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(7) ABSTRACT

An object information acquiring apparatus comprises an irra-
diating 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 tissue in the object and the
light-absorbing member due to light irradiation; and a com-
puting 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 calcu-
lated optical characteristics of the light-absorbing member
and the known optical characteristics.
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OBJECT INFORMATION ACQUIRING
APPARATUS AND CONTROL METHOD FOR
THE OBJECT INFORMATION ACQUIRING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an object informa-
tion acquiring apparatus and a control method for the same.

BACKGROUND ART

[0002] Object information acquiring apparatuses that mea-
sure functional characteristics inside an object such as body
tissue include known object information acquiring appara-
tuses which perform determination of formation of angiogen-
esis, 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 diag-
nosis. Such apparatuses generally use near-infrared light
(with a wavelength of around 600 to 1500 nm) having favor-
able light transmission characteristics with respect to body
tissue.

[0003] With such object information acquiring appara-
tuses, there is a known technique 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 living organism
and detecting acoustic waves generated when light propa-
gated and diffused in the living organism is absorbed by body
tissue such as blood. By analyzing detected acoustic waves,
an object information acquiring apparatus utilizing PAT is
capable of visualizing information related to functional char-
acteristics 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
(P,) of a photoacoustic wave generated by a light absorber
inside a given object can be expressed by equation (1) below.

PoT1,0 (1

[0005] 1In equation (1), T' denotes a Gruneisen parameter
that is a quotient of a product of a coefficient of volumetric
expansion (f) and a square of the speed of sound (¢) divided
by specific heat under constant pressure (C,). I' is known to
assume an approximately constant value once tissue is deter-
mined. Inthe case of breast tissue, I'is 0.65 to 0.85. 1, denotes
an absorption coefficient of an 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 subse-
quently reconstructing an initial sound pressure distribution
from a result of the measurement. In addition, by dividing the
calculated initial sound pressure distribution by I', a distribu-
tion with respect to 1, and ¢ can be obtained. The product of
1, 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
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wavelengths and calculating respective absorption coeffi-
cients 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 P,
by analyzing a time variation of sound pressure as measured
by anacoustic wave detector. A distribution of amount of light
inside the object must be further determined in order to obtain
a distribution of light absorption coefficients from the distri-
bution of initial sound pressure P,,.

[0009] When asurface of a living organism that is an object
is irradiated with a uniform amount of irradiated light ¢, ina
region that is sufficiently large with respect to a thickness of
the living organism, assuming that light propagates in the
living organism as a planar wave, a distribution of the amount
of light (¢) can be expressed by equation (2) below.

=g exp(—Hgd)) (3]

[0010] In equation (2). p - denotes an average effective
delay coefficient of the living organism and ¢, denotes an
amount of light incident to the living organism from the light
source. In addition, d, denotes a distance from the region
(light-irradiated region) on the living organism which is irra-
diated by light from the light source to a light absorber in the
living organism.

[0011] As expressed by equation (2), light decays exponen-
tially inside the living organism. A light absorption coeffi-
cient distribution can be calculated from a light energy
absorption density distribution using the distribution of the
amount of light and equation (1).

[0012] In addition, with body tissue, formation of angio-
genesis and an increase in oxygen consumption are known to
occur during growth of a tumor such as cancer. Light absorp-
tion coefficients of oxyhemoglobin (HbO,) and deoxyhemo-
globin (Hb) can be used as a method of evaluating such a
formation of angiogenesis or increase in oxygen consump-
tion.

[0013] Forexample, an object information acquiring appa-
ratus measures concentrations of HbO, and Hb in blood based
on absorption spectra of HbO, and Hb at a plurality of wave-
lengths. Subsequently, by creating concentration distribution
images of HbO, and Hb in body tissue, a region in which
angiogenesis are formed can be determined. In addition, 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 con-
ceivably exists can be determined. For example, it is known
that oxygen saturation in a vein is 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 aliving organ-
ism that is an object is not determined and light irradiating
conditions vary depending on a position of the object, a dis-
tribution 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.
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SUMMARY OF INVENTION

Technical Problem

[0018] However, in the case of the living organism infor-
mation 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, a problem arises in
which errors occurring when calculating functional charac-
teristics 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 consider-
ation of the problem described above and an object thereof is
to improve accuracy of acquisition of functional characteris-
tics inside an object in photoacoustic tomography.

[0020] The present invention in its one aspect provides an
object information acquiring apparatus comprising an irradi-
ating unit which irradiates light on an object; a holding mem-
ber 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 tissue in the object and the light-absorb-
ing 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
amethod of controlling an object information acquiring appa-
ratus having an irradiating unit, a holding member which
includes a light-absorbing member whose optical character-
istics 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
detectacoustic 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 characteris-
tics 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 character-
istics of the light-absorbing member and the known optical
characteristics.
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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.

[0023] 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 DRAWINGS

[0024] FIG. 1is a schematic diagram showing an apparatus
configuration according to a first embodiment;

[0025] FIG. 2 is a schematic diagram of a holding member
in which a light-absorbing member has a cylindrical shape
according to the first embodiment;

[0026] FIG. 3 is a flow chart showing measurement and
correction of an absorption coefficient according to the first
embodiment;

[0027] FIG. 4 is a diagram showing linear interpolation
performed on an absorption coefficient error ratio according
to the first embodiment;

[0028] FIG. 5 is a flow chart showing measurement and
correction of oxygen saturation according to a second
embodiment;

[0029] FIG. 6 is a diagram showing linear interpolation
performed on an oxygen saturation error ratio according to
the second embodiment;

[0030] FIG. 7 is a configuration schematic diagram of an
apparatus that performs third-order polynomial interpolation
on an oxygen saturation error ratio according to a third
embodiment;

[0031] FIG. 8 is a diagram showing third-order polynomial
interpolation performed on an oxygen saturation error ratio
according to the third embodiment;

[0032] FIG. 9 is a configuration schematic diagram of an
apparatus that performs three-dimensional linear interpola-
tion on an oxygen saturation error ratio according to a fourth
embodiment;

[0033] FIG. 10 is a diagram showing linear interpolation
performed on an oxygen saturation error ratio according to
the fourth embodiment;

[0034] FIG. 11 is another diagram showing linear interpo-
lation performed on an oxygen saturation error ratio accord-
ing to the fourth embodiment;

[0035] 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;

[0036] FIG. 13 is a diagram showing linear interpolation
performed on an oxygen saturation error ratio according to
the fourth embodiment; and

[0037] FIG. 14 is aschematic diagram ofa holding member
in which a light-absorbing member has a cylindrical shape
according to a fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0038] Hereinafter, preferred embodiments of the present
invention will be described with reference to the drawings.
However, dimensions, materials, shapes, relative arrange-
ments, and the like of components described below are to be
modified as appropriate depending on configurations and
various conditions of apparatuses to which the invention is
applied, and are not intended to limit the scope of the inven-
tion to the following description.
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[0039] 1In 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 (electro-
magnetic 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 infor-
mation of the tissue inside the object.

[0040] 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 pressure, and the like. Examples of
concentration of a substance include oxygen saturation, con-
centration of oxyhemoglobin, and concentration of deoxyhe-
moglobin. In addition, characteristic information may be
acquired as information on distribution at various positions in
the object instead of as numerical data. In other words, dis-
tribution information such as an absorption coefficient distri-
bution 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.

First Embodiment

[0041] FIG. 1 shows a configuration of an object informa-
tion acquiring apparatus according to a first embodiment of
the embodiment. In the present embodiment, a human breast
is used as an object and a light absorption coefficient distri-
bution inside the breast is visualized.

[0042] (Apparatus Configuration)

[0043] In FIG. 1, reference numeral 1 denotes a light
source, reference numeral 2 denotes an optical system, refer-
ence numeral 3 denotes 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 numetral 8 denotes a computing unit, ref-
erence 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.

[0044] Hereinafter, the respective components will be
described in detail.

[0045] The light source 1 irradiates pulsed light with a
specific wavelength in the order of nanoseconds. As the irra-
diated 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 oxyhemoglobin and
deoxyhemoglobin in blood. In order to irradiate light with a
plurality of wavelengths, a semiconductor laser or a wave-
length-variable laser which generates light with different
wavelengths is favorably used as the light source 1. In the
present embodiment, a titanium-sapphire (Ti—S) laser is
used as the light source 1.
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[0046] 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.

[0047] The first holding plate 3 and the second holding
plate 4 are desirably highly transmissive with respect to light
emitted by the light source 1 and have a low decaying prop-
erty with respect to acoustic waves. Examples of materials
thereof include glass, polymethylpentene, polycarbonate,
and acrylic materials. In the present embodiment, polymeth-
ylpentene is used as the material of 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 trans-
missive with respect to light and the second holding plate 4 on
a side that receives acoustic waves has a low decaying prop-
erty with respect to acoustic waves.

[0048] Theholding member 5 is desirably made of a mate-
rial which comes into close contact with the object and whose
functional characteristics (in particular, optical characteris-
tics such as light-absorbing characteristics and light-scatter-
ing 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. In addition, examples of a material used to adjust light-
scattering characteristics so as to approximate that ofa human
body include titanium oxide. Examples of a material used to
adjust light-absorbing characteristics include a colored pig-
ment such as black pigment.

[0049] 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 light-scattering
characteristic adjuster and 0.0002 percent by weight of the
light-absorbing characteristic adjuster in polyol and adding
3.0 percent by weight of HDI to polyol. As the polyol, a
copolymer (with a number average molecular weight of
7000) containing ethylene oxide and propylene oxide ata mol
ratio of 50:50 was used.

[0050] Photoacoustic characteristics of a medium accord-
ing to the present embodiment included a sound velocity of
1386.6 m/s and an acoustic decay of 0.34 dB/cm/MHz. In
addition, an equivalent scattering coefficient p. was 0.70
mm~" and an absorption coefficient 11, was 0.0039 mm™" at a
wavelength of 756 nm, and the equivalent scattering coeffi-
cient p_,was 0.66 mm~" and the absorption coefficient y, was
0.0028 mm™ at a wavelength of 797 nm. Furthermore, the
Gruneisen parameter " was 0.78.

[0051] A material that simulates photoacoustic character-
istics of blood vessels or atumor is used as the light-absorbing
member 6. Examples of such a material 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 1 to 3 mm so that measurements
performed on the object are not adversely affected.
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[0052] Functional characteristics of the light-absorbing
member 6 according to the present embodiment are deter-
mined based on absorption coefficients of oxyhemoglobin
and deoxyhemoglobin which exhibit predetermined oxygen
saturation. As the light-absorbing member 6 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 in a similar manner to
the holding member. Preparation was performed by dispers-
ing 0.20 percent by weight of the light-scattering character-
istic adjuster and 0.0020 percent by weight of the light-ab-
sorbing characteristic adjuster in polyol and adding 3.4
percent by weight of HDI to polyol. As the polyol, a copoly-
mer (with a number average molecular weight of 7000) con-
taining ethylene oxide and propylene oxide at a mol ratio of
50:50 was used.

[0053] Photoacoustic characteristics of a medium accord-
ing to the present embodiment included a sound velocity of
1427.6 m/s and an acoustic decay of 0.75 dB/cm/MHz. In
addition, the equivalent scattering coefficient p ., was 1.10
mm~" and the absorption coefficient 1, was 0.0299 mm ™" at a
wavelength of 756 nm, and the equivalent scattering coeffi-
cient 1., was 1.03 mm™" and the absorption coefficient 1, was
0.0287 mm ™" at a wavelength of 797 nm. Furthermore, the
Gruneisen parameter I was 0.91.

[0054] When the light-absorbing member 6 described
above is measured without the object by irradiated light of
756 nm and 797 nm, the oxygen saturation is 78.9%. In other
words, the light-absorbing member 6 simulates a blood tissue
whose oxygen saturation is 78.9%.

[0055] The detector 7 detects elastic waves generated by
the object E and the light-absorbing member 6 due to a pho-
toacoustic effect. The detector 7 is constituted by a piezoelec-
tric element that utilizes a piezoelectric effect in which a
change in pressure caused by a received elastic wave is con-
verted into an electric signal. Examples of piezoelectric ele-
ments include a piezoelectric ceramic material and a poly-
meric piezoelectric film material. 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 conver-
sion when necessary.

[0056] 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. For example, the com-
puting unit 8 calculates initial sound pressure based on elec-
tric signal intensity and calculates an absorption coefficient
using light intensity.

[0057] Thedisplay unit9 is a display capable of displaying,
under control, a computation result or a reconstructed image
of the computing unit 8. In the present embodiment, a liquid
crystal display is used as the display unit 9.

[0058] (Measurement and Correction of Absorption Coef-
ficient)
[0059] A method of correcting an absorption coefficient

according to the present embodiment will be described below.
InFIG. 1, the holding member 5 is fixed to respective surfaces
of the first holding plate 3 and the second holding plate 4. The
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firstholding plate 3 and the second holding plate 4 are capable
of parallel movement while sandwiching and holding the
object.

[0060] FIG. 2 shows an arrangement diagram of the light-
absorbing member 6 in the holding member. In the present
embodiment, the holding member 5 has a size 0£240x240x30
mm and the light-absorbing member 6 is a spherical member
with a diameter of 1 mm. In the holding member 5, the
light-absorbing member 6 is arranged in a lattice pattern at
positions with depths of 5 mm, 15 mm, and 25 mm 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.

[0061] FIG. 3 shows a flow chart showing measurement
and correction of an absorption coefficient according to the
present embodiment.

[0062] First, after the apparatus is turned on (step S301),
the holding member is mounted on the two holding plates
(step S302). Subsequently, a breast that is an object is set
between the two holding plates and maintained at an appro-
priate distance (step S303).

[0063] Light is irradiated from the light source and photoa-
coustic measurement is performed (step S304). In the present
embodiment, the wavelength of the irradiated light is 756 nm.
Subsequently, the computing unit performs image recon-
struction based on an electric signal converted from an pho-
toacoustic wave by the detector. At this point, an arbitrary
light-absorbing member 6 is selected and an absorption coef-
ficient is calculated (step S305). In this case, as shown in FIG.
1, light-absorbing members 6a and 65 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 members.

[0064] Subsequently. an absorption coefficient error distri-
bution 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 absorp-
tion coefficient of each light-absorbing member. For
example, the measured value of the absorption coefficient of
each light-absorbing member in the object-holding state
shown in FIG. 1 was 0.0402 mm™" for the light-absorbing
member 64 and 0.0315 mm™" for the light-absorbing member

6b with respect to a true value of 0.0299 mm™".

[0065] Insuchacase, ameasurement error of an absorption
coefficient at an arbitrary position on the straight line can be
corrected by interpolating an absorption coefficient error
ratio of a plurality of light-absorbing members (step S307).

[0066] Forexample, 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 65 can be calculated as 0.0315/0.
0299=1.05. An absorption coefficient error ratio on the
straight line connecting the light-absorbing members 6a and
64 can be calculated using these values.

[0067] FIG. 4 shows absorption coefficient error ratios at
respective positions x(6a), x(T), and x(654) of the light-ab-
sorbing member 6a, the tumor site T, and the light-absorbing
member 64 in the arrangement shown in FIG. 1. In FIG. 4, an
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abscissa represents a distance coordinate (x) in a 6a-6b direc-
tion and an ordinate represents an absorption coefficient error
ratio (ER_pa).

[0068] 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 65, 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 present embodiment, if it is
assumed that the position x (6a) of the light-absorbing mem-
ber 6a is 3.0, the position x(T) of the tumor site T is 5.0, and
the position x(65) of the light-absorbing member 64 is 9.0,
then the absorption coefficient error ratio at the tumor site T
can be determined as 1.25. Therefore, for example, when a
measured value of the absorption coefficient at the tumor site
T is 0.035 mm™, the absorption coefficient is corrected as
0.035/1.25=0.028.

[0069] As described above, according to the present
embodiment, since an interpolation function can be created
using a light-absorbing member with known optical charac-
teristics and an absorption coefficient at the tumor site T can
be corrected, the accuracy of acquisition of functional char-
acteristics inside an object in photoacoustic tomography can
be improved.

Second Embodiment

[0070] In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to linear interpolation.
[0071] In the present embodiment, using an object infor-
mation 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 oxy-
hemoglobin and deoxyhemoglobin at wavelengths of 756 nm
and 797 nm.

[0072] The object information acquiring apparatus accord-
ing to the present embodiment is configured as shown in FIG.
1ina similar mannerto the firstembodiment. An arrangement
of the light-absorbing member 6 in a holding member is 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 of the light-
absorbing member 6 in the holding member are also similar to
those of the first embodiment.

[0073] In the present embodiment, after performing mea-
surements 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-ab-
sorbing members are those denoted by reference numerals 6a
and 65 in FIG. 1 and that a tumor T exists on a straight line
connecting the light-absorbing members 6a and 65 are the
same as in the first embodiment.

[0074] 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.

[0075] First, a wavelength of irradiated light is set to 756
nm (step S504) and photoacoustic measurement is performed
(step S505). Next, the wavelength is changed to 797 nm (step
S506) and photoacoustic measurement is performed (step
S507). Electric signals acquired in S505 and S507 are stored
in a memory or the like (not shown).

[0076] Subsequently, the computing unit calculates absorp-
tion coefficients of the absorbing members at each wave-
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length using the stored electric signals (steps S508 and S509).
The computation process may be performed in 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 deter-
mined using the computation results and oxygen saturation is
calculated (step S510).

[0077] Subsequently. an oxygen saturation error distribu-
tion of the light-absorbing members is calculated from a
known oxygen saturation and the calculated oxygen satura-
tion (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 ofthe oxygen saturation of each light-absorb-
ing member. For example, the measured value of the oxygen
saturation of each light-absorbing member in the object-hold-
ing state shown in F1G. 1 was 105.5% for the light-absorbing
member 6a and 79.5% for the light-absorbing member 65
with respect to a calculated value of 78.7%.

[0078] Insuch acase, a measurement error of oxygen satu-
ration at an arbitrary position can be corrected by interpolat-
ing between oxygen saturation error ratios of a plurality of
light-absorbing members (step S512).

[0079] Forexample, 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 64 can be calculated as 105.5/78.7=1.34. An oxygen
saturation error ratio on the straight line connecting the light-
absorbing members 6a and 65 can be calculated using these
values.

[0080] FIG. 6 shows oxygen saturation error ratios at
respective positions x(6a), x(T), and x(65) of the light-ab-
sorbing member 6a, the tumor site T, and the light-absorbing
member 64 in the arrangement shown in FIG. 1. In FIG. 6, an
abscissa represents a distance coordinate (x) in a 6a-6b direc-
tion and an ordinate represents an oxygen saturation error
ratio (ER_StO).

[0081] A straight line (dashed line) in FIG. 6 represents a
linear interpolation performed on the oxygen saturation error
ratios of the light-absorbing members 64 and 65, 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. In the present embodiment, if it is assumed that the
position x(64a) 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(65)
of the light-absorbing member 64 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 oxygen
saturation is corrected as 70.5/1.12=62.9%.

[0082] As described above, according to the present
embodiment, since an interpolation function can be created
using a light-absorbing member with known optical charac-
teristics and oxygen saturation at the tumor site T can be
corrected, the accuracy of acquisition of functional charac-
teristics inside an object in photoacoustic tomography can be
improved.

Third Embodiment

[0083] In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to third-order polyno-
mial interpolation.
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[0084] FIG. 7 is a schematic diagram showing a configura-
tion 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 mem-
bers 6 embedded in a holding member 5.

[0085] As shown in FIG. 7, in the present embodiment,
light-absorbing members 64' and 64' located deep in the hold-
ing member are selected in addition to the light-absorbing
members 6a and 65 near the contact surface between a periph-
eral portion of the object and the holding member. Selections
are to be made so that a tumor T exists on a straight line
connecting the selected light-absorbing members.

[0086] 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 mem-
ber. For example, the measured value of the oxygen saturation
of each light-absorbing member in the object-holding state
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 65, and 107.0% for the light-absorb-
ing memntber 65" with respect to a calculated value of 78.7%.
[0087] Insuch acase, ameasurement error of oxygen satu-
ration at an arbitrary position can be corrected by interpolat-
ing between oxygen saturation error ratios of a plurality of
light-absorbing members.

[0088] Forexample, 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. In addition,
the oxygen saturation error ratio of the light-absorbing mem-
ber 65 can be calculated as 105.5/78.7=1.34 and the oxygen
saturation error ratio of the light-absorbing member 65' can
be calculated as 107/78.7=1.36. An oxygen saturation error
ratio on the straight line connecting the light-absorbing mem-
bers 6a', 6a, 6b, and 65' can be calculated using these values.
[0089] FIG. 8 shows oxygen saturation error ratios at
respective positions x(6a"), x (6a), x(T), x(6b), and x (64') of
the light-absorbing members 6a' and 6a, the tumor site T, and
the light-absorbing members 65 and 62' in the arrangement
shown in FIG. 7. In FIG. 8, an abscissa represents a distance
coordinate (x) in a 6a'-65' direction and an ordinate represents
an oxygen saturation error ratio (ER_StO).

[0090] A curved line (dashed line) in FIG. 8 represents a
third-order polynomial interpolation performed on the oxy-
gen saturation error ratios of the light-absorbing members
6a', 6a, 6b, and 65", and a value at the position x(T) on the
curved line represents 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%-0.
06875x+1.0475.

[0091] In the present embodiment, let us assume that the
position x(64') of the light-absorbing member 64" is 2.0, 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, the position x(65) of
the light-absorbing member 65 is 9.0, and the position x(65")
of the light-absorbing member 65' 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%.

[0092] While polynomial interpolation is performed on
multiple points on a straight line in this case, alternatively,
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spline interpolation may be performed or a polynomial may
be fitted by a least-squares method.

[0093] 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 acqui-
sition of functional characteristics inside an object in photoa-
coustic tomography can be improved.

Fourth Embodiment

[0094] In the present embodiment, an oxygen saturation
error ratio inside an object is subjected to linear interpolation
in a three-dimensional direction.

[0095] FIG. 9 is a schematic diagram showing a configura-
tion of an object information acquiring apparatus according
to the present embodiment. The apparatus configuration is the
same as that of the first embodiment shown in FIG. 1.
[0096] 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.

[0097] As shown in FIGS. 9 and 12, in the present embodi-
ment, light-absorbing members 6a to 6/ that exist near the
contact surface between a peripheral portion of the object and
the holding member are selected. In addition, 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
6, a straight line connecting the light-absorbing members 6¢
and 6d, and a straight line connecting the light-absorbing
members 6e and 6/

[0098] Moreover, in the present embodiment, the larger a
region between the holding plates and the object with respect
to alight-irradiated region, the greater the error in a measured
value of the oxygen saturation of each light-absorbing mem-
ber. For example, the measured value of the oxygen saturation
of each light-absorbing member in the object-holding state
shown in FIG. 9 was 69.3% for the light-absorbing member
6a and 76.0% for the light-absorbing member 65 with respect
to a calculated value of 78.7%. In addition, the measured
value was 62.1% for the light-absorbing member 6¢, 80.5%
for the light-absorbing member 6d, 57.5% for the light-ab-
sorbing member 6e, and 54.0% for the light-absorbing mem-
ber 6f

[0099] Insuch acase, a measurement error of oxygen satu-
ration at an arbitrary position can be corrected by interpolat-
ing between oxygen saturation error ratios of a plurality of
light-absorbing members.

[0100] Forexample, the oxygen saturation error ratio of the
light-absorbing member 6a can be calculated as 69.3/78.7=0.
88 and the oxygen saturation error ratio of the light-absorbing
member 65 can be calculated as 76.0/78.7=0.97. In addition,
the oxygen saturation error ratio of the light-absorbing mem-
ber 6¢ can be calculated as 62.1/78.7=0.79 and the oxygen
saturation error ratio of the light-absorbing member 6d can be
calculated as 80.5/78.7=1.02. Furthermore, the oxygen satu-
ration 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=0.69. Using these values, an oxygen saturation
error ratio at an intersection of a straight line connecting the
light-absorbing members 6a and 65, a straight line connecting
the light-absorbing members 6¢ and 6d, and a straight line
connecting the light-absorbing members 6e and 6/ can be
calculated.
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[0101] FIG. 10 shows oxygen saturation error ratios at
respective positions x (6a), x (T), and x (6b) of the light-
absorbing member 64, the tumor site T, and the light-absorb-
ing member 65 in the arrangement shown in FIGS. 9 and 12.
InFIG. 10, an abscissa represents a distance coordinate (x) in
a 6a-64 direction and an ordinate represents an oxygen satu-
ration error ratio (ER_StO).

[0102] FIG. 11 shows oxygen saturation error ratios at
respective positions y (6¢), y (T), and y (6d) of the light-
absorbing member 6c¢, the tumor site T, and the light-absorb-
ing member 64 in the arrangement shown in FIGS. 9 and 12.
InFIG. 11, an abscissa represents a distance coordinate (y) in
a 6¢-6d direction and an ordinate represents an oxygen satu-
ration error ratio (ER_StO).

[0103] FIG. 13 shows oxygen saturation error ratios at
respective positions z (6e), z (T), and z (6f) of the light-
absorbing member 6¢, the tumor site T, and the light-absorb-
ing member 6f1n the arrangement shown in FIGS. 9 and 12.
In FIG. 13, an abscissa represents a distance coordinate (z) in
a 6e-6f direction and an ordinate represents an oxygen satu-
ration error ratio (ER_StO).

[0104] 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 65, and a value
at the position x (T) on the straight line represents the oxygen
saturation error ratio of the tumor site T in an x direction.
[0105] A straight line (dashed line) in FIG. 11 represents a
linear interpolation performed on the oxygen saturation error
ratios of the light-absorbing members 6¢ and 64, 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.
[0106] A straight line (dashed line) in FIG. 13 represents a
linear interpolation performed on the oxygen saturation error
ratios of the light-absorbing members 6e and 6/, 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.
[0107] In FIG. 10, a linear interpolation function is
expressed as ER_StO (x)=0.015x+0.835. At this point, ifit is
assumed that the position x (6a) of the light-absorbing mem-
ber 6a is 3.0, the position x (T) of the tumor site T is 5.0, and
the position x (65) of the light-absorbing member 65 is 9.0,
then the absorption coefficient error ratio at the tumor site T in
the x direction can be calculated as 0.910.

[0108] Inasimilar 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 ratio at
the tumor site T in the z direction determined using FIG. 13 is
0.71.

[0109] 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%.
[0110] 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 per-
formed on two or more points on the straight line or a poly-
nomial may be fitted by a least-squares method.

[0111] 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 per-
formed using oxygen saturation at the tumor site T, the accu-
racy of acquisition of functional characteristics inside an
object in photoacoustic tomography can be improved.
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Fifth Embodiment

[0112] Inthe present embodiment, a light-absorbing mem-
ber placed on a holding member is characteristically shaped.
[0113] FIG. 14 shows a configuration of the holding mem-
ber 5 used in the present embodiment. In the present embodi-
ment, similarly, a human breast is used as an object and a light
absorption coefficient distribution inside the breast is visual-
ized. A configuration of the object information acquiring
apparatus itself is similar to that described with reference to
FIG. 1 according to the first embodiment.

[0114] 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 photoa-
coustic measurement, a measured value of optical character-
istics 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 satura-
tion error distribution.

[0115] 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
fanction can be improved.

[0116] As described above, with the object information
acquiring apparatus according to the present invention, accu-
racy of acquisition of functional characteristics inside an
object can be improved in photoacoustic tomography.
[0117] Thepresent invention is useful as means forimprov-
ing 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.

[0118] 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.
[0119] This application claims the benefit of Japanese
Patent Application No. 2012-248296, filed on Nov. 12, 2012,
which is hereby incorporated by reference herein in its
entirety.

REFERENCE SIGNS LIST

[0120] 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

1. An object information acquiring apparatus comprising:

an irradiating unit which irradiates light on an object;

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

adetector which detects acoustic waves generated by tissue
in the object and the light-absorbing member due to light
irradiation; and

acomputing 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
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using the calculated optical characteristics of the light-
absorbing member and the known optical characteris-
tics.

2. The object information acquiring apparatus according to
claim 1, wherein said computing unit calculates optical char-
acteristics and calculates an error between the calculated
optical characteristics and the known optical characteristics
with respect to a plurality of light-absorbing members, and
determines a coefficient for correcting optical characteristics
calculated with respect to tissue in the object that is positioned
between the plurality of the light-absorbing members based
on the error.

3. The object information acquiring apparatus according to
claim 2, wherein said computing unit determines the coeffi-
cient for correcting the optical characteristics by any one of
methods of linear interpolation, polynomial interpolation,
spline interpolation, and a least-squares method.

4. The object information acquiring apparatus according to
claim 1, wherein the optical characteristics of said light-
absorbing members and the tissue in the object are absorption
coefficients.

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

the optical characteristics of said light-absorbing members

and the tissue in the object are oxygen saturation,

said irradiating unit irradiates light of a plurality of wave-

lengths, and

said computing unit calculates the oxygen saturation based

on an absorption coefficient of the tissue in the object
calculated for each of the plurality of wavelengths.

6. The object information acquiring apparatus according to
claim 1, wherein said holding member and said light-absorb-
ing menibers are made of a polyurethane gel.
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7. The object information acquiring apparatus according to
claim 1, wherein said light-absorbing members are spherical
members arranged in a lattice pattern on a contact surface in
contact with the object in said holding member.

8. The object information acquiring apparatus according to
claim 7, wherein said the light-absorbing members are
arranged at a plurality of depths from the contact surface in
contact with the object in said holding member.

9. The object information acquiring apparatus according to
claim 1, wherein said light-absorbing members are cylindri-
cal members arranged in a lattice pattern on a contact surface
in contact with the object in said holding member.

10. A method of controlling an object information acquir-
ing apparatus having an irradiating unit, a holding member
whichincludes alight-absorbing member whose optical char-
acteristics with respect to irradiated light are known, a detec-
tor 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 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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