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DESCRIPTION

Title of Invention

APPARATUS AND INFORMATION PROCESSING METHOD

Technical Field
[0001] The present invention relates to an apparatus

and an information processing method.

Background Art

[0002] Conventionally, a subject information
acquiring apparatus such as a photoacoustic imaging
apparatus and an ultrasound echo imaging apparatus has
been proposed as a technique for receiving acoustic waves
to acquire information on the inside of a subject such as
a liviﬁg body.

For example, it has been found that a photoacoustic
imaging apparatus is useful for diagnosing‘skin cancer or
breast cancer, in particuiar. There 1s an increasing
expectation that the photoacoustic imaging appératus will
be Vused as a medical apparatus which replaces an
ultrasound echo diagnosis apparatus, an X-ray apparatus,
an MRI apparatus, and the like which have conventionally
used for these diagnoses.

[0003] When a living body tissue is irradiated with a
measurement light beam such as visible light or near-

infrared light, a 1light absorbing substance inside the
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living body, such as hemoglobin in the blood, for example;™’
absorbs the energy of the measurement light Dbeam to
expand instantaneously. As a result,‘an acoustic wave 1is
generated. This phenomenon 1is referred to as a
photoacoustic effect and the generated acoustic wave is
referred to as photoacoustic wave.

The photoacoustic imaging apparatus visualizes the
information on the living body tissue by measuring this
photoacoustic wave. A tomography technique which uses
such a photocacoustic effect 1is also referred to as
photoacoustic imaging (PAI).

{0004] | The photoacoustic imaging can image
information related to an absofption coefficient of the
ihéide of a .subject. The absorption coefficient is the
ratio of the optical energy absorbed by a living body
tissue. An example of information related to the
absqrption coefficient is initial sound.pressure which 1is
the sound pressure at the instant at which a
photoacoustic wave 1is generated. The initial sound
pressure 1is proportional to tﬁe product between optical
energy (light intensity) and the ébsorption coefficient.
Therefore, it 1s' possible to obtain the absorption
coefficient by performing an appropriate process on the
value of the initial sound pressure.

[0005] Furthermore, the absorption coefficient
depends on fhe " concentrations of components that

constitute the 1living body tissue. Therefore, it 1is
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possible to acquire the concentrations of these
components from the ébsorption coefficient. Particularly,
by using 1light having a wavelength which 1is easily
absorbed in hemoglobin in the blood, it is possible to
acquire the céncentration ratio Dbetween oxygenated
hemoglobin and reducéd hemoglobin and the oxygen
saturation of the 1living body tissue. There are
expectétions of applications to medical diagnosis in such
a way that an oxygen saturation distribution is analyzed
to identify tumor tissues in a liVing body or surrounding
tissues thereof.
(0006] bPatent Literature 1 discloses an apparatus
that acquires an ultraéound image by‘taking refraction of
-sound rays by a holding member located between a subject
and a transducer into consideration.

Non Patent Literature 1 and 2 d;sclose an image
reconstruction method in a spatial wave number region.

Patent Literature 2 discloses an apparatus that
acqguires an ultraéound image by taking modulation of a
spatial wave number coméonent by a holding member located

between a subject and a transducer into consideration.

Citation List
Patent Literature
[0007] PTL 1: US Patént No. 6607489
PTL 2: Japanese Patent Application Publication No.

2015-027445
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Non Patent Literature
[0008] NPL 1: "k-Wave: MATLAB toolbox for the
simulation and- reconstruction of photoacoustic wave
fields™, Journal of Biomedical Optics 15(2), 021314
(March/April 2010)

NPL 2: "A simple » Fourier transform-based
reconstruction formula for photoacoustic ‘computed
tomography ‘with a circular or spherical measurement

geometry", Proc. of SPIE Vol. 8581 85814K-1

SUMMARY OF INVENTION

Technical Problem

[0009] When such a holding member included in the
apparatus disclosed in Patent Literature 1 is present in
an acoustic medium through which an acoustic wave
propagates, since the holding member is a solid, a
portion of the acoustic wave which is a longitudinal wave
is tfansformed into a transverse wave. When a transverse
wave propagates through the holding member to reach the
transducer or reach an acoustic medium on a side where
the transducer 1is pfesent, the transverse wave .1is
transformed again into a longitudinal wave. In this case,
a sounq ray of an acoustic wave refracted by the holding
member travels'albng a path different from that of the
longitudinal wave and the transverse wave. Furthermore,
the velocities- of the longitudinal wave and the

transverse wave when propagating through the holding
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member are different.

(C010] In any of the methods of Patent Literéture 1
and 2 1in which refraction by the holding member 1is
corrected at one velocity only, iﬁ was difficult to deal
with the refraction of both the longitudinal wave‘and the
transverse wave. Due to this, in these conventional
methods,.an acoustic wave of one of the longitudinal wave
and the transverse wave — the one which is not dealt with
— may be, for instance, defocused during imaging and the
image quality may deteriorate.

‘[0011] In Patent Literature 1 and 2, it was difficult
to correct modulation of an amplitude received when an
acoustic wave including‘a transverse wave passes through
fhe holding member. Amplitude transmittance
characterisﬁics when the acoustic wave including the
transverse wave passes through thevholding member depend
on an angle of .incidence on the holding member and a
frequency. Due to this, Fourier transform-based
frequency conversion ;s required to correct the amplitude
of an acoustic wave includiné the transverse wave
according to the method disclosed in Patent Literature 1,

and a considerable améunt of computation time is required.
Patent Literature 2 does not disclose a method for
correcting the amplitude of the acoustic wave including
the traﬁsverse wave and the correction 1is difficult.' Due
to thesé reasons, the coﬁtrast may, for instance,

deteriorate during imaging and the image guality may
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6
deteriorate.
[0012]° | The present invention has been made in view of
the above-described problems. An object of the present

invention is to acquire high-accuracy information in a
short period when specific information is acquired on the

basis of an acoustic wave that propagates from a subject.

Solution to Problem

[0013] According to an aspect of the present
invention, there is provided an apparatus that acquires
specific infqrmation on a subject on the basis of a
signal originating from an acoustic wave which has
propagated from the subjecﬁ and propagated through an
acoustic medium disposed Dbetween the subject and a
receiving unit,

the apparatus comprising:

a wave number acquiring ﬁnit configured to acquire
a spatial'wavé number component of the signal;

a correcting unit configured ﬁo correct the spatial
wave number component using parameters of a longitudinal
wave Velocity in the subject and a transverse wave
velocity in the acoustic medium; and

aﬂ inforﬁation acquiring unit configured to acquire
the specific information using the cérrected spatial wavé
number component.

[0014] According to anothér éspect of the present

invention, there 1is provided an apparatus that acquires
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specific information on a subject on the basis of a

signal originating from an acoustic wave which has
propagated from the subject and propagated through an

acoustic medium disposed between the subject and a
_ receiving unit,

the apparatus comprising:

a wave number acquiring unit configured to acquire
a spatial wave number component of the signal;

a correcting unit Configured to correct the spatial
wave number component by deconvolution which uses
information on a componeﬁt based on a transverse wave in
which a portion of the acoustic wave which 1is a
longitudinal wave generated by the subject is transformed
inside the acoustic medium; and

an information acquiring unit configured to acquire

the specific information using the corrected spatial wave
number component.
[0015] According to another‘ aspect of the present
invention, there is providéd an information processing
method of acquiring specific information on a subject on
the basis of a signal originating from an acoustic wave
which' has propagated from the subject and propagated
through an acoustic medium disposed between the subject
and a receiving unit,

the method comprising:

a wave number acquisition step of acquiring a

spatial wave number component of the signal;
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a correction step of correcting the spatial wave
number component using parameters of a longitudinal wave
velocity in the subject and a transverse wave velocity in
the acoustic medium; and

an information acquisition step of acquiring the
specific information using the corrected spatial wave

number component.

Advantageous Effects of Invention
[0016] According té the preseﬁt invention, it is
possible to acquire high-accuracy information in a short
period when specific inférmation is acquired on the basis
of an acoustic wave that propagates from a subject.
Further features of the present invention will
become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

Brief Description of Drawings

[0017] FIGS. 1A and 1B are sequence diagrams of a

subject information acquiring apparatus and the beriphery

of a processing unit accérding to a first embodiment.
FIGS. 2A "to 2D are diagram; illustrating the

details of a probe according to the first embodiment.
FIGS. 3A to 3C are schematic_ diagrams of the

subject information acquiring apparatué according to the

first embodiment in which a holding member is replaceable.
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FIG. 4 ié a flowchart of a subject information
acquiring method according to the first embodiment.

FIGS. 5A to 5C are schematic diagrams illustrating
correction of a spatial wave number component.

FIG. 6 is.a diagram illustrating a display unit.

FIGS. 7A and 7B are schematic diagrams of a subject
information acquiring apparatus and the periphery of a
proceésing unit according to a second embodiment.

FIG. 8 1s a flowchart of a subject information
acquiring mefhod according to the second embodiment.

FIGS. 92 and 9B are diagrams illustrating a
configuration of. a subject information acquiring
apparatus and the periphery of a ©processing unit
according to a third embodiment.

FIG. 10 is a flowchart of a subject information

acquiring method according to the. third embodiment.

Description of Embodiments

[0018] Hereinafter, preferfed embodiments of the
present invention will be described with reference to the.
drawings. Dimensions, materials, shapes, relative
arrangements, and the 1like of constituent components
described below are to be appropriately. changed according
to the configuration and "various conditions of an
apparatus to which the present inventioﬁ is ‘applied.
Therefore, the scope of the .present invention 1s not

limited to those described below.
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[0019] The present invention relates to a technique
of detecting an acoustic wave tHat is generated from a
subject and propagates. through an acoustic medium and
generating and acquiring specific information on the
inside of the-subject. Therefore, the present invention
may be understood as a subject‘ information acquiring
apparatus or a control method thereof, and alternatively,
as a subject information acquiring method and a signal
processing method. Moreover, the present invention may
be understood as a pfogram for allowiné an information
processing apparatus having a hardware resource such as a
CPU or a memory to execute these methods, a computer-
readable non—trénsitory.storage medium having the program
stored therein, and the information processing apparatus
itself. |

[0020] The subject information acquiring apparatus
according to'the present invention includes an apparatus
which wuses a photoacoustic tomography technique of
irradiating)a subject with light (electromagnetic waves)
to receive an acoustic wave generates inside the subject
or at a specific position on the surface of the subject
accordiné to a photoacoustic effect to acquire the
specific information on the subject as image data. In
this case, the.specific information is information on the
characteristic wvalues corresponding to a plurality of
positions inside the subject, generated using reception

signals obtained by receiving a photoacoustic wave. Such
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a subject information acquiring apparatus may be referred
to as a photoacoustic imaging in that the specifid
information on the inside of the subject is obtained in a

format such as image data on the basis of photoacoustic

measurement.
[0021] The specific information (photoacoustic
specific information) originating from an electrical

signal (photoacoustic signal) acquired by photoacoustic
measurement 'is a valué that refleéts the rate of
absorption of optical energy. For example, the specific
information includes a generation source of the acoustic
wave generated by 1light irradiation, an initial sound
pressure inside the subject, or an optical energy
absorption density or absorption coefficient derived from
the initial sound ©pressure, a concentration of a
substance that constitutes a tissue; Moreover, it is
possible to calculate a blood component distribution such
as an  oxygen saturétioh distributioh by obtaining an
oxygenated hemoglobin concentration and a deoxygenated
hemoglobin concentration as the substance concentration.
Moreover, a glucosé concentration, a collagen
concentration, a melanin concentfation, a volume fraction
of fats and wéter; and the like are also obtained.

[0022] The subject information acquiring apparatus
according to the present invention includes an apparatus
which uses an echo technique of irradiating é subject

with an acoustic wave to receive (detect) an acoustic
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wave having scattered and propagated after being
reflected at a specific position ‘inside the subject.
Such a subject information acquiring apparatus may be
referred to as an echo imaging -apparatus and an
ultrasound echo apparatus in that the specific
information on the insidé of the'subject is obtained in a
format such as image daté on the basis of reflection and
scattering characteristics of the acoustic wave. The
specific information obtained by the echo imaging
apparatus indicates an acocustic impedance difference in
the subject and a position, a velocity, and a density at
which the acoustic impedance is different.

[0023] A two-dimensional or three-dimensional
specific information distribution is obtained on the
basis of the specific information at respectivé positions
of the subject. The distribution data may be generated
as image data. The specific information may be obtained
as distribution information at respective positions
inside the subject rather than numerical data. That 1is,

the specific information is distribution information such

as ‘an initial sound pressure diétribution, an energy
absorption density distribution, - an absorp;ion
coefficient distribution, or an oxygen saturation
distribution. Moreover, an acoustic impedance

distribution, blood flow distribution information, and
the 1like may be generated. Therefore,. the present

invention may be understood as an acoustic imaging
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apparatus, a control method thereof, and a program 1in
thaf informatioh based on an acoustic wave is visualized.
[0024] The acoustic wave referred to in the present
invention is typically an ultrasound wave and include an
elastic wéve called a sound wavé and aﬂ acoustic wave.
An electrical signal converted from an acoustic wave by a
probe is also referred to as an acoustic signal. However,
the expressions, ultrasouﬁd waves or acoustic wavés used
in the present specification do not limit the wavelength .
of these elastic waves. The acoustic wave generated by
the photoacoustic effect is referred to as a
photoacoustic wave or a light-induced ultrasound wave.
The electrical signal ériginating from- a photoacoustic
wave 1s also referred to as a photoacoustic signal.
Moreover, an electrical signal originating from an- echo
wave generated when a transmitted ultrasound wave 1is
reflected from a subject 1is also referred to as an
ultrasound echo signal.

[0025] [First Embodiment]

Hereinafter, an embodiment of tﬁe present invention
will be described in detail with reference to the
drawings. In principle, the same constituent elements
will be denoted by the same reference numerals, and
redundant description thereof will be omitted.

[0026] <Configuration - of subject information
acquiring apparatus>

FIG. 1A 1is a schematic diagram of a subject
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information acquiring apparatus according to the present
embodiment. Hereinafter, respective constituent elements
of the apparatus will be described. The apparatus
includes a probe 130 including a light source 110, an
optical system 120, and a transducer 131, a holding
member 140, a processing unit 150, and a display unit 160.
A measurement target is a subject 100.

[0027] FIG. 1B 1is a schematic diagram illustfating
the relation between the processing unit 150 and a
peripheral configuration thereof. The processing unit
150 controls the operation of respective constituent
elements bf the subject information acquiring apparatus
via a bus 200. Moreover, the processing unit 150 retains
a program in which a subject information acquiring method
to be described later 1is described ana reads the program
to cause the subject information acquiring apparatus to
execute the subject information acquiring method. In the
respective embodiments of the present invention, the
processing unit 150 functions as a wave number acquiring
unit, a correcting unit, and an information acquiring
unit of the present invention. However,- this does not
necessarily mean that the processing unit 150 is
physically divided into respective functions. For
example, a program module that implements respective
functions of a wave number acquiring process, a
correction process, and an information acquiring process

may operate in one information processing apparatus.
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[0028] During photoacoustic measurement, firét, light
generated from the light source 110 is irradiated to the
subject 100 heid by fhe holding mémber 140 wvia the
optical system 120. A photoacoustic wave 1is generated
inside the subject 100 due to a photoacoustic effect.
Subsequently, the probe 130 receives an acoustic wave
having propagated through an acoustic medium to acquire a
time-sequential electrical signal as a reception signal.
[0029] Hereinafter, A the ' details of respective
constituent elements of the subject informatioh acquiring
apparatus according to the pfesent embodiment will be
described.) In the present embodiment, the technique of
the present invention 1is applied to a photoacoustic
apparatus. However, the present invention may be applied
to an ultrasound echov apparatus. In this case, the
subject information is information based on an echo wave
of an.ultrasound wave transmitted from the transducer 131
or an ultrasound wave transmission device raﬁher than
information: based on a photoacoustic wave generated by a
light source or an éptical system.

[0030] (Subject 100)

The sﬁbjéct 100 does not form a portion of the
subject information acquiring apparatus of the presént
invention‘but the subject 100 will be described below. A
major object of the subject information acquiring
apparatus of the present invention 1s to examine blood

diseases or malignant tumors of a person or an animal and
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to observe | the progress of chemical treatments.
Therefore, an examination target segment such as the
breast, the . neck, and the abdomen of a 1living Dbody
(specifically,'a person or an animal) may be used as the
subject. |

[0031] A 1light absorber inside the subject has a
rélatively high absorption coefficient inside the subject.
For example, when a human body is a measurement target, a
blood vessel that contains a . large amount of
oxyhemoglobin or deoxyhemoglobiﬁ or a malignant tumor
that contains many new-born blood vessels is a light
absorber which 1s a measurement target. Besides this,
plagque and the 1like on the carotid wall may be the
measurement target. .

[0032] (Light source 110)

A pulsed 1light source capable of generating a
pulsed beam having a width of several nanoseconds to
several microseconds 1is preferably used as the light
source 110. Specifically, 1in order to generate a
photoacoustié wave efficiently, the light source 110 is
preferably capable of generating light having a pulse
width of approximately 10 nanoseconds. A wavelength at
which light propagateé up to the inside of a subject is .
preferably used as the wavelength of light generated by
the light source 110. Specifically, when the subject is
a living body, a preferred wavelength is between 500 nm

and 1200 nm. However, when an optical characteristic
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value distribution of a 1living Dbody tissue relatively
near the surface of a‘ living body 1is obtained, a
anelength region (for example, between 400 nm and 1600

nm) wider than the wavelength region may be used.

[0033] A laser or a light emitting diode may be used
as the 1light source. Various lasers such as a solid
laser, a gas laser, é dye laser, or a semiconductor laser

may be used as the laser. For example, in the pfesent
embodiment, an alexandrite laser, a Yttrium-Aluminium-
Garnet laser, a Titan-Sapphire laser, and the like may be

used.

[0034] Although a 1light source that generates light
is wused in this example, means for generating an
electromagnetic wave may be used! For example, by using
a microwave source, it is‘ possible to acquire subject
information by the same principle as.the photoacoustic
imaging. Moreover, by using a wavelength-variable laser
capable of emitting light of a plurality of wavelengths,

it 1is possible to generate a specific information
distribution indicaﬁing a subétanée concentration such as

an oxygen saturation in the blood on the basis of an
absorption coefficient spectrum at each wavelength of
each substance.

[0035] (Optical system 120)

| Light emitted from the light sourcé 110 is
propagated by an optical component of the optical system

120 and shaped into a desired 1light distribution shape
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and is guided to the subject 100. The optical component
includes a mirror that reflects light,i a lens that

condenses and expands light and changes the shape thereof,
a prism that disperses, refracts, and reflects light, an
optical fiber that propagates 1light, a diffuser that

diffuses ligﬂt, and the like. Beside this, an arbitrary
optical component may be used as long as the optical

component can irradiate the light emitted from the light

source 110 to the subject in a desired shape.

[0036] The intensity of 1light emitted from the

optical systém 120 to the subject 100 may be set in
advance and may be stored in a storage unit 152 of the

processing unit 150. The light source 110 is driven by a
light source control unit (not illustrated) so as to

irradiate irradiation light with this intensity.

Altérnatively, an optical sensor may be provided in the

light source 110 or the optical system 120, a portion of

light emitted actually may be measured, and the intensity
of the irradiation light may be obtained and stored in
the storage unit 152.

100371 When it is possible to irradiate the 1light

itself emitted by the light source 110 to the subject as
desired light, it 1s not necessary to use the optical

system 120. The optical system 120 or the light source

110, or a combination thereof may be understood as an
irradiation unit.

[0038] (Probe 130)
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The probe 130 includes a transducer 131 which is a

device capable' of detecting'_an acoustic wave and a
housing that surrounds the transducer. The transducer
131 receives an acoustic wave and converts the acoustic
wave to an electrical signal which is an analog signal.
An arbitrary device capable of receiving a photoacoustic
wave such as a device ~which wuses a piezoelectric
phenomenon, resonance of light, a change in electrostatic
capacitance, or the like may be used és the transducer
131.
[0039] A frequency component that forms a
photoacoustic wave is typically between 100 KHz and 100
MHz. Therefore, the transducer 131 'is preferably capable
of detecting these frequencies.

The probe 130 includes a plurality of transducers
131. Due to this, it is bossible to acguire
photoacoustic waves generated by one instance '.of
irradiation of light at a plurality of positions. As a
result, the amount of information to be used for imaging
increases and the image quality is improved.

[0040] The probe 130 of the present embodiment has a
spherical * shape. FIG. 2 is a set of diagrams
illustrating the details of the probe 130. FIGS. 2A and
2B illustrate the probe 130 in which the transducers 131
are arranged 1in a spiral form. - FIGS. 2C and 2D
illustrate the probe 130 in which the transducers 131 are

arranged in a radial form. FIGS. 2A and 2C are diagrams
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of the probe 130 when seen from a z-axis direction of FIG.
1A, and FIGS. 2B and 2D are diagrams of the probe 130

when seen from a y-axis direction of FIG. 1A.

[0041] In any arrangement, since the transducers 131

are arranged on the spherical surface of the probe 130,

it is possible to receive a photoacoustic wave generated
by the subject 100 in wvarious angular directions. Due to

this, it ié possible to generate specific information

with high accuracy. In FIG 2, although the transducers

131 are arranged in a spiral form or a radial form, an

arrangement method is not limitéd thereto. For example,

the transducers may be arranged on a spherical surface in
a grid form.

[0042] The space' between the probe 130 and the

holding member 140 is filled with a matching member

through which a photoacoustic wave can propagate. This

matching member is preferably selected such that a

photoacoustic wave can propagate through the acoustic

medium, acoustic characteristics match at the interface

between the holding ﬁember 140 and the transducer 131,

and the transmittance of the photoacoustic wave 1is as

high as possiblei Furthermore, it is preferable that the

matching member sufficiently transmit light emit£ed from
the optical system 120. Water or oil, for example, can
be used as the matching member. The probe 130 or the
transducer 131, or both correspond to a receiving unit of

the present invention.
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[0043] (Holding member 140)

The holding member 140 has a function of mounting
and holding the subject 100. By mounting the subject on
the holding member, it is possible to suppress the motion
during measurement, which may deteriorate the image
'quality. Fﬁrthermore, the holding member 140 has a
function of pressing the subject by the weight and the
like of the subject 100. By pressiné and thinning the
subject 100 so that light reaches up to the deep portion
of the subjeét, the image quality at the deep portion of
the subject 100 is improved. In order to increase these
effects, the subject 100 may be sandwiched by a plurality
of holding members 140. Moreover, by preventing the
contact between the subject 100 and the proge 130 or the
matching member, a health condition is improved and the
safety 1is enhanced.

[0044] In order to-.-attain the subject, an acoustic
medium which has a certain degree of strength and is not
easily deformed is preferably used as the holding mémber
140. Moreover, an acoustic medium which sufficiently
transmits light emitted from the opticai system 120 and

an acoustic wave propagating from the subject 100 1is

preferred. For example, a resin material such as
polycarbonate, polyethylene, or polyethylene
terephthalate may be used. The holding member 140

corresponds to a holding unit of the present invention.

However, the holding unit of the present invention may
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correspond to a combination of the holding member and the
matching memberbrather‘than'corresponding to the holding
member only. Moreover, the holding member is not limited
to a planar holding unit, but an arbitrary member capable
of converting a propagated wave to a transverse wave
corresponds to an acouétic medium of the present
invention.

[0045] The‘holding member 140 may be replaceable. In
this case, as illustrated in FIG. 3A, a holding unit
specification acquiring unit 170 may be provided so that
the specification of a replaced holding member can be
acquired. According to an example of an acquisition
method, the specification may be input by an operator.
The input specification is set to the processing unit 150
via the bus 200. As the specification, the thickness of
the holding member 140, a longitudinal wave velocity, a
transverse wave velocity, énd the like can be set.

[0046] More preferably, a tag 141 having
specification information may be provided for each
holding member. The specification information of the tag
141 is read by a reading unit 171 provided on a housing
side of the apparatus and is set to the processing unit
150 wvia the bus 200 as illustrated in FIG. 3C. An
acoustic matching member (water, oil, gel, or the like)
is preferably disposed between the holding member 140 and
the subject. Alternatively, a model number or the iike

of the holding'member may be stored in the tag, and the
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specification acquiring unit may acquire the
specification information S£ored in a memory on the basis
of the modél number. The specification corresponds to
relating information of the present invention, and the
Specificafion acquiring unit corresponds to a relating
information acquiring unit of the present invention.
[0047] A temperature sensor may be provided in the
tag 141 to monitor the temperature of the holding member
140 so that - the temperature—dependent specification
values are corrected. In this way, if)is possible to
acquirevspecification information with high accuracy.

By setting the accurate specification of the
holding member to the processing unit 150 in this manner,
it is possible to execute a subject information acquiring
method to be described later with higher accuracy.

[0048] (Processing unit 150)

The prcocessing unit 150 performs an arithmetic
operation for acquiring subject inﬁormation on the inside
of the subject using a reception signal. Typically, the
processing unit 150 includes a devicé such as a CPU, a
GPU, and an A/D converter and a circuit such as FPGA and
ASIC. Moreover, the processing unit 150 ﬁay include a
signal amplifier. Since the electrical signal converted
.from the acoustic wave by the transducer 131 is an analog
signal, the electrical signal is generally converted to a
digital'signal and is amplified. The processing unit 150

may include a plurality of devices and a plurality of



WO 2017/222033 PCT/JP2017/023113
24

circuits rather than including one element and one
circuit. Moreover, the respective processes pérformed by
the subject information acquiring‘method may be executed
by any of the devices and the circuits. Apparatuses thatb
execute the respective procésses are collectively

referred to as a processing unit of the present invention.

[0049] The processing unit 150 preferably includes a
storage unit 152 (not illustrated) having a memory
function. Moreover, the processing unit 150 is

preferably configured to process a plurality of signals
éimultaneously as pipeline processing. In this way, it
is possible to shorten the time taken until subject
information is acquired. The processing unit 150 has a
non-transitory recording medium and can store respective
processes performed by the subject information acquiring
method as programs to be executed by the processiﬁg unit.
A PC or the like having a processor, a storage means, and
the like can be used as a portion of the processing unit
150 that implements an information processing function.
In this case, a user interface (a keyboard, a mouse, and
the 1like) of the PC can be used as the specification
acquiring unit.

[0050] The processing unit 150 and the plurality of
transducers 131 may be provided in a configuration in
which these parts are included in a common housing.
However, some signal processing may be performed by a

processing unit included in the Thousing, and the
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remaining signal ©processing may be performed by a
processing unit provided outside the housing. In this
case, the processing units provided inside and outside
the housing may be. collectivély referred to as a
processing unit of the present invention.. The processing
unit 150 corresponds to a processor of the bresent
invention.

[0051] KDisplay unit 160)

The display unit 160 is an apparatus that displays
subject information output from the processing unit 150.
Although a liquid <crystal 'diSplay or the 1like 1is
typically used as the display unit 160, other displays
such as a plasma display, an organic EL display, or FED
may be used. The subject information may be displayea
after.image processing (adjustment of a brightness value
and the like) is performed by the diéplay'unit 160 or the
processing unit 150.

[0052j <Subject information acquiring method>

Next, respective steps of the subject -information
acquiring method acco;ding to the present invention will
be described with reference to FIG. 4. The respective
steps are executed when the processing unit 150 controls
the operation of the respective constituent elements of
the subject:information acquiring apparatus.

[0053] ($110: Step of irradiating light to inside of
subject to generate photoacoustic wave)

The 1light generated by the 1light source 110 is
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irradiated to the subject 100 as a pulsed beam via the
optical system i20. The pulsedfbeam is absorbed inside
the sﬁbject 100 and a photoacoustic wave is generated by
a photoacoustic effect.

[0054] (8120: Step of receiving photoacoustic wave to
acquire reception signal)

In this 'step, the probe 130 receives (detects) a
photoacoustic wave aﬁd outputs a reception signal from
the transducer 131. The " output reception signal 1is
delivered to the processing unit 150. In this case, the
reception signal (an analog electrical signal or an AD-
converted digital electrical signal) may be stored in a
memory of the processing unit 150 and information
processing to be described later may be performed
additionally. Alternatively, a corrected signal obtained
in step 5140 to be described later may be stored in a
memory and image reconstruction may Dbe performed
additionally. Alternatively, a recéption signal obtained
from a certain region inside a region of interest may be
processed while acquiring a photoacoustic wave from
another region.

[0055] (S130: Step of acquiring reception signal from
spatial wave number component)

In this step,.a spatial wave number component of
the reception signal 1is acquired. According to Non
Patent Literature 2, a spherical probe can acquire a

spatial wave number component p”(kx, ky, ®) of the
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reception signal according to Egquation (1).

[Math.1]

bl ,.0)= 25 [t e Refrifole” e o)) - (1
: S

Here, kx indicates an x-component of a spatial wave

number k, ky indicates a y-component of the spatial wave
number k, ® indicates a time-angular frequency, C1
indicates a longitudinal wave velocity in the subject 100,
RS indicates the radius of curvature of the probe 130, S
indicates the surface of thé probe 130, rS% indicates a
position vector of the transducer 131, and t indicates
time. p(rS, t) is the reception signal of the transducer
131 at the position of r® and is a time—sequential signal.
Fi{-} indicates a time Fourier transform and Re{-}
indicates a real part.:
[0056] Correctly, the spatial wave hpmber component
is represented by p”(kx, ky, kz) using a z-component k. of
the spatial wave number k. However, since ® and k, are
coupled by the relation of Equation (2), p~(kx, ky, ®) is
equivalent to the Spatial wave number component.

[Math. ZT

2 2 2
o=clk/=ck’+k +k, - (2)
[0057] Since ZCH/RS is a constant term, this is

multiplied in S150 of acquiring subject information.

Therefore, p”*'(kx, ky, ®) in Equation (3) is used as the
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spatial wave number component for the sake of convenience.

[Math. 3]

[)’(kx,ky,a))z Idrseik"s Re{F1 {tp(rs,t)}(rs,a))} = (3)
S

Equation (3) means that the spatial wave number
component can be acquired by performing a time Fourier
transform on a multiplication result of time t and the
reception signal p(rs,t) of the transducer 131, taking
the real part of the transform result, multiplying the
real part with a weight eikrs, and ‘summing the
multiplication result.
[0058] ‘An arithmetic process may. be performed on
respective terms in the course of computation of Equation
(3). For example, frequency filtering (low-pass

filtering, high-pass filtering, band-pass filtering, and

the 1like), deconvolution, envelope detection, . wavelet
filtering, and the like may be performed on
Fi{tp(zrs,t)}(rS, o). In this way, 1t 1is possible to

improve the SN ratio or the like of the reception signal.
[0059] (5140: Step of correcting spatial wave number

component)

In thié step, amplitude and phase modulation
including transform into transverse waves, received when
an acoustic wave passes through the holding member 140 is

corrected.

[0060] A complex amplitude transmittance h”"(kx,ky, o)
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of the acoustic wave set by taking interference due to
reflection inside the holding mémber 140 into
consideration is represented by Equation (4). That 1is,

the acoustic wave 1is subjected to amplitude and phase

modulation represented by Equation (4). Equation (4) can

be derived by solving an equation by takipg continuity of
waves on a first surface and a second surface of‘ the
holding member 140 into consideration the waves being the

longitudinal and transverse waves propagating in the.
reverse direction to the longitudinal and transverse wave
propagating in a certain direction through the holding
"member 140.

[Math. 4]
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h(k, k,, )=
i N cos 01 [’,mTcos%] (—1‘|k|T[00591‘c—1°°593]]
e .

YA 3 3 Cy

cos 6, cos O, (M2 —Nz)—l+z'M cos b, N cos @, i
Z\Z, Z, " Z;

e

+(4)
N=F+G e (5)

MZFCOS[ETCOSQZLJ-FG cos(ﬂTcosé?ZT] = (6)

Cor Cor

Z,, cos’ 20,

F = - - (7)
cos @, sin{——T COS HZL)
G

G Z,, sin® 20,, : . (8)
cos &, sin(iT oS QZTJ

Cyr
JEZ+k]
hi d - (9)

T

sing, _siné,;, sinf,, sind, - (10)

G 3 Cor G
[0061] c1 1s a longitudinal wave velocity in the
subject 100, C21; indicates a longitudinal wave velocity
in the holding member 140, c2r indicates a transverse
wave velocity in the holding member 140, c3 indicates a
longitudinal wave velocity in abmatching member in the

probe 130, and T is a thickness of the holding member 140.
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Z1 indicates a longitudinal wave acoustic impedance of
the subject 100, Z,1 indicates a longitudinal wave
acoustic impedance of the holding ﬁember 140, Z2r
indicates a transverse wave acoustic impedance of the
holding member 140, and Z3 indicates a longitudinal wave
acoustic impedance of a matching member in the probe 130.

[0062] Eéuations (5) to (8) are functions introduced
to simplify the notation of Equation (4). Equation (9)

represents an angle of incidence ©: when a continuous
planar wave of the spatial wave number component pA(kx, ky,
®) is incident on the holding member 140 from the subject
100. 021, O2r, and 03 indicate a propagation angle of a
longitudinal wave propagating inside the holding member
140, a propagation angle of a transverse wave propagating
inside the holding member 140, and a propagation angle of
a longitudinal wave propagating through a matchigg member
inside the probe 130. As described above, the acoustic
medium of the present invention includes a holding member
{holding unit) and a matching member.

[0063] The cos terms included in Equations (4) to (8)

can be computed using 01 obtained in Equation (9) and the
Snell's law in Equation (10). Particularly, when cﬁ}cl,

sinB21>1 and cosO2; has an imaginary numbgr. In this case,
the sign is determined such that light attenuates while
propagating in the direction vertical to the surface of
the holding member 140. That is, Equation (11) is used.

[Math. 5]
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cos,, =—iyfsin®g, -1 - (11)

Equation(12) 1is wused when cosO;r has an imaginary

number.
[Math. 6]
cosf, =—iyfsin’ @, -1 - (12)
[0064] Decbnvolution may be used in order to corréct

the spatial wave number component p~(kx, ky, ®) using
h” (kx, ky, o). For example, the Wiener filter  of
Equation (13) may be used. Convolution may be performed
using a method other than the Wiener filtér.

[Math. 7]

. j}c(kx,ky,a))— COnj(h(kxpky:a))) 'ﬁ(kxakyaw) . (1 3)

i lk b, 0) + 7 |

x2 y)

The denominator A 1s a parameter for suppressing
amplification and zero-rate of noise and is generally set
to approximately severai tq several tens pércent of the
maximum value of |h?.

[0065] The second multiplication term
exp(ioTcosO;z/c3) in Equation (4) has an effect Qf
correcting a phase shift when the holding member 140 is
replaced with a matching member. FIG. 5A illustrates a
state in which a continuous planar wavé of a certain
spatial wave number component propagates through the

subject 100, the holding member 140, and the matching
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member in that order. The planar wave propagates in the
holding member at the transverse wave velocity czr. When

the phase shift 1is corrected using the first to second
multiplication terms of Equation (4), the spatial wave
number component is corrected such that the wave
propagates as illustrated in FIG. 5B.

[0066] The third multiplication term exp(-i|k|T (cos0i-
c1/c3cosB3)) has an effect of correcting a‘ phase sﬁift
occurring due to a difference between the velocity ci: in
the subject and the velécity c3 in the matching member .
That is, a propagation path of the spatial wave number
component illustrated in FIG. 5B 1is corrected to a
propagation path illustrated in FIG. 5C. Since amplitude
modulation at the interface between the velocities ci and
c3 1s corrected by the first multiplication term of
Equation (4), the third mnmultiplication term may take
correction of the phase shift only into consideration.
Moreover, when ci1 and c3 are sufficiently close Vélues,
the third multiplication term may be omitted from
Equation (4) to simplify computation.

[0067] Equation (4) 1s an example of a complex
amplitude transmittance which takes transverse wave
-transform into consideration. An arbitrary complex,
amplitude transmittance which takes transverse wave
transform into -consideration may be used for the
deconvolution of Equation (13). For example, when the

holding member 140 has a sufficient thickness and it is
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not necessary to take interference due to internal
reflection into consideration, it is possible to use a
complex amplitude transmittance which is set regardless
of interference as illustrated in Equation (14).

[Math. 8]
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[0068] Equations  (15) to  (20) are functions

introduced to simplify the notation of Equation (14).
ti21 indicates a complex amplitude transmittance of a wave

in which a continuous planar wave incident at the angle
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of incidence of 01 from the subject 100 to the holding
member 140 passes through the holding member 140 as a
longitudinal wave and ti»r indicates a complex amplitude
transmittance of a wave 1in which the continuous planar
wave passes thrpdgh the holding member 140 as a
transverse wave. $2r and .d2r indicate the phase shifts
that the longitudinal and transverse waves in the holding
member 140 receive when propagating through.the thickness
T of the holding member 140, respectively. When cosf2:
and cosO;r are imaginary numbers, these terms indicate
attenuation. to3L indicates a complex amplitude
transmiftance of a wave that passes from the holding
member 140 tdward the matching member in the probe 130 as
a longitudinal wave and t23r indicates a complex amplitude
transmittance of a wave that passes as a transverse wave.
[C069] Equations (4) and (14) are examples calculated
according to a Dboundary condition assuming that a
physicél amount at the Dboundary is continuous. A
calcu}ation result based on other boundary conditions
such as a boundary condition which takes discontinuity of
a physical amount at the boundary into consideration may
be used.

[C070] A‘ corrected spatial wave number component
pc” (kx, ky, ®) corrected by Equation (13) in this manner
is a spatial wave number component of a reception signal
received when the matching member in the holding member

140 and the probe 130 1is replaced with a matching member
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having the‘ same acoustic characteristics (velocity) as
the subject.

[0071] According to the present embodiment, it 1is
possible to reduce a computation amount (time) by
applying correction to amplitude modulation and phase
modulation including transverse wave transform on the
spatial wave number component acgquired by image
reconstruction in a spatial wave numbér region. In the
case of a tiﬁe—domain back—projectidn disclosed in Patent
Literature 1, for example, since a transverse wave
transform is dependent on an angle of incidence, the
spectrum of a complex amplitude transmittance changes
every voxel-transducer combination to be back-projected.
That 1is, sincé a time Fourier transform is required for
all voxel-transducer combinations, a computation amount
of at least N3xN2xNlogN=NélogN is required (where N3 is
the number of voxels, N2 is the number of transducers,
and N is the number of reception signai samples) . More
specifically, since N times of multiplication is required
for ® excluding the wvariables kx and ky 1in the
deconvolution of Equation (13), the total computation
amount required for correction is (N2®(NlogN+N)). On the
other hand, in the present embodiment, since it 1is
sufficient to execute Equation (13) on N3 spatial wave
number components, the increase in the computation amount
can be suppressed to N3, Furthermore, it is possible to

halve the computation amount using the complex conjugate
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characteristics of the Fourier»transform.

[0072] In the time-domain back-projection disclosed
in Patent Litérature 1, the deconvolution of Equation
(13) is executed assuming that an acoustic wave radiates
from a target voxel to be reconstructed. However,
actually, a temporal signal included in the reception
signal is an integrated wvalue of all sound sources on a
spherical surface from whiéh the propagation time to the
transducer is the same. Due to this, the angle of
incidence 6; which is a parameter of the complex
amplitude transmittance is sometimes not identical to the
radiation direction of a signal, and the accuracy may
decrease. On the other hand, in the present embodiment,
a radiation direction of a certain spatial wave number
component (or a cqntinuous planar wave corrésponding to
the spatial wave number component) is determined uniquely
from the spatial wave number. by Equation (9). PDue to
this, Equation (13) can be executed with high accuracy.
[0073] The time-domain back-projection disclosed in
Patent Literature 1 assumes that basically spherical
waves are used. Due to this, this assumption does not
coincide with the complex amplitude transmittance of
Equation (4) which assumes the use of planar waves and
the accuracy may decrease. In fhe present embodiment,
since a spatial wave number component corresponding to a
continuous planar wave 1is used, it is ©possible to

strictly apply Equation (4) and execute the deconvolution
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of Equation (13) with high accuracy.
[0074] (8150: Step of acquiring subject information)
In this step, the processing unit 150 calculates an
initial sound pressure distribution po(r) in the subject
100 wusing the corrected spatial wéve numper component
acquired in step S140. When a région of interest
includes a plurality of smallest imaging units (voxels or
the 1like), an initial sound pressure of each smallest
unit (that is, an initial sound pressure distribution in
the region of interest) is calculatgd.
[0075] Accordiné to Non Patent Literature 2, it is
possible to calculate the initial - sound pressure
distribution po(r) in the subject 100 from the spatial

wave number component according to Equation (21).

[Math. 9]
-2 o k-2, 0] |
Py _RS 3 WK )= RS 3 VP oKy a)’=c]\/kxz4-.ky—2+k;2

- (21)

F371{-} iﬁdicates a three-dimensional inverse Fourier
transform. k:'" is a =z-component of the spatial wave
number component required when acquiring pol(r). The
discreté values o and k;' obtained by the time Fourier
transform of Equation (3) do not correspond to each other,
the spatial wave number cémponent of ®' corresponding to
k' 1is interpolated from o. Although an arbitrary

interpolation method such as linear interpolation, sinc
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interpolation, or irregular interval interpolation may be
used, ‘it is preferable to use irregular interval
interpolation having high accuracy. More preferably,
fast irregular interval interpolation is used.
[0076] As described above, since the subject
information is acquired using the corrected spatial wave
number component pCA(kX, ky, ®) obtained by correcting
amplitude and phase modulation by the holding member 140,
the defocusing or the 1like of the generated subject
information is suppressed and the resolution, .the
contrast, and the like are improved.
[0077] (S160: Step of displaying subject information)

In this step, the subject information on the region
of interest 1is displayed on the display unit 160 using
the initial sound pressure distribution acquifed in S150.
An initial sound pressure distribution, an absorption
coefficient distribution, an oxygen saturation, and the
like may be displayed as the subject information; When
the absorption coefficient distribution, the' oxygen
saturation, and the 1like are displayed, the processiné
unit 150 performs an arithmetic‘operation on the initial
sound pressure distribution to acquire desired
information. o

Since the defocusing or the 1like of the subject
information displayed on the display unit 160 1is
suppressed and the resolution and the contrast are

improved, the subject information is suitable for use in
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diagnosis conducted by an operator such as a physician.
[0078] | Means for changing the parameter A in Equation
(13) may be provided in the display unit 160. For
exémple, a slider 161 illustrated in FIG. 6 may be
provided and the parameter A may be changed by ‘an
operator‘ changing the position of the slider 161.
Equations (13) and (21) are executed using the changed
parameter A, and the acquired subject inféfmation is
displayed on"the display unit 10. By doing so, it 1is
possible to display information more suitable for use in
diagnosis or the 1like conducted by an operator. The
slider 161 may be a physical lever and may be an icon
displayed on a GUI. The specification acquiring unit may
also serve as the slider 161.  The slider 161 corresponds
to a correction characteristics adjusting unit of the
present invention. Moreovér, information corresponding
to the individual characteristics of an examinee may be
input by the function of the correction characteristics
adjusting unit. For example, an age, a mammary gland
density, past measurement information, and the like may
be input.

[0079] According to the subject information acquiring
method according to the pfesent embodiment, it 1is
possible to acquire subject information with high
accuracy (imége quality) in which defocusing or the like
is suppressed and the resolution and the contrast are

improved.
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[0080] [Second Embodiment]

In the present embodiment, a subject information
acquiring apparatus having a planar probe will be
described. In principle, the same cqnstitueht elements
as those of the fi;ét embodiment will be denoted by the
same reference numerals, and redundant description
thereof will be omitted.

[0081]) <Configuration of subject information
acquiring apparatus>

FIG. 7A 1is a schematic diagram of a subject
information acquiring apparatus according to the present
embodiment. The spherical probe 130 of the first
embodiment 1is replaced with a planar probe 730. The
probe 730 corresponds to a receiving unit of the present
invention. FIG. 7B is a schematic diagram illustrating a
relafion bétween a processing unit 750 and a peripheral
configuration théreof. The processing unit 150 of the
first embodiment is replaced with a processing unit 750.
The processing unit 750 corresponds to a processor of the
present invention.

[0082] (Probe 730)

The probe 730 includes a transducer 131 which is a
device capable of detecting an acousticr wave and a
housing that surrounds the transducer. In the present
embodiment, the' probe has é planar shape. The
transducers 131 may be arranged ih any arrangement as

long as the transducers are arranged on a flat surface.
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For example, a grid arrangement, a sparse arrangement, a
random arrangement, and the like may be employed. In
order to shorten the computation time wusing a fast
Fourier transform in a subject information acquiring
method to be described 1later, the transducers are
preferably arranged in a grid form.
[0083] The space between the probe 730 and the
holding member 140 is' filled with a matching member
through which a photéacoustic wave can propagate. This
matching member is preferably selected such that a
photoacoustic ‘wave can propagate through the acoustic
medium, acoustic characteristics match at the interface
between the holding member 140 and the transducer 131,
and the tfansmittance of the photoacoustic wave 1is as
high as posSible. For example, water, oil, gel, or the
like can be used.
(0084] <Subject }nformation acquiring method>

Next, respective steps of the subject information
acquiring method according to the present embodiment will
be described with reference to FIG. 8. The respective
steps are executed when the processing unit 750 controls
the operation of the respective constituent elements of
the subjgct information acquiring ap?aratus.r

$110, S120, S140, and 5160 are the same as the
steps having the same reference numerals of the first
embodiment, and the description thereof will bé omitted.

[0085] (8830: Step of acquiring spatial wave number
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camponent from reception signal)

In this step, the spatial wave number component of
a reception sighal is aéquired. According to Non Patent
Literature 1, a planar probe can acquire a spatial wave
number component p”(kx, ky, ®) of the reception signal

accordihg to Equation (22).

[Math. 10]
2
2 @ :
| S [ e R
) c, : e (22)
P(kx K, a)): o -F,,, {p(x, Y, t)}
Here, p(x, Y t) indicates a time-sequential

reception signal of the transducer. 131 on the basis
coordinates x and vy. Fx, v, tf-} indiéates execution of a
spatial Fourier transform on coordinates x and y and a
time Fourier transform on time t.

[0086] Equation (22) has the following meéning. That
is, a time Foﬁrier trénsforﬁ is performed on the
reception signals of the respective transducers 131 to
acqguire time and frequency components. Subsequently, a
spatial Fourier transform is performed on the flat
surface of the probe 730 for —respective time and
frequency components, whereby the spatial wave number
component p”(kx, ky, ®) can be acquired.

[0087] An arithmetic process may be performed on

respective terms in the course of computation of Equation

(22} . -For example, frequency filtering {low-pass
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filtering, high-pass filtering, band-pass filtering, and
the 1like), deconvolution, envelope detection, wavelet
filtering, and the like may be performed on the fesult of
the time Fourier transform. In this way, it is possible
to improve the SN ratio or the like of the reception
signal.
[0088] (8850: Step of acquiring sﬁbject information)
In this step, the processing unit 150 calculates an
initial sound pressure distribution po(r) in the subject
100 wusing the corrected spatial wave number component
aéquired in step S140. When a region of interest
includes a plurality df smallest imaging units (voxels or
the 1like), an 1initial sound pressure of - each smallest
unit (that is, an initial sound pressure distribution in
the region of interest) is calculated.
[0089] According to Non Patent Literature i, it is
possible to calculate the initial sound pressure
distribution po(r) in the subject 100 from the spatial
wave number component according to Equation (23).

{Math. 11]

pot)=F o (kb = F { ek, O]wcm}
SO\ Ryt TH,

(23)
F371{-} indicates a three-dimensional inverse Fourier
transform. k.' is a z-component of the spatial wave
number  component required when acquiring pol(r). The

discrete value ® obtained by the time Fourier transform



WO 2017/222033 PCT/JP2017/023113
46

of Equation (22) and kz' do not correspond to each other,
hence the spatial wave number component of o'
corresponding to k,' is interpolated from . Although an
arbitrary interpolation method such as linear
interpolation, sinc interpolation, or irregular interval
interpolation may be wused, it 1is preferable to use
irregular interval interpolétion having high accuracy.
More preferably, fast irregular interval interpolation is
used. ' |

[0090] As described above, since the subject
information is acquired using the corrected spatial wave
number component pc”(kx, ky, ) obtained by correcting
amplitude and phase modulation by the holding member 140,
the defocusing or the 1like is suppressed and the
resolution, the contrast, and the like are improved.
[0091] According to the subject information acquiring
method according to the present embodiment, it 1is
possible to aéquire ‘subject informatidn with high
accuracy (image quality) in which defocusing or the like
is suppressed and the resolution and' the contrast are
improved using a planar,probe.

[00%82] [Third Embodiment]

In the present embodiment, a subject information
acquiring apparatus capable of correcting phase
modulation including a transverse wave transform with a
small computation amount. Particularly, the present

embodiment is suitable when the holding member 140 has a
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sufficient thickness. 1In principle, the same constituent
elements as those of the first and second embodiments
will Dbe denoted by the same reference numerals, and
redundant description thereof will be omitted.
[0093] <Configuration of subject . information
acquiring apparaius>>

FIGS. ©9A and 9B are a schematic diagram of a
subject information acquiring apparatus according to the
present embodiment and a schematic diagram illustrating
the relation between a processing unit 950 and a
peripheral configuration thereof. The processing unit
750~ of the second embodiment 1is replaced with the
processing unit 950. The processing unit 950 corresponds
to a processor of the present invention.
[0094] : <Subject information acquifing method>

Next, respective steps of the subject information
acquiring method according to the present embodiment will
be described with reference to FIG. 10. The respective
steps are executed when the processing unit 950 controls
the operation of the respective constituent elements of
the subject information acquiring apparatus.

$110, S120, S830, S850, and S160 are ‘the same as
the sfeps héving the same reference numerals of the first
or seeond embodiment, and the description thereof will be
omitted.
[0095] (S1040: Step  of acquiring reception signal

from spatial wave number component)
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In this step, phase modulation including transform
to transverse waves, received when an acoustic wave

passes through the holding member 140 is corrected.

According to Patent Literature 2, the phase

modulation by the holding member 140 can be corrected by

Equation (24) .

[Math. 12]
. . . G
p.(k. k@)= p(k,.k,,0)-exp| i|k|T| cos§, ——cos, - {(24)
2
[0096] In the present embodiment (the presént
invention), correction is performed . using both the

longitudinal wave velocity c21 and the transverse wave
velocity c2r as the velocity cz2 in the holding member 140.

That is, Equation (25) which is a modification of

Equation (24) is used.

[Math. 13J
Pk, k, 0)=pk, .k, o) exp i’k’T cos 6, —c—lcosé’2 - (25)
) 3 ., |
.o ¢, 0,<6,
2 ey, 6,20,

61 is the angle when a continuous planar wave

corresponding to the p”(kyx, ky, ®) 1is incident on the

holding member 140, and 6c is a threshold angle of 0:.

[0097] Equation (25) has the following meaning. The

angle of incidence ©6: on the holding member 140 is



WO 2017/222033 PCT/JP2017/023113
49

acquired using Equation (9) from the wave number of the
spatial wave number component p”(kx, ky, ©). When the
angle of incidence 01 is smaller than the threshold angle
8., Equation (24) is executed and correction is performed
assuming that a longitudinal wave propagates through the
holding member 140 (that is, ca2=c2i). When the angle of
incidence 0; is equal to or larger than the threshold
angle 0., Equation (24) is executed and correction is
performed assuming that a transverse wave propagates
through the holding member 140 (that is, ca2=car).

[0098] In the present‘embodiment, it is possible to
reduce the computation amount by using a phase correction
amount (Equation (25)) which can be calculated simply as
compared to Equation (4) or (14). Furthermore, it is
possible to correct the phase of a component which has
been transformed into a transverse wave by switching the
velocity 1in the Holding member 140 to be wused for
correction Dbetween longitudinal waves and transverse
waves according to the angle of incidence 0:.

[0099] Equation (26) which is a modification of
Eduation (25) may be used.

[Math. 14]
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\
Dok k,,0)=plk, k, o) exp| k|| cos6, ~ 5 cos 0,
( ’ l Car
Pk, k,, @)= plk, .k, 0)-exp| ik|T| cosb, ~ 5 cosé, e (286)
‘ Cor '

Poyk k,,0)+ (k. k,  0), 6,<06

~ k k — ’
pc( x? J”a)) i)cT(kx’kY’a))’ 91200

That 1is, when 01<0., the spatial wave number
component 1s corrected using both the longitudinal wave
velocity c21 and the transverse wave velocity czr and the
sum thereof is obtained as a corrected spatial wave
number component pc”. When Glzec,‘the spatial wave number
component is corrected using the transverse wave velocity
c2r to obtain the corrected spatial wave number component
pc”. This reflects that, when the holding member 140 is
thick, transverse and longitudinal waves  propagate
through tﬁe holding member 140 if the angle of incidence
is smaller than the threshold angle and transverse waves
only propagate if the angle of incidence is equal to or
larger than the angle of incidence. By correcting
transverse waves when the angle of incidence is smaller
than the threshold angle, it is possible to increase the
information amount and to improve the accuracy of the
subject information. Although Equation (26) computes the
correction amount of the longitudinal and transverse
waves two times, since the computation amount is smaller

than that of Equation (4) or (14), it is possible to
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calculate the correction amount at a high speed.

[C100] In Equation (26), when summing the corrected
épatial wave number component corrected using the
longitudinal wave velocity c21. and the corrected spatial
wave number component corrected using the transverse wave
velocity c2r, the weights applied thereto may be changed.
That is, Equation (27) is executed.

[Math. 15]

W py ko k,0)+(A=-W)-p,(k k, 0), 6 <6, 0<W<I1

p. (k. k,,0)= .
pc( x?7y m) . ch(kx,ky,m), 91290

= (27)
[0101] The weight W may be designated by an operator.
According to an example of a designation method, the
value W may be allocated to the slider 161 in FIG. 6 and
the subject information may be displayed on the display
unit 160 according to the value W changed by an operator.
In this way, it is possible to display information more
suitable for use in diagnosis or the like conducted by an
operator. Moreover, during designation, the
specification acquiring unit may also serve as the slider
161l. The slider 161 corresponds to a correction
characteristics adjusting unit of the present invention.
[0102] A table that stores the Valﬁe of the weight W
for each spatial wave number of the spatial wave number
component may be stored in the processing unit 950 and
the table may be used in Equation (27). By setting an

optimal weight W based on 1longitudinal and transverse
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wave phase characteristics which depend on the angle of
incidence 61 and ® in advance, it is possible to improve
the contrast and the like of the subject information.
[0103] According to the subject information acquiring
method according to the present embodiment, it 1is
possible to acquire subject information with high
accuracy (image quality) in which defocusing or the like
is suppressed at a high speed.

The third embodiment may be executed immediately
after the subject 1s measured, and subsequently, the
second embodiment may be executed. According to this
method, it is possible to check the subject information
at an early stage by taking advantage of the speediness
of the third embodiment and to immediately confirm that
measurement was performed correctly. Moreover, by
acquiriﬁg the high-accuracy subject informatioﬁ in which
amplitude and phase are corrected according to the second
embodiment, it is possible to further enhance the .
accuracy of diagnosis or the like..

[0104] A planar'holding unit has been described in
the respective embodiments. However, the present
invention can be applied to a holding unit having an
arbitrary shapé. That is, the present invention can be
applied Dby converting modulation of the spatial wave
number component to modulation of the continuocus planar
wave according to the shape. An example of the shape of

the holding member includes a bowl shape and a cup shape
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which follows the shape of the breast.

[0105] As described above, according to the present
invention, it is possible to provide images with a small
computation time while improving the image quality of
photoacoustic imaging or ultrasound echo imaging.
Therefore, when specific information is acquired on the
basis of an acoustic wave propagating from a subject, it

is possible to acquire high-accuracy information in a few

seconds.
[0106] The present invention has been described in
detail with reference to specific embodiments. However,

the present invention is not limited to the specific
embodiments and the embodiments may be modified without
departing from the technical scope and spirit of the

present invention.
[0107] Other Embodiments

Embodiments of the present invention can élso bé realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a
storage medium (e.g., non-transitory computer-readable
storage medium).to perform the functions of one or more
of the above-described embodiment(s) of the present
invention, and by a method performed by the computer of
thé system Orjapparatus by, for example, reading out and
executing the computer executable igstructions from the

storage medium to perform the functions of one or more of
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the above-described embodiment(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 separate computers or separate
computer processors. The computer executable instructions
may be provided to the computer, for example, from a
network or the storage medium. The storage medium may
‘include, for egample, Cone of more of a hard disk, a
random-access memory (RAM), a read only memory (ROM), a
storage of distributed computing systemé, 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. |

[0108] While the present invention has been described
with reference to exemplary embodiments, it is to be
understood that‘ the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such modifications
and equivalent structures and functions;

[0109] This application <claims the benefit of
Japanese Patent Application No. 2016-125805, filed on
June 24, 2016, which is hereby incorporated by reference

herein in its entirety.
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CLAIMS

1. An apparatus thét acquires specific information on
a éubject on the basis of a signal originating from an
acoustic wave which haé propagated from the subject and
propagated thfough an acoustic medium disposed between
"the subject and a receiving unit,

the apparatus comprising:

a wave number acquiring unit configured to acquire
a spatial wave number component of the signal;

a correcting unit configured to correct the spatial
wave number component using parameters of a longitudinal
wave velocity in the subject and a transverse wave
velocity in the acoustic medium; and

an information acquiring unit coﬁfigured to acquire
the specific information using the corrected spatial wave

number component.

2. The épparatus according to claim 1, wherein

the correcting unit is configured to correct the
spatial wave number component »using parameters of the
longitudinal wave velocity in the subject, and
longitudinal and transverse wave velocities in the

acoustic medium.

3. The apparatus according to claim 1 or 2, wherein

the correcting unit is configured to correct at
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least one of a phase and an amplitude of the spatial wave

number component.

4, The apparatus according to claim 3, wherein

the correcting unit is configured to 'perform
correction using a complex amplitude transmittance, based
on the parameter of the transverse wave velocity in the

acoustic medium.

5. ‘The apparatus according to claim 4, wherein

the correcting unit 1is configured to perform the
correction by performing deconvolution on the spatial
wave number component using the complex amplitude

transmittance.

6. The apparatus according to claim 5, further
comprising:
a correction ' characteristics adjusting unit

configured to adjust correction characteristics of the

deconvolution.
7. The apparatus according to any one of claims 4 to 6,
wherein

the complex amplitude transmittance is a

transmittance set according to interference inside the

acoustic medium.
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8. The apparatus according to any one of claims 4 to 6,
wherein
the complex amplitude transmittance is a

transmittance set regardless of interference inside the

acoustic medium.

9. The apparatus according to claim 3, wherein

the correcting unit is configured to perform
correction on phase modulation including transform of the
acoustic wave in the.acoustic medium into a transverse

wave.

10. The apparatus acbording to claim 9, wherein

the correcting uhit is configured to:

correct, using the parameters of the longitudinal
wave velocity in the subject and the 1longitudinal and
transverse wave velocities. in the acoustic medium, the
spatial wave number component, and,

implement switching between the correction using
the longitudinal wave velocity in the acoustic medium and
the correction using the transverse wave velocity in the
acoustic medium, accordihg to an angle of incidence on
the acoustic medium, of a continuous planér wave

corresponding to the spatial wave number component.

11. The appafatus according to claim 10, wherein

the correcting wunit is configured to change a
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weight between the correction using the longitudinal wave
velocity in the acoustic medium and the correction using

the transverse wave velocity in the acoustic medium.

12. The apparatus according to claim 11, further
comprising:
a correction characteristics adjusting unit

configured to enable the weight to be adjusted.

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

a.relating information acquiring unit configured to
acquire relating informétion on the acoustic medium,
wherein

the correcting unit is configured to acquire the

parameters using the relating information.

14. The apparatus according to any one of claims 1 to
13, wherein
the acoustic medium is a holding unit for holding

the subject.

15. The apparatus according to any one of claims 1 to
14, further comprising:
the receiving unit configured to output the signal

by receiving the acoustic wave.
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l6. An apparatus that acquires specific informaticon on
a subject on the basis of a signal originating from an
acoustic wave which has propagated from the subject and
propagated through an acoustic medium disposed between
the subject and a receiving unit,

‘the apparatus comprising:

a wave number acquiring unit configured to acquire
a spatial wave number component of the signal;

a correcting unit configured to correct the spatial
wave number component by deconvolution which uses
information on a component based on a transverse wave in
which a portion of ‘the acoustic wave which 1is a
longitudinal wave generated by the subject ié transformed
inside the acoustic medium; and

an information acguiring unit configured to acquire
the specific information using the corrected spatial wave

number component.

17. An information ©processing method o¢f acquiring
specific information on a subject on the basis of a
signal originating from an acoustic wave which has
propagated from the subject and propagated through an
acoustic medium disposed between_ the subject and a
receiving unit,

the method comprising:

a wave number acquisition step o¢f acquiring a

spatial wave number component of the signal;
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a correction step of correcting the spatial wave
number component using parameters of a longitudinal wave
velocity in the. subject and a transverse wave velocity in
the acoustic medium; and

an information acquisition step of acquiring the
specific information using the corrected spatial wave

number component.
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