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7) ABSTRACT

The present invention employs an information processing
apparatus, comprising: an information processing unit con-
figured to: acquire concentration information, which indi-
cates a spatial distribution of concentration of a substance
constituting an object and which originates from a photoa-
coustic wave generated by light irradiation of the object; and
correct, based on the concentration in a specific position of
the object in the concentration information, the concentra-
tion in a deep region of the object deeper than the specific
position in the concentration information.
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INFORMATION PROCESSING APPARATUS
AND INFORMATION PROCESSING
METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an information
processing apparatus and an information processing method.

Description of the Related Art

[0002] Photoacoustic tomography (PAT) has been receiv-
ing attention as a method for specifically imaging neovessels
which are generated due to cancer. PAT is a technique to
detect a photoacoustic wave, which is emitted from an object
when the object is irradiated with pulsed light (near infra-
red), using an acoustic wave detector, and to image the
detected photoacoustic wave.

[0003] In PAT, the initial sound pressure distribution P, of
the photoacoustic wave, which is generated from a region of
interest in the object, is given by Expression (1).

[Math. 1]
Py=Ty1, @ (1)
[0004] T here denotes a Griineisen coefficient, which is

determined by dividing the product of the volume expansion
coeflicient f§ and a square of the sound velocity ¢ by a
specific heat Cp. Tt is known that T is approximately
constant if the object is determined. p, denotes an absorption
coeflicient in the region of interest, and ¢ denotes a light
quantity in the region of interest (quantity of light irradiated
to the region of interest, and is also called “optical fluence™).

[0005] The photoacoustic wave generated inside the
object propagates inside the object, and is detected by an
acoustic wave detector which is disposed on the surface of
the object. Based on this detection result, the information
processing apparatus acquires the initial sound pressure
distribution P, using a reconstruction method, such as a back
projection method.

[0006] As indicated in Expression (1), the distribution of
the product of p, and ¢, that is, the light energy density
distribution, can be acquired by dividing the initial sound
pressure distribution P, by the Griineisen coeflicient I'.
Further, the absorption coeflicient distribution p(r) is
acquired by dividing the light energy density distribution by
the light quantity distribution ¢(r) inside the object. Further-
more, in the photoacoustic tomography, the spatial distribu-
tion of the concentration of a substance counstituting the
object can be calculated based on the acquired absorption
coeflicient distribution p(r). As a method of acquiring the
concentration of a substance constituting the object, Non-
Patent Literature 1 discloses a method of calculating the
oxygen saturation distribution using two absorption coefli-
cient distributions acquired by using lights having two
wavelengths.

[0007] Non Patent Literature 1: “Functional photoacoustic
tomography for non-invasive imaging of cerebral blood
oxygenation and blood volume in rat brains in vivo”, X.
Wang, L. V. Wang, et al, Proc. of SPIE, Vol. 5697 (2005)
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SUMMARY OF THE INVENTION

[0008] In the spatial distribution of the concentration of a
substance acquired by the photoacoustic tomography, how-
ever, acquisition accuracy may differ depending on a posi-
tion inside the object.

[0009] With the foregoing in view, the present invention is
realized. An object of the present invention is to provide a
technique to accurately acquire the spatial distribution of a
substance constituting the object in photoacoustic tomogra-
phy.

[0010] The present invention provides an information pro-
cessing apparatus, comprising:

[0011] an information processing unit configured to:
[0012] acquire concentration information, which indicates
a spatial distribution of concentration of a substance con-
stituting an object and which originates from a photoacous-
tic wave generated by light irradiation of the object; and
[0013] correct, based on the concentration in a specific
position of the object in the concentration information, the
concentration in a deep region of the object deeper than the
specific position in the concentration information.

[0014] The present invention also provides an information
processing method, comprising:

[0015] an information processing step of acquiring con-
centration information, which indicates a spatial distribution
of concentration of a substance constituting an object, and
which originates from a photoacoustic wave generated by
light irradiation of the object; and

[0016] a correction step of, based on the concentration in
a specific position of the object in the concentration infor-
mation, correcting the concentration in a deep region of the
object deeper than the specific position of the object in the
concentration information.

[0017] According to the present invention, a technique to
accurately acquire the spatial distribution of a substance
constituting the object can be provided in photoacoustic
tomography.

[0018] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1A and 1B are diagrams depicting an object
information acquiring apparatus according to Embodiment
L;

[0020] FIG. 2 is a flow chart depicting an object informa-
tion acquiring method according to Embodiment 1;

[0021] FIG. 3 is a diagram depicting the oxygen saturation
of an object according to Embodiment 1;

[0022] FIG. 4 is a diagram depicting a breast and blood
vessels of the object according to Embodiment 1;

[0023] FIG. 5is a diagram depicting the oxygen saturation
of the object according to Embodiment 1;

[0024] FIG. 6 is a diagram depicting the breast and blood
vessels of an object according to Embodiment 2;

[0025] FIG. 7 is a diagram depicting the oxygen saturation
of the object according to Embodiment 2;

[0026] FIG. 8 is a diagram depicting the oxygen saturation
of an object of which second component ratio is different;
[0027] FIG. 9 is a flow chart depicting an object informa-
tion acquiring method according to Embodiment 3; and
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[0028] FIG. 10 is a correction table that is used for the
object information acquiring method according to Embodi-
ment 3.

DESCRIPTION OF THE EMBODIMENTS

[0029] Preferred embodiments of the present invention
will be described below with reference to the drawings. The
dimensions, materials, shapes and relative positions of the
components described below should be changed appropri-
ately depending on the configuration and various conditions
of the apparatus to which the invention is applied. Therefore
the scope of the present invention is not limited by the
following description.

[0030] The present invention relates to a technique to
detect an acoustic wave which propagates from an object,
and generate and acquire characteristic information inside
the object. This means that the present invention may be
understood as: an object information acquiring apparatus or
a control method thereof; an object information acquiring
method; or a signal processing method. The present inven-
tion may also be understood as a program which causes an
information processing apparatus equipped with such hard-
ware resources as a CPU or memory to execute these
methods, or a computer readable non-transitory storage
medium storing this program.

[0031] The object information acquiring apparatus of the
present invention includes a photoacoustic imaging appara-
tus using the photoacoustic effect, which is configured to
receive an acoustic wave generated inside an object when
the object is irradiated with light (electromagnetic wave),
and acquire the characteristic information of the object as
image data. In this case, the characteristic information is
information on the characteristic value which is generated
using a receive signal originating from the received photoa-
coustic wave and which corresponds to each of a plurality of
positions inside the object.

[0032] The characteristic information acquired by the pho-
toacoustic measurement refers to values reflecting the
absorption amount and the absorption rate of the light
energy. For example, the characteristic information includes
a generation source of an acoustic wave which has been
generated by irradiating light having a single wavelength, an
initial sound pressure inside the object, and a light energy
absorption density and an absorption coefficient which are
derived from the initial sound pressure. Further, the concen-
tration of a substance constituting a tissue can be acquired
from the characteristic information acquired by lights having
a plurality of mutually different wavelengths. As the sub-
stance concentration, an oxyhemoglobin concentration and a
deoxyhemoglobin concentration can be determined. An oxy-
gen saturation, that is determined from the oxyhemoglobin
concentration and a deoxyhemoglobin concentration, can be
a type of substance concentration. Further, as the substance
concentration, a glucose concentration, a collagen concen-
tration, a melanin concentration, and a volume percentage of
fat, water or the like, may be determined. In the present
invention, as the characteristic information, the oxygen
saturation in the target inside the object, and the oxygen
saturation inside the object will be described.

[0033] Based on the characteristic information at each
position inside the object, a two-dimensional or three-
dimensional characteristic information distribution 1is
acquired. The distribution data can be generated as image
data. The characteristic information may be determined as
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distribution information at each position inside the object,
instead of as numeric data. In other words, such distribution
information as initial sound pressure distribution, energy
absorption density distribution, absorption coeflicient distri-
bution, substance concentration distribution, and oxygen
saturation distribution may be determined.

[0034] The acoustic wave referred to in the present inven-
tion is typically an ultrasound wave, and includes elastic
waves called a “sound wave” and an “acoustic wave”. An
electric signal which has been converted from an acoustic
wave by a transducer or the like is also called an “acoustic
signal”. The ultrasound wave or acoustic wave that is
referred to in this description is not intended to limit the
wavelength of the elastic wave. An acoustic wave generated
by the photoacoustic effect is called a “photoacoustic wave”
or a “light-induced ultrasound wave”. An electric signal
which originates from a photoacoustic wave is also called a
“photoacoustic signal”. The distribution data is also called a
“photoacoustic image data” or “reconstructed image data”.

[0035] In the following embodiment, a photoacoustic
imaging apparatus, which acquires the distribution of light
absorbers in an object by irradiating the object with pulsed
light, and receiving and analyzing an acoustic wave from the
object generated by the photoacoustic effect, will be
described. This photoacoustic imaging apparatus is suitable
for the diagnosis of vascular diseases and malignant cancers
of humans and animals, or for the follow-up observation of
chemotherapy. Examples of an object are a part of a living
body (e.g. a breast and hand of a patient), an animal other
than a human (e.g. mouse), an inanimate object and a
phantom.

[0036] As a method of acquiring the concentration of a
substance constituting an object, Non-Patent Literature 1
discloses a method of calculating the oxygen saturation
distribution using two absorption coeflicient distributions
acquired using lights with two different wavelengths.

[0037] For example, it is assumed that the molar absorp-
tion coefficient of oxyhemoglobin is €, (mm™" M), and
the molar absorption coeflicient of deoxyhemoglobin &,
(mm~ M™). Here the molar absorption coefficient is an
absorption coeflicient when there is 1 mol of hemoglobin per
liter. The value of the molar absorption coeflicient is
uniquely determined by the wavelength.

[0038] Itis also assumed that the molar concentration (M)
of oxyhemoglobin is C,,,,, and the molar concentration (M)
of deoxyhemoglobin is C,;,. In this case, the absorption
coeflicients 1, of the blood at wavelengths A, and A, are
given by the following Expression (2).

[Math. 2]

{Ha(h) = eupo(A1) - Crpo + eppd 1) - Cpp 2)

Ha(d2) = enpo(A2) Cpo + emp(d2) - Chp

[0039] In other words, the absorption coefficient u, of the
blood at each wavelength is given by the sum of: the product
of the molar absorption coeflicient ¢, of the oxyhemoglo-
bin, and the molar concentration C,,, of the oxyhemoglo-
bin; and the product of the molar absorption coeflicient &,
of the deoxyhemoglobin and the molar concentration C,,, of
the deoxyhemoglobin.



US 2018/0220895 A1

[0040] Expression (2) can be transformed into Expression
@)
[Math. 3]
Co = E1p(A1) - HalA2) — ep(A2) - taldr) 3
07 o) empo(A2) — Empo () -4 (h2)
_ 2p (A1) - Ha(A2) = Eppo(A2) - Haldr)
P o) emp(de) — e -erp(da)

[0041] The oxygen saturation degree StO,, which is a ratio

of the oxyhemoglobin to the total hemoglobin, can be given
by the following Expression (4).

[Math. 4]
S100 = CHrO_ _ —Ha(A)Ens(2) + Ma(2)epp (A1) Q)
2T Cmo +Cm —PeQ0lemn(d2) — emo(Aa)) +
(A2 Hemp(A1) = o (A1)}
[0042] In other words, if the absorption coeflicients 1, at

the wavelengths A1 and A2 are known, the oxygen saturation
can be calculated by Expression (4), since the other values
of Expression (4) are known.

[0043] In the spatial distribution of the oxygen saturation
that is acquired by the method of Non-Patent Literature 1,
the acquisition accuracy may be different depending on the
position inside the object.

Embodiment 1

[0044] An embodiment of the object information acquir-
ing apparatus according to the present invention will be
described in detail with reference to the drawings.

[0045] Apparatus Configuration

[0046] FIG. 1A is a block diagram depicting a general
configuration of an object information acquiring apparatus
of Embodiment 1. The apparatus includes a light source 100,
an irradiation optical system 200, an acoustic wave detector
400, a signal acquiring apparatus 420, an information pro-
cessing apparatus 500, and a display device 600.

[0047] Light Source 100

[0048] The light source 100 is an apparatus that emits light
110 in order to generate a photoacoustic wave from the
surface of the object and inside of the object by the pho-
toacoustic effect. To calculate the oxygen saturation, the
light source 100 is constructed such that lights having a
plurality of wavelengths, including at least a light having a
first wavelength A, and a light having a second wavelength
A, which is different from the first wavelength can be
generated. In some cases, an acoustic wave that originates
from the light having the first wavelength may be called a
“first acoustic wave™, and an acoustic wave that originates
from the light having the second wavelength may be called
a “second acoustic wave”. Further, a photoacoustic signal
that originates from the first acoustic wave may be called a
“first signal”, and a photoacoustic signal which originates
from the second acoustic wave may be called a “second
signal”.

[0049] Tt is preferable that the light source 100 can gen-
erates pulsed light, of which pulse width is 5 to 50 ns. In
order to calculate the oxygen saturation distribution in a
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region at a several tens mm depth, the light source 100 is
preferably a laser device having high output (e.g. at least
several ml/pulse). For the laser, a solid-state laser, a gas
laser, a dye laser, a semiconductor laser or the like can be
used. In particular, a Ti:sa laser excites by an Nd: YAG, or an
alexandrite laser is preferable, because the output is high,
and the wavelength can be continuously changed.

[0050] To make the wavelength variable, the light source
100 may be constituted by single wavelength lasers having
different wavelengths. In this case, the light source 100
includes a first light source which generates a light having a
first wavelength, and a second light source which generates
a light having a second wavelength. The light source 100
may be constituted by a light-emitting diode and a flash lamp
or the like, instead of a laser device.

[0051] Irradiation Optical System 200

[0052] The irradiation optical system 200 is an optical
system which irradiates the object 300 with the light 110
generated by the light source 100 as irradiation light 210.
The irradiation optical system 200 is constituted by optical
members for guiding the light 110, and generating a desired
irradiation profile. The optical members are, for example, a
mirror that reflects light, a half-mirror that branches the
reference light and the irradiated light, a lens that changes
the shape of the light by condensing or expanding, a
diffusion plate that expands the light, and a fiber bundle. It
is preferable that the irradiation light 210 can be expanded
to a certain area. A diffusion plate, a fly eye lens and the like
may be used to smooth the light intensity distribution of the
irradiation light 210.

[0053] It is preferable that the irradiation optical system
200 can irradiate the object 300 with the irradiation light
210, of which optical pattern is the same at each wavelength.
If the irradiation optical system 200 is a fiber bundle, the
optical pattern at each wavelength may be made to be the
same by making the arrangement of the emitting ends of the
fiber bundle random with respect to the entry ends of the
fiber bundle.

[0054] It is preferable that the irradiation region of the
irradiation light 210 can move on the surface of the object
300. If the irradiation region moves on the surface of the
object 300, the light can be irradiated and superimposed on
the same region, hence the light intensity on the surface of
the object becomes uniform. As a result, it is possible to
obtain the same effect as the case of irradiating the object
with lights having the same light intensity distribution at two
wavelengths. The method of moving the irradiation region
on the object 300 is, for example, a method of using a
movable mirror, or a method of mechanically moving the
irradiation optical system 200 itself.

[0055] In FIG. 1A, the irradiation light 210 may be
irradiated from the acoustic wave detector 400 side, or from
the opposite side of the acoustic wave detector 400. The
irradiation light 210 may be irradiated from both sides of the
object 300.

[0056] Object 300

[0057] The object 300 is not a composing element of the
object information acquiring apparatus, but will be
described here nonetheless. In the case of using the object
information acquiring apparatus for the diagnosis of vascu-
lar diseases and malignant cancers of humans and animals,
or for the follow-up observation of chemotherapy, the object
is assumed to be a living body (e.g. a breast, head, neck,
abdomen of a human or animal). The light absorber is an
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area which has a relatively high light absorption coefficient
inside the object. The light absorber is, for example, oxy-
hemoglobin or deoxyhemoglobin, or a blood vessel which
contains a high amount of oxyhemoglobin or deoxyhemo-
globin, or a malignant cancer which includes many neove-
ssels.

[0058] It is preferable that an acoustic matching material
is disposed between the object 300 and the acoustic wave
detector 400, so that the acoustic impedance there between
is matched and the photoacoustic wave is propagated effi-
ciently. For the acoustic matching material, water, oil, gel or
the like is suitable.

[0059] It is preferable to dispose a holding member (not
illustrated) to hold the object 300. By using the holding
member, body motion during the measurement, which drops
image quality, can be suppressed. Further, the holding mem-
ber stabilizes the shape of the object 300, whereby the
irradiation range and the irradiation position of the light
irradiated to the surface of the object can be more easily
determined. The holding member is preferably constituted
by a material which has a certain degree of strength, and
does not deform, and allows the acoustic wave propagated
from the object 300 and the irradiation light 210 to transmit
through. For example, polycarbonate, polyethylene
terephthalate, acryl or the like is suitable. If the object
information acquired apparatus includes the holding mem-
ber, the above mentioned acoustic matching material is
disposed between the holding member and the object 300,
and between the holding member and the acoustic wave
detector 400.

[0060] Acoustic Wave Detector 400

[0061] The acoustic wave detector 400 is constituted by an
element 410 and a support that supports the element. When
the irradiation light 210, which is irradiated to the object
300, propagates inside the object, and is absorbed by a light
absorber 310, the element 410 detects a photoacoustic wave
311 generated from the light absorber 310, and converts the
photoacoustic wave 311 into an analog electric signal. For
the element 410 used for the acoustic wave detector 400, for
example, a transducer using piezoelectric phenomena, a
transducer using the resonance of light, and a transducer
using the change in capacitance, can be used. In the acoustic
wave detector 400, the elements 410 may be arrayed as
illustrated, or a single element may be used.

[0062] Tt is preferable that the relative position of the
acoustic wave detector 400, with respect to the object 300,
is changeable. If the relative positions of the acoustic wave
detector 400 and the object 300 can be changed, a wide
range of the object 300 can be imaged. For the position
changing mechanism, a device having a power mechanism
and a positioning mechanism, such as an XY stage, is
preferable. The acoustic wave detector 400 may be a hand-
held type probe which has a gripper. In the case of a
handheld type probe, the light-emitting end of the irradiation
optical system 200 is preferably inside the probe.

[0063] A signal acquiring apparatus 420 performs ampli-
fication processing and digital conversion processing on the
analog electric signal (detection signal) outputted from the
acoustic wave detector 400. The signal acquiring apparatus
420 is constituted by an amplifier device, and A/D convert-
ing circuit and the like. In the present description, the
“detection signal” includes both the analog signal outputted
from the acoustic wave detector 400, and the digital signal
converted from the analog signal.
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[0064]

[0065] The information processing apparatus 500 is an
apparatus for acquiring object information based on the
detection signal outputted from the signal acquiring appa-
ratus 420. The information processing apparatus 500
acquires the optical characteristic value distribution inside
the object by reconstructing the image based on the detec-
tion signal. For the information processing apparatus 500, a
PC or workstation, which includes such arithmetic resources
as a CPU and memory, and operates based on programmed
commands and input information from the user, is prefer-
able. Each block included in the information processing
apparatus 500 may be constituted by an independent PC, or
may be constituted by a program module which operations
in the same PC. The information processing apparatus 500
corresponds to the information processing unit of the present
invention. The information processing apparatus 500 may
function as a correction unit of the present invention.

[0066] For the image reconstruction algorithm, a known
processing which is normally used in tomography tech-
niques can be used. For example, a delay and sum method,
a reverse projection method in the time domain or Fourier
domain or the like can be used. In the case when the
capability of the information processing apparatus 500 is
high, or when sufficient time can be spent for image recon-
struction (e.g. in the case of performing image reconstruc-
tion at a timing that is different from the photoacoustic wave
acquisition), such an image reconstruction method as an
inverse problem analysis method based on repeat processing
can be used. By using an acoustic wave detector including
an acoustic lens or the like, the information processing
apparatus 500 can generate the initial sound pressure distri-
bution inside the object without performing the image
reconstruction. In the case when a plurality of detection
signals are acquired from the acoustic wave detector 400, it
is preferable that the information processing apparatus 500
can simultaneously process the plurality of signals. Thereby
the image forming time can be reduced.

[0067] The functional blocks of the information process-
ing apparatus 500 will be described next. As mentioned
above, these blocks need not be physically separated. Each
functional block may be constructed as a program module.
The information processing apparatus 500 may be consti-
tuted by a combination of a plurality of PCs. Further, the
information processing apparatus 500 may process the
detection signal, which is outputted from the signal acquir-
ing apparatus 420 and stored in a storage device, using a
cloud. The information processing apparatus 500 preferably
includes an input device (e.g. mouse, keyboard, touch panel)
as a user interface which receives input from the user.

[0068] An apparatus control unit 510 controls the opera-
tion content and operating timing of each block of the object
information acquiring apparatus, in accordance with the
instructions of the program which is generated and stored in
the storage device in advance, and the instructions from the
user via the input device. A reconstruction processing unit
520 performs image reconstruction processing using the
above mentioned method, for the detection signal acquired
by the photoacoustic measurement, in which the object is
irradiated with light and the photoacoustic wave is received.
A reconstruction processing unit 520 also has a function to
determine the absorption coefficient distribution from the
reconstructed initial sound pressure distribution.

Information Processing Apparatus 500
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[0069] A blood vessel extracting unit 530 extracts blood
vessels from the reconstructed image (e.g. initial sound
pressure distribution image, absorption coeflicient distribu-
tion image, light energy absorption density distribution
image) outputted from the reconstruction processing unit
520. The method of extracting the blood vessels is arbitrary,
such as: a method of regarding a region, in which the values
of the optical characteristic values are higher than a prede-
termined threshold, as a blood vessel; a pattern matching
method; and an image recognition method. An oxygen
saturation acquiring unit 540 has a function to determine the
oxygen saturation distribution from an absorption coeflicient
distribution with a plurality of wavelengths. The oxygen
saturation acquiring unit 540 also has functions to determine
a later mentioned simplified oxygen saturation distribution
(first oxygen saturation distribution), to determine a high
precision oxygen saturation distribution (third oxygen satu-
ration distribution), and to determine a final oxygen satura-
tion distribution for display (second oxygen saturation dis-
tribution).

[0070] Display Device 600

[0071] The display device 600 displays object information
that is outputted from the information processing apparatus
500. For the display device 600, a liquid crystal display, a
plasma display, an organic EL display or the like can be
used. Before displaying the object information, image pro-
cessing such as image quality correction and brightness
adjustment may be performed first by the display device 600
or by the information processing apparatus 500. The display
device 600 may be integrated with the object information
acquiring apparatus, or may be separate from the object
information acquiring apparatus.

[0072] Modification

[0073] FIG. 1B depicts another form of the object infor-
mation acquiring apparatus to which the present invention
can be applied. A block the same as FIG. 1A is denoted by
the same reference sign. The internal configuration of the
information processing apparatus 500 is omitted. An acous-
tic wave detector 400 in FIG. 1B is constituted by a
bowl-shaped support and a plurality of elements 410 which
are disposed on the inner peripheral surface of the support.
On the base of the bowl-shaped support, the irradiation
optical system 200 is disposed. Since this configuration
allows receiving the photoacoustic waves, generated by the
object 300, from many directions, the image quality of the
reconstructed image improves. It is also preferable to dis-
pose a scanning mechanism to move the bowl-shaped sup-
port, so that a wide range can be imaged.

[0074] Processing Flow of Object Information Acquiring
Method
[0075] The processing flow of this embodiment will be

described next with reference to FIG. 2.

[0076] In step S201, the photoacoustic measurement is
performed at a first wavelength 2.1 and a second wavelength
2.2 respectively, and a detection signal at each wavelength is
acquired respectively. In other words, the light 110 having
the first wavelength emitted from the light source 100 is
irradiated to the object 300 as the irradiation light 210 via the
irradiation optical system 200. The light absorber 310 inside
the object 300 absorbs the irradiation light 210, and gener-
ates the photoacoustic wave 311.

[0077] The acoustic wave detector 400 detects the pho-
toacoustic wave, and converts the photoacoustic wave into
an electric signal as a first signal. In the same manner, the
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acoustic wave detector 400 detects the photoacoustic wave
311 which is generated when the object 300 is irradiated
with the irradiation light 210 having the second wavelength,
and converts the photoacoustic wave into an electric signal
as a second signal. The detected signals corresponding to the
first and second wavelengths respectively, converted into
digital signals by the signal acquiring apparatus 420, are
stored in the storage device.

[0078] In step S202, the reconstruction processing unit
520 of the information processing apparatus 500 recon-
structs the initial sound pressure distribution inside the
object at wavelengths A1 and A2 respectively. In other
words, based on the first signal and the second signal
respectively, the information processing apparatus 500
acquires a first initial sound pressure distribution which
originates from the first wavelength, and a second initial
sound pressure distribution which originates from the sec-
ond wavelength.

[0079] In step S203, the reconstruction processing unit
520 of the information processing apparatus 500 generates a
simple absorption coeflicient distribution respectively with
wavelengths A1 and A2, assuming that light quantity is
uniform inside the object. In other words, the distribution of
1, is calculated using Expression (1) without considering the
influence of absorption and scattering. The quantity of light
which is irradiated to the surface of the object in this case
may be called a “first light quantity”, and the light quantity
distribution which is specified based on the first light quan-
tity assuming that the light quantity is uniform inside the
object may be called a “first light quantity distribution”. On
the other hand, the high precision light quantity distribution,
which is determined using the first light quantity and the
effective attenuation coefficient inside the object may be
called a “second light quantity distribution”.

[0080] In step S204, the oxygen saturation acquiring unit
540 of the information processing apparatus 500 generates
the oxygen saturation distribution using Expression (4)
based on the absorption coefficient distribution at each
wavelength which has been determined in the simplified
process in step S203. The oxygen saturation distribution
acquired here is a simplified oxygen saturation distribution
which has been calculated assuming that the light quantity is
uniform. This is also called a “first oxygen saturation
distribution”.

[0081] Relationship of Light Quantity and Oxygen Satu-
ration Degree Value

[0082] The light behavior of the light, which is irradiated
to the surface of the object, inside the object, will be
described. The light quantity when the light propagates
inside a scatterer can be given by the following Expression
(5) if it is assumed that the model is one-dimensional.

&) =¢g exp(-peffd) )

[0083] ¢, denotes a quantity of incident light that enters
the scatterer, u,-denotes the effective attenuation coefficient
of the scatterer, and d denotes a distance that the light
traveled. Here conversion of the model in Expression (5)
into a three-dimensional model is considered. If the surface
of the object is regarded as a plane spreading in the xy
directions, the z direction indicates the depth direction.
When the light is irradiated approximately vertical to the
object as shown in FIGS. 1A and 1B, the z direction
approximately matches the light irradiating direction, and
indicates the distance from the light irradiation surface. In
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this case, to accurately calculate the light quantity distribu-
tion ¢ (X, y, z) inside the object, the Monte Carlo method or
the finite element method must be used, as mentioned in
Non-Patent Literature 1. However, the light quantity distri-
bution ¢ (x, y, 0) on the surface of the object (that is, z=0)
can easily be measured using a photodiode, a CCD camera
or the like. Further, the light quantity distribution on the
surface can be accurately calculated from the result of ray
tracing executed by the irradiation optical system 200.
[0084] The procedure to derive the absorption coeflicient
distribution 1, (X. y, 0) on the surface of the object using
Expression (1) is considered. The initial sound pressure
distribution P, is acquired by the reconstruction method,
such as back projection. The Griineisen coeflicient T’
becomes an approximately constant value if the object is
determined. The light quantity distribution ¢ (x, y, 0) on the
surface of the object can be determined by measurement or
calculation as mentioned above. Since all information of the
initial sound pressure distribution P,, the Griineisen coefli-
cient I" and the light quantity distribution ¢ (%, y, 0) on the
surface of the object can be obtained, the absorption coef-
ficient distribution 1, (x, v, 0) on the surface of the object can
be accurately determined.

[0085] In a range where the depth z is sufficient shallow,
that is, in a region near the surface of the object, there is no
problem even if a simplified absorption coeflicient distribu-
tion W, (X, v, z) is derived using the light quantity distribution
¢ (%, y, 0) where z=0. However as the region becomes deeper
in the object, the amount of deviation between the absorp-
tion coefficient value, when the light quantity distribution is
accurately estimated, and the absorption coeflicient value,
which is determined in a simplified process, increases. For
example, when the effective attenuation coefficient is 0.1
[mm™"], the amount of deviation there between is about 5%,
which is sufficiently small, if the region is in a 0.5 mm range
from the surface of the skin. Further, the oxygen saturation
of a blood vessel is calculated from the absorption coefli-
cient distributions acquired at a plurality of wavelengths, as
shown in Expression (3), hence if the amount of deviation
between the simplified value of the absorption coeflicient
distribution and the accurately estimated value increases, the
amount of deviation of the calculated oxygen saturation
value from the actual value increases as well.

[0086] A region near the surface of the object is a range of
which depth from the surface of the object is preferably
within 0.5 mm, as mentioned above. In this case, the region,
in which the propagation distance of the light from the
position, where the light entered on the surface of the object,
is within 0.5 mm, is the region near the surface of'the object.
However this depth is not limited to 0.5 mm. The “region
near the surface of the object” may be defined with reference
FIG. 3 based on the allowable amount of deviation of the
oxygen saturation value which is set. For example, if the
allowable amount of deviation is maximum 5%, the region
near the surface of the object is down to a position of which
depth from the surface of the object is about 9 mm (position
of which light propagation distance from the incident posi-
tion of the light is about 9 mm) indicated by the reference
sign A in FIG. 3.

[0087] FIG. 3 shows: a high precision oxygen saturation
700 which is determined considering the light quantity
distribution in the depth direction; an oxygen saturation 710
which is determined assuming that there is not light quantity
distribution in the depth direction, in other words, which is
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determined in a simplified process by applying the light
quantity distribution ¢ (X, y, 0) on the surface of the object
for all the depths (hereafter called a “simplified oxygen
saturation™); and a difference 721 between the high precision
oxygen saturation 700 and the simplified oxygen saturation
710 (hereafter called an “amount of deviation of the oxygen
saturation™). Here the optical constant is determined assum-
ing that the object is a human breast, the wavelengths are
755 nm and 797 nm, and the calculation target is a vein. As
shown in FIG. 3, the amount of deviation increases as the
location is deeper in the breast. On the other hand, the
amount of deviation is O on the surface, and the difference
between the high precision oxygen saturation 700 and the
simplified oxygen saturation 710 is sufficiently small in a
region near the surface.

[0088] FIG. 4 is a schematic diagram depicting the object
810 (breast of the examinee) viewed from the cephalocaudal
direction. The reference signs 800 and 801 are different
blood vessels. For the blood vessel 800, the oxygen satura-
tion value determined in the simplified process approxi-
mately matches the oxygen saturation value determined by
accurately calculating the light quantity (amount of devia-
tion being 0) in a region near to the surface of the object,
which is the breast (corresponding to the reference sign
800a). However, as the value in the depth direction (z
direction) increases and the region becomes deeper in the
object (e.g. position corresponding to the reference sign
8004), the amount of deviation increases. The deep region of
the object is a position of which distance from the surface of
the object on the normal line that is on the surface and
intersects a specific position of the object for which sub-
stance concentration is determined, is longer than that of the
specific position.

[0089] However, since the metabolism of oxygen is gen-
erally performed in a capillary region, the oxygen saturation
of artery and vein vessels in a region near the surface of the
breast, and the oxygen saturation of the blood vessels in the
deep part of the breast, are approximately the same. There-
fore for the blood vessel 800, which channels to the region
near the surface of the breast, the oxygen saturation value in
a region near the surface of the breast (that is, the position
corresponding to the reference sign 800q) is the accurate
value. This means that the accurate oxygen saturation values
can be indicated for the entire blood vessel by applying the
oxygen saturation in a region near the surface to all the
depths. A blood vessel of which at least a part is located in
a region near the surface of the object, such as the blood
vessel 800, is called a “first blood vessel”.

[0090] Referring back to the flow chart, the above descrip-
tion corresponds to steps S205 to S206. In other words, in
step S205, the blood vessel extracting unit 530 of the
information processing apparatus 500 extracts the blood
vessel 800 which channels from the surface of the object to
a deep region of the object, using such a method as threshold
processing, pattern matching, and image recognition, or by
receiving an instruction from the user via an input device
(e.g. mouse, touch panel). The image that is used for
extracting the blood vessel may be an image originating
either from the light having the first wavelength or the light
having the second wavelength, or may be either the initial
sound pressure distribution image or the absorption coefli-
cient distribution image.

[0091] In step S206, the oxygen saturation acquiring unit
540 of the information processing apparatus 500 acquires
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the oxygen saturation value of the extracted blood vessel
800 in the region near the surface of the object from the
simplified oxygen saturation distribution, and applies this
value to the entire blood vessel 800. This value is also called
a “surface oxygen saturation value”, and corresponds to the
first concentration information in this embodiment.

[0092] Then in step S207, an oxygen saturation value of a
blood vessel, of which only a part is drawn without reaching
the surface of the object, is acquired in the photoacoustic
image, such as the blood vessel 801 in FIG. 4. A blood vessel
which has no portion in the region near the surface of the
object is also called a “second blood vessel”. To acquire the
oxygen saturation value for such a blood vessel, it is
necessary to plot in advance the dependency of the simpli-
fied oxygen saturation on the depth direction for at least one
blood vessel which channels to a region near the surface. In
the case of the example in FIG. 5, the dependency of the
simplified oxygen saturation on the depth direction is plotted
for a plurality of blood vessels which channel to a region
near the surface, as in the case of the reference signs 900 and
910. The lines (901 and 911) are lines generated by extrapo-
lating the acquired plotted points for each blood vessel.
[0093] Then the dependency 802 of the simplified oxygen
saturation of the blood vessel 801 in the depth direction is
plotted. Here the relationship between the oxygen saturation
value and the distance from the surface of the object (light
propagation distance) for the blood vessel 800, of which part
is located in a region near the surface of the object, in the
oxygen saturation distribution, is called a “first relation-
ship”. The relationship between the oxygen saturation value
and the distance from the surface of the object (light
propagation distance) for the blood vessel 801, of which part
is not located in a region near the surface of the object, on
the other hand, is called a “second relationship”.

[0094] Then, the plotted dependency 802 in the depth
direction is compared with the lines 901 and 911, and the
line 901 is selected as a line which best expresses the
dependency of the oxygen saturation of the blood vessel 801
in the depth direction. In other words, the oxygen saturation
acquiring unit 540 acquires information to determine the
oxygen saturation value of the blood vessel 801 by com-
paring the first relationship and the second relationship for
the slope of the line and the like.

[0095] For the blood vessel corresponding to the line 901
which is drawn up to the portion in the region near the
surface of the object, the simplified oxygen saturation in the
region near the surface can be acquired. In other words, the
oxygen saturation value at the distance z=0 [mm)] from the
surface on the plotted line indicated by the reference sign
900 can be acquired as the oxygen saturation value of the
blood vessel 801. Alternatively, the amount of deviation
(803) between the oxygen saturation on the surface of the
vessel corresponding to the reference sign 900, and the
simplified oxygen saturation of the blood vessel 801, may be
calculated so that the oxygen saturation indicated by the
reference sign 801 is corrected by subtracting this amount of
deviation, which is the correction amount, from the depen-
dency indicated by the reference sign 802. The accurate
oxygen saturation values of the blood vessel 801 are the
values indicated by the reference sign 804 in FIG. 5.
[0096] In step S207, the oxygen saturation values can be
acquired not only for the blood vessels which are drawn up
to the region near the surface of the object, but also for the
blood vessels which are not drawn up to the surface of the
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object. The information processing apparatus 500 may out-
put the image data, corresponding to the oxygen saturation
distribution in the blood vessel region acquired by the
processing up to S207, to the display device 600, and display
this image data as the oxygen saturation distribution image
inside the object. In this case, a display method which makes
it easier to distinguish between the blood vessel regions and
other regions, such as decreasing the brightness of portions
other than the blood vessel regions, may be used. The
oxygen saturation values of the entire blood vessel, deter-
mined based on the surface oxygen saturation value, is
called a “second oxygen saturation value”, and the distri-
bution of the second oxygen saturation values is called a
“second oxygen saturation distribution”.

[0097] By performing the above steps, the oxygen satu-
ration distribution in a deep region of the object can be
accurately acquired merely by acquiring the light quantity
distribution on the surface of the object, without calculating
the light quantity distribution using a complicated calcula-
tion method, such as the Monte Carlo method and the finite
element method.

[0098] In Embodiment 1, the oxygen saturation is cor-
rected for all the depths. However the correction target
region may be limited to only a deep part of the object. since
the simplified oxygen saturation value, which has been
determined assuming that the light quantity is uniform, can
be used for the region near the surface of the object with
relatively high reliability. The boundary of the depth (or the
light propagation distance) from which the oxygen satura-
tion is corrected can be appropriately determined depending
on the accuracy of the information required by the user, and
the accuracy of the simplified oxygen saturation value.

Embodiment 2

[0099] In Embodiment 2, an example of applying the
present invention considering the type of the blood vessel
will be described. A composing element or a method the
same as Embodiment 1 is denoted with the same reference
sign, for which detailed description is omitted. The process-
ing described below is executed by each functional block of
the information processing apparatus 500 based on such an
instruction as a program.

[0100] FIG. 6 is a PAT image of Embodiment 2. In FIG.
6, a plurality of blood vessels (artery 821, artery 822, vein
831, vein 832), are channeling to the region near the surface
of the breast (object). The blood vessels are roughly clas-
sified into arteries and veins. In FIG. 6, the oxygen satura-
tion of the arteries 821 and 822 are relatively high. The
oxygen saturation of the veins 831 and 832, on the other
hand, are relatively low.

[0101] FIG. 7is a graph depicting the values related to the
oxygen saturation which have been calculated for the arter-
ies and veins respectively, under the same calculation con-
ditions as the case of FIG. 3. The values related to the
oxygen saturation include the following:

(a) a high precision oxygen saturation value, which is
calculated after accurately determining the light quantity
distribution in the depth direction,

(b) a simplified oxygen saturation value, which is calculated
assuming that the light quantity distribution is uniform, and
(c) the amount of the deviation between (a) and (b).
[0102] In concrete terms, (a) corresponds to the reference
sign 861 (artery) and 862 (vein). (b) corresponds to the
reference sign 863 (artery) and 864 (vein). (c) corresponds



US 2018/0220895 A1

to the reference sign 865 (artery) and the reference sign 866
(vein). The amount of deviation of the oxygen saturation is
different between the artery and the vein, primarily because
the optical constants are different between the artery and the
vein.

[0103] Here, using the same method as Embodiment 1, the
dependency of the simplified oxygen saturation on the depth
direction is plotted for the blood vessels, which channel to
the region near the surface of the breast, as shown in FIG.
8. Then the plotting results can be roughly classified into two
groups, although dispersion due to calculation or measure-
ment errors exists. In other words, in FIG. 8, a line 820,
which approximates the plotting result of the artery 821 and
the artery 822, and a line 830, which approximates the
plotting result of the vein 831 and the vein 832, can be
drawn. Here the lines 820 and 830 are determined by the
least square method. Therefore the line 820 is a line express-
ing the simplified oxygen saturation of the artery, and the
line 830 is a line expressing the simplified oxygen saturation
of the vein.

[0104] Then the differences (823, 833) between these lines
and the oxygen saturation on the surface of the breast are
determined respectively. Here the reference sign 823 is a line
which indicates a correction amount for the artery, and the
reference sign 833 is a line which indicates a correction
amount for the vein. By subtracting this correction amount
from the simplified oxygen saturation, an accurate oxygen
saturation is acquired.

[0105] A plurality of blood vessels (825, 835 in F1G. 6), of
which only a part of the blood vessel is extracted, will be
described next. The information processing apparatus 500
compares the simplified oxygen saturation between blood
vessels at the same depth. Normally the oxygen saturation of
the artery and the vein are about 98% and about 75%
respectively, indicating a sufficient difference, hence the
blood vessels can be classified into two groups (arteries and
veins) by comparing the simplified oxygen saturation deter-
mined at a same depth. In other words, a blood vessel of
which the simplified oxygen saturation is high is an artery,
and a blood vessel of which a simply determined oxygen
saturation is low is a vein.

[0106] By subtracting the correction amounts 823 and 833
from the simplified oxygen saturation for the artery and the
vein respectively, accurate oxygen saturation can be
acquired. If the simplified oxygen saturation has no minor
differences between the blood vessels, then these blood
vessels may be the same type. In this case, the value used for
correction may be determined by estimating whether the
blood vessels are arteries or veins based on the simplified
oxygen saturation values.

[0107] According to the method of Embodiment 2, the
arteries and the veins are classified, and correction suitable
for each type of blood vessels can be performed, hence a
more accurate oxygen saturation distribution can be
acquired.

Embodiment 3

[0108] In Embodiment 1 and Embodiment 2, the correc-
tion amount of the oxygen saturation value is determined
based on the simplified oxygen saturation acquired for each
examinee. In Embodiment 3, based on the attributes of the
examinee, the amount of deviation of the simplified oxygen
saturation value from the high precision oxygen saturation is
determined, and correction is performed. The correction

Aug. 9, 2018

information (correction table or correction formulae) corre-
sponds to the first concentration information in Embodiment
3. The correction information is generated based on: a first
oxygen saturation distribution determined from the first light
quantity distribution, which is tentative and uniform, and is
created based on the first light quantity on the surface of the
object; and a third oxygen saturation distribution determined
from the second light quantity distribution which is highly
accurate. By applying the correction information selected in
accordance with the attributes of the examinee to the first
oxygen saturation distribution of the examinee, the second
oxygen saturation distribution used for display is generated.
[0109] a: Correction Table Creation Process

[0110] FIG. 9 is a flow chart depicting the correction table
creating step and the oxygen saturation deriving step for
each examinee. Step (a) is assumed to be performed before
the actual photoacoustic measurement, but may be per-
formed when a certain photoacoustic measurement is pet-
formed. The correction table created in step (a) is stored in
a storage device (not illustrated).

[0111] Instep S901, parameters to determine the attributes
of the examinee are selected. Here age and body mass index
(BMI) are used. The parameters to determine the attributes
of the examinee are not limited to these. For example,
height, weight, breast size, race, medical history and the like
may be used as parameters to determine the attributes of the
examinee.

[0112] As Expression (5) shows, the light quantity distri-
bution greatly depends on the effective attenuation coefli-
cient p g of the scatterer. It is known that the effective
attenuation coeflicient depends on the ratio of components
constituting the breast, such as the ratio of blood, fat, water
and the like. The density of the mammary gland, and the
amount of melanin on the surface of the skin also influences
the effective attenuation coefficient. The ratio of the com-
ponents constituting the breast can be estimated by the
attributes of the examinee. For example, it is generally
known that the density of the mammary gland decreases and
is replaced with fat as people age, hence the density of the
mammary gland can be estimated from the age of the
examinee. The ratio of fat can be expressed by BML
[0113] In step S902, classification of the attributes is
determined. If the attribute is age, then three types of
classification criteria (20s or younger, 30s, 40s or older, for
example, can be used. If the attribute is BMI, then three
types of classification criteria (0 to 20, 20 to 30, 30 or more),
for example, can be used. Fach step of S901 and S902 may
be implemented by the user performing each setting in the
information processing apparatus using the input device.
[0114] In step S903, the information processing apparatus
500 determines the ratio of the components constituting the
breast (object) based on the inputted information. In other
words, the information processing apparatus 500 acquires
the component ratio referring to the database (not illustrated)
based on the parameters and the attribute classification.
[0115] In step S904, the information processing apparatus
500 determines the effective attenuation coeflicient - for
each classification criteria of the component. Then in step
S905, the oxygen saturation considering the light quantity
distribution of the breast in the depth direction is calculated,
using the effective attenuation coefficient. In other words,
the ratio of the components and the effective attenuation
coeflicient of each component are known, hence the effec-
tive attenuation coefficient of the entire object can be cal-
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culated with weighting based on each ratio. Then the irra-
diation light quantity on the surface of the object is
determined based on the assumed light quantity when the
light has been emitted, and the Monte Carlo method or the
like is performed using this effective attenuation coeflicient,
whereby the light quantity at any position inside the object
can be calculated. A plurality of light quantity values may be
assumed, so that calculation is performed for each light
quantity value.

[0116] In step S906, the simplified oxygen saturation is
calculated assuming that the light quantity distribution does
not exist in the depth direction, and the light quantity
distribution inside the object is uniform. In step S907, the
amount of deviation of the oxygen saturation is calculated
for all the classifications, and the correction table thereof is
created and stored. FIG. 10 is an example of the correction
table, which expresses the amount of deviation of the
oxygen saturation, which is the correction amount, for each
classification. The information on the correction may be
created not as a correction table, but as a correction formu-
lae.

[0117] The effective attenuation coeflicient p rcan also be
measured by the time resolved spectroscopy (TRS). The
effective attenuation coeflicient .z of the breast of the
examinee, which matches each classification, may actually
be measured by the time resolved spectroscopy, and the light
quantity distribution may be calculated using the actually
measured effective attenuvation coefficient.

[0118] b: Oxygen Saturation Degree Deriving Step for
Fach Examinee

[0119] Instep (b), using the correction table created in step
(a), the correction processing is performed for the oxygen
saturation distribution data based on the detection signal
acquired by actual photoacoustic measurement. In step
S908, for the detection signal for each wavelength acquired
by the photoacoustic measurement, the information process-
ing apparatus 500 performs: the initial sound pressure dis-
tribution acquiring processing; the simplified absorption
coeflicient distribution acquiring processing in which the
light quantity distribution ¢ (x, y, 0) on the surface of the
breast is applied to all the depths; and the simplified oxygen
saturation acquiring processing, just like Embodiment 1. In
S908, the detection signal acquired in the photoacoustic
measurement, which has been actually performed immedi-
ately before S908, may be used, or the detection signal
acquired in the photoacoustic measurement, which has been
performed at a timing different from step (b), may be read
from the storage device (not illustrated) and used.

[0120] In step S909, the information processing apparatus
500 determines the examinee attributes based on the age of
the examinee and the BMI. The examinee attributes may be
determined based on the input by the user via the input
device. If the information on the examinee has already been
registered in the storage device of the information process-
ing apparatus, the user may input the information which
identifies this examinee.

[0121] In step S910, the correction amount of the oxygen
saturation is selected from the correction table in FIG. 10. In
step S911, the selected correction amount is subtracted from
the simplified oxygen saturation which has been determined
in S908, whereby the correction process is executed.
[0122] Embodiment 3 as well implements the advantage
of the present invention, that is, a highly accurate oxygen
saturation can be acquired without accurately calculating the
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light quantity distribution. Further, a desired correction table
can be referred to for each attribute of the examinee.
[0123] In the above mentioned flow, the correction table is
created by the calculation based on the attributes of the
examinee, but the present invention is not limited to this
method. For example, when Embodiment 1 is applied to a
sufficient number of examinees, the correction data can be
acquired for each examinee. This correction data may be
classified by examinee attributes, whereby the correction
table is created. In this case, the correction data may be
simply averaged for each classification of the examinee
attribute, or may be expressed as a function. The correction
amount which has been applied to an examinee having
equivalent attributes in the past may be referred to.

[0124] If the oxygen saturation of the examinee was
acquired in the past using the method according to Embodi-
ment 1 or 2, correction may be performed with reference to
the correction amount determined at that time.

[0125] According to the method of Embodiment 3, cor-
rection is performed for the entire object, hence there is no
need to extract blood vessels in step (b).

Other Embodiments

[0126] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. 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 example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing 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.

[0127] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood 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 encom-
pass all such modifications and equivalent structures and
fanctions.

[0128] This application claims the benefit of Japanese
Patent Application No. 2017-018688, filed on Feb. 3, 2017,
which is hereby incorporated by reference herein in its
entirety.
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What is claimed is:

1. An information processing apparatus, comprising:

an information processing unit configured to:

acquire concentration information, which indicates a spa-

tial distribution of concentration of a substance consti-
tuting an object and which originates from a photoa-
coustic wave generated by light irradiation of the
object; and

correct, based on the concentration in a specific position

of the object in the concentration information, the
concentration in a deep region of the object deeper than
the specific position in the concentration information.

2. The information processing apparatus according to
claim 1, wherein the specific position is included in a region
near a surface of the object.

3. The information processing apparatus according to
claim 2, wherein

the information processing unit is configured to:

acquire oxygen saturation information as the concentra-

tion information based on a photoacoustic wave gen-
erated by an irradiation of the object with first light
having a first wavelength and a photoacoustic wave
generated by an irradiation of the object with second
light having a second wavelength different from the
first wavelength, and

acquire a characteristic information based on at least one

of the photoacoustic wave corresponding to the first
light and the photoacoustic wave corresponding to the
second light,

extract a first blood vessel based on the characteristic

information,

correct an oxygen saturation of the first blood vessel in the

deep region based on an oxygen saturation of the first
blood vessel in the region near the surface of the object.

4. The information processing apparatus according to
claim 3, wherein the information processing unit is config-
ured to:

correct an oxygen saturation of the entire first blood

vessel based on the oxygen saturation of the first blood
vessel in the region near the surface of the object.

5. The information processing apparatus according to
claim 3, wherein the information processing unit is config-
ured to:

extract a second vessel which is not positions in the region

near the surface of the object based on the characteristic
information, and

correct an oxygen saturation of the second vessel based on

the oxygen saturation of the first blood vessel in the
region near the surface of the object.

6. The information processing apparatus according to
claim 5, wherein
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the information processing unit is configured to correct
the oxygen saturation of the second blood vessel based
on first relationship information which indicates a
relationship between the oxygen saturation and a dis-
tance from the surface of the object for the first blood
vessel, and second relationship information which indi-
cates the relationship between the oxygen saturation
and a distance from the surface of the object for the
second blood vessel.
7. The information processing apparatus according to
claim 3, wherein
the characteristic information includes an initial sound
pressure distribution or an absorption coefficient dis-
tribution.
8. The information processing apparatus according to
claim 1, wherein
the information processing unit is configured to:
acquire correction information for correcting the concen-
tration information based on attributes of the object,
and
correct the concentration information based on the con-
centration in the specific position of the object and the
correction information.
9. The information processing apparatus according to
claim 8, wherein
the correction information is a correction table or a
correction formulae for the concentration information,
the correction table or correction formulae being stored
for each attribute of the object.
10. The information processing apparatus according to
claim 8, wherein
the attributes include at least any one of age, height,
weight, BMI, breast size, race and medical history.
11. The information processing apparatus according to
claim 1, wherein
the deep region is a position of which distance from the
surface of the object on the normal line that is on the
surface and intersects the specific position is longer
than that of the specific position.
12. An information processing method, comprising:
an information processing step of acquiring concentration
information, which indicates a spatial distribution of
concentration of a substance constituting an object, and
which originates from a photoacoustic wave generated
by light irradiation of the object; and
a correction step of, based on the concentration in a
specific position of the object in the concentration
information, correcting the concentration in a deep
region of the object deeper than the specific position of
the object in the concentration information.
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