui
reçoit une onde acoustique générée par une ex-
position de l’objet à un rayonnement de la lu-
mière provenant de l’unité d’exposition à un
rayonnement de lumière et qui délivre un signal
électrique ;
une unité de déplacement de positions de me-
sure qui déplace des positions relatives de l’ob-
jet et de l’unité de réception d’onde acoustique ;
une unité de commande qui commande un pi-
lotage de l’unité de déplacement de positions
de mesure ; et
une unité de traitement qui traite le signal élec-
trique,

dans lequel l’unité de commande commande l’unité
de déplacement de positions de mesure de sorte
qu’une densité d’une distribution de positions de me-
sure de l’unité de réception d’onde acoustique d’une
pluralité d’émissions de lumière par l’unité d’exposi-
tion à un rayonnement de lumière soit supérieure
dans une partie interne de la distribution des posi-
tions de mesure que dans une partie externe de la
distribution,
dans lequel l’unité de réception d’onde acoustique
délivre une pluralité de signaux électriques corres-
pondant à la pluralité d’émissions de lumière par une
réception d’ondes acoustiques générées par la plu-
ralité d’émissions de lumière, et
dans lequel l’unité de traitement acquiert des don-
nées d’image sur la base de la pluralité de signaux
électriques.

9. Appareil photo-acoustique selon la revendication 8,
dans lequel l’unité de réception d’onde acoustique
comprend une pluralité d’éléments de réception
d’onde acoustique qui sont disposés de sorte que
des axes directionnels de la pluralité d’éléments de
réception d’onde acoustique convergent.

10. Appareil photo-acoustique selon la revendication 8
ou la revendication 9,
dans lequel l’unité de commande commande l’unité
de déplacement de positions de mesure de sorte
qu’un trajet de déplacement de l’unité de réception
d’onde acoustique dû à l’unité de déplacement de
positions de mesure soit une spirale.

11. Appareil photo-acoustique selon l’une quelconque
des revendications 8 à 10,
dans lequel l’unité de réception d’onde acoustique
comprend une pluralité d’éléments de réception
d’onde acoustique qui sont disposés de sorte que
des axes directionnels de la pluralité d’éléments de
réception d’onde acoustique convergent, et
dans lequel l’unité de commande commande un pi-
lotage de l’unité d’exposition à un rayonnement de
lumière et de l’unité de déplacement de positions de
mesure de sorte que de la lumière provenant de l’uni-
té d’exposition à un rayonnement de lumière soit
émise en direction d’une région dans laquelle con-
vergent les axes directionnels de la pluralité d’émis-
sions de lumière.

12. Appareil photo-acoustique selon l’une quelconque
des revendications 8 à 10,
dans lequel l’unité de commande commande l’unité
de déplacement de sorte que le nombre d’émissions
de lumière diffère entre les positions de mesure.

13. Appareil photo-acoustique selon l’une quelconque
des revendications 1 à 12, comprenant en outre :
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une unité de maintien qui comporte une surface
de maintien incurvée et qui maintient l’objet.

14. Appareil d’acquisition d’informations destiné à ac-
quérir des informations concernant un objet au
moyen d’une onde photo-acoustique générée par
une exposition de l’objet à un rayonnement de lu-
mière, l’appareil d’acquisition d’informations
comprenant :

une unité d’exposition à un rayonnement de lu-
mière destinée à exposer l’objet à un rayonne-
ment de lumière ;
une unité de balayage qui déplace une position
d’émission, à partir de laquelle est émise de la
lumière provenant de l’unité d’exposition à un
rayonnement de lumière, par rapport à l’objet
dans une direction dans le plan ;
une unité de maintien qui maintient l’objet de
sorte que l’objet ait une partie dans laquelle une
distance de la position d’émission de l’unité d’ex-
position à un rayonnement de lumière à une po-
sition d’exposition à un rayonnement de lumière
sur une surface de l’objet diffère conformément
à la position d’émission ;
une unité de réception destinée à recevoir l’onde
photo-acoustique ; et
une unité de traitement destinée à acquérir les
informations concernant l’objet au moyen d’un
signal délivré à partir de l’unité de réception,
dans lequel la position d’émission formée par
l’unité de balayage comprend au moins

un premier groupe de positions d’émission
comprenant une pluralité des positions
d’émission pour lesquelles, individuelle-
ment, la distance de la position d’émission
à la position d’exposition à un rayonnement
de lumière s’inscrit dans une première pla-
ge, et
un second groupe de positions d’émission
comprenant une pluralité des positions
d’émission pour lesquelles, individuelle-
ment, la distance de la position d’émission
à la position d’exposition à un rayonnement
de lumière s’inscrit dans une seconde plage
qui est constituée par des valeurs supérieu-
res à une valeur quelconque de la première
plage, et

dans lequel l’unité de balayage est commandée
de sorte qu’une densité des positions d’émis-
sion comprises dans le premier groupe de po-
sitions d’émission soit supérieure à la densité
des positions d’émission comprises dans le se-
cond groupe de positions d’émission.

15. Appareil d’acquisition d’informations selon la reven-

dication 14,
dans lequel l’unité d’exposition à un rayonnement
de lumière émet périodiquement de la lumière pul-
sée.

16. Appareil d’acquisition d’informations selon la reven-
dication 14 ou la revendication 15,
dans lequel l’unité de maintien a une forme concave
pour maintenir l’objet.

17. Appareil d’acquisition d’informations selon l’une
quelconque des revendications 14 à 16,
dans lequel l’unité de réception est déplacée par
l’unité de balayage de manière synchrone avec l’uni-
té d’exposition à un rayonnement de lumière.

18. Appareil d’acquisition d’informations selon l’une
quelconque des revendications 14 à 17,
dans lequel l’unité de balayage exécute un balayage
de sorte que la pluralité de positions d’émission for-
me un trajet de déplacement en spirale.

19. Appareil d’acquisition d’informations selon la reven-
dication 18,
dans lequel l’unité de balayage est commandée de
sorte qu’une distance entre la pluralité de positions
d’émission formant le trajet de déplacement en spi-
rale aille en diminuant d’une partie externe en direc-
tion d’une partie interne du trajet de déplacement en
spirale.

20. Appareil d’acquisition d’informations selon la reven-
dication 18 ou la revendication 19,
dans lequel, au niveau de la pluralité de positions
d’émission, des faisceaux de lumière pulsée ayant
des longueurs d’onde qui diffèrent les unes des
autres sont émis en alternance à partir de l’unité d’ex-
position à un rayonnement de lumière.
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