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(57) Abstract: An object information acquiring ap-
paratus comprises an irradiating unit which irradi-
ates light on an object; a holding member which in-
cludes a light-absorbing member whose optical
characteristics with respect to irradiated light are
known and which holds the object; a detector which
detects acoustic waves generated by tissue in the
object and the light-absorbing member due to light
irradiation; and a computing unit which calculates
optical characteristics of the tissue in the object and
the light-absorbing member by using the detected
acoustic waves and which corrects the optical char-
acteristics of the tissue in the object by using the
calculated optical characteristics of the light-ab-
sorbing member and the known optical characterist-
ics.
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DESCRIPTION

Title of Invention
OBJECT INFORMATION ACQUIRING APPARATUS AND CONTROL METHOD

FOR THE OBJECT INFORMATION ACQUIRING APPARATUS

Technical Field
[0001]

The present invention relates to an object
information acgquiring apparatus and a control method for

the same.

Background Art
[0002]

Object information acquiring apparatuses that
measure functional characteristics inside an object such
as body tissue include known object information acquiring
apparatuses which perform‘determination of formation of
angiogenesis, calculation of oxygen saturation of
hemoglobin, and the like based on light-absorbing
characteristics of hemoglobin or the like contained in
blood and which are utilized in diagnosis. Such
apparatuses generally use near-infrared light (with a
wavelength of around 600 to 1500 nm) having favorable light
transmission characteristics with respect to body tissue.
[0003]

With such object information acquiring
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apparatuses, there is a known technigque which uses
near-infrared light and which is referred to as
Photoacoustic Tomography (PAT) (refer to NPL 1). PAT is
a technique for acquiring information related to light
absorption by irradiating short pulse light generated by
a light source on a 1living organism and detecting acoustic
waves generated when light propagated and diffused in the
living organism is absorbed by body tissue such as blood.
By analyzing detected acoustic waves, an object information
acquiringapparatusutilizingI%U?iscapable<1fvisualizing
information related to functional characteristics inside
a living organism that is an object and, in particular, a
light energy absorption density distribution inside the
object.

[0004]

According to NPL 1, in PAT, initial sound pressure
(Po) of a photoacoustic wave generated by a light absorber
inside a given object can be expressed by equation (1) below.

Po = I'rpat¢ ... (1)

[0005]

In equation (1), I' denotes a Gruneisen parameter
that is a quotient of a product of a coefficient of
volumetric expansion (B) and a square of the speed of sound
(c) divided by specific heat under constant pressure (Cp).
I' is known to assume an approximately constant value once
tissue is determined. 1In the case of breast tissue, I is

0.65 to 0.85. ., denotes an absorption coefficient of an
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absorber, and ¢.denotes an amount of light in a localized
region.
[0006]

A time variation of sound pressure P of an acoustic
wave having propagated inside an object is calculated by
measuring the acoustic wave with a detector and
subsequently reconstructing an initial sound pressure
distribution froma result of the measurement. In addition,
by dividing the calculated initial sound pressure
‘distribution by I', a distribution with respect to Ko and
¢ can be obtained. The product of p, and ¢ is referred to
as a light energy absorption density distribution.
[0007]

When the object is a living organism, tissue that
efficiently absorbs near-infrared light is blood.
Therefore, by performing measurement of a living organism
with PAT using near-infrared light, information related to
blood distribution is obtained. Furthermore, by
irradiating light of a plurality of wavelengths and
calculating respective.absorption coefficients thereof,
information related to oxygen saturation of hemoglobin is
obtained.

[0008]

As expressed by equation (1), general PAT is
designed to obtain a distribution of initial sound pressure
Po by analyzing a time variation of sound pressure as

measured by an acoustic wave detector. A distribution of
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amount of light inside the object must be further determined
in order to obtain a distribution of light absorption
coefficients from the distribution of initial sound
pressure Py.

[0009]

When a surface of a living organism that is an
object is irradiated with a uniform amount of irradiated
light ¢p in a region that is sufficiently large with respect
to a thickness of the living organism, assuming that light
propagates in the living organism aé a planar wave, a
distribution of the amount of light (¢) can be expressed
by equation (2) below. |

¢ = o exp(-Hersrdi) ... (2)

[0010]

In equation (2), Uerr denotes an average effective
delay coefficient of the living organism and ¢y denotes an
amount of light incident to the living organism from the
light source. 1In addition, d; denotes a distance from the
region (light-irradiated region) on the living organism
whichisirradiatedbylightfromthelightsourcetoealight
absorber in the living organism.

[0011]

As expressed by equation (2), light decays
exponentially inside the living organism. A light
absorption coefficient distribution can be calculated from
a light energy absorption density distribution using the

distribution of the amount of light and equation (1).
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[0012]

In addition, with body tissue, formation of
angiogenesis and an increase in oxygen consumption are
known to occur during growth of a tumor such as cancer.
Light absorption coefficients of oxyhemoglobin (HbO;) and
deoxyhemoglobin (Hb) can be used as a method of evaluating
such a formation of angiogenesis or increase in oxygen
consumption.

[0013]

For example, an object information acquiring
apparatus measures concentrations of HbO; and Hb in blood
based on absorption spectra of HbO, and Hb at a pluralify
of wavelengths. Subsequently, by creating concentration
distribution images of HbO; and Hb in body tissue, a region
in which angiogenesis are formed can be determined. 1In
additioh, by calculating oxygen saturation based on the
concentrations of HbO, and Hb, a region in which oxygen
consumption has increased or, in other words, a region in
which a tumor conceivably exists can be determined. For
example, it is known that oxygen saturation in a vein 1is
around 90% and oxygen saturation in a tumor region is around
60%.

[0014]

However, with the object information acquiring
apparatus described in NPL 1, since a shape of a living
organism that is an object is not determined and light

irradiating conditions vary depending on a position of the
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object, a distribution of the amount of light inside the
object cannot be calculated using equation (2).
[0015]

In consideration thereof, PTL 1 proposes a living
organism information processing method in which a
light-absorbing member whose functional characteristics
with respect to irradiated light are known in advance is
arranged on an object holding plate and a light decay
coefficient inside the object is calculated based_on an
intensity of an elastic wave that is generated by the

light-absorbing member.

Citation List
" Patent Literature
[0016]
[PTL 1] Japanese Patent Application Laid-open No.

2011-092631

Non Patent Literature
[0017]

[(NPL 1] M. Xu, L. V. Wang, "Photoacoustic imaging
in biomedicihe", Review of scientific instruments, 77,

041101 (2006)

Summary of Invention
Technical Problem

[0018]
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However, in the case of the living organism
information processing method described in PTL 1,
correction of a distribution of the amount of light is
performed from the light-absorbing member that is arranged
on the holding plate. Therefore, an error in the
distribution of the amount of light inside an object such
as a peripheral region of a breast increases when a
non-contact region between the object and the holding plate
is large. As a result,va problem arises in which errors
occurring when calculating functional characteristics
inside the object, such as an absorption coefficient and

oxygen saturation of a specific region, become greater.

Solution to Problem
[0019]

The present invention has been made in
consideration of the problem described above and an object
thereof is to improve accuracy of acquisition of functional
characteristics inside an object in photoacoustic
tomography.

[0020] )

The present invention in its one aspect provides
an object information acquiring apparatus comprising an
irradiating unit which irradiates light on an object; a
holding member which includes a light-absorbing member

whose optical characteristics with respect to irradiated

light are known and which holds the object; a detector which
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detects acoustic waves generated by tissue in the object
and the light-absorbing member due to light irradiation;
and a computing unit which calculates optical
characteristics of the tissue in the object and the
light-absorbing member by using the detected acoustic waves
and which corrects the optical characteristics of the
tissue in the object by using the calculated optical
characteristics of the light-absorbing member and the known
optical characteristics.

[0021]

The present invention in its another aspect
provides a method of controlling an object information
acquiring apparatus having an irradiating unit, a holding
member which includes a light-absorbing member whose
optical characteristics with respect to irradiated light
are known, a detector which detects acoustic waves, and a
computing unit, the method comprising a step of operating
the holding member to hold an'object; a step of operating
the irradiating unit to irradiate light on the object; a
step of operating the detector to detect acoustic waves
generated by tissue in the object and the light-absorbing
member due to light irradiation; a step of operating the
computing unit to calculate optical characteristics of the
tissuejj1theobjectauuithelight—absorbingn@mberknrusing
the detected acoustic waves; and a step of operating the
computing unit to correct the optical characteristics of

the tissue in the object by using the calculated optical
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characteristics of the light-absorbing member and the known

optical characteristics.

Advantageous Effects of Invention
[0022]

According to the present invention, the accuracy
of acquisition of functional characteristics inside an
object in photoacoustic tomography can be improved.

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
[0023]

FIG. 1 is a schematic diagram showing an apparatus
configuration according to a first embodiment;

FIG. 2 1is a schematic diagram of a holding member
in which a light-absorbing member has a cylindrical shape
according to the first embodiment;

FIG. 3 is a flow chart showing measurement and
correction of an absorption coefficient according to the
first embodiment;

FIG. 4 is a diagram showing linear interpolation
performed on an absorption coefficient error ratio
according to the first embodiment;

FIG. 5 is a flow chart showing measurement and

correction of oxygen saturation according to a second
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embodiment;

FIG. 6 is a diagram showing linear interpolation
performed on an oxygen saturation error ratio according to
the second embodiment;

FIG. 7 is a configuration schematic diagram of an
apparatus that performs third-order polynomial
interpolationcn1anoxygensaturationerrorratioaccording
to a third embodimént;

FIG. 8 is a diagram showing third-order polynomial
interpolationperformed(Nlanoxygensaturationerrorratio
according to the third embodiment;

FIG. 9 is a configuration schematic diagram of an
apparatus that performs three-dimensional linear
interpolationonenloxygensaturationerrorratioaccording
to a fourth embodiment;

FIG. 10 is a diagram showing linear interpolation
performed on an oxygen saturation error ratio according to
the fourth embodiment;

FIG. 11 is another diagram showing linear
interpolationperformedcnlanoxygensaturationerrorratio
according to the fourth embodiment;

FIG. 12 is a schematic diagram of a light-absorbing
member near a contact surface between a peripheral portion
of an object and a holding member according to the fourth
embodiment;

FIG. 13 is a diagram showing liﬁear interpolation

performed on an oxygen saturation error ratio according to
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the fourth embodiment; and
FIG. 14 is a schematic diagram of a holding member
in which a light-absorbing member has a cylindrical shape

according to a fifth embodiment.

Description of Embodiments
[0024]

Hereinafter, preferred embodiments of the present
invention will be described with reference to the drawings.
However, dimensions, materials, shapes, relative
arrangements, and the like of components described below
are to be modified as appropriate depending on
configurations and various conditions of apparatuses to
whichtheinventionisapplied,andarenotintendedtolimit
the scobe of the invention to the following description.
[0025]-

In the present invention, acoustic waves include
elastic waves that are referred to as sound waves,
ultrasound waves, photoacoustic waves, or light-induced
ultrasound waves, and a receiver receives acoustic waves
propagated inside an object. An object information
acquiring apparatus according to the present invention
irradiates light (electromagnetic waves) on an object and
receives acoustic waves generated by tissue inside the
object due to a photoacoustic effect. In addition, the
object information acquiring apparatus analyzes the

acoustic waves and acquires characteristic information of
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the tissue inside the object.
[00206]

Characteristic information of tissue inside an
object includes information and the like that reflect
initial sound pressure of an acoustic wave generated by
light irradiation, or light energy absorption density, an
absorption coefficient, concentration of a substance
constituting tissue, or the like derived from initial sound
presscre, and the like. Examples of concentration of a
substance include oxygen saturation, concentration of
oxyhemoglobin, and concentration of deoxyhemoglobin. 1In
addition, characteristic information may be acquired as
information on distribution at various positions in the
object instead of as numerical data. In other words,
distribution information such as an absorption coefficient
distribution or an oxygen saturation distribution may be
acquired as image data. Such characteristic information
reflects optical characteristics in an object. Since
optical characteristics are determined based on functional
characteristics of body tissue, a functional
characteristic distribution in the object can be acquired
according to the present invention.

[0027]

<First embodiment>

FIG. 1 shows a configuration of an object
information acquiring apparatus according to a first

embodiment of the embodiment. 1In the present embodiment,
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a human breast is used as an object and a light absorption
coefficient distribution inside the breast is visualized.
[0028]

(Apparatus configuration)

In FIG. 1, reference numeral 1 denotes a light
source, reference numeral 2 denotes an optical system,
reference numeral 3 denoﬁes a first holding plate,
reference numeral 4 denotes a second holding plate,
reference numeral 5 denotes a holding member, reference
numeral 6 denotes a light—absorbing member, reference
numeral 7 denotes a detector, reference numeral 8 denotes
a computing unit, reference numeral 9 denotes a display unit,
reference sign E denotes an object, and reference sign T
denotes a tumor site existing inside the object. The object
E is held between the first holding plate 3 and the second
holding plate 4 at a predetermined distance via the holding
member 5.

[0029]

Hereinafter, the fespective components will be
described in detail.

The light source 1 irradiates pulsed light with
a specific wavelength in the order of nanoseconds. As the
irradiated light, light with a wavelength that corresponds
to an absorption spectrum of water, fat, hemoglobin, or the
like that constitutes body tissue is selected. Suitable
examples include light in a wavelength range of 600 to 1100

nm which has characteristic absorption spectra of
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oxyhemoglobin and deoxyhemoglobin in blood. 1In order to
irradiate light with a plurality of wavelengths, a
semiconductor laser or a wavelength-variable laser which
generates light with different wavelengths is favorably
used as the light source 1. 1In the present embodiment, a
titanium-sapphire (Ti-S) laser is used as the light source
1.

[0030]

The optical system 2 is provided for guiding light
(L) emitted from the light source 1 to the object E. The
optical system 2 is constituted by an optical fiber or a
lens. Light emitted from the light source 1 is expanded
by the optical system 2 so as to irradiate an entire region
of a contact surface between the first holding plate 3 and
the object E and is guided to a surface of the object E via
the first holding plate 3. In the present embodiment, a
lens is used as the optical system 2. Together, the light
source 1 and the optical system 2 can be considered to be
an irradiating unit of the present invention.

[0031]

The first holding plate 3 and the second holding
plate 4 are désirably highly transmissive with respect to
light emitted by the light source 1 and have a low decaying
property with respect to acoustic waves. Examples of
materials thereof include glass, polymethylpentene,
polycarbonate, and acrylic materials. In the present

embodiment, polymethylpentene is used as the material of
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the first holding plate 3 and the second holding plate 4.
In FIG. 1, favorably, the first holding plate 3 on a side
irradiated by light is highly transmissive with respect to
light and the second holding plate 4 on a side that receives
acoustic waves has a low decaying property with respect to
acoustic waves.

[0032]

Theholdingmember5:Msdesirablymadeofeamaterial
which comes into close contact with the object and whose
functional characteristics (in particular, optical
characteristics such as light-absorbing characteristics
and light-scattering characteristics) and acoustic
characteristics are close to those of a human body.
Examples of such a material include a gel material such as
a polyurethane gel and a polystyrene gel. 1In addition,
examples of a material used to adjust light-scattering
characteristics so as to approximate that of a human body
include titanium oxide. Examples of a material used to
adjust light—absorbing.characteristics include a colored
pigment such as black pigment.

[0033]

As the holding member 5 according to the present
embodiment, titanium oxide coated with aluminum oxide is
used as a light-scattering characteristic adjuster and a
polyol-bound black pigment-dispersed solution is used as
a light-absorbing characteristic adjuster. Preparation

was performed by dispersing 0.24 percent by weight of the
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light-scattering characteristic adjuster and 0.0002
percent by weight of the light-absorbing characferistic
adjuster in polyol and adding 3.0 percent by weight of HDI
to polyol. As the polyol, a copolymer (with a number
averagenwlecularweightof7000)containingethyleneoxide
and propylene oxide at a mol ratio of 50:50 was used.
[0034]

Photoacoustic characteristics of a medium
according to the present embodiment included a sound
velocity of 1386.6 m/s and an acoustic decay of 0.34
dB/cm/MHz. 1In addition, an equivalent scattering

- coefficient pus» was 0.70 mm™* and an absorption coefficient
Ha was 0.0039 mm™? at a wavelengfh of 756 nm, and the
equivalent scattering coefficient Hs' was 0.66 mm™' and the
absorption coefficient p, was 0.0028 mm! at a wavelength
of 797 nm. Furthermore, the Gruneisen parameter I"was 0. 78.
[0035]

A material that simulates photoacoustic
characteristics of blood vessels or a tumor is used as the
light-absorbing member 6. Examples of such a materiel
include a gel material such as a polyurethane gel and a
polystyrene gel in a similar manner to the holding member
5. In addition, desirably, the light-absorbing member 6
has a spherical or cylindrical shape with a diameter of
around]_to3rmnsothatn@asurementsperformedcn1theobject
are not adversely affected.

[0036]
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Functional characteristics of the light—absorbing
member 6 according to the present embodiment are determined
based on absorption coefficients of oxyhemoglobin and
deoxyhemoglobin which exhibit predetermined oxygen
saturation. As the light-absorbing member 6 according to
thepresentembodiment,titaniumoxidecoatedwithaluminum
oxide:hsusedasealight—scatteringcharacteristicadjuster
andeapolyol—boundblackpigment—dispersedsolutionjjsused
as a light-absorbing characteristic adjuster in a similar
manner to the holding member. Preparation was performed
by dispersing 0.20 percent by wéight of the
light—scatfering characteristic adjuster and 0.0020
percent by weight of the light-absorbing characteristic
adjuster in polyol and adding 3.4 percent by weight of HDI
to polyol. As the polyol, a copolymer (with a number
averagenmlecularweightof7000)containingethyleneoxide
and propylene oxide at a mol ratio of 50:50 was‘used.
[0037] |

Photoacoustic characteristics of a medium
according to the present embodiment included a sound
velocity of 1427.6 m/s and an acoustic decay of 0.75
dB/cm/MHz. 1In addition, the equivalent scattering
coefficient pus. was l.lOnmfland1juzabsorption.coefficient

iua was 0.0299 mm™?! at a wavelength of 756 nm, and the
equivalent scattering coefficient Hs' was 1.03 mm™* and the
absorption coefficient Ha was 0.0287 mm™! at a waveiength

0f 797 nm. Ehrthermore,theGruneisenparameterI’was0.91.
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[0038]

When the light-absorbing member 6 described above
is measured without the object by irradiated light of 756
nm and 797 nm, the o0xygen saturation is 78.9%. 1In other
words, the light-absorbing member 6 simulates a blood
tissue whose oxygen saturation is 78.9%.

[0039]

The detector 7 detects elastic waves generated by
the object E and the light-absorbing member 6 due to a
photoacoustic effect. The detector 7 is constituted by a
piezoelectric element that utilizes a piezoelectric effect
in which a change in pressure caused by a received elastic
wave 1is converted into an electric signal. Examples of
piezoeléctric elements include a piezoelectric ceramic
materialandeapolymericpiezoelectricfilmmaterial. Lead
zirconate titanate (PZT) was used as the piezoelectric
element of the detector 7 in the present embodiment. The
obtained electric signal is subjected to processes such as
amplification and AD conversién when necessary.

[0040]

The computing unit 8 is an information processing
apparatus which performs computations using a CPU and the
like and is responsible for internal control of the
apparatus. The computing unit 8 performs various
computations on detection values of the detector 7 and the
like. Furthermore, the computing unit 8 performs image

reconstruction using a computation result when necessary.
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For example, the computing unit 8 calculates initial sound
pressure based on electric signal intensity and calculates
an absorption coefficient using light intensity.
[0041]

The display unit 9 is a display capable of
displaying, under control, a computation result or a
reconstructed image of the computing unit 8. Dﬁthepresent

embodiment, a liquid crystal display is used as the display

unit 9.
[0042]

(Measurement and correction of absorption
coefficient)

A method of correcting an absorption coefficient
according to the present embodiment will be described below.
In FIG. 1, the holding member 5 is fixed to respective
surfaces of the first holding plate 3 and the second holding
plate 4. The first holding plate 3 and the second holding
plate 4 are capable of parallel movement while sandwiching
and holding the object.

[0043]

FIG. 2 shows an arrangement diagram of the
light-absorbing member 6 in the holding member. 1In the
present embodiment, the holding member 5 has a size of 240
X 240 x 30 mm and the light-absorbing member 6 is a spherical
member with a diameter of 1 mm. 1In the holding member 5,
the light-absorbing member 6 is arranged in a lattice

pattern at positions with depths of 5 mm, 15mm, and 25 mm
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from a contact surface with the object. When a holding
force applied to the object by the first holding plate 3
and the second holding plate 4 is set to 50 N, the holding
member 5 is compressed down to approximately 5 mm.
[0044]

FIG. 3 shows a flow chart showing measurement and
correction of an absorption céefficient according to the
present embodiment.

First, after the apparatus isturnedcn;(stepSBOl),
theholdingmemberisnmunted<n1thetwoholdingplates(step
S302). Subsequently, a breast that is an object is set
between the two holding plates and maintained at an
appropriate distance (step S$303).

[0045]

Light is irradiated from the light source and
photoacousticmeasurementisperformed(step8304). In the
present embodiment, the wavelength of the irradiated light
is 756 nm. Subsequently,tﬂuacomputingtnﬁi:performsiﬁ@ge
reconstruction based on an electric signal converted from
an photoacoustic wave by the detector. At this point, an
arbitrary light-absorbing member 6 is selected and an
absorption coefficient is calculated (step S305). 1In this
base, as shown in FIGL 1, light-absorbing members 6a and
6b which are present near a contact surface between a
peripheral portion of the object and the holding member are
selected. The selection is made such that a tumor T exists

on a straight line connecting the selected light-absorbing
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members.
[0046]

Subsequently, an absorption coefficient error
distribution of the light-absorbing members is calculated
from a known value and a calculated value. (step S306).
Moreover, in the present embodiment, the larger a region
between the holding plates and the object with respect to
a light-irradiated region, the greater the error in a
measured value of the absorption coefficient of each
light-absorbing member. For example, the measured value
of the absorption coefficient of each light-absorbing
memberj11theobject—holdingstateshowanlFIG.]_wasO.O402
mm™! for the light-absorbing member 6a and 0.0315 mm™* for
the light-absorbing member 6b with respect to a true value
of 0.0299 mm™!.

[0047]

Insucheacase,anmasurementerrorcﬁfanabsorption
coefficient at an arbitrary position on the straight line
cankxacorrectedkﬁzinterpolatingenlabsorptioncoefficient
error ratio of a plurality of light—absorbinglﬂembers (step
S307).

For example, the absorption coefficient error
ratio of the light-absorbing member 6a can be calculated
as 0.0402/0.0299 = 1.344, and the absorption coefficient
error ratio of the light-absorbing member 6b can be
calculated as 0.0315/0.0299 = 1.05. An absorption

coefficient error ratio on the straight line connecting the



WO 2014/073709 PCT/JP2013/080732

22

light-absorbing members 6a and 6b can be calculated using
these values.
[0048]

FIG. 4 shows absorption coefficient error ratios
at respective positions x(6a), x(T), and x(6b) of the
light-absorbing member 6a, the tumor site T, and the
light-absorbing member 6b in the arrangement shown in FIG.
1. In FIG. 4, an abscissa represents a distance coordinate
(x) in a 6a-6b direction and an ordinate represents an
absorption coefficient error ratio (ER_pa).

[0049]

A straight line (dashed line) in FIG. 4 represents
a linear interpolation performed on the absorption
coefficient error ratios of the light-absorbing members 6a
and 6b, and a value at the position x(T) on the straight
line represents the absorption coefficient error ratio of
the tumor site T. At this point, a linear interpolation
function is expressed as ER_pa(x) = -0.049x + 1.49. In the
presentembodiment,ifji:isassumedthatthepositionx(6a)
of the light-absorbing member 6a is 3.0, the position x(T)
of the tumor site T is 5.0, and the position x(6b) of the
light-absorbing member 6b is 9.0, then the absorption
coefficienterrorratioeﬂ:thetumorsiteTcxnlbedetermined
as 1.25. Therefore, for example, when a measured value of
theabsorptioncoefficienteﬁ:thetumorsitei‘is0.035mm*,
the absorption coefficient is corrected as 0.035/1.25 =

0.028.



WO 2014/073709 PCT/JP2013/080732

23

[0050]

As described above, according to the present
embodiment, since an interpolation function can be created
using a light-absorbing member with known optical
characteristics and an absorption coefficient at the. tumor
site T can be corrected, the accuracy of acquisition of
functional characteristics inside an object in
photoacoustic tomography can be improved.

[0051]

<Second embodiment>

In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to linear
interpolation.

In the present embodiment, using an object
information acquiring apparatus, oxygen saturation of the
light absorption coefficient of a light-absorbing member
6 can be calculated as 78.7% based on absorption
coefficients of oxyhemoglobin and deoxyhemoglobin at
wavelengths of 756 nm and 797 nm.

[0052]

The object)information acquiring apparatus
according to the present embodiment is configured as shown
in FIG. 1'in a similar manner to the first embodiment. An
arrangement of the light-absorbing member 6 in a holding
member 1s as shown in FIG. 2 in a similar manner to the first
embodiment. A size of the holding member 5, a shape and

size of the light-absorbing member 6, and an arrangement
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of the light-absorbing member 6 in the holding member are
also similar to those of the first embodiment.
[0053]

In the present embodiment, after performing
measurements at the two wavelengths of 756 nm and 797 nm,
arbitrary light-absorbing members 6 are selected and oxygen
saturation is calculated. The fact that the selected
light-absorbing members are those denoted by reference
numerals 6a and 6b in FIG. 1 and that a tumor T exists on
a straight line connecting the light-absorbing members 6a
and 6b are the same as in the first embodiment.

[0054] |

FIG. 5 shows a flow chart showing measurement and
correction of oxygen saturation according to the present
embodiment. In steps S501 to S503, the same processes as
in steps S301 to S303 in FIG. 3 are performed.

First, a wavelength of irradiated light is set to
756 nm (step S504) and photoacoustic measurement 1is
performed (step S505). Next, the wavelength is changed to
797 nm (step S506) and photoacoustic measurement is
performed (stép S507). Electric signals acquired in $505
and S507 are stofed in a memory or the like (not shown).
[0055]

Subsequently, the computing unit calculates
absorption coefficients of the absorbing members at each
wavelength using the stored electric signals (steps S508

and S509). The computation process may be performed in
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parallel with another measurement for each light
irradiation or may be Collectively performed after all
measurements are completed. A ratio of oxyhemoglobin and
deoxyhemoglobin is determined using the computation
results aﬁd Oxygen saturation is calculated (step S$510).
[0056]

Subsequently, an oxygen saturation error
distribution of the light-absorbing members is calculated
from a known oxygen saturation and the calculated oxygen
saturation (step S511). Moreover, in the present | ~
embodiment, the larger a region between the holding plates
and the object with respect to a light-irradiated region,
the greater the error in a measured value of thé oxygen
saturation of each light-absorbing member. For example,
the measured value of the ongen saturation of each
light-absorbing member in the object-holding state shown
in FIG. 1 was 105.5% for the light-absorbing member 6a and
79.5% for the light-absorbing member 6b with respect to a
calculated value of 78.7%.

[0057]

In such a case, a measurement error of oxygen
saturation at an arbitrary position can be corrected by
interpolating between OXygen saturation error ratios of a
plurality of light-absorbing members (step S512).

For example, the oxygen saturation error ratio of
the light-absorbing member 6a can be calculated as

79.5/78.7 = 1.01 and the oxygen saturation error ratio of
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the light-absorbing member 6b can be calculated as
105.5/78.7=1.34. An OXygen saturation error ratio on the
straightlineconnectingthelight—absorbingmembers6aand
6b can be calculated using these values.

[0058]

FIG. 6 shows oxygen saturation error ratios at
respective positions x(6a), x(T), and x(6b) of the
light-absorbing member 6a, the tumor site T, and the
light-absorbing member 6b in the arrangement shown in FIG.
1. In FIG. 6, an abscissa represents a distance coordinate
(x)jmla6a—6bdirectionandancmdinaterepresentsanoxygen
saturation error ratio (ER_StO).

[0059]

A straight line (dashed line) in FIG. 6 represents
a linear interpolation performed on the oxygen saturation
error ratios of the light-absorbing members 6a and 6b, and
a value at the position x(T) on the straight line represents
the oxygen saturation error ratio of the tumor site T. At
this point, a linear interpolation function is expressed
as ER_StO(x) = 0.055x + 0.845. 1In the present embodiment,
if it is assumed that the position x(6a)rof the
light-absorbing member 6a is 3.0, the position x(T) of the
tumor site T is 5.0, and the position x(6b) of the
light-absorbing member 6b is 9.0, then the oxygen
saturation error ratio at the tumor site T can be determined
as 1.12. Therefore, for example, when the measured value

of the oxygen saturation at the tumor site T is 70.5%, the
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oxygen saturation is corrected as 70.5/1.12 = 62.9%.
[0060]

As described above, according to the present
embodiment, since an interpolation function can be created
using a light-absorbing member with known optical
characteristics and oxygen saturation at the tumor site T
can be corrected, the accuracy of acquisition of functional
characteristics inside an object in photoacoustic
tomography can be improved.

[0061]

<Third embodiment>

In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to third-order
polyhomial interpolation.

FIG. 7 is a schematic diagram showing a
configuration of an object information acquiring apparatus
according to the present embodiment. While the apparatus
configuration is approximately the same as that of the first
embodiment shown in FIG. 1, FIG. 7 clearly shows
light-absorbing members 6 embedded in a holding member 5.
[0062]

As shown in FIG. 7, in the present embodiment,
light-absorbing members 6a' and 6b' located deep in the
holding member are selected in addition to the
light-absorbing members 6a and 6b near the contact surface
between a peripheral portion of the object and the holding

member. Selections are to be made so that a tumor T exists
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on a straight line connecting the selected light-absorbing
members.
[0063]

Moreover, in the present embodiment, the larger
a region between the holding plates and the object with
respect to a light-irradiated region, the greater the error
in a measured value of the oxygen saturation of each
light-absorbing member. For example, the measured value
of the oxygen saturation of each light-absorbing member in
the object-holding sfate shown in FIG. 7 was 105.5% for the
light-absorbing member 6a, 78.0% for the light-absorbing
member 6a', 105.5% for the light-absorbing member 6b, and
107.0% for the light-absorbing member 6b' with respect to
a calculated value of 78.7%.

[0064]

In such a case, a measurement error of oxygen
saturation at an arbitrary position can be corrected by
interpolating between oxygen saturation error ratios of a
plurality of light-absorbing members.

For example, the oxygen saturation error ratio of
the light-absorbing member 6a can be calculated as
79.5/78.7 = 1.01 and the oxygen saturation error ratio of
the light-absorbing member 6a' can be calculated as 78/78.7
=0.99. 1In addition, the oxygen saturation error ratio of
the light-absorbing member 6b can be calculated as
105.5/78.7 = 1.34 and the oxygen saturation error ratio of

the light-absorbing member 6b' can be calculated as
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107/78.7 = 1.36. An oxygen saturation error ratio on the
straight line connecting the light-absorbing members 6a’',
6a, 6b, and 6b' can be calculated using these values.
[0065]

FIG. 8 shows oxygen saturation error ratios at
respective positions x(6a'), x(6a), x(T), x(6b), and x(6b")
of the light-absorbing members 6a' and 6a, the tumor site
T, and the light-absorbing members 6b and 6éb' in the
arrangement shown in FIG. 7. In FIG. 8, an abscissa
represents a distance coordinate (x) in a 6a'-6b' direction
and an ordinate represents an oxygen saturation error ratio
(ER_StO).

[0066]

A curved line (dashed line) in FIG. 8 represents
a third-order polynomial interpolation performed on the
oxygen saturation error ratios of the light-absorbing
members 6a', 6a, 6b, and 6b', and a value at the position
X(T) on the curved line represenﬁs the oxygen saturation
error ratio of the tumor site T. At this point, a
third-order polynomial function is expressed as ER_StO(x)
= -0.00125x> + 0.0225x?‘jMQiO§875x + 1.0475.

[0067]

In the present embodiment, let us assume that the
position x(6a') of the light-absorbing member 6a' is 2.0,
the position x(6a) of the light—absorbinginember 6a is 3.0,
the position x(T) of the tumor site T is 5.0, the position

x (6b) of the light-absorbing member 6b is 9.0, and the
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position x(6b') of the light-absorbing member 6b' is 10.0.
In this case, the oxygen saturation error ratio at the tumor
site T is determined as 1.11. Therefore; for example, when
the measured value of the oxygen saturation at the tumor
site T is 70.5%, the oxygen saturation is corrected as
70.5/1.11 = 63.5%.

[0068]

While polynomial interpolation is performed on
multiple points on a straight 1line in this case,
alternatively, spline interpolation may be performed or a
polynomial may be fitted by a least-squares method.
[0069]

As described above, according to the present
embodiment, since an interpolation function can be created
using a large number of light-absorbing members with known
optical characteristics and correction can be performed
using oxygen saturation at the tumor site T, the accuracy
of acquisition of functional characteristics inside an
object in photoacoustic tomography can be improved.
[C070]

<Fourth embodiment>

In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to linear
interpolation in a three-dimensional direction.

FIG. 9 is a schematic diagram showing a
configuration of an object information acquiring apparatus

according to the present embodiment. The apparatus
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configuration is the same as that of the first embodiment
shown in FIG. 1.

FIG. 12 shows a sectional view that passes through
the tumor site T shown in FIG. 9 in a direction parallel
to two holding plates.

[0071]

As shown in FIGS. 9 and 12, in the present
embodiment, light-absorbing members 6a to 6f that exist
near the contact surface between a peripheral portion of
the object and the holding member are selected. Inaddition,
the selections are made so that the tumor site T exists at
an intersection of a straight line connecting the
light-absorbing members 6a and 6b, a straight line
connecting the light-absorbing members 6c and 6d, and a
straightlineconnectingthelight—absorbingmembers6eand
6f.

[0072]

Moreover, in the present embodiment, the larger
a region between the holding plates and the object with
respect to a light-irradiated region, the greater the error
in a measured value of the oxygen saturation of each
light-absorbing member. For example, the measured wvalue
of the oxygen saturation of each light-absorbing member in
the object-holding state shown in FIG. 9 was 69.3% for the
light—absorbingmember6aemui76.0%forthelight—absorbing
member 6b with respect to a calculated value of 78.7%. In

addition, the measured value was 62.1% for the
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light-absorbing member 6c, 80.5% for the light-absorbing
member 6d, 57.5% for the light-absorbing member 6e, and
54.0% for the light-absorbing member 6f.

[0073]

In such a case, a measurement error of oxygen
saturation at an arbitrary position can be corrected by
interpolating between oxygen saturation error ratios of a
plurality of light-absorbing members.

For example, the oxygen saturation error ratio of
the light-absorbing member 6a can be calculated as
©9.3/78.7 = 0.88 and the oxygen saturation error ratio of
the light-absorbing member 6b can be calculated as
76.0/78.7=0.97. Inaddition, the oxygen saturation error
ratio of the light-absorbing member 6c can be calculated
as 62.1/78.7 = 0.79 and the oxygen saturation error ratio
of the light-absorbing member 6éd can be calculated as
80.5/78.7=1.02. Furthermore, the oxygen saturation error
ratio of the light-absorbing member 6e can be calculated
as 57.5/78.7 = 0.73 and the oxygen saturation error ratio
of the light-absorbing member 6f can be calculated as
54.0/78.7 =(J.69. Using these values, an oxygen saturation
error ratio at an intersection of a straight line connecting
the light-absorbing members 6a and 6b, a straight line
connecting the light-absorbing members 6c and 6d, and a
straightlineconnectingthelight—absorbingmembers6eand
6f can be calculated.

[0074]
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FIG. 10 shows oxygen saturation error ratios at
respective positions x(6a), x(T), and x(6b) of the
light-absorbing member 6a, the tumor site T, and the
light-absorbing member 6b in the arrangement shown in FIGS.
9 and 12. 1In FIG. 10, an abscissa represents a distance
coordinate (x) in a 6a-6b direction and an ordinate
represents an oxygen saturation error ratio (ER _StO).

FIG. 11 shows oxygen saturation error ratios at
respective positions y(6c), y(T), and y(6d) of the
light-absorbing member 6c, the tumor site T, and the
light-absorbing member 6d in the arrangement shown in FIGS.
9 and 12. In FIG. 11, an abscissa represents a distance
coordinate (y) in a 6c-6d direction and an ordinate
represents an oxygen saturation error ratio (ER StO).

FIG. 13 shows oxygen saturation error ratios at
respective positions z(6e), z(T), and z(6f) of the
light-absorbing member 6e, the tumor site T, and the
light-absorbing member 6f in the arrangement shown in FIGS.
9 and 12. 1In FIG. 13, an abscissa represents a distance
coordinate (z) in a 6e-6f direction and an ordinate
represents an oxygen saturation error ratio (ER_StO).
[0075]

A straight line (dashed line) in FIG. 10 represents
- a linear interpolation performed on the oxygen saturation
error ratios of the light-absorbing members 6a and 6b, and
a value at the position x(T) on the straight line represents

/

the oxygen saturation error ratio of the tumor site T in
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an x direction.

A straight line (dashed line) in FIG. 11 represénts
a linear interpolation performed on the oxygen saturation
error ratios of the light-absorbing members 6c and 6d, and
a value at a position y(T) on the straight line represents
the oxygen saturation error ratio of the tumor site T in
a y direction. |

A straight line (dashed line) in FIG. 13 represents
a linear interpolation performed on the oxygen saturation
error ratios of the light-absorbing meﬁbers 6e and 6f, and
a value at a position z(T) on the straight line represents
the oxygen saturation error ratio of the tumor site T in
a z direction.

[0076]

In FIG. 10, a linear interpolation function is
expressed as ER _StO(x) = 0.015x + 0.835. At this point,
if it is assumed that the position x(6a) of the
light-absorbing member 6a is 3.0, the position x(T) of the
tumor site T is 5.0, and the position x(6b) of the
light-absorbing member 6b is 9.0, then the absorption
coefficient error ratio at the tumor site T in the x
direction can be calculated as 0.910.

In a similar manner, the absorption coefficient
error ratio at the tumor site T in the y direction determined
using FIG. 11 is 0.867 and the absorption coefficient error
ratioeﬂ:thetumorsitefrinthe:zdirectiondeterminedusing

FIG. 13 is 0.71.
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Therefore, for example, when the measured value
of the oxygen saturation'at the tumor site T is 36%, the
oxygen saturation is corrected as 36/(0.91 * 0.867 * 0.71)
= 64.1%.

[0077]

While linear interpolation is performed on two
points on a straight line and correction is performed using
the set in this case, alternatively, second-order or
third-order polynomial interpolation or spline
interpolation may be performed on two or more points on the
straight line or a polynomial may be fitted by a
least-squares method.

[0078]

As described above, according to the present
embodiment, since interpolation functions in a‘plurality
of directions can be created using light-absorbing members
with known optical characteristics and correction can be
performed'using oxygen saturation at the tumor site T, the
accuracy of acquisition of functional characteristiés
inside an object in photoacoustic tomography can be
improved. |
[0079]

<Fifth embodiment>

In the present embodiment, a light-absorbing
member placed on a holding member is characteristically
shaped.

FIG. 14 shows a configuration of the holding member
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5used in the present embodiment. 1In the present embodiment,
similarly, a human breast is used as an object and a light
absorption coefficient distribution inside the breast is
visualized. A configuration of the object information
acquiring apparatus itself is similar to that described
with reference to FIG. 1 according to the first embodiment.
[0080]

As shown in FIG. 14, 1 mm-diameter cylindrical
light-absorbing members are arranged in a lattice pattern
on the holding member 5. In a similar manner to the
respective embodiments described above, when performing
photoacoustic measurement, a measured value of optical
characteristics inside the object can be corrected by using
known optical characteristics (an absorption coefficient
or oxygen saturation) of a light-absorbing member to
calculate an absorption coefficient error distribution or
an oxygen saturation error distribution.

[0081]

According to the present embodiment, since
light-absorbing members are arranged in a lattice pattern
and a large number of reference values for calculating an
error distribution can be acquired,‘accuracy of an
interpolation function can be improved.

[0082]

As described above, with the object information

acquiring apparatus according to the present invention,

accuracy of acquisition of functional characteristics



WO 2014/073709 PCT/JP2013/080732

37

inside an object can be improved in photoacoustic
tomography.

The present invention is useful as means for
improving accuracy of examination results in cases where
there are a large number of subjects and examined regions
differ among the subjects such as when screening and
diagnosis for breast cancer.

[0083]

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.

This application claims the benefit of Japanese
Patent Application No. 2012-248296, filed on November 12,
2012, which is hereby incorporated by reference herein in

its entirety.

Reference Signs List
[0084]

1: light source, 2: optical system, 3: first
holding plate, 4: second holding plate, 5: holding member,
6: light-absorbing member, 7: detector, 8: computing unit,
9: display unit, E: object, T: tumor site existing in an

object
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CLAIMS
1. An object information acquiring apparatus
comprising:

an irradiating unit which irradiates light on an
object;

a holding member which includes a light-absorbing
member whose optical characteristics with respect to
irradiated light are known and which holds the object;

a detector which detects acoustic waves generated
by tiésué in the object and the light-absorbing member due
to light irradiation; and

a computing unit which calculates optical
characteristics of the tissue in the object and the
light—absorbingmemberbyusimgthedetectedacousticwaves
and which corrects the optical characteristics of the
tissue in the object by using the calculated optical
characteristicscﬁfthelight—absorbingmemberandtﬂuaknown

optical characteristics.

2. The object information acquiring‘apparatus
according to claim 1, wherein

the computing unit calculates optical
characteristics and calculates an error bétween the
calculated optical characteristics and the known optical
characteristics with iespect to a plurality of

light-absorbing members, and determines a coefficient for
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correctingopticalcharacteristicscalculatedwithrespect
to tissue in the object that is .positioned between the
plurality of the light-absorbing membefs based on the

error.

3. The object information acquiring apparatus
according to claim 2, wherein

the computing unit determines the coefficient for
correcting the optical characteristics by any one of
methodsoflinearinterpolation,polynomialinterpolation,

spline interpolation, and a least-squares method.

4. The object information acquiring apparatus
according to any one of claims 1 to 3, wherein

the optical characteristics of the
light-absorbing members and the tissue in the object are

absorption coefficients.

5. The object information acquiring apparatus
according to any one of claims 1 to 3, wherein

the optical characteristics of the
light-absorbing members and the tissue in the object are
oxXygen saturation,

the irradiating unit irradiates lightlof a
plurality of wavelengths, and'

the computing unit calculates the oxygen

saturation based on an absorption coefficients of the
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tissue in the object calculated for each of the plurality

of wavelengths.

6. The object information acquiring apparatus
according to any one of claims 1 to 5, wherein
the holding member and the light-absorbing members

are made of a polyurethane gel.

7. The object information acquiring apparatus
according to any one of claims 1 to 6, wherein
the light-absorbing members are spherical members

arranged in a lattice pattern on a contact surface in contact

with the object in the holding member.

8. The object information acquiring apparatus
according to claim 7, wherein

the light-absorbing members are arranged at a
plurality of depths from the contact surface in contact with

the object in the holding member.

9. The object information acquiring apparatus
according to any one of claims 1 to 6, wherein

the light-absorbing members are cylindrical
members arranged in a lattice pattern on a.contact surface

in contact with the object in the holding member.

10. A method of controlling an object information
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acquiring apparatus having an irradiating unit, a holding
member which includes a light-absorbing member whose
optical characteristics with respect to irradiated light
are known, a detector which detects acoustic waves, and a
computing unit,

the method comprising:

a step of operating thé holding member to hold an
object; |

a step of operating the irradiating unit to
irradiate light on the object;

a step of operating the detector to detect acoustic
waves generated by tissue in the object and the
light-absorbing member due to light irradiation;

a step of operating the computing unit to calculate
optical characteristics of the tissue in the object and the
light-absorbing member by using the detected acoustic
waves; and

a step of operating the computing unit to correct
the optical characteristics of the tissue in the object by
using the calculated optical characteristics of the
light-absorbing member and the known optical

characteristics.
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