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A subject information obtaining apparatus sets certain sen-
sitive regions corresponding to a plurality of acoustic wave
detection elements on the basis of a sensitivity distribution
of the plurality of acoustic wave detection elements, obtains,
using an initial sound pressure obtaining unit, initial sound
pressure in a region of interest without using a detection
signal corresponding to the region of interest obtained by an
acoustic wave detection element whose certain sensitive
region does not include the region of interest, obtains, using
a light intensity obtaining unit, a value of integrated light
intensity in the region of interest on the basis of detection
signals used by the initial sound pressure obtaining unit, and
obtains an optical characteristic value in the region of
interest using the initial sound pressure obtained by the
initial sound pressure obtaining unit and the value of the
integrated light intensity obtained by the light intensity
obtaining unit.
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SUBJECT INFORMATION OBTAINING
APPARATUS AND METHOD FOR
OBTAINING INFORMATION REGARDING
SUBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of co-pending
U.S. patent application Ser. No. 13/741,711, filed Jan. 15,
2013, which claims the benefit of International Patent Appli-
cation No. PCT/IP2012/050914, filed Jan. 18, 2012, all of
which are hereby incorporated by reference herein in their
entirety.

TECHNICAL FIELD

[0002] The present invention relates to a subject informa-
tion obtaining apparatus and a method for obtaining infor-
mation regarding a subject that obtain information regarding
a subject by detecting a photoacoustic wave generated by
radiating light onto the subject.

BACKGROUND ART

[0003] Studies on an optical imaging apparatus that trans-
mits light through a subject, the light being radiated from a
light source such as a laser onto the subject, and that obtains
information regarding an inside of the subject are eagerly
conducted mainly in the medical field. Photoacoustic imag-
ing (PAI) is one of such optical imaging technologies. The
photoacoustic imaging is a technology in which pulse light
generated from a light source is radiated onto a subject
(living body), a photoacoustic wave generated when the
light that has propagated through and diffused in the subject
is absorbed in the subject is detected, and the detected
acoustic wave is subjected to an analysis process in order to
visualize information relating to the optical characteristics of
the inside of the subject. By this technology, the distribution
of optical characteristic values inside the subject, especially
the absorption coefficient distribution, the oxygen saturation
distribution, and the like, can be obtained.

[0004] In the photoacoustic imaging, initial sound pres-
sure P, of a photoacoustic wave generated from a region of
interest inside the subject can be represented by the follow-
ing expression.

Py, @

[0005] Here, T is a Grueneisen coefficient, which is
obtained by dividing a product of a volume expansion
coeflicient f and the square of a sonic speed ¢ by specific
heat at constant pressure Cp. It is known that once a subject
has been determined, T indicates a substantially constant
value. In addition, p, is an absorption coefficient of the
region of interest, and @ is a value of the integrated light
intensity in the region of interest.

[0006] In PTL 1, a technology is described in which
changes over time in sound pressure P of a photoacoustic
wave that has propagated through a subject are detected by
an acoustic wave detector and the distribution of initial
sound pressure inside the subject is calculated on the basis
of results of the detection. According to PTL 1, by dividing
the calculated initial sound pressure by the Grueneisen
coeflicient T, a product of p, and @, that is, light energy
absorption density, can be obtained. In addition, as indicated
by the expression (1), the light energy absorption density

Expression (1)
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needs to be divided by the light intensity @ in order to obtain
the absorption coeflicient i, from the initial sound pressure
P,.

CITATION LIST

Patent Literature

[0007] PTL 1 Japanese Patent Laid-Open No. 2010-88627
[0008] PTL 2 Japanese Patent Laid-Open No. 2006-51355
[0009] However, in the photoacoustic imaging described

in PTL 1, it has been desired to obtain an optical character-
istic value more accurately.

[0010] Therefore, an object of the present invention is to
provide, in photoacoustic imaging, a subject information
obtaining apparatus and a method for obtaining information
regarding a subject that can obtain an optical characteristic
value more accurately.

SUMMARY OF INVENTION

[0011] In view of the above problem, a subject informa-
tion obtaining apparatus according to an embodiment of the
present invention includes a signal processing unit that
includes a setting unit that sets certain sensitive regions
corresponding to a plurality of acoustic wave detection
elements on the basis of sensitivity distribution of the
plurality of acoustic wave detection elements, an initial
sound pressure obtaining unit that obtains initial sound
pressure in a region of interest without using a detection
signal corresponding to the region of interest obtained by an
acoustic wave detection element whose certain sensitive
region does not include the region of interest, a light
intensity obtaining unit that obtains a value of integrated
light intensity in the region of interest on the basis of
detection signals used by the initial sound pressure obtaining
unit, and an optical characteristic value obtaining unit that
obtains an optical characteristic value in the region of
interest using the initial sound pressure obtained by the
initial sound pressure obtaining unit and the value of the
integrated light intensity obtained by the light intensity
obtaining unit.

[0012] 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

[0013] FIG. 1 is a schematic diagram of a subject infor-
mation obtaining apparatus according to a first embodiment.
[0014] FIG. 2 is a flowchart diagram of a method for
obtaining information regarding a subject according to the
first embodiment.

[0015] FIG. 3A is a schematic diagram of a subject infor-
mation obtaining apparatus according to a second embodi-
ment.

[0016] FIG. 3B is a schematic diagram of the subject
information obtaining apparatus according to the second
embodiment.

[0017] FIG. 3C is a schematic diagram of the subject
information obtaining apparatus according to the second
embodiment.

[0018] FIG. 4A is a schematic diagram of a subject infor-
mation obtaining apparatus according to a fourth embodi-
ment.
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[0019] FIG. 4B is a schematic diagram of the subject
information obtaining apparatus according to the fourth
embodiment.
[0020] FIG. 4C is a schematic diagram of the subject
information obtaining apparatus according to the fourth
embodiment.
[0021] FIG. 5A is a schematic diagram of another subject
information obtaining apparatus according to the fourth
embodiment.
[0022] FIG. 5B is a schematic diagram of the other subject
information obtaining apparatus according to the fourth
embodiment.
[0023] FIG. 5C is a schematic diagram of the other subject
information obtaining apparatus according to the fourth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0024] In photoacoustic imaging, a detection signal
obtained by detecting a photoacoustic wave includes back-
ground noise. Therefore, in the photoacoustic imaging, it is
desirable that initial sound pressure in a region of interest is
obtained without using a detection signal that includes
background noise and whose S/N is low. For example, in
PTL 2, it is described that, although this is a case of
ultrasonic imaging, an acoustic wave detection element
prevents reception of an acoustic wave from a region of
interest when an angle between the region of interest and the
acoustic wave detection element is smaller than or equal to
a certain value (when the region of interest is not included
in a certain sensitive region corresponding to the acoustic
wave detection element). By using such a method, an
ultrasonic wave image is obtained without using a detection
signal whose S/N is low.

[0025] Therefore, the present inventor has applied the
technology described in PTL 2 to the photoacoustic imaging.
More specifically, the initial sound pressure in the region of
interest is obtained by performing reconfiguration through
simulation without using a detection signal obtained by an
acoustic wave detection element whose certain sensitive
region does not include the region of interest. Since the
initial sound pressure obtained in such a manner is initial
sound pressure reconfigured without using a detection signal
whose S/N is low, an error due to noise is small. Next, the
present inventor has obtained an absorption coefficient in the
region of interest using this initial sound pressure and the
method described in PTL 1. However, the value of the
absorption coeflicient calculated using the above method is
different from a value of the absorption coefficient set in the
simulation.

[0026] Therefore, as a result of the present inventor’s
sincere examination in view of the above problem, it has
been found out that the cause of the problem is that whereas
detection signals to be used to obtain the initial sound
pressure are selected on the basis of the sensitivities of
acoustic wave detection elements, the sensitivities of the
acoustic wave detection elements are not considered when a
value of the integrated light intensity is to be obtained.
[0027] Therefore, the present inventor has found out that
when the absorption coeflicient is to be obtained, the absorp-
tion coeflicient as an optical characteristic value can be
accurately obtained by obtaining a value of the integrated
light intensity on the basis of the sensitivities of the acoustic
wave detection elements, in addition to selecting detection

Feb. 1,2018

signals to be used on the basis of the sensitivities of the
acoustic wave detection elements.

[0028] Embodiments of the present invention using simu-
lation will be described hereinafter.

First Embodiment

[0029] FIG. 1 is a schematic diagram of a subject infor-
mation obtaining apparatus according to the present embodi-
ment. Pulse light emitted from a light source 10 is guided to
an optical system 11 and radiated onto a subject 30 as
radiation light 12. A photoacoustic wave 32 generated from
a light absorber 31 inside the subject 30 is detected by an
acoustic wave detector 20 including acoustic wave detection
elements el, e2, and e3. A plurality of detection signals
obtained by the acoustic wave detector 20 are amplified and
subjected to digital conversion by a signal collector 47 and
stored in a memory of a signal processing apparatus 40.
Next, an initial sound pressure obtaining module 42 as an
initial sound pressure obtaining unit included in the signal
processing apparatus 40 as a signal processing unit recon-
figures an image using the plurality of detection signals to
obtain initial sound pressure in a region of interest 33 inside
the subject 30. In addition, a light intensity obtaining module
43 as a light intensity obtaining unit included in the signal
processing apparatus 40 obtains a value of the integrated
light intensity in the region of interest 33. Next, an optical
characteristic value obtaining module 44 as an optical char-
acteristic value obtaining unit included in the signal pro-
cessing apparatus 40 obtains an optical characteristic value
in the region of interest 33 using the initial sound pressure
and the value of the light intensity in the region of interest
33. The obtained optical characteristic value is then dis-
played on a display apparatus 50 as a display unit.

[0030] Here, the region of interest refers to a voxel, which
is a minimum unit of a region reconfigured by the initial
sound pressure obtaining module 42. It is to be noted that the
initial sound pressure obtaining module 42 can obtain the
distribution of initial sound pressure of the entirety of the
subject by setting the region of interest all over the subject
30. In addition, similarly. the light intensity obtaining mod-
ule 43 and the optical characteristic value obtaining module
44 can obtain the distribution of values of the integrated light
intensity and the distribution of absorption coefficients of the
entirety of the subject by setting the region of interest all
over the subject.

[0031] Here, the detection signals corresponding to the
region of interest 33 obtained by the acoustic wave detection
elements el, €2, and e3 illustrated in FIG. 1 are denoted by
P, (tp), Py(ry), and Pi(ry), respectively. In addition, in
relation to a photoacoustic wave that is incident from a front
of a photoacoustic wave detection element, the efficiency of
conversion from a photoacoustic wave that is incident from
an angle 0 relative to the front of the acoustic wave detection
element into a detection signal is denoted by A(8). In
addition, if the angles of the acoustic wave detection ele-
ments relative to the region of interest 33 are denoted by 61,
02, and 03, respectively, conversion efficiencies according to
the directivity of the acoustic wave detection elements can
be expressed as A(01), A(02), and A(D3), respectively. In
addition, values of the light intensity in the region of interest
33 corresponding to the detection signals P, (r;), P,(t7),
and Pj(ry) are denoted by ®,(ry), P,(ry), and P,(ry),
respectively. Here, in the present embodiment, the region of
interest 33 is set at a position ry of the light absorber 31.
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[0032] Here, the distance from an acoustic wave detection
element to the region of interest 33 is denoted by r, the
transmission speed of the photoacoustic wave in the subject
is denoted by ¢, and the time at which the radiation light 12
is radiated onto the subject 30 is denoted by t=0. In this case,
the detection signals corresponding to the region of interest
refer to detection signals obtained by the acoustic wave
detection elements at a time t=t/c. In addition, the values of
the light intensity in the region of interest 33 corresponding
to the detection signals corresponding to the region of
interest refer to values of the intensity of the radiation light
12 in the region of interest 33 radiated at the time t=0.

(Example of Simulation not Using Detection Signal)

[0033] An example of simulation in which the absorption
coeflicient is obtained from initial sound pressure obtained
without using a detection signal on the basis of the sensi-
tivities of the acoustic wave detection elements will be
described hereinafter with reference to FIG. 1. In this
simulation, the absorption coeflicient of the light absorber 31
was set to 1, =0.088/mm.

[0034] First, the initial sound pressure obtaining module
42 obtains initial sound pressure P,(r;) in the region of
interest 33 using the detection signals P (r;), P,(r;), and
P ,(ry) and the conversion efficiencies A(01), A(02), and
A(03) as represented by an expression (2).

Po(rr) = Palrr) | Palrr) | Pas(rr) Expression (2)
=400 T Tam) A
[0035] Here, the detection signals obtained by the simu-

lation and the conversion efficiencies set in the simulation
were as follows:

Pi(r)=132 Pa
Po(r=231 Pa
Pa(rr)=198 Pa
A(61)=0.4
4(62)=0.7
A(63)=0.6

[0036] Accordingly, the initial sound pressure calculated
from the expression (2) using these parameters is Py(r;)
=990.

[0037] In addition, in FIG. 1, regions (certain sensitive
regions) in which the conversion efficiencies of the acoustic
wave detection elements are larger than a certain value are
represented by triangular regions indicated by broken lines.
Here, a conversion efficiency A(8)=0.5 is set as the certain
value.

[0038] Here, in the present embodiment, the region of
interest 33 is not included in the triangular region (the
certain sensitive region) corresponding to the acoustic wave
detection element el. Therefore, the initial sound pressure
obtaining module 42 obtains initial sound pressure P,'(r;) in
the region of interest 33 represented by an expression (3)
without using the detection signal P, (r;) corresponding to
the region of interest 33 obtained by the acoustic wave
detection element el.
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_ Palrr) | Palrr)
Prn = i * Ay

Expression (3)

[0039] Accordingly, the initial sound pressure in the
region of interest 33 calculated from the expression (3) using
the above parameters was P,'(r;)=660.

[0040] Next, the light intensity obtaining module 43
obtains a value of the integrated light intensity in the subject
from a background optical coeflicient of the subject or the
like using a light propagation Monte Carlo method, a
transport equation, a light diffusion equation, or the like.
[0041] For example, the light intensity obtaining module
43 obtains the values of the light intensity ®,(r;), ®,(r7),
and @4(r;) in the region of interest 33 corresponding to the
detection signals P (r7), P (r7), and P (rp), respectively.
[0042] The light intensity obtaining module 43 then
obtains the value of the integrated light intensity ®(r,) in the
region of interest 33 represented by an expression (4) using
these values.

D(rp)=D, (r )+ (r)+P3(rp)

[0043] Here, the values of the light intensity in the region
of interest obtained by the simulation were as follows:

Expression (4)

@, (r)=3,750 mIim?
®,(r)=3,750 mI/m?

@4(r7)=3,750 mI/m?

[0044] Accordingly, the value of the integrated light inten-
sity in the region of interest from the expression (4) using
these parameters is ®(r;)=11,250 mJ/m>.

[0045] Next, the optical characteristic value obtaining
module 44 obtains the absorption coeflicient 1 (r;) in the
region of interest 33 represented by an expression (5) using
the initial sound pressure P,'(r;) in the region of interest 33
represented by the expression (3) and the value of the
integrated light intensity ®(r;) in the region of interest 33
represented by the expression (4).

[0046] Here, a Grueneisen coefficient I'=1.
Palrr)  Paolrr) Expression (3)
() MY
HAT= B0 + @) + Oslr)
[0047] Here, the absorption coefficient in the region of

interest 33 set at the position r, of the light absorber, the
absorption coefficient being calculated by the expression (5)
using the above parameters, is [1,=0.059/mm. On the other
hand, the absorption coeflicient of the light absorber 31 set
in the simulation is p,=0.088/mm. Therefore, it can be seen
that the absorption coeflicient obtained by the expression (5)
is smaller than the set value. That is, when the absorption
coeflicient is to be obtained using the initial sound pressured
obtained using the above method, a further improvement is
needed to obtain the value of the integrated light intensity.

(Example of Simulation not Using Detection Signal and
Value of Light Intensity)

[0048] Therefore, a method for obtaining information
regarding a subject according to the present embodiment
found by the present inventor will be described hereinafter
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with reference to a flowchart of FIG. 2. The following
numbers agree with processing numbers illustrated in FIG.
2.

(8100: Step of Setting Certain Sensitive Regions on Basis of
Sensitivity Distribution of Acoustic Wave Detection
Elements)

[0049] In this step, certain sensitive regions corresponding
to the plurality of acoustic wave detection elements are set
on the basis of the sensitivity distribution of the plurality of
acoustic wave detection elements. Tables of the certain
sensitive regions corresponding to the acoustic wave detec-
tion elements are stored in the memory of the signal pro-
cessing apparatus 40.

[0050] Here, a setting module 41 as a setting unit included
in the signal processing apparatus 40 may set regions in
which the sensitivities of the acoustic wave detection ele-
ments are higher than a certain value as the certain sensitive
regions. It is to be noted that the certain value may be
automatically set by the setting module 41 on the basis of
system noise. In addition, the certain value may be deter-
mined by an operator by displaying the sensitivities of the
acoustic wave detection elements on the display apparatus
50 as a histogram and by selecting the certain value on the
basis of the histogram. At this time, the certain value is
preferably selected in consideration of the system noise.
[0051] Here, the sensitivities of the acoustic wave detec-
tion elements are determined from, for example, the con-
version efficiencies of the acoustic wave detection elements,
attenuation rates, which indicate attenuation caused by dif-
fusion and scattering of the photoacoustic wave from the
region of interest to the acoustic wave detection elements,
and the like. Tt is to be noted that the conversion efficiencies
are determined from angles at which the photoacoustic wave
is incident on the acoustic wave detection elements and the
like. In addition, the attenuation rates are determined from
the distances between the region of interest and the acoustic
wave detection elements and the like.

[0052] For example, in the case of the example of simu-
lation described above, the setting module 41 set the con-
version efliciency A(6)=0.5 as the certain value. In addition,
with respect to each of the acoustic wave detection elements
el, €2, and €3, a region in which the conversion efficiency
A(8) is higher than 0.5 was indicated by a triangular region.
As a result, the region of interest 33 was not included in the
region (the certain sensitive region) in which the conversion
efficiency A(8) of the acoustic wave detection element el is
higher than 0.5.

[0053] In addition, the certain sensitive regions can be set
on the basis of arbitrary regions selected in an image of the
sensitivity distribution of the acoustic wave detection ele-
ments.

[0054] For example, first, the display apparatus 50 is
caused to display image data regarding the sensitivity dis-
tribution of the acoustic wave detection elements stored in
the memory of the signal processing apparatus 40. The
operator then selects arbitrary regions using an input device
of a PC in the displayed image of the sensitivity distribution.
Therefore, the setting module 41 can set the selected arbi-
trary regions as the certain sensitive regions. At this time, for
example, each arbitrary region can be selected by connecting
a start point and an end point using recognition by a mouse
or a recognition method by a sensor on a touch panel while
the image of the sensitive region is being displayed.

Feb. 1,2018

[0055] Ttis to be noted that the setting module 41 may set
the certain sensitive regions on the basis of the sensitivity
distribution of the selected arbitrary regions, instead. For
example, the certain sensitive regions may be set using the
lowest sensitivity as a reference.

[0056] In addition, a certain sensitive region may be
individually set for each of the acoustic wave detection
elements or a certain sensitive region may be set for a single
acoustic wave detection element and the same sensitive
region as the certain sensitive region may be set for each of
the other acoustic wave detection elements.

(5200: Step of Obtaining Initial Sound Pressure in Region of
Interest without Using Detection Signal Obtained by Acous-
tic Wave Detection Element Whose Certain Sensitive
Region does not Include Region of Interest)

[0057] In this step, the initial sound pressure in the region
of interest is obtained without using a detection signal
corresponding to the region of interest obtained by an
acoustic wave detection element whose certain sensitive
region set in S100 does not include the region of interest.
Thereafter, data regarding the initial sound pressure is stored
in the memory of the signal processing apparatus 40.

[0058] For example, in the case of the example of simu-
lation described above, the region of interest 33 was not
included in the certain sensitive region corresponding to the
acoustic wave detection element el. Therefore, the initial
sound pressure obtaining module 42 obtains the initial sound
pressure P,'(r,) represented by the expression (4) by recon-
figuring an image without using, among the detection sig-
nals P (r;), P (r), and P4 (r;), the detection signal P ;, (r;)
corresponding to the region of interest obtained by the
acoustic wave detection element el.

[0059] At this time, as an image reconfiguration algorithm
executed by the initial sound pressure obtaining module 42,
for example, reverse projection in a time domain or a Fourier
domain normally used in a tomography technology or the
like may be used.

[0060] It is to be noted that, in an embodiment of the
present invention, if a certain sensitive region is included in
at least a part of the region of interest, it can be said that the
region of interest is included in the certain sensitive region.

[0061] In addition, in an embodiment ofthe present inven-
tion, not using a detection signal is a concept including not
using a detection signal at all and not using a detection signal
essentially when the initial sound pressure is obtained.

(8300: Step of Obtaining Value of Integrated Light Intensity
in Region of Interest without Using Value of Light Intensity
Corresponding to Detection Signal not Used to Obtain Initial
Sound Pressure)

[0062] In this step, the value of the integrated light inten-
sity in the region of interest is obtained without using the
value of the light intensity in the region of interest corre-
sponding to the detection signal that has not been used in
S200. Thereafter, data regarding the value of the integrated
light intensity is stored in the memory of the signal pro-
cessing apparatus 40.

[0063] For example, the light intensity obtaining module
43 obtains a value of the integrated light intensity ®'(r,) in
the region of interest represented by an expression (6)
without using, among the values of the light intensity @, (r;),
D,(r;), and P,(r;), the value of the light intensity @, (r;) in
the region of interest corresponding to the detection signal
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P, (r;) that has not been used by the initial sound pressure
obtaining module 42.

Q'(r =P (rp)+D3(r)

[0064] That is, the light intensity obtaining module 43
obtains the value of the integrated light intensity in the
region of interest using the values of the light intensity in the
region of interest corresponding to detection signals used
when the initial sound pressure obtaining module 42 has
calculated the initial sound pressure.

[0065] Here, the value of the integrated light intensity in
the region of interest 33 obtained by the expression (6) using
the above parameters is ®'(r,)=7,500 mJ/m?.

[0066] It is to be noted that, in an embodiment of the
present invention, not using a value of the light intensity is
a concept including not using a value of the light intensity
at all and not using a value of the light intensity essentially
when the value of the integrated light intensity is obtained.
[0067] Inaddition, in the present embodiment, since radia-
tion conditions of the radiation light 12 are constant, the
light intensity radiated onto the region of interest 33 remains
the same. Therefore, the values of the light intensity corre-
sponding to the plurality of detection signals obtained by the
plurality of acoustic wave detection elements also remain
the same. In such a case, the light intensity obtaining module
43 may obtain a value obtained by multiplying the number
of detection signals used when the initial sound pressure
obtaining module 42 has obtained the initial sound pressure
by the light intensity that has reached the region of interest
33 as the value of the integrated light intensity in the region
of interest 33. In an embodiment of the present invention, the
value of the integrated light intensity obtained in such a
manner is treated as the value of the integrated light intensity
obtained without using a value of the light intensity.

Expression (6)

(S400: Step of Obtaining Optical Characteristic Value in
Region of Interest Using Initial Sound Pressure and Value of
Integrated Light Intensity in Region of Interest)

[0068] In this step, the absorption coeflicient as an optical
characteristic value in the region of interest is obtained using
the initial sound pressure in the region of interest obtained
in S200 and the value of the integrated light intensity in the
region of interest obtained in S300.

[0069] For example, in the case of the example of simu-
lation described above, the optical characteristic value
obtaining module 44 applies the initial sound pressure
P,'(r,) represented by the expression (3) and the value of the
integrated light intensity ®'(r;) represented by the expres-
sion (6) to the expression (1). In doing so, an absorption
coeflicient p(r;) in the region of interest 33 represented by
the expression (7) is obtained. Here, the Grueneisen coef-
ficient I'=1.

Par(rr)  Pus(rr)
Pylrr)  A2) T AB3)

Halm) = ten) = atrr) 7 057

Expression (7)

[0070] For example, the absorption coefficient in the
region of interest 33 obtained by the expression (7) using the
above parameters is [1,=0.088/mm. On the other hand, the
absorption coeflicient in the region of interest 33 obtained by
the expression (5) is 11,=0.059/mm. In addition, the absorp-
tion coeflicient of the light absorber 31 set in the simulation

Feb. 1,2018

is 1,=0.088/mm. That is, according to the expression (7), the
absorption coeflicient can be obtained accurately compared
to the expression (5).

[0071] As described above, an absorption coeflicient in
which an error due to noise is small and whose quantativity
is high can be obtained by, with respect to an acoustic wave
detection element whose certain sensitive region does not
include the region of interest, not using a detection signal
corresponding to the region of interest obtained by the
acoustic wave detection element and a value of the light
intensity in the region of interest corresponding to the
detection signal.

[0072] Ttis to be noted that by using the above steps for a
plurality of wavelengths, an absorption coefficient for each
wavelength may be obtained, instead. In addition, using
these absorption coefficients, oxygen saturation as an optical
characteristic value may be obtained.

[0073] Alternatively, a program including the above steps
may be executed by the signal processing apparatus 40 as a
computer. The program may be instructions encoded on a
non-transitory computer readable medium.

Second Embodiment

[0074] FIGS.3Ato 3C are schematic diagrams of a subject
information obtaining apparatus according to the present
embodiment.

[0075] The subject information obtaining apparatus
according to the present embodiment includes an acoustic
wave detector 20 including a single acoustic wave detection
element. In addition, a detector moving mechanism 21 for
moving the subject 30 and the acoustic wave detector 20
relatively to each other is included. In the present embodi-
ment, the detector moving mechanism 21 can detect the
photoacoustic wave at a plurality of positions by moving the
acoustic wave detector 20 including the single acoustic wave
detection element in a right direction of the paper. Here, the
acoustic wave detection element at positions illustrated in
FIGS. 3A, 3B, and 3C is denoted by el, e2, and 3,
respectively. In addition, triangular regions indicated by
lines represent a certain sensitive region corresponding to
the acoustic wave detection element.

[0076] In an embodiment of the present invention, a
plurality of acoustic wave detection elements refer to an
acoustic wave detection element that can detect the photoa-
coustic wave at a plurality of positions. That is, as in the
present embodiment, an acoustic wave detection element
that can detect the photoacoustic wave at a plurality of
positions by moving the acoustic wave detector 20 is also
referred to as a plurality of acoustic wave detection ele-
ments.

[0077] Inaddition, the subject information obtaining appa-
ratus according to the present embodiment is provided with
an optical moving mechanism 13 that moves the optical
system 11 in order to move the radiation light 12. In
addition, in the present embodiment, the acoustic wave
detector 20 and the radiation light 12 are moved in synchro-
nization with each other. Thus, by moving the acoustic wave
detector 20 and the radiation light 12 in synchronization
with each other, the radiation light 12 is constantly radiated
onto the certain sensitive region (triangular region) corre-
sponding to the acoustic wave detection element, thereby
making it possible to constantly obtain a detection signal
whose S/N is high.
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[0078] 1In the subject information obtaining apparatus
according to the present embodiment, too, as in the first
embodiment, the region of interest 33 is not included in the
certain sensitive region corresponding to the acoustic wave
detection element el. Therefore, the initial sound pressure
obtaining module 42 obtains the initial sound pressure in the
region of interest 33 without using a detection signal cor-
responding to the region of interest 33 obtained by the
acoustic wave detection element el. Thereafter, the light
intensity obtaining module 43 obtains the value of the
integrated light intensity in the region of interest 33 without
using a value of the light intensity in the region of interest
33 corresponding to the detection signal that has not been
used to obtain the initial sound pressure. Thereafter, the
optical characteristic value obtaining module 44 obtains the
absorption coeflicient in the region of interest 33 represented
by the expression (7) using the initial sound pressure and the
value of the integrated light intensity. By obtaining the
absorption coeflicient in such a manner, in the present
embodiment, too, the absorption coeflicient can be accu-
rately obtained.

Third Embodiment

[0079] In the first embodiment and the second embodi-
ment, the absorption coeflicient is obtained without using,
with respect to an acoustic wave detection element whose
certain sensitive region does not include the region of
interest, a detection signal corresponding to the region of
interest obtained by the acoustic wave detection element and
a value of the light intensity in the region of interest
corresponding to the detection signal. On the other hand, in
the present embodiment, the absorption coefficient is
obtained while reducing the detection signal and the value of
the light intensity in the region of interest corresponding to
the detection signal.

[0080] A method for obtaining information regarding a
subject according to the present embodiment will be
described hereinafter using the subject information obtain-
ing apparatus illustrated in FIG. 1.

[0081] In the present embodiment, the initial sound pres-
sure obtaining module 42 multiplies the detection signal
corresponding to the region of interest 33 obtained by the
acoustic wave detection element el whose certain sensitive
region does not include the region of interest 33 by a first
reduction coeflicient. The initial sound pressure obtaining
module 42 then obtains the initial sound pressure in the
region of interest 33 using the detection signal multiplied by
the first reduction coefficient, too.

[0082] Thus, by multiplying, with respect to an acoustic
wave detection element whose certain sensitive region does
not include the region of interest, a detection signal corre-
sponding to the region of interest obtained by the acoustic
wave detection element by the first reduction coefficient, the
initial sound pressure can be obtained while reducing the
detection signal, whose S/N is low. Therefore, initial sound
pressure in which an error due to noise is small can be
obtained.

[0083] Next, the light intensity obtaining module 43 mul-
tiplies, by a second reduction coeflicient, the value of the
light intensity in the region of interest 33 corresponding to
the detection signal multiplied by the first reduction coeffi-
cient. The light intensity obtaining module 43 then obtains
the value of the integrated light intensity in the region of
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interest 33 using the value of the light intensity multiplied by
the second reduction coefficient, too.

[0084] Thereafter, the optical characteristic value obtain-
ing module 44 obtains the absorption coeflicient in the
region of interest 33 using the initial sound pressure
obtained by the initial sound pressure obtaining module 42
and the value of the integrated light intensity obtained by the
light intensity obtaining module 43.

[0085] Thus, by multiplying the value of the light intensity
corresponding to the detection signal by the second reduc-
tion coeflicient in addition to multiplying the detection
signal by the first reduction coeflicient, the absorption coef-
ficient can be accurately obtained.

[0086] It is to be noted that the first reduction coefficient
and the second reduction coefficient are values smaller than
1. Alternatively, another reduction coefficient may be set in
accordance with the region of interest. In addition, it is
preferable that the first reduction coeflicient and the second
reduction coefficient are the same value. Here, the same
value is a concept including the completely same value and
values that become essentially the same when the absorption
coeflicient is obtained.

Fourth Embodiment

[0087] An embodiment of the present invention can be
applied to a subject information obtaining apparatus illus-
trated in FIGS. 4A to 4C and a subject information obtaining
apparatus illustrated in FIGS. 5A to 5C. The subject infor-
mation obtaining apparatus illustrated in FIGS. 4Ato 4C can
detect the photoacoustic wave at a plurality of positions by
rotatively moving the acoustic wave detector 20 around the
subject 30 using the detector moving mechanism 21. In
addition, in order to establish acoustic impedance matching
between the subject 30 and the acoustic wave detector 20,
the subject 30 is immersed in water 80 that fills a water tank
81. In addition, a subject moving mechanism 34 that moves
the subject 30 is included. By using such a configuration, a
portion whose shape cannot be defined by a holding board
or the like can be measured. In addition, because detection
elements can be set in a lot of directions relative to the
subject, data whose amount of information is large can be
obtained.

[0088] In the case of the subject information obtaining
apparatus illustrated in FIGS. 4A to 4C, a state illustrated in
FIG. 4A changes to a state illustrated in FIG. 4B by moving
the subject in a lower direction of the paper using the subject
moving mechanism 34. In addition, the state illustrated in
FIG. 4B changes to a state illustrated in FIG. 4C by moving
the acoustic wave detector 20 using the detector moving
mechanism 21. Here, the acoustic wave detection element in
the states illustrated in FIGS. 44, 4B, and 4C is denoted by
el, €2, and €3, respectively. In addition, triangular regions
indicated by broken lines represent a certain sensitive region
corresponding to the acoustic wave detection element.
[0089] Inaddition, the subject information obtaining appa-
ratus illustrated in FIGS. 5A to 5C is provided with the
acoustic wave detector 20 and the optical system 11 stored
in a single housing 70. In addition, the housing 70 is
provided with a hand-held mechanism 71, and the operator
can move the housing 70 by grasping the hand-held mecha-
nism 71. By moving the housing 70 in such a manner, the
acoustic wave detection element can detect the photoacous-
tic wave at a plurality of positions. In FIGS. 5A to 5C, the
acoustic wave detection element detects the photoacoustic
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wave while the operator is moving the housing 70 in a right
direction of the paper by grasping the hand-held mechanism
71. Here, the acoustic wave detection element in states
illustrated in FIGS. 5A, 5B, and 5C is denoted by el, e2, and
e3, respectively. In addition, triangular regions indicated by
broken lines represent a certain sensitive region correspond-
ing to the acoustic wave detection element.

[0090] However, in the present embodiment, unlike the
other embodiments, the acoustic wave detector 20 is moved
not mechanically but the housing 70 is arbitrarily moved by
the operator by grasping the hand-held mechanism 71.
Therefore, the positional relationship between the acoustic
wave detector 20 and the region of interest 33 when the
photoacoustic wave 32 has been detected cannot be identi-
fied. However, in order to extract a detection signal corre-
sponding to the region of interest from a detection signal
obtained by the acoustic wave detector 20, it is necessary to
identify the positional relationship between the acoustic
wave detector 20 and the region of interest 33. Therefore, in
the present embodiment, it is preferable that the housing 70
includes a position detector 72 for detecting the position of
the housing 70, that is, the positions of the acoustic wave
detector 20 and the optical system 11 stored in the housing
70.

[0091] In the cases of the subject information obtaining
apparatuses illustrated in FIGS. 4A to 4C and FIGS. 5A to
5C, the certain sensitive region corresponding to the acous-
tic wave detection element el does not include the region of
interest 33. Therefore, the signal processing apparatus 40
can obtain the absorption coeflicient in the region of interest
33 using the method for obtaining information regarding a
subject described in the first and second embodiments or the
method for obtaining information regarding a subject
described in the third embodiment. By obtaining the absorp-
tion coeflicient in such a manner, in the present embodiment,
too, the absorption coeflicient can be accurately obtained.
[0092] A principal configuration will be described here-
inafter.

(Light Source 10)

[0093] The light source 10 includes a light source that can
generate pulse light of 5 nanoseconds to 50 nanoseconds. As
the light source, a laser from which a large output can be
obtained is preferable, but a light-emitting diode may be
used instead of the laser. As the laser, one of various lasers
such as a solid-state laser, a gas laser, a dye laser, and a
semiconductor laser may be used. Ideally, a Ti:Sa laser
excited by Nd:YAG or an alexandrite laser that has a large
output and whose wavelength can be continuously changed
is used. A plurality of single-wavelength lasers having
different wavelengths may be included, instead.

(Optical System 11)

[0094] The pulse light emitted from the light source 10 is
guided to the subject while being processed in such a way as
to have a desired optical distribution shape typically by
optical components such as lenses and mirrors, but it is also
possible to transmit the pulse light using an optical wave-
guide such as an optical fiber. The optical system 11 is, for
example, a mirror that reflects light, a lens that collects or
spreads light or changes the shape of light, a diffusion plate
that diffuses light, and the like. Such optical components
may be any components insofar as the pulse light emitted
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from the light source is radiated onto the subject in a desired
shape. It is to be noted that it is preferable that the light is
spread to a certain area compared to that the light is collected
by a lens, in terms of the security of the subject and an
increase in a diagnostic range. It is to be noted that an optical
moving mechanism may be provided in the optical system
11 in order to move the radiation light.

(Acoustic Wave Detector 20)

[0095] The acoustic wave detector 20, which is a detector
that detects a photoacoustic wave generated on a surface of
and an inside of the subject using light, detects an acoustic
wave and converts the acoustic wave into an electrical signal
that is an analog signal. The acoustic wave detector 20 will
also be referred to simply as a probe or a transducer
hereinafter. Any type of acoustic wave detector such as a
transducer using a piezoelectric phenomenon, a transducer
using optical resonance, or a transducer using changes in
capacitance may be used insofar as the transducer can detect
photoacoustic wave signals.

[0096] In addition, the acoustic wave detector 20 includes
a plurality of acoustic wave detection elements. By arrang-
ing the plurality of acoustic wave detection elements in one
dimension or two dimensions as an array, a photoacoustic
wave can be detected at a plurality of positions. By using
such multidimensionally arranged elements, an acoustic
wave can be simultaneously detected at a plurality of
positions, thereby reducing detection time and an effect such
as vibration of the subject.

[0097] Itis to be noted that, in order to enable detection of
the photoacoustic wave at a plurality of positions, the
acoustic wave detector 20 may be configured such that the
acoustic wave detector 20 can be mechanically moved by
the detector moving mechanism 21. In addition, a hand-held
mechanism that is grasped by the operator in order to
arbitrarily move the acoustic wave detector 20 may also be
included.

(Signal Collector 47)

[0098] 1t is preferable that the signal collector 47 that
amplifies an electrical signal obtained by the acoustic wave
detector 20 and that converts the electrical signal from an
analog signal to a digital signal is included. The signal
collector 47 is typically configured by an amplifier, an A/D
convertor, an FPGA (Field Programmable Gate Array) chip,
and the like. When a plurality of detection signals are
obtained by the acoustic wave detector, it is desirable that
the plurality of signals can be simultaneously processed.
Accordingly, the time until an image is formed can be
reduced. It is to be noted that the “detection signal” herein
is a concept including both an analog signal output from the
acoustic wave detector 20 and a digital signal obtained by
AD conversion by the signal collector 47.

(Signal Processing Apparatus 40)

[0099] The signal processing apparatus 40 obtains an
optical characteristic value inside the subject by performing
reconfiguration of an image or the like. As the signal
processing apparatus 40, a workstation or the like is typi-
cally used, and a process for reconfiguring an image or the
like is typically performed by software that has been pro-
grammed in advance. For example, the software used in the
workstation includes the setting module 41, the initial sound
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pressure obtaining module 42, the light intensity obtaining
module 43, the optical characteristic value obtaining module
44, and the like.

[0100] Itis to be noted that each module may be provided
as a separate piece of hardware. In this case, the pieces of
hardware as a whole may be used as the signal processing
apparatus 40.

[0101] In addition, the signal collector 47 and the signal
processing apparatus 40 may be integrated with each other
depending on the case. In this case, an optical characteristic
value of the subject can be generated not by a software
process such as one performed in the workstation but by a
hardware process.

[0102] The present invention is not limited to the above
embodiments and can be changed and modified in various
ways without deviating from the spirit and the scope thereof.
Therefore, in order to make public the scope of the present
invention, the following claims are attached.

[0103] According to an embodiment of the present inven-
tion, a subject information obtaining apparatus and a method
for obtaining information regarding a subject that can obtain
an optical characteristic value more accurately can be pro-
vided.

[0104] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

1. An apparatus comprising a processing unit configured
to obtain an optical characteristic value in a region of interest
based on a detection signal obtained by detecting a photoa-
coustic wave generated by radiating light onto a subject,

wherein the processing unit is configured to:

obtain a correction signal by correcting the detection

signal based on a first weight coeflicient,

obtain a corrected value of light intensity in the region of

interest by correcting a value of light intensity in the
region of interest based on a second weight coeflicient,
and

obtain the optical characteristic value in the region of

interest based on the correction signal and the corrected
value of light intensity.

2. The apparatus according to claim 1, wherein the
processing unit is configured to determine the first weight
coeflicient and the second weight coeflicient based on sen-
sitivity distribution of an acoustic wave detector configured
to output a detection signal by detecting a photoacoustic
wave.

3. The apparatus according to claim 2, wherein the
processing unit is configured to determine the first weight
coeflicient and the second weight coeflicient to be zero in a
case where sensitivity of the acoustic wave detector to a
photoacoustic wave generated at a position corresponding to
the region of interest is less than a predetermined value.

4. The apparatus according to claim 2, wherein the
processing unit is configured to determine, as the first weight
coeflicient and the second weight coeflicient, an inverse of
sensitivity of the acoustic wave detector.

5. The apparatus according to claim 2, wherein sensitivity
of the acoustic wave detector is determined based on at least
one of efficiency of conversion from a photoacoustic wave
to a detection signal of the acoustic wave detector and
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attenuation of a photoacoustic wave from the region of
interest to the acoustic wave detector.

6. The apparatus according to claim 1, wherein the first
weight coefficient is equal to the second weight coeflicient.

7. The apparatus according to claim 1, wherein the first
weight coefficient is different from the second weight coef-
ficient.

8. The apparatus according to claim 1, wherein the
detection signal is a signal obtained by detecting a photoa-
coustic wave at plural positions that are different from one
another.

9. The apparatus according to claim 1, wherein the
detection signal is a signal obtained by radiating light at
plural timings that are different from one another and by
detecting photoacoustic waves generated respectively due to
light irradiation at the plural timings.

10. The apparatus according to claim 9, wherein the
detection signal is a signal obtained by detecting, at respec-
tive positions that are different from one another, the pho-
toacoustic waves generated respectively due to the light
emission at the plural timings.

11. The apparatus according to claim 9, wherein the
detection signal is a signal obtained by radiating light at the
plural timings in such a manner that positions of light
irradiation onto the subject are different.

12. The apparatus according to claim 1, wherein the
processing unit is configured to obtain absorption coefficient
or oxygen saturation as the optical characteristic value.

13. The apparatus according to claim 1,

wherein the processing unit is configured to obtain a value
of integrated light intensity in the region of interest by
integrating the corrected value of light intensity in the
region of interest corresponding to the detection signal;
and

wherein the processing unit is configured to obtain the
optical characteristic value in the region of interest
based on the correction signal and the value of inte-
grated light intensity.

14. The apparatus according to claim 13,

wherein the processing unit is configured to obtain initial
sound pressure in the region of interest based on the
correction signal; and

wherein the processing unit is configured to obtain the
optical characteristic value in the region of interest
based on the initial sound pressure in the region of
interest and the value of integrated light intensity.

15. The apparatus according to claim 1,

wherein the processing unit is configured to obtain the
correction signal based on the first weight coeflicient
reducing a part of the detection signals; and

wherein the processing unit is configured to obtain the
corrected value of light intensity based on the second
weight coeflicient reducing a value of light intensity in
the region of interest corresponding to the part of the
detection signals.

16. The apparatus according to claim 15, wherein the
processing unit is configured to determine the first weight
coeflicient for the part of the detection signals to be zero and
determine the second weight coeflicient for the value of light
intensity in the region of interest corresponding to the part
of the detection signals to be zero.
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17. The apparatus according to claim 15,

wherein the plurality of detection signals are signals
obtained by detecting a photoacoustic wave at plural
positions that are different from one another; and

wherein the processing unit is configured to determine, as
the part of the detection signals, signals obtained by
detecting the photoacoustic wave at a part of the plural
positions.

18. The apparatus according to claim 15,

wherein the detection signals are signals obtained by
radiating light at plural timings that are different from
one another and by detecting photoacoustic waves
generated respectively due to light irradiation at the
plural timings; and

wherein the processing unit is configured to determine, as
the part of the detection signals, signals obtained by
detecting photoacoustic waves generated due to light
irradiation at a part of the plural timings.
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19. A method for obtaining an optical characteristic value
in a region of interest based on a detection signal obtained
by detecting a photoacoustic wave generated by radiating
light onto a subject, the method comprising steps of:

obtaining a correction signal by correcting the detection

signal based on a first weight coeflicient,

obtaining a corrected value of light intensity in the region

of interest by correcting a value of light intensity in the
region of interest based on a second weight coeflicient,
and

obtaining the optical characteristic value in the region of

interest based on the correction signal and the corrected
value of light intensity.

20. A non-transitory computer readable medium storing a
program for causing a computer to execute the method
according to claim 19.
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