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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to an object infor-
mation acquiring apparatus which acquires information
of the inside of an object and to a control method thereof.

Description of the Related Art

[0002] A technique referred to as photoacoustic tom-
ography (PAT) is recently being proposed as an optical
imaging technique. When a living organism that is an
object is irradiated with light such as pulsed laser light,
an acoustic wave is generated as the light is absorbed
by living tissue inside the object. This phenomenon is
referred to as a photoacoustic effect and an acoustic
wave generated by the photoacoustic effect is referred
to as a photoacoustic wave. Since tissues constituting
the object have respectively different absorption rates of
optical energy, sound pressure is also different between
the generated photoacoustic waves. With PAT, by de-
tecting a generated photoacoustic wave with a probe and
mathematically analyzing a detected signal, the distribu-
tion of optical characteristics inside the object, particu-
larly, optical energy absorption density can be imaged.

[0003] In addition, an ultrasonic wave imaging tech-
nique is also known in which an ultrasonic wave is trans-
mitted to an object and an ultrasonic wave transmitted
through or reflected by the inside of the object is received
to acquire morphological information on the inside of the
object.

[0004] Methods combining these techniques are pro-
posed in Patent Literature 1 (PTL 1) and Non-Patent Lit-
erature 1 (NPL 1). Specifically, both an object and an
absorbing member placed near the object are simulta-
neously irradiated with light and a first photoacoustic
wave generated inside the object and a second photoa-
coustic wave generated by the absorbing member and
reflected inside the object are respectively measured. An
image similar to PAT can be generated from a detected
signal of the first photoacoustic wave and an image sim-
ilar to ultrasonic wave imaging can be generated from a
detected signal of the second photoacoustic wave. Here-
inafter, a detected signal of the first photoacoustic wave
will be referred to as a PAT signal and a detected signal
of the second photoacoustic wave will be referred to as
a photoacoustic-induced ultrasound signal (a PAUS
signal) . In addition, an image of the inside of the object
which is reconstructed using a PAT signal will be referred
to as a PAT image and an image of the inside of the
object which is reconstructed using a PAUS signal will
be referred to as a PAUS image.

Patent Literature 1: US Patent Application Publica-
tion No. 2010/0041987
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Non-Patent Literature 1: Thomas Felix Fehm, Xose
Luis Dean-Ben and Daniel Razansky, "Hybrid op-
toacoustic and ultrasound imaging in three dimen-
sions and real time by optical excitation of a passive
element", Proc. of SPIE Vol. 9323

Prior art which is related to this field of technology can
be found in e.g. document US 2013/0190595 A1 disclos-
ing a laser optoacoustic ultrasonicimaging system (louis)
and methods of use, in document US 2013/0190594 A1
disclosing a scanning optoacoustic imaging system with
high resolution and improved signal collection efficiency,
in document US 2005/0131289 A1 disclosing an ultra-
sonic transducer probe, in document US 2013/0031982
A1 disclosing a photoacoustic apparatus and method for
controlling the same, and in document US 2013/0245420
A1 disclosing a subject information acquiring device and
subject information acquiring method.

SUMMARY OF THE INVENTION

[0005] Using the methods proposed in PTL 1 and NPL
1enablesa PATimage and aPAUS image to be acquired
with one apparatus. However, with a configuration in
which an object and an absorbing member are simulta-
neously irradiated with light as in the methods proposed
in PTL 1and NPL 1, afirst photoacoustic wave generated
inside the object and a second photoacoustic wave gen-
erated by the absorbing member end up being mixed up.
As a result, there is a problem that an artifact caused by
a PAUS signal is introduced into a PAT image and an
artifact caused by a PAT signal is introduced into a PAUS
image and, consequently, causing a decline in visibility
of an image of the inside of an object.

[0006] The present invention has been made in con-
sideration of the circumstances described above and pro-
vides a technique that enables both measurement of a
photoacoustic wave generated inside an object and
measurement of a photoacoustic wave generated by an
absorbing member to be accurately performed.

[0007] The presentinvention provides an object infor-
mation acquiring apparatus as specified in the claims.
[0008] Usingthe presentinvention enables both meas-
urement of a photoacoustic wave generated inside an
object and measurement of a photoacoustic wave gen-
erated by an absorbing member to be accurately per-
formed.

[0009] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIGS. 1A and 1B are system configuration diagrams
of a photoacoustic measuring apparatus according
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to an embodiment;

FIG. 2 is a processing flow chart of a photoacoustic
measuring apparatus according to an embodiment;
FIGS. 3A and 3B are system configuration diagrams
of a photoacoustic measuring apparatus according
to afirst practical example;

FIGS. 4A and 4B are system configuration diagrams
of a photoacoustic measuring apparatus according
to the first practical example;

FIGS. 5A and 5B are system configuration diagrams
of a photoacoustic measuring apparatus according
to the first practical example;

FIGS. 6A and 6B are system configuration diagrams
of a photoacoustic measuring apparatus according
to a second practical example (not claimed);

FIGS. 7A and 7B are system configuration diagrams
of a photoacoustic measuring apparatus according
to the second practical example (not claimed);
FIGS. 8A and 8B are system configuration diagrams
of a photoacoustic measuring apparatus according
to the second practical example (not claimed);
FIGS. 9A and 9B are system configuration diagrams
of a photoacoustic measuring apparatus according
to the second practical example (not claimed);
FIGS. 10A and 10B are system configuration dia-
grams of a photoacoustic measuring apparatus ac-
cording to a third practical example (not claimed);
and

FIGS. 11A and 11B are system configuration dia-
grams of a photoacoustic measuring apparatus ac-
cording to a fourth practical example (not claimed) .

DESCRIPTION OF THE EMBODIMENTS

[0011] Hereinafter, a preferred embodiment of the
present invention and examples useful for unstanding
the present invention will be described with reference to
the drawings.

However, it is to be understood that dimensions, mate-
rials, shapes, relative arrangements, and the like of com-
ponents described below are intended to be changed as
deemed appropriate in accordance with configurations
and various conditions of apparatuses to which the
present invention is to be applied and are not intended
to limit the scope of the invention to the description pre-
sented below.

[0012] The presentinvention relates to a technique for
detecting an acoustic wave propagating from an object
and generating and acquiring specific information of the
inside of the object. Accordingly, the present invention
can be considered an object information acquiring appa-
ratus or a control method thereof, or an objectinformation
acquiring method and a signal processing method (not
claimed). An example useful for understanding the
present invention is a

program that causes an information processing appara-
tus including hardware resources such as a CPU to ex-
ecute these methods or a storage medium storing the
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program.
[0013] The present invention is applied to an object
information acquiring apparatus using photoacoustic to-
mography technology in which an object is irradiated with
light (an electromagnetic wave) and an acoustic wave
generated at and propagating from a specific position
inside the object or on a surface of the object according
to a photoacoustic effect is received (detected). Since
such an apparatus obtains specific information of the in-
side of an object in a format such as image data or char-
acteristic distribution information based on photoacoustic
measurement, the apparatus can also be called a pho-
toacoustic measuring apparatus, a photoacoustic imag-
ing apparatus, a photoacousticimage forming apparatus,
or simply a photoacoustic apparatus.

[0014] Specific informationin a photoacoustic appara-
tusincludes a distribution of generation sources of acous-
tic waves generated due to lightirradiation, a distribution
of initial sound pressure inside an object, a distribution
of optical energy absorption density or a distribution of
absorption coefficients derived from a distribution of initial
sound pressure, and a distribution of concentration of
substances constituting tissue. Concentration of sub-
stances refers to oxygen saturation, oxyhemoglobin con-
centration, deoxyhemoglobin concentration, total hemo-
globin concentration, and the like. Total hemoglobin con-
centration is a sum of oxyhemoglobin concentration and
deoxyhemoglobin concentration. A distribution of fat, col-
lagen, or water, and the like may also be considered. In
addition, specific information may be obtained as distri-
bution information at respective positions inside the ob-
ject instead of as numerical data. In other words, distri-
bution information such as a distribution of absorption
coefficients and a distribution of oxygen saturation can
be adopted as object information.

[0015] The present invention is also applied to an ap-
paratus using ultrasonic imaging technology in which an
acoustic wave (an ultrasonic wave) is transmitted to an
object and an acoustic wave having propagated through
(or reflected, scattered, or transmitted by) the inside of
the object is received to acquire object information as
image data. In the case of an apparatus using ultrasonic
imaging technology, the acquired object information is
information reflecting a difference in acoustic impedanc-
es among tissues inside the object.

[0016] An acoustic wave according to the present in-
vention is typically an ultrasonic wave and includes an
elastic wave which is also referred to as a sonic wave or
an acoustic wave. An acoustic wave generated by a pho-
toacoustic effect is referred to as a photoacoustic wave
or an optical ultrasonic wave. An electrical signal (a re-
ceived signal) converted from an acoustic wave by a
probe is also referred to as an acoustic signal, and an
acoustic signal derived from a photoacoustic wave is par-
ticularly referred to as a photoacoustic signal.

[0017] As an object to which the present invention is
applied, a breast of a living organism can be assumed.
Therefore, the present invention can be assumed to be
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used when examining a lesion (such as breast cancer)
of the breast. However, the object is not limited thereto
and other parts of a living organism or a non-living ma-
terial can also be examined.

First embodiment
<System Configuration>

[0018] A configuration of a photoacoustic measuring
apparatus according to the present embodiment will be
described with reference to FIGS. 1A and 1B. The pho-
toacoustic measuring apparatus according to the present
embodiment includes a light source 1, an irradiating unit
2, an acoustic wave detector 6, a signal processing unit
7, a switching unit 8, and an acoustic wave generating
member 4. Reference numeral 3 denotes light emitted
from the irradiating unit 2. Reference numeral 5 denotes
a part of a living organism that is an object and reference
numeral 9 denotes a light absorber existing inside the
object 5. Reference numeral 11 denotes a first
photoacoustic wave generated inside the object 5 (by the
light absorber 9) and reference numeral 10 denotes a
second photoacoustic wave generated by the acoustic
wave generating member 4.

[0019] Hereinafter, an outline of a measurement meth-
od will be presented while describing respective means
that constitute the photoacoustic measuring apparatus
according to the present embodiment.

<<Light source>>

[0020] The light source 1 is an apparatus that gener-
ates measurement light 3 used in photoacoustic meas-
urement. Pulsed light is used as the measurement light.
While the light source 1 is desirably a laser light source
forthe purpose of obtaining a large output, a light-emitting
diode, a flash lamp, or the like may be used in place of
alaser. When using a laser as the light source 1, various
lasers such as a solid-state laser, a gaslaser, adye laser,
and a semiconductor laser can be used.

[0021] Ideally, a Nd:YAG-excited Ti:Sa laser or alex-
andrite laser with high output and continuously variable
wavelength is used. Alternatively, single-wavelength la-
sers with different wavelengths may be provided in plu-
rality.

[0022] Timings, waveforms, intensity, and the like of
irradiation of the pulsed light 3 are controlled by a light
source controller (not shown). The light source controller
may be integrated with the light source 1.

[0023] In addition, desirably, a wavelength of the
pulsed light 3 is a specific wavelength which is absorbed
by a specific component among components constituting
the object 5 and which enables light to propagate to the
inside of the object 5. The wavelength of light is selected
in accordance with light-absorbing substances in a living
organism that is a measurement object. Examples of
light-absorbing substances include oxygenated hemo-
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globin, deoxygenated hemoglobin, a blood vessel con-
taining oxygenated hemoglobin or deoxygenated hemo-
globin in a large amount, and a malignant tumor contain-
ing a large number of new blood vessels. Glucose, cho-
lesterol, and the like may also be considered light-ab-
sorbing substances. Specifically, when the object 5 is a
living organism, light with a wavelength of 700 nm or more
and 1100 nm or less is favorably used.

[0024] Furthermore, in order to effectively generate a
photoacoustic wave, light is favorably irradiated in a sig-
nificantly short period of time in accordance with thermal
characteristics of the object 5. When the object 5 is a
living organism, a pulse width of the pulsed light 3 gen-
erated by the light source 1 is preferably around 10 to 50
nanoseconds. Hereinafter, the pulsed light 3 generated
by the light source 1 may also be referred to as meas-
urement light 3 or, simply, light 3.

<<Irradiating unit>>

[0025] Theirradiatingunit2isanirradiating optical sys-
tem for irradiating the object 5 or the acoustic wave gen-
erating member 4 with pulsed light 3 from the light source
1. Typically, the irradiating unit 2 guides the pulsed light
3 to the object 5 while processing the pulsed light 3 into
a desired distribution shape using optical parts such as
a mirror which reflects light, a lens which enlarges light,
and a diffuser plate which diffuses light. The irradiating
unit 2 can also propagate the pulsed light 3 using, for
example, an optical waveguide such as an optical fiber.
Any optical part may be used as long as light emitted by
the light source 1 can be irradiated in a desired shape.
Spreading light over a relatively wide area is more favo-
rable than focusing light with a lens from the perspectives
of safety with respect to the object 5 and expanding a
diagnostic area. In addition, a moving mechanism of the
irradiating unit 2 may be provided to enable positions
where light is irradiated to be changed.

<<Acoustic wave detector>>

[0026] The acoustic wave detector 6 is an apparatus
which detects an acoustic wave propagating from the
object 5 and converts the acoustic wave into an electrical
signal. As acoustic waves propagating from the object 5,
a first acoustic wave 11 generated inside the object 5
duetoirradiation of the pulsed light 3 and a second acous-
tic wave 10 generated by the acoustic wave generating
member 4 due to irradiation of the pulsed light 3 and
transmitted through or reflected by the inside of the object
5 are assumed. The acoustic wave detector 6 is also
referred to as a probe, a detector, a photoacoustic wave
detector, and a transducer.

[0027] Since acoustic waves generated by a living or-
ganism are ultrasonic waves from 100 KHz to 100 MHz,
an ultrasonic wave detector capable of detecting this fre-
quency band is favorably used as the acoustic wave de-
tector 6. Specifically, a transducer using a piezoelectric
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phenomenon, a transducer using optical resonance, a
transducer using a variation in capacity, or the like can
be used. In addition, desirably, the acoustic wave detec-
tor 6 has a high receiving sensitivity and a wide frequency
band.

[0028] Furthermore, the acoustic wave detector 6 may
have a plurality of detecting elements arranged one-di-
mensionally or two-dimensionally and may be configured
to be movable by a scanning mechanism. Since the use
of multidimensionally-arranged elements enables
acoustic waves to be simultaneously detected at a plu-
rality of locations, measurement time can be shortened
and an effect of vibration of the object 5 and the like can
be reduced. In addition, a single element focused by an
acoustic lens may be used. Furthermore, the acoustic
wave detector 6 includes a receiving circuit which ampli-
fies an obtained electrical signal and converts the elec-
trical signal into a digital signal. Specifically, the acoustic
wave detector 6 includes an amplifier, an A/D converter,
an FPGA chip, and the like.

[0029] Moreover, when a plurality of detected signals
are obtained, desirably, a plurality of signals can be proc-
essed simultaneously. Accordingly, a period of time until
an image is formed can be reduced. In addition, acoustic
wave signals detected at a same position with respect to
the object 5 can be integrated to create a single signal.
A method of integration may involve adding up the signals
or obtaining an average of the signals. Alternatively, the
signals may be respectively weighted and then added
up. Moreover, a "detected signal" as used in the present
specification is a concept including both an analog signal
outputfrom an acoustic wave detector and a digital signal
obtained by subsequent A/D conversion.

<<Signal processing unit>>

[0030] The signal processing unit 7 is an apparatus
which processes an electrical signal (a digital signal) ob-
tained by the acoustic wave detector 6 and which recon-
structs an image representing optical characteristics and
morphological information of the inside of the object.
While methods of reconstruction include a Fourier trans-
form method, a universal back-projection method (UBP
method), and a filtered back-projection method, any
method may be used. The generated image is presented
to a user by a display apparatus (not shown) .

[0031] Moreover, the signal processing unit 7 may be
an independent computer including a CPU (processor),
a main storage device, and an auxiliary storage device
or may be exclusively-designed hardware. Typically, a
work station or the like is used and the processes de-
scribed above are performed by software (a computer
program).

<<Acoustic wave generating member>>

[0032] The acoustic wave generating member 4 is a
member which absorbs light and generates an acoustic
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wave (a second acoustic wave) 10. Since the acoustic
wave 10 generated by the acoustic wave generating
member 4 is applied to (transmitted to) the object 5, the
acoustic wave generating member 4 is arranged in a vi-
cinity ofthe object 5. The acoustic wave generating mem-
ber 4 may be any member as long as light is absorbed
and a photoacoustic wave is generated. The acoustic
wave generating member 4 may have a dot shape, a
linear shape, a plate-like shape, or any shape as long as
the shape enables a generated photoacoustic wave to
propagate to the object 5. However, the acoustic wave
generating member 4 favorably has a sheet shape or a
flat plate shape. This is because a sheet shape or a flat
plate shape causes the acoustic wave 10 generated by
the acoustic wave generating member 4 to be a planar
wave and, accordingly, attenuation with respect to prop-
agation distance is smaller (as compared to a spherical
acoustic wave generated by a point sound source).
[0033] While dependent on a configuration of the
switching unit 8 to be described later, the acoustic wave
generating member 4 may be an absorbing-type polar-
izing plate which only absorbs light in a specific polari-
zation direction and which transmits other light or a light
absorber which only absorbs light with a specific wave-
length and which transmits other light. In addition, the
acoustic wave generating member 4 may be movable to
a first position which is retreated from an optical path
between the irradiating unit 2 and the object 5 and to a
second position which is inserted to the optical path so
as to block light to the object 5.

<<Switching unit>>

[0034] The switching unit 8 is means or a mechanism
for switching a measurement mode of the photoacoustic
measuring apparatus. The photoacoustic measuring ap-
paratus according to the presentembodimenthas atleast
a first mode shown in FIG. 1B and a second mode shown
in FIG. 1A. The first mode is a mode in which a PAT
signal is acquired by irradiating the object 5 with the
pulsed light 3 and detecting the first acoustic wave 11
generated inside the object 5 with the acoustic wave de-
tector 6 and is also referred to as a PAT measurement
mode. The second mode is a mode in which a PAUS
signal is acquired by irradiating the acoustic wave gen-
erating member 4 with the pulsed light 3 and detecting
the second acoustic wave 10 generated by the acoustic
wave generating member 4 and having propagated in-
side the object 5 with the acoustic wave detector 6 and
is also referred to as a PAUS measurement mode. In the
first mode, the switching unit 8 may prevent light from
being absorbed (prevent the second acoustic wave 10
from being generated) by the acoustic wave generating
member 4 and, in the second mode, the switching unit 8
may prevent light from being absorbed (prevent the first
acoustic wave 11 from being generated) by the object 5.
By switching between modes in this manner, mixing of a
PAT signal and a PAUS signal can be prevented.
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[0035] For example, the switching unit 8 may switch
targets to be irradiated with the light 3 so that only the
object 5 is irradiated with the light 3 in the first mode and
only the acoustic wave generating member 4 is irradiated
with the light 3 in the second mode. Switching of targets
to be irradiated with the light 3 may be realized by any
method such as moving the object 5 (not claimed) or the
acoustic wave generating member 4 and moving or
changing (not claimed) the irradiating unit 2 or an optical
path. In addition, the switching unit 8 may switch targets
which absorb the light 3 so that the light 3 is absorbed
only by the object 5 in the first mode and the light 3 is
absorbed only by the acoustic wave generating member
4 in the second mode. Switching of targets which absorb
the light 3 may be realized by any method such as moving
the object 5 (not claimed) or the acoustic wave generating
member 4, moving or changing (not claimed) the irradi-
ating unit 2 or an optical path, switching the polarization
direction or wavelength of the light 3 (not claimed), and
switching the characteristic of the acoustic wave gener-
ating member 4 (not claimed).

[0036] Specifically, when the acoustic wave generat-
ing member 4 is movable to a position which is retreated
from the optical path between the irradiating unit 2 and
the object 5 and to a position which blocks the optical
path, the switching unit 8 may be a mechanism for switch-
ing the position of the acoustic wave generating member
4. When the irradiating unit 2 is movable to a position
where only the object 5 is irradiated and to a position
where only the acoustic wave generating member 4 is
irradiated, the switching unit 8 may be a mechanism for
switching the position of the irradiating unit 2. When the
irradiating unit 2 has an irradiation port for only irradiating
the object 5 and an irradiation port for only irradiating the
acoustic wave generating member 4, the switching unit
8 may be a mechanism for switching the irradiation port
from which the light 3 is to be output (not claimed). When
the acoustic wave generating member 4 is a polarizing
plate which only absorbs light in a specific polarization
direction, the switching unit 8 may be a mechanism which
switches the polarization direction of the pulsed light 3
irradiated by the irradiating unit 2 (not claimed). When
the acoustic wave generating member 4 is a member
with a property of only absorbing light with a specific
wavelength, the switching unit 8 may be a mechanism
which switches the wavelength of the pulsed light 3 irra-
diated from the irradiating unit 2 (not claimed).

<<Method of measuring object>>

[0037] A method of measuring a living organism that
is an object with the photoacoustic measuring apparatus
according to the present embodiment will now be de-
scribed.

(First mode)

[0038] In the first mode, as shown in FIG. 1B, the light
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3 emitted from the light source 1 passes through the ir-
radiating unit 2 and irradiates the object 5. The light 3
having entered the object 5 attenuates as the light 3 is
diffused and absorbed inside the object (when the object
5 is a living organism, inside living tissue) and forms a
light quantity distribution in accordance with a distance
from an irradiation position and the like.

[0039] When apartofenergy of the light 3 having prop-
agated inside the living organism is absorbed by the light
absorber 9 that is blood or the like, the acoustic wave 11
is generated by the light absorber 9 due to thermal ex-
pansion. For example, when cancer exists in the living
organism, light is specifically absorbed by new blood ves-
sels in the cancer in a similar manner to blood vessels
in other healthy parts and the acoustic wave 11 is gen-
erated.

[0040] The generated acousticwave 11 propagates in-
side the object 5 and is detected by the acoustic wave
detector 6 and converted into an analog first electrical
signal. Moreover, the acoustic wave detector 6 according
to the present embodiment has a large number of acous-
ticwave detecting elements (not shown) so that a position
where an acoustic wave is generated can be specified.
The acoustic wave detector 6 amplifies and digitally con-
verts the first electrical signal and outputs a first detected
signal (a PAT signal) . The first detected signal is stored
in a memory (not shown) inside the signal processing
unit 7.

(Second mode)

[0041] In the second mode, as shown in FIG. 1A, the
light 3 emitted from the light source 1 passes through the
irradiating unit 2 and irradiates the acoustic wave gener-
ating member 4. Upon absorbing energy of the light 3,
the acoustic wave generating member 4 generates the
acoustic wave 10 due to thermal expansion.

[0042] The generated acoustic wave 10 reaches the
object 5 and propagates inside the object 5. The acoustic
wave 10 reflected, scattered, or transmitted inside the
object 5 is detected by the acoustic wave detector 6 and
converted into an analog second electrical signal. The
acoustic wave detector 6 amplifies and digitally converts
the second electrical signal and outputs a second detect-
ed signal (a PAUS signal). The second detected signal
is stored in the memory (not shown) inside the signal
processing unit 7.

<Method of acquiring object information>

[0043] Next, an outline of a process for calculating first
object information from the first detected signal stored in
the signal processing unit 7 will be described. The signal
processing unit 7 uses the first detected signal to obtain
a distribution of initial sound pressure inside the object 5
according to the UBP method. In addition, the signal
processing unit 7 may obtain a distribution of absorption
coefficients inside the object 5 based on the distribution
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of initial sound pressure and light quantity distribution.
Furthermore, the signal processing unit 7 may use spec-
tral information to calculate oxygen saturation or a distri-
bution of glycogen concentration from the distribution of
absorption coefficients of light with other wavelengths.
An image representing these distributions is referred to
as a PA image.

[0044] An outline of a process for calculating second
objectinformation from the second detected signal stored
in the signal processing unit 7 will be described. The sec-
ond detected signal includes an acoustic wave directly
incident to the acoustic wave detector 6 from the acoustic
wave generating member 4 and an acoustic wave gen-
erated by the acoustic wave generating member 4 and
incident to the acoustic wave detector 6 after being re-
flected and scattered inside the object. The following
equations represent an example of an image reconstruc-
tion method using the second detected signal.

[Math. 1]

|| -,

N
R(r)= Zb ¥,
i

C

b(ri-, l) = 2;)(13 ,l) - 21 M
ot

In the equations, r; denotes a position of a detecting el-
ement, N denotes the number of elements, r, denotes a
position of the acoustic wave generating member 4, and
¢ denotes acoustic wave velocity. p (r;, t) denotes sound
pressure received by a detecting element at a positionr,
during a period of time t.

<Processing flow>

[0045] An operation example for realizing the process-
es described above will now be described with reference
to FIG. 2. FIG. 2 is a flow chart of processes executed
by the photoacoustic measuring apparatus according to
the present embodiment. Steps S1 and S2 in FIG. 2 cor-
respond to a first measurement step in the first mode,
step S4 corresponds to a switching step, and steps S5
and S6 correspond to a second measurement step in the
second mode.

[0046] First, in step S1, the irradiating unit 2 irradiates
the object 5 with the pulsed light 3 from the light source
1. Accordingly, due to a photoacoustic effect, the first
acoustic wave 11 is generated inside the object 5.
[0047] Next, in step S2, the acoustic wave detector 6
receives the first acoustic wave 11 and outputs a first
detected signal. The first detected signal is stored in a
memory included in the signal processing unit 7. More-
over, when irradiation of the pulsed light 3 is performed
a plurality of times, irradiation of the pulsed light 3 and
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signal acquisition (steps S1 and S2) are repetitively ex-
ecuted. Therefore, timings of irradiation of the pulsed light
3 and detection of an acoustic wave must be synchro-
nized.

[0048] Next, in step S3, the signal processing unit 7
calculates first object information using the first detected
signal. At this point, a distribution of initial sound pressure
or a distribution of absorption coefficients inside the ob-
ject is to be calculated as object information.

[0049] Next, in step S4, the switching unit 8 switches
the mode of the photoacoustic measuring apparatus from
the first mode to the second mode. Specifically, the pho-
toacoustic measuring apparatus is switched to a state
where the pulsed light 3 is absorbed by the acoustic wave
generating member 4 and the second acoustic wave 10
is output from the acoustic wave generating member 4.
As described earlier, any method may be adopted to
switch the modes.

[0050] Next, in step S5, the irradiating unit 2 irradiates
the acoustic wave generating member 4 with the pulsed
light 3. Accordingly, due to a photoacoustic effect, the
second acoustic wave 10 is generated by the acoustic
wave generating member 4. The second acoustic wave
10 is transmitted to the object 5 and is reflected or scat-
tered by tissue or structures inside the object 5.

[0051] Next, in step S6, the acoustic wave detector 6
receives the second acoustic wave 10 having been re-
flected or scattered inside the object 5 and outputs a sec-
ond detected signal. The second detected signalis stored
in the memory included in the signal processing unit 7.
Moreover, when irradiation of the pulsed light 3 is per-
formed a plurality of times, irradiation of the pulsed light
3 and signal acquisition (steps S5 and S6) are repetitively
executed. Therefore, timings of irradiation of the pulsed
light 3 and detection of an acoustic wave must be syn-
chronized.

[0052] Next, in step S7, the signal processing unit 7
calculates second object information using the second
detected signal. At this point, a distribution of reflection
of acoustic waves inside the object is to be calculated as
object information.

[0053] While the first object information is calculated
immediately after acquiring the first detected signal and
the second object information is calculated immediately
after acquiring the second detected signal in this case,
alternatively, the first object information and the second
object information may be collectively calculated after
acquiring both the first detected signal and the second
detected signal.

[0054] In addition, the acoustic wave generating mem-
ber 4 may be irradiated with the pulsed light 3 first to
acquire the second detected signal and the object 5 may
be subsequently irradiated with the pulsed light 3 to ac-
quire the first detected signal. In this case, the process
of step S4 becomes a process of switching from the sec-
ond mode to the first mode or, in other words, a process
(step S4’) of making a switch so that the pulsed light 3 is
absorbed by the object 5. Furthermore, the first mode
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and the second mode may be alternatively repeated. In
this case, after alternately repeating acquisition and ac-
cumulation of the first detected signal and acquisition and
accumulation of the second detected signal in an order
ofS1 82584 >85> S6 >S4 —>S1—->S2-> 54
— S5 — .., the first object information and the second
object information may be ultimately calculated.

[0055] With the configuration according to the present
embodiment described above, by having the switching
unit 8 switch between the first mode and the second
mode, the first acoustic wave 11 from the object 5 and
the second acoustic wave 10 from the acoustic wave
generating member 4 occur at different timings (do not
occur simultaneously). Therefore, the first detected sig-
nal based on the first acoustic wave 11 and the second
detected signal based on the second acoustic wave 10
are never mixed in signals detected by the acoustic wave
detector 6. As aresult, SN ratios of both the first detected
signal and the second detected signal can be improved
and object information with higher visibility as compared
to conventional methods can be obtained.

<First practical example>

[0056] FIGS. 3A and 3B are system configuration dia-
grams of a photoacoustic measuring apparatus accord-
ing to a first practical example. FIG. 3A shows a state of
the first mode (PAT measurement) and FIG. 3B shows
a state of the second mode (PAUS measurement).
[0057] The photoacoustic measuring apparatus ac-
cording to the first practical example includes an acoustic
wave detector made up of a bowl-shaped probe 26 and
a receiving circuit 27. The probe 26 is configured such
that a plurality of cMUT (capacitive micro-machined ul-
trasonic transducer) elements are arranged along an in-
side surface of a hemisphere.

[0058] A light source 23 is a Nd:YAG-excited Ti:Sa la-
ser light source capable of irradiating light with a pulse
width of 30 nanoseconds at 10 Hz. The pulsed light has
awavelength of 797 nm. Light exiting the Ti:Sa laser light
source passes through an optical fiber 24 and is sent to
an irradiating optical system 25 that is an irradiating unit,
and emitted as pulsed light 32 through a lens and a dif-
fuser plate toward an opening of the bowl-shaped probe
26 from a center of a bottom of the probe 26.

[0059] A polyethylene sheet is stretched across the
opening of the probe 26 by rollers 31 and 34. The poly-
ethylene sheet is constituted by a transparent sheet sec-
tion 33 which transmits light with a wavelength of 797 nm
and a black sheet section 22 in which black ink that com-
pletely absorbs light with a wavelength of 797 nm is
mixed. The black sheet section 22 corresponds to an
acoustic wave generating member. The switching unit
30 is an apparatus which varies a position of the black
sheet section 22 by rotating the rollers 31 and 34 to wind
the polyethylene sheet.
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(First mode)

[0060] In the first mode, the switching unit 30 rolls the
rollers 31 and 34 clockwise in FIG. 3A to wind the black
sheet section 22 with the roller 31 and causes the black
sheet section 22 to retreat from an optical path between
the irradiating optical system 25 and an object 21. When
the pulsed light 32 is irradiated in this state, the pulsed
light 32 is transmitted through the transparent sheet sec-
tion 33 of the polyethylene sheet and irradiated on the
object 21. The first acoustic wave generated inside the
object is detected by the probe 26. Detected sound pres-
sure is converted into an electrical signal. The detected
sound pressure converted into the electrical signal is am-
plified by an amplifierin the receiving circuit 27, converted
into digital data, and output as a first detected signal. The
first detected signal is stored in a memory of a work sta-
tion PC 28 that is a signal processing unit. The work sta-
tion PC 28 executes a program of the UBP method and
converts the first detected signal into a distribution of ab-
sorption coefficients that is first object information. The
calculated distribution of absorption coefficients is dis-
played on a liquid crystal monitor 29.

(Second mode)

[0061] In the second mode, the switching unit 30 rolls
therollers 31 and 34 counter-clockwise in FIG. 3B to wind
the transparent sheet section 33 with the roller 34 and
inserts the black sheet section 22 to the optical path be-
tween the irradiating optical system 25 and the object 21.
At this point, the optical path is totally blocked by the
black sheet section 22 so that the pulsed light 32 com-
pletely misses the object 21.

[0062] When the pulsed light 32 is irradiated in this
state, the pulsed light 32 is irradiated on the black sheet
section 22 and absorbed by the black sheet section 22.
A part of the second acoustic wave generated by the
black sheet section 22 is sent to the object 21, reflected
or scattered inside the object 21, and detected by the
probe 26. Detected sound pressure is converted into an
electrical signal. The detected sound pressure converted
into the electrical signal is amplified by an amplifier in the
receiving circuit 27, converted into digital data, and output
as a second detected signal. The second detected signal
is stored in the memory of the work station PC 28. The
work station PC 28 executes the calculation program rep-
resented by expression 1 and converts the second de-
tected signal into an ultrasonic image that is second ob-
ject information. The calculated ultrasonic image is dis-
played on the liquid crystal monitor 29.

(Modifications)

[0063] In the first practical example, by moving a po-
sition of the black sheet section 22 that is an acoustic
wave generating member with the rollers 31 and 34, the
optical path is switched between an open state (irradia-
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tion of the object with the light) and a blocked state (irra-
diation of the acoustic wave generating member with the
light). However, this configuration is simply an example
and the optical path may be switched between an open
state and a blocked state by other configurations.
[0064] For example, a configuration shown in FIGS.
4A and 4B uses an acoustic wave generating member
36 made of a material (such as a black polyethylene
sheet) which absorbs light. The acoustic wave generating
member 36 is attached to a tip of a swingable arm 37
and is movable between a position (FIG. 4A) which is
retreated from the optical path between the irradiating
optical system 25 and the object 21 and a position (FIG.
4B) which blocks the optical path. In the first mode, by
controlling a motor 35 to change an angle of the arm 37,
the switching unit 30 moves the acoustic wave generating
member 36 to the retreated position and causes the ob-
ject 21 to be irradiated with the pulsed light 32. On the
other hand, in the second mode, the switching unit 30
moves the acoustic wave generating member 36 to the
blocking position and causes the pulsed light 32 to be
absorbed by the acoustic wave generating member 36.
Even with this configuration, the optical path can be
switched between an open state and a blocked state.
[0065] In addition, a configuration shown in FIGS. 5A
and 5B uses an impeller blade-type acoustic wave gen-
erating member 38 made of a material (such as a black
polyethylene sheet) which absorbs light. The acoustic
wave generating member 38 is rotatably provided and is
movable between a position (FIG. 5A) which is retreated
from the optical path between the irradiating optical sys-
tem 25 and the object 21 and a position (FIG. 5B) which
blocks the optical path. By controlling the motor 35 to
rotate the acoustic wave generating member 38, the
switching unit 30 can switch the optical path between an
open state and a blocked state. Alternatively, the switch-
ing unit 30 may continuously switch between the first
mode and the second mode at high speed by controlling
the pulse irradiation timing of the Ti:Sa laser light source
23 and the rotation timing of the acoustic wave generating
member 38.

<Second practical example> (not claimed)

[0066] FIGS. 6A and 6B are system configuration dia-
grams of a photoacoustic measuring apparatus accord-
ing to a second practical example. FIG. 6A shows a state
of the firstmode (PAT measurement) and FIG. 6B shows
a state of the second mode (PAUS measurement). More-
over, the same components as those in the first practical
example will be denoted by the same reference numerals
and a description thereof will be omitted.

[0067] The photoacoustic measuring apparatus ac-
cording to the second practical example includes an ob-
ject irradiating optical system 39 (a first irradiating unit)
which irradiates the object 21 with light and an acoustic
wave generating member irradiating optical system 40
(a second irradiating unit) which irradiates an acoustic
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wave generating member 51 with light. The switching
unit 30 switches between guiding light emitted from the
Ti:Sa laser light source 23 to the object irradiating optical
system 39 and guiding the light to the acoustic wave gen-
erating member irradiating optical system 40.

[0068] FIGS.8Aand8Bshowanexampleofaninternal
configuration of the switching unit 30. The switching unit
30 includes a convex lens 42, a reflection type polarizing
plate 43, and a Pockels cell 44. The Pockels cell 44 is
an element which controls a polarization direction of light.
A liquid crystal may be used in place of the Pockels cell.
Thereflection type polarizing plate 43 is an elementwhich
transmits light in a first polarization direction and which
reflects light in a second polarization direction that is per-
pendicular to the first polarization direction.

[0069] Lightin the first polarization direction is emitted
from a Ti:Sa laser light source. In the first mode, light
from the laser light source is transmitted through the
Pockels cell 44 and, as shown in FIG. 8A, transmitted
through the reflection type polarizing plate 43, condensed
by the convexlens 42, and subsequently enters an optical
fiber 24a connected to the object irradiating optical sys-
tem 39. On the other hand, in the second mode, voltage
is applied to the Pockels cell 44 to rotate a polarization
direction of light by 90 degrees. As a result, as shown in
FIG. 8B, the light is reflected by the reflection type polar-
izing plate 43, condensed by the convex lens 42, and
subsequently enters an optical fiber 24b connected to
the acoustic wave generating member irradiating optical
system 40.

(Modifications) (not claimed)

[0070] FIGS. 9A and 9B show another configuration
example of the switching unit 30. While the switching unit
30 switches the polarization direction in FIGS. 8A and
8B, in FIGS. 9A and 9B, the switching unit 30 switches
the optical path with a mirror 53. Specifically, in the first
mode, as shown in FIG. 9A, the switching unit 30 guides
light from a laser light source to the optical fiber 24a con-
nected to the object irradiating optical system 39 by caus-
ing the mirror 53 to retreat from the optical path. In the
second mode, as shown in FIG. 9B, the switching unit
30 guides light from the laser light source to the optical
fiber 24b connected to the acoustic wave generating
member irradiating optical system 40 by inserting the mir-
ror 53 to the optical path. Moreover, configurations of the
switching unit 30 are not limited thereto and the switching
unit 30 need only switch between guiding light to the ob-
ject irradiating optical system 39 and guiding light to the
acoustic wave generating member irradiating optical sys-
tem 40.

[0071] In addition, while the present practical example
is provided with two irradiating units including the first
irradiating unit and the second irradiating unit, since ir-
radiation need only be performed at a position where an
object is irradiated and at a position where an acoustic
wave generating member is irradiated, one irradiating
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unit may be provided with a moving mechanism and may
be movable to a position where an object is irradiated
and to a position where an acoustic wave generating
member is irradiated. Any mechanism may be used as
long as irradiation of the object and irradiation of the
acoustic wave generating member can be respectively
performed in an isolated manner.

[0072] Furthermore, as shown in FIGS. 7A and 7B, a
photoacoustic measuring apparatus may be provided
with a transmitted acoustic wave receiving probe 41
which receives an acoustic wave generated by the
acoustic wave generating member 51 and transmitted
inside the object 21. The acoustic wave generating mem-
ber 51 and the transmitted acoustic wave receiving probe
41 may be arranged opposing each other across the ob-
ject 21. In addition, the work station PC 28 may calculate
a sound velocity distribution inside the object 21 using a
signal received by the transmitted acoustic wave receiv-
ing probe 41. Furthermore, the acoustic wave generating
member 51 and the transmitted acoustic wave receiving
probe 41 may have a mechanism that enables rotation
around the object 21 and may measure transmitted
acoustic waves at a plurality of locations while rotating.

<Third practical example> (not claimed)

[0073] FIGS. 10A and 10B are system configuration
diagrams of a photoacoustic measuring apparatus ac-
cording to a third practical example. FIG. 10A shows a
state of the first mode (PAT measurement) and FIG. 10B
shows a state of the second mode (PAUS measurement).
Moreover, the same components as those in the first
practical example will be denoted by the same reference
numerals and a description thereof will be omitted.

[0074] The third practical example uses an acoustic
wave generating member 45 made of an absorbing-type
polarizing plate which transmits light in a first polarization
direction and absorbs light in a second polarization di-
rection thatis perpendicular to the first polarization direc-
tion. The switching unit 30 is an apparatus which switches
the polarization direction of light from the Ti:Sa laser light
source 23. Specifically, by controlling application of volt-
age to a Pockels cell or a liquid crystal provided in the
irradiating optical system 25, the switching unit 30 switch-
es between outputting light in the first polarization direc-
tion from the laser light source 23 without modification
and outputting light in the second polarization direction
by rotating the polarization direction by 90 degrees. Fur-
thermore, a waveguide 46 between the laser light source
23 and the irradiating optical system 25 is a waveguide
for spatial propagation in order to hold the state of polar-
ized light transmitted from the laser light source 23.

[0075] In the first mode, light in the first polarization
direction is irradiated from the irradiating optical system
25. As shownin FIG. 10A, the light in the first polarization
direction is transmitted through the acoustic wave gen-
erating member 45 and irradiates the object 21. On the
other hand, in the second mode, the switching unit 30
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applies voltage to the Pockels cellin the irradiating optical
system 25 to rotate the polarization direction of light by
90 degrees. As a result, as shown in FIG. 10B, light in
the second polarization direction is completely absorbed
by the acoustic wave generating member 45. Even with
such a configuration, switching between the first mode
and the second mode can be realized.

<Fourth practical example> (not claimed)

[0076] FIGS. 11A and 11B are system configuration
diagrams of a photoacoustic measuring apparatus ac-
cording to a fourth practical example. FIG. 11A shows a
state of the first mode (PAT measurement) and FIG. 11B
shows a state of the second mode (PAUS measurement).
Moreover, the same components as those in the first
practical example will be denoted by the same reference
numerals and a description thereof will be omitted.
[0077] The fourth practical example uses an acoustic
wave generating member 47 made of a wavelength-se-
lective absorbing film which transmits light with a first
wavelength and absorbs light with a second wavelength
which differs from the first wavelength. In the present
practical example, the used acoustic wave generating
member 47 characteristically transmits light with a wave-
length of 797 nm and absorbs light with a wavelength of
532 nm. The switching unit 30 is an apparatus which
switches the wavelength of light emitted from the light
source 23.

[0078] In the first mode, the switching unit 30 switches
the wavelength of light emitted from the light source 23
to 797 nm. As shown in FIG. 11A, light with a wavelength
of 797 nm is transmitted through the acoustic wave gen-
erating member 47 and irradiates the object 21. On the
other hand, in the second mode, the switching unit 30
switches the wavelength of light emitted from the light
source 23 to 532 nm. As a result, as shown in FIG. 11B,
light with a wavelength of 532 nm is completely absorbed
by the acoustic wave generating member 47. Even with
such a configuration, switching between the first mode
and the second mode can be realized.

Other Embodiments

[0079] Embodiments of the present invention can also
be realized by a computer of a system or apparatus that
reads out and executes computer executable instruc-
tions recorded on a storage medium (e.g., non-transitory
computer-readable storage medium) to perform the func-
tions of one or more of the above-described embodi-
ment(s) of the present invention, and by a method per-
formed by the computer of the system or apparatus by,
for example, reading out and executing the computer ex-
ecutable instructions from the storage medium to perform
the functions of one or more of the above-described em-
bodiment (s) . The computer may comprise one or more
of a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
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separate computers or separate computer processors.
The computer executable instructions may be provided
to the computer, for example, from a network or the stor-
age medium. The storage medium may include, for ex-
ample, 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.

[0080] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments, but by the scope of the follow-
ing claims.

[0081] An object information acquiring apparatus in-
cludes: an acoustic wave generating member which ab-
sorbs lightand generates an acoustic wave; anirradiating
unit which irradiates an object or the acoustic wave gen-
erating member with light; a detector which detects an
acoustic wave propagating from the object; a signal
processing unit which generates object information that
is information of the inside of the object, based on a signal
output from the detector; and a switching unit which per-
forms switching between a first mode in which a first
acoustic wave generated inside the object due to irradi-
ation of the light is detected by the detector and a second
mode in which a second acoustic wave generated by the
acoustic wave generating member due to irradiation of
the light and having propagated inside the object is de-
tected by the detector.

Claims

1. Anobject information acquiring apparatus, compris-
ing:

an acoustic wave generating member (4) con-
figured to absorb light (3) and to generate an
acoustic wave (10);

an irradiating unit (2) configured to irradiate an
object (5) or the acoustic wave generating mem-
ber (4) with light (3);

a detector (6) configured to detect an acoustic
wave propagating from the object;

a signal processing unit (7) configured to gen-
erate objectinformation that is information of the
inside of the object, based on a signal output
from the detector; and

aswitching unit (8) configured to perform switch-
ing between a first mode in which a first acoustic
wave generated inside the object (5) due to ir-
radiation of the light (3) is detected by the de-
tector (6) and a second mode in which a second
acoustic wave generated by the acoustic wave
generating member (4) due to irradiation of the
light (3) and having propagated inside the object
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(5) is detected by the detector (6),
characterized in that

the acoustic wave generating member (4) is
movable to a first position retreated from an op-
tical path between the irradiating unit (2) and the
object (5) and to a second position that blocks
the optical path, and

the switching unit (8) is configured to switch a
position of the acoustic wave generating mem-
ber (4) so that the acoustic wave generating
member (4) moves to the first position in the first
mode and the acoustic wave generating mem-
ber (4) moves to the second position in the sec-
ond mode.

2. Anobject information acquiring apparatus, compris-
ing:

an acoustic wave generating member (4) con-
figured to absorb light (3) and to generate an
acoustic wave (10);

an irradiating unit (2) configured to irradiate an
object (5) or the acoustic wave generating mem-
ber (4) with light (3);

a detector (6) configured to detect an acoustic
wave propagating from the object;

a signal processing unit (7) configured to gen-
erate objectinformation that is information of the
inside of the object, based on a signal output
from the detector; and

a switching unit (8) configured to perform switch-
ing between a first mode in which a first acoustic
wave generated inside the object (5) due to ir-
radiation of the light (3) is detected by the de-
tector (6) and a second mode in which a second
acoustic wave generated by the acoustic wave
generating member (4) due to irradiation of the
light (3) and having propagated inside the object
(5) is detected by the detector (6),
characterized in that

the irradiating unit (2) is movable to a first posi-
tion where the object (5) is irradiated with the
light (3) and to a second position where the
acoustic wave generating member (4) is irradi-
ated with the light (3), and

the switching unit is configured to switch a po-
sition of the irradiating unit (2) so that the irradi-
ating unit (2) moves to the first position in the
first mode and the irradiating unit (2) moves to
the second position in the second mode.

3. The object information acquiring apparatus accord-
ing to any one of claims 1 to 2, wherein
the acoustic wave generating member is a member
with a sheet shape or a flat plate shape.

4. A control method for an object information acquiring
apparatus including an acoustic wave generating
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member (4) which absorbs light (3) and generates
an acoustic wave (10), an irradiating unit (2) which
irradiates an object (5) or the acoustic wave gener-
ating member (4) with light (3), a detector (6) which
detects an acoustic wave propagating from the ob-
ject (5), and a signal processing unit (7) which gen-
erates object information that is information of the
inside of the object (5), based on a signal output from
the detector (6),

the control method comprising:

a first measurement step (S2) of detecting a first
acoustic wave generated inside the object (5)
due toirradiation of the light (3) with the detector
(6) and acquiring a first detected signal;

a second measurement step (S5) of detecting a
second acoustic wave generated by the acous-
tic wave generating member (4) due to irradia-
tion of the light and having propagated inside
the object (5) with the detector (6) and acquiring
a second detected signal;

characterized by

a switching step (S4) of moving the acoustic
wave generating member (4) in the first meas-
urement step (S2) to a first position retreated
from an optical path between the irradiating unit
(2) and the object (5) so that only the object (5)
is irradiated with the light (3) and of moving the
acousticwave generatingmember (4) inthe sec-
ond measurement step (S5) to a second position
that blocks the optical path so that only the
acoustic wave generating member (4) is irradi-
ated with the light (3).

A control method for an object information acquiring
apparatus including an acoustic wave generating
member (4) which absorbs light (3) and generates
an acoustic wave (10), an irradiating unit (2) which
irradiates an object (5) or the acoustic wave gener-
ating member (4) with light (3), a detector (6) which
detects an acoustic wave propagating from the ob-
ject, and a signal processing unit (7) which generates
object information that is information of the inside of
the object (5), based on a signal output from the de-
tector (6),

the control method comprising:

a first measurement step (S2) of detecting a first
acoustic wave generated inside the object (5)
due toirradiation of the light (3) with the detector
(6) and acquiring a first detected signal;

a second measurement step (S5) of detecting a
second acoustic wave generated by the acous-
tic wave generating member (4) due to irradia-
tion of the light (3) and having propagated inside
the object (5) with the detector (6) and acquiring
a second detected signal;

characterized by
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a switching step (S4) of moving the irradiating
unit (2) to a first position so that only the object
(5)isirradiated with the light (3) when performing
the firstmeasurement step (S2), and to a second
position so that only the acoustic wave generat-
ing member (4) is irradiated with the light (3)
when performing the second measurement step
(S5).

Patentanspriiche

Objektinformationserhaltevorrichtung mit:

einem Akustische-Welleerzeugungsbauteil (4),
das konfiguriert ist, Licht (3) zu absorbieren und
eine akustische Welle (10) zu erzeugen;

einer Bestrahlungseinheit (2), die konfiguriert
ist, ein Objekt (5) oder das Akustische-Welleer-
zeugungsbauteil (4) mit Licht (3) zu bestrahlen;
einem Detektor (6), der konfiguriert ist, eine
akustische Welle, die von dem Objekt propa-
giert, zu erfassen;

einer Signalverarbeitungseinheit (7), die konfi-
guriert ist, eine Objektinformation, die eine In-
formation Uber das Innere des Objekts ist, ba-
sierend auf einem Signal, das von dem Detektor
ausgegeben wird, zu erzeugen; und

einer Schalteinheit (8), die konfiguriert ist, ein
Schalten zwischen einem ersten Modus, in dem
eine erste akustische Welle innerhalb des Ob-
jekts (5) aufgrund einer Bestrahlung mit dem
Licht (3) durch den Detektor (6) erfasst wird, und
einem zweiten Modus, in dem eine zweite akus-
tische Welle, die durch das Akustische-Welleer-
zeugungsbauteil (4) aufgrund einer Bestrahlung
mit dem Licht (4) erzeugt wird und die innerhalb
des Objekts (5) propagiert ist, durch den Detek-
tor (6) erfasst wird, durchzufiihren, dadurch ge-
kennzeichnet, dass

das Akustische-Welleerzeugungsbauteil (4) zu
einer ersten Position, die aus einem optischen
Pfad zwischen der Bestrahlungseinheit (2) und
dem Objekt (5) zurlickgezogen ist, und einer
zweiten Position, die den optischen Pfad blo-
ckiert, bewegbar ist, und

die Schalteinheit (8) konfiguriert ist, eine Positi-
on des Akustische-Welleerzeugungsbauteil (4)
so zu schalten, dass sich das Akustische-Wel-
leerzeugungsbauteil (4) zu der ersten Position
in dem ersten Modus bewegt, und sich das
Akustische-Welleerzeugungsbauteil (4) zu der
zweiten Position in dem zweiten Modus bewegt.

2. Objektinformationserhaltevorrichtung mit:

einem Akustische-Welleerzeugungsbauteil (4),
das konfiguriert ist, Licht (3) zu absorbieren und
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eine akustische Welle (10) zu erzeugen;

einer Bestrahlungseinheit (2), die konfiguriert
ist, ein Objekt (5) oder das Akustische-Welleer-
zeugungsbauteil (4) mit Licht (3) zu bestrahlen;
einem Detektor (6), der konfiguriert ist, eine
akustische Welle, die von dem Objekt propa-
giert, zu erfassen;

einer Signalverarbeitungseinheit (7), die konfi-
guriert ist, eine Objektinformation, die eine In-
formation Uber das Innere des Objekts ist, ba-
sierend auf einem Signal, das von dem mit De-
tektor ausgegeben wird, zu erzeugen; und
einer Schalteinheit (8), die konfiguriert ist, ein
Schalten zwischen einem ersten Modus, in dem
meine erste akustische Welle, die innerhalb des
Objekts (5) aufgrund einer Bestrahlung mit dem
Licht (3) durch den Detektor (6) erfasstwird, und
einem zweiten Modus, in dem eine zweite akus-
tische Welle, die durch das Akustische-Welleer-
zeugungsbauteil (4) aufgrund einer Bestrahlung
mit dem Licht (3) erzeugt wird und durch das
Innere des Objekts (5) propagiert ist, durch den
Detektor (6) erfasst wird, durchzufiihren,
dadurch gekennzeichnet, dass

die Bestrahlungseinheit (2) zu einer ersten Po-
sition, an der das Obijekt (5) mit dem Licht (3)
bestrahlt wird, und zu einer zweiten Position, bei
der das Akustische-Welleerzeugungsbauteil (4)
mit dem Licht (3) bestrahlt wird, bewegbar ist,
und

die Schalteinheit konfiguriert ist, eine Position
der Bestrahlungseinheit (2) so umzuschalten,
dass sich die Bestrahlungseinheit (2) zu der ers-
ten Position in dem ersten Modus bewegt und
sich die Bestrahlungseinheit (2) zu der zweiten
Position in dem zweiten Modus bewegt.

Objektinformationserhaltevorrichtung nach einem
der Anspriiche 1 bis 2, wobei

das Akustische-Welleerzeugungsbauteil ein Bauteil
mit einer Plattenform oder einer Form einer flachen
Platte ist.

Steuerungsverfahren fir eine Objektinformationer-
haltevorrichtung mit einem Akustische-Welleerzeu-
gungsbauteil (4), das Licht (3) absorbiert und eine
akustische Welle (10) erzeugt, einer Bestrahlungs-
einheit (2), die ein Objekt (5) oder das Akustische-
Welleerzeugungsbauteil (4) mit Licht (3) bestrahlt,
einem Detektor (6), der eine akustische Welle, die
von dem Objekt (5) propagiert, erfasst, und einer Si-
gnalverarbeitungseinheit (7), die eine Objektinfor-
mation, die eine Information tiber das Innere des Ob-
jekts (5) ist, basierend auf einem Signal, das vonden
Detektor (6) ausgegeben wird, erzeugt, wobei

das Steuerungsverfahren aufweist:

einen ersten Messschritt (S2) des Erfassens ei-
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ner ersten akustischen Welle, die innerhalb des
Objekts (5) aufgrund einer Bestrahlung mit dem
Licht (3) erzeugt wird, mit dem Detektor (6) und
des Erhaltens eines ersten erfassten Signals;
einen zweiten Messschritt (S5) des Erfassens
einer zweiten akustischen Welle, die durch das
Akustische-Welleerzeugungsbauteil (4) auf-
grund einer Bestrahlung mit dem Licht erzeugt
wird und die durch das Innere des Objekts (5)
propagiert ist, mit dem Detektor (6) und des Er-
haltens eines zweiten erfassten Signals;
gekennzeichnet durch

einen Schaltschritt (S4) des Bewegens des
Akustische-Welleerzeugungsbauteils (4) in
dem ersten Messschritt (S2) zu einer ersten Po-
sition, die von einem optischen Pfad zwischen
der Bestrahlungseinheit (2) und dem Objekt (5)
zurlickgezogen ist, sodass nur das Objekt (5)
mit dem Licht (3) bestrahlt wird, und des Bewe-
gens des Akustische-Welleerzeugungsbauteils
(4) in dem zweiten Messschritt (S5) zu einer
zweiten Position, die den optischen Pfad blo-
ckiert, sodass nur das Akustische-Welleerzeu-
gungsbauteil (4) mit dem Licht bestrahlt wird.

Steuerungsverfahren flr eine Objektinformationser-
haltevorrichtung mit einem Akustische-Welleerzeu-
gungsbauteil (4), das Licht (3) absorbiert und eine
akustische Welle (10) erzeugt, einer Bestrahlungs-
einheit (2), die ein Objekt (5) oder das Akustische-
Welleerzeugungsbauteil (4) mit Licht (3) bestrahlt,
einem Detektor (6), der eine akustische Welle, die
von dem Objekt (5) propagiert, erfasst, und einer Si-
gnalverarbeitungseinheit (7), die eine Objektinfor-
mation, die eine Information Giber das Innere des Ob-
jekts (5) ist, basierend auf einem Signal, das vonden
Detektor (6) ausgegeben wird, erzeugt, wobei

das Steuerungsverfahren aufweist:

einen ersten Messschritt (S2) des Erfassens ei-
ner ersten akustischen Welle, die innerhalb des
Objekts (5) aufgrund einer Bestrahlung mit dem
Licht (3) erzeugt wird, mit dem Detektor (6) und
des Erhaltens eines ersten erfassten Signals;
einen zweiten Messschritt (S5) des Erfassens
einer zweiten akustischen Welle, die durch das
Akustische-Welleerzeugungsbauteil (4) auf-
grund einer Bestrahlung mit dem Licht erzeugt
wird und die durch das Innere des Objekts (5)
propagiert ist, mit dem Detektor (6) und des Er-
haltens eines zweiten erfassten Signals;
gekennzeichnet durch

einen Schaltschritt (S4) des Bewegens der Be-
strahlungseinheit (2) zu einer ersten Position,
sodass nur das Objekt (5) mit dem Licht (3) be-
strahlt wird, wenn der erste Messschritt (S2)
durchgeflhrt wird, und zu einer zweiten Positi-
on, sodass nur das Akustische-Welleerzeu-



2. Appareil
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gungsbauteil (4) mit dem Licht (3) bestrahlt wird,
wenn der zweite Messschritt (S5) durchgefiihrt
wird.

Revendications

Appareil d’acquisition d’informations

comprenant :

d’objet,

un élément de génération d’onde acoustique (4)
configuré pour absorber de la lumiére (3) et pour
générer une onde acoustique (10) ;

une unité d’exposition a un rayonnement (2)
configurée pour exposer un objet (5) ou I'élé-
ment de génération d’'onde acoustique (4) a un
rayonnement de la lumiére (3) ;

un détecteur (6) configuré pour détecter une on-
de acoustique se propageant a partir de I'objet ;
une unité de traitement de signal (7) configurée
pour générer des informations d’'objet qui sont
des informations de l'intérieur de I'objet, sur la
base d’un signal délivré par le détecteur ; et
une unité de commutation (8) configurée pour
effectuer une commutation entre un premier mo-
de dans lequel une premiére onde acoustique
générée a l'intérieur de I'objet (5) du fait de I'ex-
position au rayonnement de la lumiére (3) est
détectée par le détecteur (6) et un second mode
dans lequel une seconde onde acoustique gé-
nérée par l'élément de génération d'onde
acoustique (4) du fait de I'exposition a un rayon-
nement de la lumiére (3) et s’étant propagée a
l'intérieur de l'objet (5) est détectée par le dé-
tecteur (6),

caractérisé en ce que

I'élément de génération d’'onde acoustique (4)
peut étre amené a une premiére position en re-
trait d’'un trajet optique entre I'unité d’exposition
a un rayonnement (2) et I'objet (5) et a une se-
conde position qui bloque le trajet optique, et
'unité de commutation (8) est configurée pour
commuter une position de I'élément de généra-
tion d’onde acoustique (4) de sorte que I'élément
de génération d’'onde acoustique (4) soitamené
a la premiére position dans le premier mode et
que I'élément de génération d’onde acoustique
(4) soit amené a la seconde position dans le
second mode.
d’acquisition  d’'informations
comprenant :

d’objet,

un élément de génération d’onde acoustique (4)
configuré pour absorber de lalumiére (3) et pour
générer une onde acoustique (10) ;

une unité d’exposition a un rayonnement (2)
configurée pour exposer un objet (5) ou I'élé-
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ment de génération d’'onde acoustique (4) a un
rayonnement de lumiére (3) ;

un détecteur (6) configuré pour détecter une on-
de acoustique se propageant a partir de I'objet ;
une unité de traitement de signal (7) configurée
pour générer des informations d’objet qui sont
des informations de l'intérieur de I'objet, sur la
base d’un signal délivré par le détecteur ; et
une unité de commutation (8) configurée pour
effectuer une commutation entre un premier mo-
de dans lequel une premiére onde acoustique
généreée a l'intérieur de I'objet (5) du fait de I'ex-
position a un rayonnement de la lumiére (3) est
détectée par le détecteur (6) et un second mode
dans lequel une seconde onde acoustique gé-
nérée par l'élément de génération donde
acoustique (4) du fait de I'exposition a un rayon-
nementde la lumiere (3) et se propageant a I'in-
térieur de I'objet (5) est détectée par le détecteur
(6),

caractérisé en ce que

I'unité d’exposition a un rayonnement (2) peut
étre amenée a une premiére position a laquelle
I'objet (5) est exposé a un rayonnement de la
lumiere (3) et a une seconde position a laquelle
I’élément de génération d’'onde acoustique (4)
est exposé a un rayonnement de la lumiére (3),
et

I'unité de commutation est configurée pour com-
muter une position de l'unité d’exposition a un
rayonnement (2) de sorte que I'unité d’exposi-
tion a un rayonnement (2) soit amenée a la pre-
miére position dans le premier mode et que I'uni-
té d’exposition a un rayonnement (2) soit ame-
née ala seconde position dans le second mode.

Appareil d’acquisition d’informations d’objet selon
I'une quelconque des revendications 1 et 2, dans
lequelI'élément de génération d’'onde acoustique est
un élément en forme de feuille ou en forme de plaque
plate.

Procédé de commande d’'un appareil d’acquisition
d’informations d’objet comprenantun élémentde gé-
nération d’onde acoustique (4) qui absorbe de la lu-
miére (3) et qui génere une onde acoustique (10),
une unité d’exposition a un rayonnement (2) qui ex-
pose un objet (5) ou I'élément de génération d’'onde
acoustique (4) a un rayonnement de la lumiére (3),
un détecteur (6) qui détecte une onde acoustique se
propageant a partir de I'objet (5), et une unité de
traitement de signal (7) qui génére des informations
d’objet quisontdesinformations de l'intérieur de I'ob-
jet (5), sur la base d’'un signal délivré par le détecteur
(6), le procédé de commande comprenant :

une premiere étape de mesure (S2) consistant
a détecter une premiére onde acoustique géné-
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rée a l'intérieur de I'objet (5) du fait de I'exposi-
tion a un rayonnement de la lumiere (3) au
moyen du détecteur (6) et a acquérir un premier
signal détecté ;

une seconde étape de mesure (S5) consistant
a détecter une seconde onde acoustique géné-
rée par I'élément de génération d’onde acousti-
que (4) du fait de I'exposition a un rayonnement
de la lumiére et s’étant propagée a l'intérieur de
I'objet (5) au moyen du détecteur (6) et a acqué-
rir un second signal détecté ;

caractérisée par

une étape de commutation (S4) consistant a
amener |'élément de génération d’onde acous-
tique (4), a la premiere étape de mesure (S2),
a une premiere position en retrait d'un trajet op-
tique entre l'unité d’exposition a un rayonne-
ment (2) et I'objet (5) de sorte que seul I'objet
(5) soit exposé a un rayonnement de la lumiere
(3) et a amener I'élément de génération d’onde
acoustique (4), a la seconde étape de mesure
(S5), a une seconde position qui bloque le trajet
optique de sorte que seul I'élément de généra-
tion d’onde acoustique (4) soit exposé a un
rayonnement de la lumiére (3).

Procédé de commande d’'un appareil d’acquisition
d’'informations d’objet comprenantun élémentde gé-
nération d’onde acoustique (4) qui absorbe de la lu-
miére (3) et qui génere une onde acoustique (10),
une unité d’exposition a un rayonnement (2) qui ex-
pose un objet (5) ou I'élément de génération d’onde
acoustique (4) a un rayonnement de lumiere (3), un
détecteur (6) qui détecte une onde acoustique se
propageant a partir de I'objet, et une unité de traite-
ment de signal (7) qui génére des informations d’ob-
jet qui sont des informations de I'intérieur de I'objet
(5), sur la base d’'un signal délivré par le détecteur
(6), le procédé comprenant :

une premiére étape de mesure (S2) consistant
a détecter une premiére onde acoustique géné-
rée a l'intérieur de I'objet (5) du fait de I'exposi-
tion a un rayonnement de la lumiere (3) au
moyen du détecteur (6) et a acquérir un premier
signal détecté ;

une seconde étape de mesure (S5) consistant
a détecter une seconde onde acoustique géné-
rée par 'élément de génération d’onde acousti-
que (4) du fait de I'exposition a un rayonnement
delalumiére (3) et s’étant propagée a l'intérieur
de l'objet (5) au moyen du détecteur (6) et a
acqueérir un second signal détecté ;
caractérisé par

une étape de commutation (S4) consistant a
amener l'unité d’exposition a un rayonnement
(2) a une premiére position de sorte que seul
I'objet (5) soit exposé a un rayonnement de la
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28

lumiere (3) lors de I'exécution de la premiere
étape de mesure (S2), eta une seconde position
de sorte que seull’élémentde génération d’'onde
acoustique (4) soit exposé a un rayonnement
de lalumiére (3) lors de I'exécution de la secon-
de étape de mesure (S5).



EP 3 138 481 B1

16



EP 3 138 481 B1

C START )
N\
S1—
~  |IRRADIATE OBJECT WITH PULSED LIGHT
S2 \
—_RECEIVE ACOUSTIC WAVE AND CONVERT INTO
FIRST DETECTED SIGNAL
S 3 >
1 CALCULATE FIRST OBJECT INFORMATION
USING FIRST DETECTED SIGNAL
S 4 v
— [ PERFORM SWITCHING SO THAT PULSED LIGHT
IS ABSORBED BY ACOUSTIC WAVE
GENERATING MEMBER
S5
1 IRRADIATE ACOUSTIC WAVE GENERATING
MEMBER WITH PULSED LIGHT
S6 \
—|_ RECEIVE ACOUSTIC WAVE AND CONVERT INTO
SECOND DETECTED SIGNAL
S7 —_ \
- CALCULATE SECOND OBJECT INFORMATION
USING SECOND DETECTED SIGNAL

\

( END \

o 4

17




EP 3 138 481 B1

18



EP 3 138 481 B1

FIG4A
36 -
37

26 32

19



EP 3 138 481 B1

35

20



EP 3 138 481 B1

26
3 39 - T 223
24b | ~— 23
) s

21



EP 3 138 481 B1

22



EP 3 138 481 B1

FIG.8A 40

“

Y~

=\

[ \J ) Vv
24a 43

30"//

44 ‘

FIG.8B

2
42

P

|
=

4

=

24a )
43

44

30'“//

23



EP 3 138 481 B1

FIG.9A

40
24b 1 T
42— ——

oy

243 v
30 —~| 53

FIG.9B 20
24 T
42 g
9 Y)
E—
(LA \\.
24a 53/
30 ~_




EP 3 138 481 B1

FIG.10A
2

25



EP 3 138 481 B1

FIG.11A

/F
26
d =
30
FIG 118
m rJ. 171
21
47 5

26 j
e 23— |

BO/I;I

26



EP 3 138 481 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 20100041987 A [0004] * US 20050131289 A1 [0004]
* US 20130190595 A1 [0004] * US 20130031982 A1 [0004]
* US 20130190594 A1 [0004] * US 20130245420 A1 [0004]

Non-patent literature cited in the description

e THOMAS FELIX FEHM ; XOSE LUIS DEAN-BEN ;
DANIEL RAZANSKY. Hybrid optoacoustic and ultra-
sound imaging in three dimensions and real time by
optical excitation of a passive element. Proc. of SPIE,
vol. 9323 [0004]

27



patsnap

EREW(OF) WNREBRIEE NI REBIRIEENI2H 5%
DFH(RE)S EP3138481B1 NIF(AEH)A 2019-04-17
BiES EP2016186935 RiEH 2016-09-02

PRIRB(RFRR)AGE) (EREHRR a4t
RF(EFR)AGE) ERERN &4t

HARBEEARAGE) Eenlatt

[#R1& B8 A MIYASATO TAKURO
FUKUTANI KAZUHIKO
MASAKI FUMITARO
SUEHIRA NOBUHITO
KRUGER ROBERT A
KA MIYASATO, TAKURO
FUKUTANI, KAZUHIKO
MASAKI, FUMITARO
SUEHIRA, NOBUHITO
KRUGER, ROBERT A.
IPCH %S A61B5/00 A61B8/00 G10K15/04
CPCH %S A61B5/0035 A61B5/0095 A61B5/4312 A61B5/708 A61B8/4483 G10K15/046 A61B2576/00 GO1S15
/8965
RENE(F) TBK
£ £ 62/214350 2015-09-04 US
H {0 FF sk EP3138481A1
SAEREESE Espacenet
he~4
"= (%) [Math. 1]

T, #J%Eﬁ%%ﬂk:ﬁrnﬁiii*@#,*ﬁﬂﬂ%% , *AlbllJM%ﬂM’?i%E’JF&Anﬁ
BRI, ETMARUBHENES  EREANRABHEEHONR

BELRURLT RHTE HIARUILNEIR H- X N 2 _r++k -r,
Kb | T B R T M PR BB 2 B 2 — P AR USSR E | () 2:
:ﬁﬁmﬁﬁﬁiﬁ#Fim%:EﬁU%Eﬂ#ﬂ%ﬁmtmﬁﬁﬁ

TR, i c

b 1)~ 2l 1) 20 P

ot


https://share-analytics.zhihuiya.com/view/01955524-ad25-4243-b72d-4f3ef3a624c5
https://worldwide.espacenet.com/patent/search/family/057121000/publication/EP3138481B1?q=EP3138481B1

