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(57) ABSTRACT

A photoacoustic apparatus according to the present inven-
tion is a photoacoustic apparatus for obtaining image data
based o an acoustic wave generated by irradiating an object
with light of a first wavelength and light of a second
wavelength which is different from the first wavelength, the
photoacoustic apparatus including a processing unit config-
ured to: obtain a first image data group corresponding to the
first wavelength generated based on an acoustic wave gen-
erated by irradiating the object with light of the first wave-
length a plurality of times, obtain first positional deviation
information corresponding to an irradiation timing with the
light of the first wavelength on the basis of a first image data
group corresponding to the first wavelength, and obtain
second positional deviation information corresponding to an
irradiation timing with the light of the second wavelength on
the basis of the first positional deviation information.
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PHOTOACOUSTIC APPARATUS,
INFORMATION PROCESSING METHOD,
AND PROGRAM
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a photoacoustic
apparatus.

Description of the Related Art
[0002] In the field of medicine, research on imaging of

functional information, which is physiological information
of a living body, has been conducted in recent years. There
is photoacoustic imaging (PAI) as one of imaging techniques
of functional information.

[0003] 1In the photoacoustic imaging, the object is irradi-
ated with light. The irradiation light propagates and diffuses
through the object, and energy of the irradiation light is
absorbed in the object. As a result, an acoustic wave (here-
inafter referred to as photoacoustic waves) is generated by a
photoacoustic effect. By analyzing a received signal of this
photoacoustic wave, a spatial distribution of optical charac-
teristic values inside the object is obtained as image data.
[0004] In a case where image data is generated based on
photoacoustic waves generated by irradiating an object a
plurality of times with light, when a relative position
between the object and a probe varies during a plurality of
light irradiations, the resolution of the image data is lowered.
[0005] Japanese Patent Application Laid-Open No. 2014-
140716 discusses a technique for estimating the variation
amount of a relative position between an object and a probe
by calculating the amount of positional deviation between a
plurality of image data obtained by a plurality of light
irradiations. Furthermore, Japanese Patent Application Laid-
open No. 2014-140716 discusses a technique for aligning a
plurality of image data based on the variation amount of the
estimated relative position.

[0006] In the photoacoustic imaging, functional informa-
tion can be obtained by irradiating an object with light of a
plurality of different wavelengths.

[0007] However, when generating a plurality of image
data based on photoacoustic waves generated by irradiation
with light of each of a plurality of wavelengths, there may
be a case where a positional deviation occurs among a
plurality of image data.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to providing an
apparatus capable of accurately estimating positional devia-
tion information between a plurality of image data when
generating an image data group (a plurality of image data)
based on photoacoustic waves generated by irradiation with
light of a plurality of wavelengths. That is, the present
invention is directed to an apparatus capable of accurately
estimating a variation amount of a relative position between
an object and a probe even when an image data group is
generated on the basis of a photoacoustic wave generated by
irradiation with light of a plurality of wavelengths.

[0009] A photoacoustic apparatus according to the present
invention is a photoacoustic apparatus obtaining image data
based on an acoustic wave generated by irradiating an object
with light of a first wavelength and light of a second
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wavelength which is different from the first wavelength, the
photoacoustic apparatus including a processing unit config-
ured to obtain a first image data group corresponding to the
first wavelength generated based on an acoustic wave gen-
erated by irradiating the object with light of the first wave-
length a plurality of times, obtain first positional deviation
information corresponding to an irradiation timing of the
light of the first wavelength on the basis of a first image data
group corresponding to the first wavelength, and obtain
second positional deviation information corresponding to an
irradiation timing with the light of the second wavelength on
the basis of the first positional deviation information.

[0010] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram illustrating the
configuration of a photoacoustic apparatus according to a
first exemplary embodiment.

[0012] FIG. 2 is a schematic diagram of probe according
to the first exemplary embodiment.

[0013] FIG. 3 is a configuration diagram of computer and
peripheral equipment of the computer according to the first
exemplary embodiment.

[0014] FIG. 4 is a flow chart illustrating an operation of
the photoacoustic apparatus according to the first exemplary
embodiment.

[0015] FIG. 5 is a schematic diagram illustrating a mea-
surement position of the photoacoustic apparatus according
to the first exemplary embodiment.

[0016] FIG. 6 is a schematic diagram illustrating pulse
volume data according to the first exemplary embodiment.
[0017] FIG. 7 is a schematic diagram illustrating a posi-
tional deviation amount between images according to the
first exemplary embodiment.

[0018] FIG. 8 is a sequence diagram for explaining a
temporal interpolation of the positional deviation amount
according to the first exemplary embodiment.

[0019] FIG. 9 is another schematic diagram illustrating a
measurement position of the photoacoustic apparatus
according to the first exemplary embodiment.

[0020] FIG. 10 is still another schematic diagram illus-
trating a measurement position of the photoacoustic appa-
ratus according to the first exemplary embodiment.

[0021] FIGS. 11A to 11E are schematic diagrams for
explaining positional deviation correction according to the
first exemplary embodiment.

[0022] FIG. 12 is a flow chart illustrating an operation of
the photoacoustic apparatus according to a second exem-
plary embodiment.

[0023] FIG. 13 is a schematic diagram illustrating a
graphical user interface (GUI) according to the second
exemplary embodiment.

[0024] FIG. 14 is a flow chart illustrating an operation of
the photoacoustic apparatus according to a third exemplary
embodiment.

[0025] FIG. 15 is a schematic diagram illustrating the GUI
according to a fourth exemplary embodiment

DESCRIPTION OF THE EMBODIMENTS

[0026] Hereinafter, an exemplary embodiment of the pres-
ent invention will be described with reference to the draw-



US 2018/0085005 A1l

ings. The same reference numerals are attached to the same
constituent elements in principle, and a description thereof
is omitted. Each of the embodiments of the present invention
described below can be implemented solely or as a combi-
nation of a plurality of the embodiments or features thereof
where necessary or where the combination of elements or
features from individual embodiments in a single embodi-
ment is beneficial.

[0027] The first exemplary embodiment will be described
below. In this specification, a phenomenon in which a
relative position between an imaging target and a probe
varies 1s referred to as “positional deviation”. Furthermore,
a variation amount of the relative position between the
imaging target and the probe is referred to as “positional
deviation amount”. Furthermore, the amount of change in
the position of the imaging target occurring in the image data
group (a plurality of image data) due to the positional
deviation is referred to as “a positional deviation amount
between the plurality of image data”. A parameter repre-
senting a positional deviation such as translation amount,
rotation amount, and deformation amount is referred to as
“positional deviation information”.

[0028] A positional deviation is caused by movement of
the object and movement of the probe during a plurality of
light irradiations. For example, the probe moves as a user
grips and scans a handheld probe or the scanning unit
mechanically scans the probe. Due to these positional devia-
tions, when image data is generated based on photoacoustic
waves generated by a plurality of light irradiations, a reso-
lution is lowered.

[0029] The intensity of the photoacoustic wave generated
by light irradiation is determined in proportion to the absorp-
tion coefficient of the imaging target. Furthermore, the
absorption coefficient has wavelength dependency; there-
fore, even if the light fluence is the same for each wave-
length, the intensity of the generated photoacoustic wave
changes depending on the wavelength.

[0030] On the other hand, as discussed in Japanese Patent
Application Laid-Open No. 2014-140716, when estimating
a positional deviation between a plurality of image data, if
the image intensities of the same imaging target differ
between the plurality of image data, the estimation accuracy
of the positional deviation may decrease. Therefore, when
the positional deviation amount is to be estimated by using
the image data group obtained by irradiation with light of
each of mutually different wavelengths, the estimation accu-
racy of the positional deviation sometimes deteriorates due
to differences in image intensity and resolution between
wavelengths, and the like.

[0031] Therefore, in the photoacoustic apparatus accord-
ing to one exemplary embodiment of the present invention,
positional deviation information between a plurality of
image data corresponding to a part of mutually different
wavelengths is obtained, and the positional deviation infor-
mation is used to obtain positional deviation information
corresponding to other wavelengths. Thus, since positional
deviation information corresponding to a plurality of wave-
lengths is estimated based on positional deviation informa-
tion corresponding to a specific wavelength, it is possible to
suppress the influence on the obtaining accuracy of the
positional deviation information due to the difference in the
image intensity between the wavelengths. In addition, by
obtaining positional deviation information corresponding to
a specific wavelength and obtaining positional deviation
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information corresponding to other wavelengths by interpo-
lation, it is possible to reduce the amount of processing
required to obtain positional deviation information corre-
sponding to the other wavelengths.

[0032] That is, in the photoacoustic apparatus according to
one exemplary embodiment of the present invention, the
object is irradiated with light of the first wavelength and
light of the second wavelength which are different from each
other, a plurality of times. Then, a first image data group
corresponding to the first wavelength is generated, and
positional deviation information between the plurality of
first image data is obtained. The obtained positional devia-
tion information corresponds to a variation amount (posi-
tional deviation amount) of the relative position between the
object and the probe corresponding to the irradiation timing
with the light of the first wavelength. Then, based on the first
positional deviation information, the variation amount (posi-
tional deviation amount) between the object and the probe
corresponding to the irradiation timing with the light of the
second wavelength is estimated.

[0033] Furthermore, in the photoacoustic apparatus
according to one exemplary embodiment of the present
invention, functional information is obtained based on the
positional deviation information corresponding to the irra-
diation with light of a plurality of wavelengths estimated as
described above, and received data (signal group or image
data) caused by a photoacoustic wave generated by the light
irradiation of a plurality of wavelengths. Examples of the
functional information include information indicating con-
centrations of substances such as oxyhemoglobin concen-
tration, deoxyhemoglobin concentration, total hemoglobin
amount, oxygen saturation level, and the like. The total
hemoglobin amount is a total amount of the sum of oxyhe-
moglobin and deoxyhemoglobin. Oxygen saturation is the
ratio of oxyhemoglobin to total hemoglobin.

[0034] The functional information is not limited to image
data representing a spatial distribution, but may be infor-
mation representing a numetrical value or a character. For
example, the functional information is a concept including
information such as the average concentration of substances
constituting an object, the value of a specific position in a
spatial distribution of a substance concentration at a specific
position, and a statistical value (average value, median
value, and the like) of pixel values of a spatial distribution
of a substance concentration. For example, as an image
illustrating the functional information, the numerical value
of the average concentration of the substance constituting
the object may be displayed on a display unit 160.

[0035] In one exemplary embodiment of the invention,
based on the image data group obtained by utilizing light of
the wavelength in which a molar absorption coefficient of
oxyhemoglobin and a molar absorption coeflicient of deoxy-
hemoglobin are the same, positional deviation information
may be obtained. When a blood vessel is a measurement
object, since the intensity of the photoacoustic wave gener-
ated from the blood vessel using light of such a wavelength
does not depend on an oxygen saturation degree, a variation
in the image intensity for each blood vessel becomes small.
Therefore, if light of such a wavelength is used, there is a
tendency that the estimation accuracy of the positional
deviation information increases. It is to be noted that the
molar absorption coefficient of oxyhemoglobin and the
molar absorption coefficient of deoxyhemoglobin are not
limited to perfectly equal wavelengths (wavelengths having
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isosbestic point). Even if coefficients are those of substan-
tially equal wavelengths, the estimation accuracy of the
positional deviation information tends to be high. For
example, a wavelength within +10 nm of the wavelength of
the isosbestic point may be adopted as a substantially equal
wavelength. Furthermore, for example, when wavelengths
of the molar absorption coeflicient of oxyhemoglobin and
the molar absorption coefficient of deoxyhemoglobin are
within £10% of the isosbestic point, such wavelengths may
be adopted as substantially equal wavelengths. That is, it is
preferable to obtain positional deviation information corre-
sponding to other wavelengths based on the positional
deviation information obtained by utilizing the light with the
wavelength suitable for obtaining the positional deviation
information.

[0036] Hereinafter, the configuration and processing of the
photoacoustic apparatus according to the first exemplary
embodiment will be described.

[0037] In the present exemplary embodiment, an example
using the photoacoustic apparatus will be described. The
configuration of the photoacoustic apparatus according to
the present exemplary embodiment will be described with
reference to FIG. 1. FIG. 1 is a schematic block diagram of
the entire photoacoustic apparatus. The photoacoustic appa-
ratus according to the present exemplary embodiment
includes a driving unit 130, a signal collection unit 140, a
computer 150, the display unit 160, an input unit 170, and
a probe 180.

[0038] FIG. 2 is a schematic diagram of the probe 180
according to the present exemplary embodiment. The probe
180 includes a light irradiation unit 110 and a receiving unit
120. The measurement target is an object 100.

[0039] The driving unit 130 drives the light irradiation unit
110 and the receiving unit 120 to perform mechanical
scanning. The light irradiation unit 110 irradiates the object
100 with pulsed light, and an acoustic wave is generated
within the object 100. An acoustic wave generated by a
photoacoustic effect due to light is also referred to as a
photoacoustic wave. The receiving unit 120 outputs an
electric signal (photoacoustic signal) as an analog signal
when a photoacoustic wave is received.

[0040] The signal collection unit 140 converts the analog
signal output from the receiving unit 120 into a digital signal
and outputs the digital signal to the computer 150. The
computer 150 stores the digital signal output from the signal
collection unit 140 as signal data derived from an ultrasonic
wave or a photoacoustic wave.

[0041] The computer 150 performs signal processing on
the stored digital signal, thereby generating image data
representing a photoacoustic image. Further, the computer
150 performs image processing on the obtained image data,
and then outputs the image data to the display unit 160. The
display unit 160 displays a photoacoustic image. A doctor, a
technician, or the like as an operator can perform diagnosis
by checking the photoacoustic image displayed on the
display unit 160. The display image is stored in a memory
in the computer 150, a data management system connected
to the modality with a network, or the like, based on a
storage instruction from the operator or the computer 150.
[0042] The computer 150 also performs drive control of
components included in the photoacoustic apparatus. In
addition to the image generated by the computer 150, the
display unit 160 may display a graphical user interface
(GUD) or the like. The input unit 170 is configured such that
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an operator can input information. By using the input unit
170, the operator can perform operations such as start and
end of measurement, issuance of an instruction to save a
created image, and the like.

[0043] The photoacoustic image obtained by the photoa-
coustic apparatus according to the present exemplary
embodiment is a conception including all images derived
from photoacoustic waves generated by light irradiation.
The photoacoustic image is image data representing at least
one spatial distribution such as a generated sound pressure
(initial sound pressure) of a photoacoustic wave, a light
absorption energy density, and an optical absorption coef-
ficient.

[0044] Hereinafter, each configuration of the photoacous-
tic apparatus according to the present exemplary embodi-
ment will be described in detail.

(Light Irradiation Unit 110)

[0045] The light irradiation unit 110 includes a light
source that emits pulsed light and an optical system that
guides the pulsed light emitted from the light source to the
object 100. The pulsed light includes light such as a so-
called rectangular wave, a triangular wave, or the like.

[0046] The pulse width of the light emitted from the light
source may be 1 ns or more and 100 ns or less. In addition,
the wavelength of the light may be in the range of about 400
nm to 1600 nm. In the case of imaging a blood vessel with
high resolution, a wavelength (400 nm or more and 700 nm
or less) showing a high absorption coeflicient in blood
vessels may be used. In the case of imaging a deep part of
a living body, light with a wavelength (700 nm or more and
1100 nm or less) which typically shows low absorption in a
living background tissue (water, fat, or the like) may be
used.

[0047] As a light source, a laser or a light emitting diode
can be used. Furthermore, when measurement is performed
using light of a plurality of wavelengths, a light source
capable of transforming a wavelength may be used. When
irradiating an object with light beams having a plurality of
wavelengths, the plurality of light sources that generate light
beams having mutually different wavelengths is prepared
and light irradiation from respective light sources may be
alternately carried out. Even when a plurality of light
sources is used, they are collectively expressed as a light
source. As the laser, various lasers such as a solid-state laser,
a gas laser, a dye laser, and a semiconductor laser can be
used. For example, a pulse laser such as a Nd:yttrium
aluminum garnet (YAG) laser or an alexandrite laser may be
used as a light source. Furthermore, a Ti:sa laser or an
optical parametric oscillators (OPQ) laser using Nd:YAG
laser light as excitation light may be used as the light source.
Furthermore, a microwave source may be used as a light
source.

[0048] An optical element such as a lens, mirror, and
optical fiber can be used for an optical system. In a case
where the object 100 is a breast, in order to widen the beam
diameter of the pulsed light for irradiation, the light emitting
portion of the optical system may include a diffusion plate
or the like for diffusing light. On the other hand, in a
photoacoustic microscope, in order to increase the resolu-
tion, the light emitting portion of the optical system may
include a lens or the like, and the beam may be focused to
perform irradiation.
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[0049] The light irradiation unit 110 may directly irradiate
the object 100 with the pulsed light from the light source
instead of provide the optical system.

(Receiving Unit 120)

[0050] The receiving unit 120 includes a transducer 121
that outputs an electric signal when an acoustic wave is
received, and a support 122 that supports the transducer 121.
In addition, the transducer 121 can also transmit acoustic
waves. For convenience sake, only one transducer 121 is
illustrated in FIG. 2, but the receiving unit 120 may include
the plurality of transducers.

[0051] As a member constituting the transducer 121, a
piezoelectric ceramic material typified by piezoelectric zir-
conate titanate (PZT) and a polymer piezoelectric film
material typified by polyvinylidene fluoride (PVDF) can be
used. Furthermore, elements other than the piezoelectric
element may be used. For example, a capacitive micro-
machined ultrasonic transducer (CMUT), and a transducer
using a Fabry-Perot interferometer can be used. Any trans-
ducer may be adopted as long as the transducer can output
an electric signal when an acoustic wave is received. Fur-
thermore, the signal obtained by the transducer is a time-
split signal. That is, the amplitude of the signal obtained by
the transducer represents a value (for example, a value
proportional to a sound pressure) based on a sound pressure
received by the transducer at each time.

[0052] Typically, the frequency components constituting
the photoacoustic wave are 100 KHz to 100 MHz, and the
transducer 121 is adopted which can detect these frequen-
cies.

[0053] The support 122 may include a metal material or
the like having high mechanical strength. In order to cause
a large amount of irradiation light to enter the object, a
process of mirror finishing or light scattering may be per-
formed on the surface of the support 122 on the object 100
side. In the present exemplary embodiment, the support 122
has a hemispherical shell shape and is configured to support
the plurality of transducers 121 on a hemispherical shell. In
this case, the directional axis of the transducer 121 disposed
on the support 122 gathers near the curvature center of a
hemisphere. When images are generated using the signals
output from the plurality of transducers 121, an image near
the center of curvature has a high quality. The support 122
may have any configuration as long as the support 122 can
support the transducer 121. The support 122 may be
arranged in such a manner that a plurality of transducers is
juxtaposed in a plane or curved surface referred to as 1D
array, 1.5D array, 1.75D array, and 2D array.

[0054] Furthermore, the support 122 may function as a
container for retaining the acoustic matching material. That
is, the support 122 may be a container for arranging the
acoustic matching material between the transducer 121 and
the object 100.

[0055] 1In addition, the receiving unit 120 may include an
amplification unit that amplifies a time-series analog signal
output from the transducer 121. Furthermore, the receiving
unit 120 may include an A/D converter that converts the
time-series analog signal output from the transducer 121 into
a time-series digital signal. In other words, the receiving unit
120 may include a signal collection unit 140 to be described
below.

[0056] In order to detect the acoustic wave at various
angles, the transducer 121 may ideally be arranged so as to
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surround the object 100 from the entire circumference.
However, when the transducer cannot be placed in such a
manner that the object 100 is surrounded over the entire
circumference, as illustrated in FIG. 2, the transducer may
be placed on the hemispherical support 122 so as to nearly
surround the entire circumference. Although only one trans-
ducer 121 is illustrated in FIG. 2, a plurality of transducers
may be arranged on the support 122 on the hemisphere.
[0057] The arrangement and number of transducers and
the shape of the support may be optimized according to the
object, and any receiving unit 120 can be employed in the
present invention.

[0058] A space between the receiving unit 120 and the
object 100 is filled with a medium through which a photoa-
coustic wave can propagate. As the medium, a material is
adopted through which an acoustic wave can propagate, has
a matched acoustic characteristic at the interface with the
object 100 and the transducer 121, and has as high trans-
mittance as possible for the photoacoustic wave. For
example, water, or ultrasonic gel can be adopted as this
medium.

(Driving Unit 130)

[0059] The driving unit 130 changes the relative position
between the object 100 and the receiving unit 120. In the
present exemplary embodiment, the driving unit 130 is a
device that moves the support 122 in an XY direction, and
is an electric-powered XY stage equipped with a stepping
motor. The driving unit 130 includes a motor such as a
stepping motor that generates driving force, a driving
mechanism that transmits driving force, and a position
sensor that detects position information of the receiving unit
120. As the driving mechanism, a lead screw mechanism, a
link mechanism, a gear mechanism, or a hydraulic mecha-
nism can be used. As the position sensor, a potentiometer
using an encoder, a variable resistor, or the like can be used.
[0060] The driving unit 130 is not limited to a type which
changes the relative position between the object 100 and the
receiving unit 120 in the XY directions (two dimensions),
and may be changed to a type which drives in one dimension
or three dimensions.

[0061] In order to change the relative position between the
object 100 and the receiving unit 120, the driving unit 130
may fix the receiving unit 120 and move the object 100. In
the case of moving the object 100, it is conceivable to move
the object 100 by moving an object supporting unit (not
illustrated) that supports the object 100. Alternatively, both
the object 100 and the receiving unit 120 may be moved.
[0062] Further, the driving unit 130 may move the relative
position continuously or may move by a step-and-repeat
operation. The driving unit 130 may be an electric-powered
stage or a manual stage.

[0063] Furthermore, in the present exemplary embodi-
ment, the driving unit 130 drives simultaneously the light
irradiation unit 110 and the receiving unit 120 to perform
scanning; however, the driving unit 130 may drive only the
light irradiation unit 110 or may drive only the receiving unit
120.

(Signal Collection Unit 140)

[0064] The signal collection unit 140 includes an amplifier
that amplifies an electric signal that is an analog signal
output from the transducer 121, and an A/D converter that
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converts an analog signal output from the amplifier into a
digital signal. The signal collection unit 140 may include a
field programmable gate array (FPGA) chip. The digital
signal output from the signal collection unit 140 is stored in
a storage unit 152 in the computer 150. The signal collection
unit 140 is also referred to as a data acquisition system
(DAS). In the present specification, an electric signal is a
conception including both an analog signal and a digital
signal. The signal collection unit 140 is connected to a light
detection sensor attached to a light emission unit of the light
irradiation unit 110, and may start processing in synchroni-
zation with the pulsed light which the light irradiation unit
110 has emitted as a trigger. In addition, the signal collection
unit 140 may start the processing in synchronization with an
instruction issued using a freeze button or the like as a
trigger.

(Computer 150)

[0065] The computer 150 includes an arithmetic unit 151,
a storage unit 152, and a control unit 153. The function of
each component will be described in describing a processing
flow.

[0066] A unit that is the arithmetic unit 151 and has an
arithmetic function may include a processor such as a central
processing unit (CPU) or a graphics processing unit (GPU),
or an arithmetic circuit such as an FPGA chip. These units
may include not only a single processor or an arithmetic
circuit but also a plurality of processors and arithmetic
circuits. The arithmetic unit 151 may process the received
signal upon receipt of various parameters such as a sound
speed in the object and the configuration of a holding cup
from the input unit 170.

[0067] The storage unit 152 may include a read only
memory (ROM), and a non-temporary storage medium such
as a magnetic disk or a flash memory. Furthermore, the
storage unit 152 may be a volatile medium such as a random
access memory (RAM) The storage medium in which the
program is stored is a non-transitory storage medium. The
storage unit 152 may include only one storage medium or a
plurality of storage media.

[0068] The storage unit 152 can store image data indicat-
ing the photoacoustic image generated by the arithmetic unit
151 by the method described below.

[0069] The controlunit 153 includes an arithmetic element
such as a CPU. The control unit 153 controls operation of
each component of the photoacoustic apparatus. The control
unit 153 may control each component of the photoacoustic
apparatus in response to an instruction signal issued via
various operations such as start of measurement instructed
from the input unit 170. Furthermore, the control unit 153
reads out the program code stored in the storage unit 152 and
controls the operation of each component of the photoa-
coustic apparatus.

[0070] The computer 150 may be a specially designed
workstation. In addition, each component of the computer
150 may include different hardware. Further, at least a part
of the components of the computer 150 may be configured
of a single hardware device.

[0071] FIG. 3 illustrates a specific configuration example
of the computer 150 according to the present exemplary
embodiment. The computer 150 according to the present
exemplary embodiment includes a CPU 154, a GPU 155, a
RAM 156, a ROM 157, and an external storage device 158.
Furthermore, a liquid crystal display 161 as a display unit
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160, a mouse 171 as an input unit 170, and a keyboard 172
are connected to the computer 150.

[0072] In addition, the computer 150 and the plurality of
transducers 121 may be placed in a common housing.
However, a part of the signal processing may be performed
by a computer placed in the housing, and the remaining
signal processing may be performed by a computer provided
outside the housing. In this case, computers provided inside
and outside the housing can be collectively referred to as a
computer according to the present exemplary embodiment.
In other words, the hardware constituting the computer need
not be placed in one housing.

(Display Unit 160)

[0073] The display unit 160 is a display such as a liquid
crystal display or organic electroluminescence (EL). The
display unit 160 is a device displaying an image based on
object information obtained by the computer 150, numerical
values of specific positions, and the like. The display unit
160 may display a GUI for operating an image and a device.
When information about the object is displayed, it is also
possible to perform image processing (adjustment of lumi-
nance value, or the like) on the display unit 160 or the
computer 150 and display the object information.

(Input Unit 170)

[0074] As the input unit 170, an operation console that can
be operated by a user and is configured of a mouse, a
keyboard, or the like can be adopted. What can be input may
be selection of a condition of image reconstruction, a
method of positional deviation correction, an interpolation
method, or the like. Further, a weight may be changed and
added to a positional deviation amount by a slider bar while
checking the synthesized image. Furthermore, the display
unit 160 may include a touch panel, and the display unit 160
may be used as the input unit 170.

[0075] Each component of the photoacoustic apparatus
may be configured to be separated from each other, or
configured as one integrated apparatus. Further, at least a
part of the components of the photoacoustic apparatus may
be configured as one integrated apparatus.

(Object 100)

[0076] While the object 100 does not constitute a photoa-
coustic apparatus, it will be described below. The photoa-
coustic apparatus according to the present exemplary
embodiment can be used for the purpose of diagnosis of
malignant tumor and the vascular disease of a human and
animal and follow-up observation of chemotherapy. There-
fore, as the object 100, a living body is assumed. More
specifically, as a diagnosis target body part a breast of human
body and animal, each organ, vascular network, head, neck,
and abdomen portion, limb including fingers and toes, and
the like are assumed. For example, if the human body is an
object to be measured, oxygen oxyhemoglobin or deoxyhe-
moglobin, blood vessels containing many thereof or new
blood vessels formed in the vicinity of the tumor may be the
object of an optical absorber. Plaque of the carotid artery
wall or the like may be used as the object of the optical
absorber. Dyes such as methylene blue (MB) and indocya-
nine green (ICG), gold microparticles, or an accumulated or
chemically modified one of these materials which are intro-
duced from the outside may be used as the optical absorber.
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[0077] The operation of the photoacoustic apparatus
including information processing according to the present
exemplary embodiment will be described below along a
flow chart illustrated in FIG. 4.

(Step S100: Step of Applying Light with Wavelength A1 and
Light with Wavelength A2 a Plurality of Times and Receiv-
ing Photoacoustic Wave)

[0078] The light irradiation unit 110 irradiates the object
100 with light of a wavelength A1 and light of a wavelength
22 different from the wavelength A1 a plurality of times
respectively, and the receiving unit 120 receives the pho-
toacoustic wave generated by light irradiation. The control
unit 153 transmits scanning information and information
(control signal) indicating light irradiation to the probe 180.
While the driving unit 130 moves the receiving unit 120, the
light irradiation unit 110 irradiates the object 100 with
pulsed light of a plurality of wavelengths a plurality of
times. That is, during a period in which light irradiation is
performed a plurality of times, the driving unit 130 moves
the receiving unit 120. As a result, the driving unit 130 can
move the receiving unit 120 so that the receiving unit 120 is
located at different positions at the time of light irradiation.
The transducer 121 outputs a signal corresponding to the
number of times of light irradiation when the photoacoustic
wave generated by the light irradiation unit 110 which
applies the pulsed light a plurality of times, is received.
Hereinafter, the signals output in plural irradiations with
light of a plurality of wavelengths are collectively referred
to as a signal group corresponding to the plurality of
wavelengths.

[0079] Hereinafter, a case where light irradiation is per-
formed N times will be described. The signal obtained by the
i-th light irradiation at the wavelength A1 is represented by

Sn{1=i=N)
[0080] An item with subscript “i” indicates that the item
corresponds to i-th light irradiation. “i” is a positive integer

and is also referred to as a pulse index.

[0081] For example, as illustrated in FIG. 5, light irradia-
tion and photoacoustic wave reception can be performed
while moving the probe 180. A circle indicated by reference
numeral 501 represents a position (measurement position) of
the probe 180 when irradiated with the light of the wave-
length A1. A triangle indicated by reference numeral 502
represents a position (measurement position) of the probe
180 when irradiated with the light of the wavelength A2. A
solid line denoted by reference numeral 503 represents a
trajectory of the probe 180. As illustrated in FIG. 5, in the
present exemplary embodiment, the driving unit 130 may
move the probe 180 while the light irradiation unit 110
alternately applies light of a plurality of wavelengths. In the
example illustrated in FIG. 5, the probe 180 is scanned
spirally inward from the outermost locus. In FIG. 5, the
diagram is shown in an XY plane for the sake of conve-
nience; however, the probe may be scanned three-dimen-
sionally instead of in a plane.

[0082] The signal collection unit 140 performs analog-
digital (AD) conversion processing and the like on a signal
group corresponding to a plurality of wavelengths, which is
an analog signal group output from the transducer 121, and
transmits the processed photoacoustic signal to the computer
150. The photoacoustic signal as a digital signal group is
stored in the storage unit 152.

Expression 1.

3L}
1
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(Step S200: Step of Obtaining Image Data Group
Corresponding to Wavelength A1)

[0083] The arithmetic unit 151 obtains an image data
group corresponding to the light irradiation of the first
wavelength based on the signal group obtained in step S100.
The arithmetic unit 151 may generate image data from each
signal of the light irradiation to obtain image data obtained
by light irradiation of wavelength Al from among the
generated image data. The arithmetic unit 151 may selec-
tively use a signal corresponding to light irradiation with the
wavelength A1 from the signal group to obtain image data
obtained by light irradiation of the wavelength A1.

[0084] The arithmetic unit 151 generates a photoacoustic
image by performing reconstruction processing such as
universal back-projection (UBP) on the photoacoustic sig-
nal. When the photoacoustic image is generated, the pho-
toacoustic signal stored in the storage unit 152 may be
deleted. Image data obtained by one time pulsed light
irradiation is referred to also as pulse volume data. The pulse
volume data is obtained in the form of volume data in which
the values at the relevant position are stored in each of
voxels arranged in two or three dimensions (also referred to
as pixels in the case of two dimensions). Volume data can be
referred to also as two or three dimensional volume, two or
three dimensional image, and two or three dimensional
tomogram.

[0085] Regarding the reconstruction method, known
reconstruction methods such as time domain reconstruction
method, Fourier domain reconstruction method, model-
based reconstruction method (iterative reconstruction
method), and the like can be adopted. For example, a time
domain reconstruction technique called Universal Back-
Projection (UBP) as described in PHYSICAL REVIEW
E71, 016706 (2005) can be adopted.

[0086] The arithmetic unit 151 may obtain initial sound
pressure distribution data

PM,;'(ISGSL,ISZ'SN) Expression 2.

TRt}

[0087] “a”is a wavelength index indicating that “a” is an
item corresponding to light irradiation with wavelength ha.
The arithmetic unit 151 may obtain the initial sound pressure
distribution data based on the position information of the
transducer at the time of light irradiation in addition to the
signal group. The arithmetic unit 151 can obtain the position
information by reading the position information of the
transducer at the time of each light irradiation. The position
information is stored in the storage unit 152 in advance. In
addition, the arithmetic unit 151 may obtain the position
information of the transducer by receiving the position
information of the receiving unit 120 from the position
sensor provided in the driving unit 130 with light irradiation
as a trigget.

[0088] FIG. 6 illustrates a part (P, , to P, ;) of the pulse
volume data at the wavelength A1 according to the present
exemplary embodiment. Pulse volume data in the present
exemplary embodiment is volume data in three-dimensional
space, but pulse volume data is represented in an XY plane
for the sake of explanation of space. In the present exem-
plary embodiment, the reconstruction region is set such that
at least a part of the temporally adjacent initial sound
pressure distribution data is superimposed. In the present
exemplary embodiment, a cubic region of 60 mm square
centering on the center of curvature of the hemispherical
support 122 is a reconstruction region to be reconstructed
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based on one-time light irradiation, that is, one electric
signal group. In this case, the size (60 mm) of the region
reconstructed by one-time light irradiation is larger than the
movement amount of the receiving unit 120 during light
irradiation. Therefore, as illustrated in FIG. 6, two or more
pulse volume data corresponding to a temporally continuous
light irradiation are superimposed. The size and shape of the
reconstruction region may be preset. Further, the user may
specify the size and shape of the reconstruction region using
the input unit 170. The center position of each pulse volume
data with respect to the reference position is set as the
position of each pulse volume data. FIG. 6 illustrates, as an
example, a position PosP; | |, of pulse volume data P, | .. In
the example of FIG. 6, since the position of the receiving
unit 120 is different in every light irradiation, the pulse
volume data obtained in the present exemplary embodiment
illustrated in FIG. 6 are located at different positions relative
to the reference position.

[0089] In this step, the arithmetic unit 151 may obtain light
fluence distribution data @ [Pa-m3/J] within the object.
Then, the arithmetic unit 151 may obtain the light absorption
coefficient distribution data pa [1/m] within the object by
dividing the initial sound pressure distribution data by the
light fluence distribution data and Grueneisen coefficient
distribution data. In this case, the light absorption coeflicient
distribution data may be used as pulse volume data.
[0090] For example, as described in Proc. of SPIE Vol.
7561 756117-1, the arithmetic unit 151 may obtain the light
fluence distribution data by solving a light diffusion equa-
tion.

[0091] Further, for example, it is known that Grueneisen
coeflicient is almost uniquely determined when the type of
the object is determined; therefore, it is possible to previ-
ously store Grueneisen coeflicient distribution data I' cor-
responding to the object in the storage unit 152. Then, the
arithmetic unit 151 may read Grueneisen coeflicient distri-
bution data I" stored in advance in the storage unit 152 to
obtain Grueneisen coefficient distribution data T".

[0092] The user may grip the probe 180 having a grip
portion and move the probe 180. Besides, it is not necessary
to move the probe 180 during a period in which light
irradiation is performed a plurality of times. Further, the
arithmetic unit 151 may obtain the image data of the entire
imaging region based on an electric signal group obtained by
one-time light irradiation, and repeat the obtaining when
light irradiation is carried out a plurality of times.

(Step S300: Step of Obtaining Positional Deviation Infor-
mation Corresponding to Timing of Irradiating with Light of
Wavelength A1)

[0093] Based on the image data group corresponding to
the wavelength A1 obtained in step S200, the arithmetic unit
151 obtains positional deviation information corresponding
to the timing of irradiating with the light of the wavelength
A1. For example, as described below. by calculating the
positional deviation amount between the pulse volume data
and calculating the positional deviation amount of the vol-
ume data in which the pulse volume data are synthesized, it
is possible to obtain the positional deviation information.
[0094] First, the arithmetic unit 151 estimates the posi-
tional deviation amount of each pulse volume data due to a
variation in the relative positional relationship between the
object and the receiving unit during light irradiation with the
wavelength A1. At that time, a pair of arbitrary pulse volume
data is selected from the obtained pulse volume data. The
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k-th pair is denoted as R_k. Further, one of the pulse volume
data of the wavelength Al constituting the pair R_k is
denoted as Py, ;,, and the other is denoted as P, ;». In the
present exemplary embodiment, a case where K pairs are
selected will be described below. It is preferable that two
pulse volume data having an overlapping region are paired.
This makes it possible to avoid comparing pulse volume
data having no common feature with each other, so that
redundant calculations can be reduced. Furthermore, it is
preferable to pair the pulse volume data having a large
overlapping region with each other. Therefore, for example,
the arithmetic unit 151 may select a pair in which the ratio
of the volume of the overlapping region between pulse
volume data is equal to or greater than a predetermined
value. Further, as will be described below, when synthesized
volume data is used for positional deviation correction, pairs
in which regions having a large number of superimposed
pulse volume data overlap with each other may be selected.
[0095] Further, with respect to certain pulse volume data,
pulse volume data whose index is included within a prede-
termined range may be selected as an object of a pair from
the index of the pulse volume data. Further, pulse volume
data which have consecutive indexes, that is, pulse volume
data which are continuous in time may be selected as a pair
target. For example, in the present exemplary embodiment,
the arithmetic unit 151 selects a pair for pulse volume data
whose overlapping region is 50% or more.

[0096] Hereinafter, an example of a method for estimating
the positional deviation amount of each pulse volume data
will be described.

[0097] The arithmetic unit 151 obtains a similarity func-
tion F_k between P, ;, and P, 1, as illustrated in Expres-
sion 3.

F k& P2 il PR3, 3,2)

[0098] Here, the similarity function F_k is a function for
calculating similarity when the relative position of one pulse
volume data P, ,, with respect to the other pulse volume
data P, ;, constituting the pair R_k is translated by (x,y,z)
Here, the function fsimil returns a high value as a function
value when the similarity between images is high. Obtaining
of the similarity function F means obtaining a function value
when the relative position between image data is discretely
changed by the translation amount (x,y,z) which is an
argument of each function, that is, within a predetermined
range. For example, the obtaining means obtains a set of
QL+D)x(2L+1)x(2L+1) values returned by F for each of
cases where the values of x, y, and z are each changed as
integer values from -L to +L. In a more advanced manner,
from the set of (2L+1)x(2L+1)x(21+1) values, a similarity
function F may be derived and obtained as information
closer to a continuous function by additionally using a
bilinear method, a bicubic method, or the like.

[0099] Furthermore, a function value can be obtained in a
case where the positions of P,, ,, are discretely changed
within a predetermined range with reference to a position
translated by a relative position of P, ;, with respect to
P, (movement amount of the receiving unit 120 during
light irradiation).

[0100] For example, as a function for calculating similar-
ity, an arbitrary degree of similarity measure such as sum of
squared difference (SSD), sum of absolute difference (SAD),
mutual information amount, mutual correlation and the like
can be applied. Further, for example, a similarity function

Expression 3
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can be obtained by extracting characteristic forms from the
pulse volume data and measuring the degree of matching
with those positions. As a feature to be extracted, a feature
extracted by known techniques commonly used in image
processing fields such as an anatomical feature about a blood
vessel, edge detection and corner detection may be used. As
a feature to be extracted, a higher-order local image feature
such as a scale-invariant feature transform (SIFT) feature
and a speeded up robust feature (SURF) feature generally
used in technical fields such as computer vision may be
used. According to these methods, it is considered that a
more robust similarity function can be obtained by the
difference in luminance distribution between pulsed volume
data, and the mixing of noise.

[0101] The arithmetic unit 151 may also obtain the simi-
larity function by multiplying the result of the similarity
calculation by a weight.

[0102] Furthermore, when the degree of similarity cannot
be calculated correctly between the pulse volume data which
is subjected to the similarity calculation, the result may not
be used for subsequent processing. As a case where the
degree of similarity cannot be calculated correctly, it is
conceivable that the degree of similarity is substantially
small or does not change regardless of the translation to any
of them. According to this processing, the comparison result
(similarity function) between the pulse volume data in which
the same characteristic is sufficiently exhibited can be selec-
tively used for subsequent processing.

[0103] Subsequently, as illustrated in Expression 4, the
arithmetic unit 151 obtains a translation amount M_k that
maximizes the function value of the similarity function F_k.

M _k=arg max(F_k(x,y,2)) Expression 4

[0104] The arithmetic unit 151 obtains the translation
amount M_k that maximizes the function value of the
similarity function F_k for each pair.

[0105] When estimating the position of the pulse volume
data, an evaluation function that keeps the translation
amount M_k, which is an individual optimal value for pair
R_k, as much as possible, is defined. More specifically, an
evaluation function is defined in which the value decreases
as the positions of P, ;, with respect to P, , ;, move away
from the translation amount M_k. Expression 5 represents
an example of the evaluation function E_k in this case.
E_k=(M_l~(PosPy, j,=PosPy 1 o)) =(M_k(x)-
(PosP w1~ OSP, ).1,k2(x)t'2)+(M—k(»V)_(P 08P, 1,
kiG)-PosP, le;z(y})z)*'(Mfk(Z)‘(P 0SPy1 1z~

PosPy 1 joi)”) Expression 5

[0106] PosP,, ,;, represents the position of P,,,, with
respect to the reference position. PosP;, ,, represents the
position of P,,;, with respect to the reference position.
When defining the evaluation function, the similarity func-
tion F_k may be approximated to a quadratic function that
fits the similarity function F_k. Furthermore, in a case where
the similarity function F_k can be approximated in such a
way that it decreases according to a quadratic function
around the translation amount M_k, Expression 3 becomes
a function that makes the value of the similarity function F_k
approximate around the translation amount M_k from the
positional relationship between Py, ;, and P, 4.

[0107] Subsequently, the arithmetic unit 151 obtains a
position PosP", , ; of all the pulse volume data with respect to

Mar. 29, 2018

the reference position when a cost function E defined as

Expression 6 is minimized. Where “j” is a pulse index for a
pulse.

K Expression 6

E:ZEJ{
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(M_k(3) - (PosPase1(y) — PosPa i) +
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[0108] The position of the pulse volume data with respect
to the reference position when the cost function is mini-
mized, represents the position information of the pulse
volume data after the position deviates due to a variation in
the relative positional relationship between the object 100
and the receiving unit 120.

[0109] For example, the arithmetic unit 151 obtains a
solution that minimizes (comes closest to 0) the cost func-
tion E illustrated in Expression 4 by solving a linear least
squares method. As a result, since the position PosP';, ; of
each pulse volume data can be uniquely determined, the
calculation cost is small.

[0110] Instead of the optimization of the cost function by
the linear optimization described above, any known method
can be used for optimizing the cost function. For example,
optimization of the cost function may be performed by a
nonlinear optimization method such as a steepest descent
method or a Newton method by repeated calculation. More
specifically, the arithmetic unit 151 searches for the position
of each pulse volume data which minimizes the cost func-
tion to obtain position information after a position of the
pulse volume data deviates with respect to the reference
position.

[0111] The cost function may be defined in such a way that
regularization is applied to a variation (movement) between
light irradiation at each position of assumed pulse volume
data. When a breast is an object, it is thought that movement
by respiration is dominant. In this case, it is thought that the
movement of the object is a movement of about several mm
at the maximum, and the movement thereof is temporally
continuous and smooth. Further, it is thought that the move-
ment is periodic. Regularization can be applied in such a
way that suppression can be exerted to prevent calculation of
a movement that deviates from the assumed object move-
ment as described above.

[0112] Regularization can be applied in any way. For
example, regularization can be performed by multiplying the
sum of the variation amounts (moving distances) of the
object in derivation processing by a predetermined weight-
ing coeflicient and adding the resultant value to the cost
fanction. Alternatively, a value calculated based on the
frequency component value of the variation of the object
may be added to the cost function. Alternatively, a method
of typical variation of the object may be prepared as a model,
and a difference from the variation in the model may be
added as a cost to the cost function.
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[0113] Furthermore, “to minimize the cost function”
includes not only a case where the cost function is definitely
minimized, but also a case where the value of the cost
function becomes less than a predetermined value when the
solution candidate varies or a case where the variation
amount of the cost function is equal to or less than the
predetermined value. In other words, the arithmetic unit 151
may determine that the cost function has been minimized
when the cost function satisfies a predetermined condition.
Alternatively, the user may use the input unit 170 to give an
indication that the cost function has been minimized. In this
case, the arithmetic unit 151 determines that the cost func-
tion has been minimized in response to the indication from
the input unit 170.

[0114] Subsequently, the arithmetic unit 151 obtains the
positional deviation amount Mopt, , - when the cost function
is minimized with respect to each pulse volume data. This
positional deviation amount Mopt, , . represents the posi-
tional deviation amount of each pulse volume data due to a
variation in the relative positional relationship between the
object 100 and the receiving unit 120.

[0115] FIG. 7 illustrates a position PosP,, , of the pulse
volume data P, , and a position PosP";,, of the pulse
volume data P';, , when the cost function is minimized by
the above method. In FIG. 7, the pulse volume data P, | , is
represented by a solid line, and the pulse volume data P'; ; ,
when the cost function is minimized is represented by a
broken line.

[0116] In this step, any method may be used as long as
positional deviation information of the pulse volume data
due to the variation in the relative position between the
object 100 and the receiving unit 120 can be obtained.
[0117] Alternatively, the arithmetic unit 151 may obtain
the positional deviation information by using the k-th syn-
thesized volume data G ;. at the wavelength Al obtained by
synthesizing two or more pulse volume data. At that time, a
rectangular region including all synthesized pulse volume
data and having a minimum value may be used as synthe-
sized volume data, or an arbitrary region including a region
where at least two or more pulse volume data are superim-
posed may be used as synthesized volume data. In other
words, the region of the synthesized volume data does not
need to include all the pulse volume data to be synthesized.
[0118] The synthesized volume data is obtained by adding
the selected pulse volume data according to the position.
Alternatively, the pulse volume data may be averaged by
adding the selected pulse volume data and dividing by the
number of overlapping pulse volumes, or any method can be
used as long as volume data that more accurately reproduces
the features of the object can be obtained. However, the
processing of correcting the variation of the relative position
between the object 100 and the receiving unit 120 during
light irradiation (for example, the processing of changing the
position of the pulse volume) is not included in “synthesis”
according to this specification.

[0119] For example, the arithmetic unit 151 may perform
synthesis by adding each of the pulse volume data to be
synthesized after weighting each of the pulse volume data.
Alternatively, the arithmetic unit 151 may calculate the
additional value or the average value for the pulse volume
data which excludes the value including many noises by
using an outlier elimination method or the like.

[0120] Through these synthesis processing, noise included
in each pulse volume data is reduced, so that synthesized
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volume data can be obtained that more accurately repro-
duces the features of the object. Further, when the number of
synthesized volume data is smaller than the number of pulse
volume data, it is possible to reduce the calculation amount
and calculation cost by comparing the pulse volume data
with each other, compared to the method for estimating the
positional deviation of the entire pulse volume data.
[0121] However, the synthesized volume data obtained by
synthesizing in this way includes the influence of the varia-
tion in the relative positional relationship between the object
and the receiving unit of the photoacoustic wave in the
multiple light irradiations. Therefore, there is a possibility
that degradation in quality may be caused by the variation in
the synthesized volume data. Hereinafter, in order to sup-
press the degradation of the quality, the processing of
estimating the position of the pulse volume data from the
estimated position of the synthesized volume data will be
described.

[0122] The arithmetic unit 151 estimates a positional
deviation amount Mopt, , ; of each pulse volume data based
on a positional deviation amount MGopt,,  of each synthe-
sized volume data at the wavelength Al.

[0123] The arithmetic unit 151 can allocate the positional
deviation amount of the estimated synthesized volume data
with respect to the positional deviation amount of the pulse
volume data associated with the synthesized volume data.
Regarding the positional deviation amount of other pulse
volume data, the arithmetic unit 151 can perform estimation
by performing interpolation processing on the positional
deviation amount of the allocated pulse volume data. As a
method of interpolation processing, known methods such as
linear interpolation and spline interpolation can be adopted.
In addition, interpolation processing may be performed by
imposing a constraint in which a position that deviates from
the expected movement of the object is not calculated.
[0124] Arbitrary pulse volume data among the pulse vol-
ume data to be synthesized may be the pulse volume data
associated with the synthesized volume data. For example,
when the pulse voltage data to be synthesized is an odd
number, pulse volume data temporally located at the center
may be associated with the synthesized volume data.
[0125] Furthermore, for example, when the pulse volume
data to be synthesized is an even number as in the present
exemplary embodiment, any one of the pulse volume data
temporally located near the center may be associated with
the synthesized volume data. For example, when ten pieces
of pulse volume data are to be synthesized as in the present
exemplary embodiment, the positional deviation amount
MGopt, ; ; of the synthesized volume data G, ; at the wave-
length 2.1 may be assigned as the positional deviation
amount MGopt, .57 of the pulse volume data P, 5.
[0126] Furthermore, when the pulse voltage data to be
synthesized is an even number, virtual pulse volume data
temporally located at the center may be associated with the
synthesized volume data. For example, when ten pieces of
pulse volume data are to be synthesized as in the present
exemplary embodiment, the positional deviation amount of
the synthesized volume data G, ; at the wavelength A1 may
be assigned to the positional deviation amount of the virtual
pulse volume data having the pulse index of 5.5;.

[0127] Further, when synthesized together with weighting,
synthesis target pulse volume data weighted with the highest
weight coefficient among pulse volume data may be asso-
ciated with the synthesized volume data. Furthermore,
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among pulse volume data to be synthesized, pulse volume
data having a median weighting coefficient may be associ-
ated with the synthesized volume data.

[0128] By the above processing, based on the positional
deviation information of the synthesized volume data cor-
responding to the wavelength Al. it is possible to obtain
positional deviation information of the pulse volume data
corresponding to the wavelength Al. In this way, positional
deviation information corresponding to timing of irradiating
with the light of the wavelength A1 may be obtained.
[0129] The positional deviation information may be
obtained in the same manner as described above by using
two-dimensional projection data such as a maximum inten-
sity projection (MIP) of pulse volume data or synthesized
volume data. Hereinafter, an example of the processing will
be described.

[0130] The arithmetic unit 151 obtains MIP data as pro-
jection data projected in each of the X direction, the Y
direction, and the 7 direction with respect to the synthesized
initial sound pressure distribution data G, ; at the wave-
length A1. The MIP data projected in the X direction is
two-dimensional spatial information represented by Y axis
and Z axis, and is denoted as 1G;, (y,z). The MIP data
projected in the Y direction is two-dimensional spatial
distribution information represented by the 7 axis and the X
axis, and is denoted as 1G,, (z,x). The MIP data projected
in the 7 direction is two-dimensional spatial distribution
information represented by the X axis and the Y axis, and is
denoted as IG;, (x,y).

[0131] Note that as long as three-dimensional image data
can be converted into two-dimensional image data, a pro-
jection method other than an MIP images may be adopted.
For example, a minimum intensity projection (MINP) image
may be generated and used in place of the MIP image.
Alternatively, projection data may be obtained by adding a
plurality of slides in the projection direction.

[0132] Subsequently, for each of the XY plane, the YZ
plane, and the ZX plane, the relative position of one MIP
data with respect to the other MIP data constituting the pair
is translated to calculate the similarity. As the similarity
calculation method, the above-described method can be
used. For each of the XY plane, the YZ plane, and the ZX
plane, the translation amounts MX_k, MY _k, and M7 _k at
which the similarity of P, ,, with respect to P, , is the
maximum and the average values of the components on the
respective coordinate axes of the translation amounts are
calculated as each component value of the three-dimensional
translation amount M at which the similarity is maximized.

Expression 7

" (MYJ{ +MZ k MX k+MZ k MX k+MY_k
- 2 ’ 2 ’ 2

[0133] The arithmetic unit 151 can estimate the position of
each synthesized volume data when the cost function illus-
trated in Expression 4 is minimized, using the translation
amount M_k illustrated in Expression 5.

[0134] With the above processing, the position of the
synthesized volume data with respect to the reference posi-
tion can be obtained based on the two-dimensional image
data converted from the three-dimensional image data. By
converting three-dimensional image data into two-dimen-
sional image data, it is possible to obtain the position of the
volume data after the position deviates, with less calculation
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cost as compared with the case where the processing is
performed with the three-dimensional image data as it is.
[0135] Alternatively, by converting three-dimensional
image data as the pulse volume into two-dimensional image
data, the positional deviation information of the pulse vol-
ume data corresponding to the wavelength A1 may be
obtained by the above method. In this way, positional
deviation information corresponding to the timing of irra-
diating with the light of the wavelength A1 may be obtained.
[0136] Up to this point, a case has been described as an
example in which translation occurs as a variation in the
relative positional relationship between the object and the
receiving unit. However, even in a case where rotation or
deformation occurs as the variation, it is possible to estimate
an amount of the positional deviation caused by the rotation
or deformation.

[0137] For example, when rotation is taken into consid-
eration, the arithmetic unit 151 can estimate the position and
the rotation amount (positional deviation amount) of each
pulse volume data using the rotation amount as an argument
in addition to the translation amount. Subsequently, the
arithmetic unit 151 can obtain synthesized volume data by
performing rigid body conversion processing (positional
deviation correction processing) on each pulse volume data
based on the estimated position and rotation amount and
then synthesizing the processed pulse volume data. Further,
only the rotation amount may be the positional deviation
amount, or a conversion matrix such as the calculated
two-dimensional or three-dimensional translation/rotation
matrix and various parameters for conversion may be treated
as the positional deviation amount.

[0138] Furthermore, for example, in consideration of
deformation, the arithmetic unit 151 can estimate a displace-
ment amount using, as an argument, a displacement amount
(at least one of translation and rotation amount) at each point
set in the pulse volume data. Subsequently, the arithmetic
unit 151 can obtain synthesized volume data by performing
deformation processing (positional deviation correction pro-
cessing) on each pulse volume data based on the estimated
displacement amount and then synthesizing the processed
pulse volume data. For example, the displacement amount
between pulse volume data can be calculated by a method of
expressing deformation such as free form deformation
(FFD) or Thin Plate Spline. By the above-described pro-
cessing, high-quality synthesized volume data can be
obtained in consideration of higher order variation including
deformation.

[0139] In the present exemplary embodiment, the obtain-
ing of the pulse volume data is started after the measurement
of the photoacoustic wave by the all light irradiation is
completed. However, the pulse volume data may be sequen-
tially obtained each time light irradiation is performed. In
the latter case, the obtained pulse volume data may be
sequentially displayed on the display unit 160. As a result,
the user can confirm the obtained pulse volume data before
all the measurements are completed. At this time, the region
where the pulse volume data is superimposed may be
synthesized by the above-described method.

[0140] Furthermore, in the present exemplary embodi-
ment, the positional deviation amount is calculated after
obtaining all the pulse volume data. However, the positional
deviation amount may be sequentially calculated using pulse
volume data obtained each time light irradiation is per-
formed. Alternatively, a predetermined number of pulse
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volume data may be synthesized from sequentially obtained
pulse volume data to generate synthesized volume data and
sequentially calculate the positional deviation amount.
[0141] In addition, the volume data for calculating the
positional deviation amount may be used after performing
preliminary processing such as removing a negative value or
normalizing the image intensity.

(Step S400: Step of Obtaining Positional Deviation Infor-
mation Corresponding to Timing of Irradiating with Light of
Wavelength A2 Based on Positional Deviation Information
Corresponding to Timing of Irradiating with Light of Wave-
length A1)

[0142] The arithmetic unit 151 obtains positional devia-
tion information corresponding to timing of irradiating with
light of wavelength A2 based on positional deviation infor-
mation corresponding to timing of irradiating with light of
wavelength A1 obtained in step S300. More specifically,
from the positional deviation information corresponding to
the specific wavelength calculated by the method described
in step S300, the positional deviation information corre-
sponding to other wavelengths is calculated. For example,
when the timing of irradiation with the light is known, the
positional deviation information corresponding to the timing
of irradiation with the light of A1 may be temporally
interpolated. Furthermore, when the position of the probe
180 corresponding to the light irradiation timing, that is, the
position of the receiving unit 120 is known, the positional
deviation information corresponding to the irradiation tim-
ing of the light of the wavelength A1 may be spatially
interpolated. Through these interpolations, the arithmetic
unit 151 may obtain positional deviation information corre-
sponding to the irradiation timing of the light of the wave-
length A2.

[0143] The case of calculating by temporal interpolation
will be described with reference to FIG. 8. FIG. 8 includes
a sequence diagram illustrating irradiation timing of pulsed
light of a plurality of wavelengths at time t. FIG. 8 also
includes a graph illustrating the positional deviation amount
(translation amount) corresponding to each pulsed light at
the wavelength Al. The inverted triangle of reference
numeral 801 schematically illustrates the irradiation timing
of the pulsed light. It is understood that the pulsed light of
wavelength A1 is applied at times T11, T21, T31, T41, and
T51, respectively. It is also understood that the pulsed light
of wavelength A2 is applied at times T12, T22, T32, T42, and
T52, respectively. Furthermore, since the positional devia-
tion amount corresponding to the irradiation timing of the
pulsed light of the wavelength A1 is calculated in step S300,
the positional deviation amount is plotted with a circle 802
in FIG. 8. Therefore, the arithmetic unit 151 calculates the
positional deviation amount corresponding to the wave-
length A2 by temporally interpolating from the positional
deviation amount at the wavelength Al. In FIG. 8, a cross
mark 803 indicates the positional deviation amount corre-
sponding to the irradiation timing of the pulsed light of the
wavelength A2 calculated by the temporal interpolation.
Although it is ideally correct to use Lanczos interpolation as
the interpolation method, any interpolation method such as
linear interpolation, cubic interpolation, and spline interpo-
lation may be used. Here, as an example, explanation will be
made in the case of using linear interpolation and Lanczos
interpolation. For example, when the movement of the
object being observed is later than the pulse irradiation time
(sampling time) of wavelength A1, the positional deviation
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amount corresponding to the timing of T12 at the wave-
length A2 can be calculated from the positional deviation
amount at T11 and T21 corresponding to the wavelength A1.
When the positional deviation amounts at T11 and T21 are
M11 and M21 respectively, the positional deviation amount
M12 at T12 may be calculated by the following Expression
8.

My (T =Ti)+ My - (Tip = Tyy) Expression 8

Tn—Tn

12

[0144] Calculation has been performed using M11 and
M21 to calculate the positional deviation amount M12 of the
pulse at the time T12 of the wavelength A2. However,
depending on the interpolation method, it is also possible to
use the positional deviation amount of the pulse which is
temporally away. For example, it is known that Lanczos
interpolation is a type of multivariate interpolation, and is
used to improve the sampling rate of digital signals, and
interpolation can be performed best in Lanczos interpola-
tion. Lanczos interpolation for a one-dimensional signal is
performed by Expression 10 using the Lanczos kernel L (t)
of Expression 9.

; .

L(n= sinc(l)sinc(—) if—a<r<a Expression 9
a

0 otherwise

[f]+a Expression 10

S() = Z sLie—i)

i=[t]-a+1

[0145] Here, “t” is time, “a” is a positive integer that
determines the kernel size, “si” is a sample of a one-
dimensional signal for a positive integer i, “S(t)” is the
interpolated value, and [ ] is a floor function. Unlike the case
of linear interpolation, it is understood that interpolation is
performed using not only the positional deviation amount of
the two nearest neighboring pulses but also the positional
deviation amount of a plurality of nearby pulses.

[0146] Accordingly, it is possible to calculate the posi-
tional deviation amount of pulses of other wavelengths from
the positional deviation amount of pulses temporally close to
one wavelength. In addition, it is unnecessary to perform
positional deviation correction on a plurality of wavelengths
in the course of the processing, so that the calculation time
can also be shortened.

[0147] As an example of a method for performing tem-
poral interpolation, a method for calculating one two-dimen-
sional Affine transformation matrix by interpolating from
two two-dimensional Affine transformation matrices will be
described.

[0148] The corresponding pulse volume data is obtained
from the signal obtained by applying the pulsed light of the
wavelength A1 out of the obtained signal group of the pulsed
light with the plurality of wavelengths. From the obtained
pulse volume data of wavelength Al, positional deviation
correction based on Affine conversion is performed to cal-
culate the positional deviation amount at wavelength A2.
The positional deviation amount at the wavelength A2 is
calculated as an Affine transformation matrix with respect to
the pulse volume data.
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[0149] First, assume that there are two two-dimensional
Affine transformation matrices Al and A2. Here, Al is a
position deviation amount (Affine transformation matrix)
between pulse volume data P, , obtained by applying
pulsed light of wavelength A1 at time t1 and pulse volume
data P, | | obtained by applying pulsed light of wavelength
A1 at the time of t1+A. Furthermore, A2 is a position
deviation amount between pulse volume data P, , ; obtained
by applying pulsed light of wavelength A1 at time t1+A and
pulse volume data P; , , obtained by applying pulsed light of
wavelength A1 at the time of t1+2A.

[0150] Inthis case, desired Affine transformation matrix B
is a position deviation amount between pulse volume data
P, - obtained by applying pulse of wavelength A2 at time
t1+#/2 and pulse volume data P, , 5, obtained by applying
pulsed light of wavelength at the time of t1+3A/2.

[0151] A1 can be decomposed into a rotation component
referred to as AIR and an expansion/reduction component
AlS, and A2 can be similarly resolved into a rotation
component referred to as A2R and an expansion/reduction
component A2S. Therefore, the rotational component BR of
B is obtained by temporally interpolating each element of
the matrix of AIR and A2R, and the scaling factor BS of B
is obtained by temporally interpolating each element of the
matrix of A1S and A2S. By integrating BR and BS obtained
in this way, the positional deviation amount B can be
calculated.

[0152] Alternatively, interpolation may be performed spa-
tially to calculate the positional deviation amount of spa-
tially nearby pulses. FIG. 9 1s a schematic diagram illus-
trating a position (measurement position) of the probe 180
when applying a pulse of a plurality of wavelengths while
performing spatial scanning as in FIG. 5. A case where
positional deviation information corresponding to a mea-
surement position 502A corresponding to the timing of
irradiation with light of the wavelength A2 is obtained by
spatially interpolating the positional deviation information
corresponding to the wavelength A1 will be described. The
arithmetic unit 151 determines a measurement position of
the wavelength A1 corresponding to a measurement position
near the measurement position 502A. For example, the
measurement position of the wavelength A1 included in the
predetermined distance from the measurement position
502A of the wavelength A2 is determined. A chain line 901
indicates a range of a predetermined distance from the
measurement position 502A. The measurement positions
501A, 501B, 501C, 501D, and 501FE of the wavelength Al
indicate measurement positions of the wavelength Al
included at a predetermined distance from the measurement
position 502A of the wavelength A2. Therefore, by spatially
interpolating positional deviation information correspond-
ing to the measurement positions 501A, 501B, 501C, 501D,
and 501E of the wavelength A1, the arithmetic unit 151
obtains positional deviation information corresponding to
the measurement position 502A of the wavelength A2. As a
method for spatially interpolating, fitting of the function
may be performed on positional deviation information
already calculated and positional deviation information at a
desired position may be obtained from the function. As a
method for spatially interpolating, weighting according to
the distance may be added, and positional deviation infor-
mation at a desired position may be calculated. In the
following description, a method for calculating desired
positional deviation information of pulse volume data will
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be described below, by weighting the positional deviation
information of the pulse volume data within a predetermined
distance from the measurement position for which the
positional deviation information is desired according to the
distance.

[0153] Here, the position irradiated with the pulse is taken
as the center coordinates of the pulse volume data. Further-
more, N is the number of pulses of positional deviation
information of pulse volume data of wavelength A1 included
in the range of radius Rmm from a center coordinate
POS, ... of the pulse volume data P,__,, of the wavelength
A2 for which the positional deviation information is desired.
Further, when the positional deviation amount (translational
amount) as the positional deviation information is

Mi(1sisN) Expression 11

and a center coordinate is

POSi(1=isN) Expression 12

the positional deviation amount M,,_, of P can be

calculated by the following Expressions.

result

Expression 13

-

w; M;
i=1
M esuir = N
2w
=1
[0154] For example. in FIG. 9, the reference numeral

502A represents a measurement position corresponding to
the center coordinate POS,,,,;, of the pulse volume data
P e of wavelength A2 for which positional deviation
information is desired. In addition, reference numeral 901
represents a range of a radius Rmm from the measurement
position 502A. Reference numerals 501 A to 501E indicate
measurement positions corresponding to the center coordi-
nates of the pulse volume data included in the range 901.

[0155] In this case, o, is the weight calculated from the
distance, and the spatial distance between POS, and POS, -
suir can be calculated using

POSPOS g Expression 14

[0156] by the following equation.

1 Expression 15
W= —_——,

" POSPOS, i
provided that POS;POS, .y < R

[0157] When spatially interpolating, spatial interpolation
may be performed using any pulse volume, without being
limited to the above method. For example, when a nearest
pulse is used, or when a spiral scanning is performed a
plurality of times, two neighboring pulses or all the pulses
may be used in each circulation.

[0158] In this way, it is possible to calculate positional
deviation information of a pulse with other wavelength from
positional deviation information corresponding to the mea-
surement position spatially close to the measurement posi-
tion of the specific wavelength.

[0159] In the case of applying light with three or more
wavelengths, a method for obtaining positional deviation
information according to the present exemplary embodiment
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may be applied. In this case, the positional deviation infor-
mation obtained at a specific wavelength may be used to
obtain other positional deviation information of a plurality
of wavelengths. In addition, positional deviation informa-
tion of other wavelengths may be obtained using positional
deviation information obtained at a plurality of wavelengths
including a wavelength suitable for obtaining positional
deviation information. In other words, the positional devia-
tion information of other wavelengths may be obtained
using positional deviation information obtained with at least
one wavelength.

[0160] Furthermore, when positional deviation informa-
tion is obtained, taking deformation using a deformed align-
ment technique such as FFD into consideration, the posi-
tional deviation information may be a deformation field. A
deformation field is a field of deformation from a deforma-
tion image to a reference image.

[0161] An example of the case where the positional devia-
tion information is a deformation field will be described with
reference to FIG. 10. Here, for the sake of convenience, the
three-dimensional image data region will be described as a
two-dimensional plane of XY. Reference numerals 1011 and
1031 denote pulse irradiation positions at the wavelength A1,
reference numerals 1012 and 1032 denote image data
regions of the pulse, and a region indicated by a dotted line
of reference numeral 1050 is an overlapping region of
images of reference numerals 1012 and 1032. Reference
numeral 1021 denotes a pulse irradiation position at the
wavelength A2, and reference numeral 1022 denotes an
image data region corresponding to the pulse 1021. Here, it
is assumed that reference numerals 1011, 1031 and 1021 are
irradiated at times t1, 12 and (t1+12)/2, respectively.

[0162] Herein, it is considered that deforming alignment
of the image 1012 is performed with reference to the image
1032 in the overlapping region 1050 of reference numeral
1012 and reference numeral 1032. Then, it is possible to
calculate a three-dimensional deformation field of the size of
the overlapping region 1050.

[0163] The deformation field of the region 1050 in the
image data region 1022 can be calculated from the defor-
mation field of the image 1012 based on the image 1032. As
a calculation method, assuming that deformation of the
image 1012 with reference to the image 1032 has occurred
linearly with passage of time at time t2-t1, the deformation
field of the region 1050 is obtained by interpolating the
deformation field with time. More specifically, (12-(t1+t2)/
2)/(t2-t1) may be integrated.

[0164] In this example, from the deformation field
between two images, the deformation field from one image
of the image at the intermediate time has been calculated.
Accordingly, for each image data of pulses alternately
applied with a plurality of wavelengths, it is possible to
calculate the deformation field of images of other wave-
lengths captured between the image capturing times of the
two images having overlapping regions in one wavelength.
By applying this to all imaging pulses with a plurality of
wavelengths, it is possible to calculate the deformation field
to each pulse based on the image data of any pulse at all
wavelengths.

[0165] As another example, when a plurality of deforma-
tion fields is required among image data of a plurality of
pulses, by temporally interpolating from the plurality of
deformation fields, it is possible to calculate the deformation
field of the pulse applied at the time near the interpolation
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time. In order to calculate the deformation field, focusing on
the amount of displacement in a deformation field of a
certain voxel in the image data, it is tracked how each voxel
in the deformation field is displaced in a plurality of defor-
mation fields between image data captured at discrete times.
From the amount of displacement over time, the deforma-
tion field at a certain time may be calculated.

[0166] It is preferable to select the wavelength Al as a
reference by which the positional deviation information can
be obtained with high obtaining accuracy. Therefore, for
example, the arithmetic unit 151 calculates an evaluation
index indicating image quality such as pulse volume data
and synthesized volume data generated using each of a
plurality of wavelengths, resolution such as MIP image, or
signal-to-noise (SN) ratio. Then, the arithmetic unit 151 may
obtain the positional deviation information with the wave-
length at which the evaluation index indicating the calcu-
lated image quality is good, as the wavelength A1.

[0167] In the case where the positional deviation informa-
tion is obtained by temporally interpolating, the arithmetic
unit 151 may determine the wavelength of the light which is
applied many times within a predetermined period, and may
set the wavelength as the wavelength A1. For example, the
arithmetic unit 151 may set the wavelength of the light
which is applied most frequently within a predetermined
period, as the wavelength A1 in the predetermined period. In
addition, the arithmetic unit 151 may set the wavelength of
the light which is applied more than the predetermined
number of times in the predetermined period, as the wave-
length A1 within the predetermined period. Further, a plu-
rality of wavelengths may be set as the wavelength A1.
[0168] In addition, when it can be considered that the
irradiation timing between wavelengths is substantially the
same, the positional deviation information corresponding to
the irradiation timing with the light of the wavelength Al
may be obtained as the positional deviation information
corresponding to the irradiation timing with the light of the
wavelength A2. For example, the positional deviation
amount obtained in step S300 can be used as it is for pulses
of other wavelengths.

[0169] Forexample, when an irradiation interval of pulsed
light between a plurality of wavelengths is so short that the
irradiation interval can be neglected with respect to the
movement of the object, the irradiation timings between the
wavelengths can be regarded as substantially the same. For
example, in the case of the body movement due to breathing
of a living body, an irradiation interval between wavelengths
can be substantially the same. It is assumed that the living
body linearly displaces due to respiration with a cycle of 3
seconds and the maximum displacement amount of 3 mm.
When the tolerance of the resolution of the acoustic image
is set to 0.25 mm, if the irradiation interval is within 125 ms,
the irradiation timings between the wavelengths may be
considered to be substantially the same. At this time, it is
assumed that the displacement amount of the living body is
directly reflected in the error of the resolution of the pho-
toacoustic image. Furthermore, if the tolerance of the reso-
lution of the photoacoustic image is set to 0.1 mm, the
irradiation timings between wavelengths may be regarded as
substantially the same as long as the irradiation interval is
within 50 ms.

[0170] Furthermore, the arithmetic unit 151 may interpo-
late the positional deviation information obtained in step
S300 or step S400 temporally or spatially, to use the
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interpolated positional deviation information as positional
deviation information of images obtained by other modali-
ties.

(Step S500: Step of Performing Positional Deviation Cor-
rection Based on Positional Deviation Information Corre-
sponding to Irradiation Timing with Light of Wavelength A1
and Wavelength A2)

[0171] The arithmetic unit 151 performs positional devia-
tion correction based on the positional deviation information
corresponding to the wavelength A1 obtained in step S300
and the positional deviation information corresponding to
the wavelength A2 obtained in step S400.

[0172] For example, based on the positional deviation
information corresponding to the wavelength A1 obtained in
step S300, the arithmetic unit 151 may perform positional
deviation correction processing on the position information
of the pulse volume data of the wavelength A1 obtained in
step S200. Furthermore, the arithmetic unit 151 may gen-
erate pulse volume data corresponding to the wavelength A2
based on the signal group obtained in step S100. Then, the
arithmetic unit 151 may perform processing of correcting
the position of the pulse volume data of the wavelength A2
by the positional deviation amount, based on the positional
deviation information corresponding to the wavelength A2
obtained in step S400. Furthermore, the arithmetic unit 151
may synthesize the pulse volume data of wavelength A1 and
the pulse volume data of wavelength A2 in which positional
deviation has been corrected, to perform alignment, thereby
generating synthesized volume data.

[0173] Hereinafter, an example of correcting the posi-
tional deviation of the pulse volume having the wavelength
A1 will be described. FIGS. 11A to 11E illustrate an example
of positional deviation correction processing (parallel pro-
cessing) in this step.

[0174] FIG. 11A illustrates a part (P, »; to Py, »5) of the
pulse volume data before parallel processing in the present
exemplary embodiment. A dashed line represents the outer
circumference of P, ,5 and a feature 601 in P, , ,5. A solid
line represents the outer circumference of P, ,, and inner
feature 602 in P, ,,. A dotted line represents the outer
circumference P, ,, and inner feature 603 in P,, ,;. The
features 601, 602, and 603 all represent the same feature. In
FIG. 11A, the features in each pulse volume data are located
at different positions.

[0175] FIG. 11B illustrates pulse volume data P'; | ,5 after
translating pulse volume data P, , ,; present before transla-
tion, by a positional deviation amount Mopt, ;.25 estimated
by the above method. FIG. 11C illustrates pulse volume data
P'; 1 54 after translating pulse volume data Py, ,, present
before translation, by a positional deviation amount Mopt, ,
24 estimated by the above method.

[0176] FIG. 11D illustrates pulse volume data P, ; ,, after
translating pulse volume data P, ,23 present before trans-
lation, by a positional deviation Mopt,,, 23 estimated by the
above method.

[0177] FIG. 11E illustrates the superposed pulse volume
data P, »5, Py, 54, and P'; | ,5 after translation. In FIG. 11E,
the features 601, 602, and 603 in each pulse volume data
overlap at almost the same position. As illustrated in FIG.
11E, the arithmetic unit 151 can obtain the aligned volume
data by synthesizing each pulse volume data subjected to
translation processing. The aligned volume data corresponds
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to the synthesized volume data. “Alignment” refers to per-
forming both positional deviation correction processing and
synthesized processing.

[0178] Further, for example, in the reconstruction process-
ing, based on the positional deviation information corre-
sponding to the wavelength A1 obtained in step S300, the
arithmetic unit 151 may correct the position information of
the receiving unit 120 corresponding to the irradiation
timing of the wavelength A1 only by the positional deviation
amount. Further, in the reconstruction processing, based on
the positional deviation information corresponding to the
wavelength A2 obtained in step S400, the arithmetic unit 151
may correct the position information of the receiving unit
120 corresponding to the irradiation timing of the wave-
length A2 only by the positional deviation amount. The
arithmetic unit 151 may perform reconstruction processing
based on the signal group obtained in step S100 and the
position information of the receiving unit 120 whose posi-
tional deviation corresponding to the irradiation timing with
the light of the wavelength A1 and the wavelength A2 has
been corrected, thereby generating synthesized volume data.
[0179] Here, an example of a method for performing
positional deviation correction of position information of the
receiving unit 120 will be described. First, the arithmetic
unit 151 obtains the position information of the receiving
unit 120 when the positional deviation is not taken into
consideration. For example, the arithmetic unit 151 may
obtain the position information when the positional devia-
tion is not taken into consideration, by reading the position
information of the receiving unit 120 at the time of light
irradiation which is stored in the storage unit 152 in advance.
In addition, the arithmetic unit 151 may obtain the position
information of the receiving unit 120 when the positional
deviation is not taken into consideration, by receiving the
position information of the receiving unit 120 from the
position sensor provided in the driving unit 130 in response
to light irradiation as a trigger.

[0180] Subsequently. the arithmetic unit 151 corrects the
position information of the receiving unit 120 when the
positional deviation at the time of light irradiation is not
taken into account, by the positional deviation amount
which is indicated by the positional deviation information
obtained in step S300 or step S400 (for example, translation
processing). As a result, the arithmetic unit 151 can obtain
the position information of the receiving unit 120 in which
positional deviation has been corrected at the time of light
irradiation. That is, the arithmetic unit 151 can obtain the
position information of the receiving unit 120 in which
positional deviation has been corrected, based on the posi-
tional deviation information obtained in step S300 or step
S400.

[0181] The arithmetic unit 151 obtains the synthesized
image data based on the signal group obtained in step S100
and the position information of the receiving unit 120 in
which positional deviation has been corrected. In this step,
the arithmetic unit 151 reconstructs a region which is
smaller than the entire imaging region, from the signal
corresponding to one light irradiation. The reconstruction
may be repeated for the plurality of light irradiation, to
generate one volume data. In this case, in the step, the
arithmetic unit 151 obtains a plurality of pulse volume data
corresponding to the plurality of light irradiations, and
synthesizes the image data group. Furthermore, the arith-
metic unit 151 may generate one volume data by recon-
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structing the entire imaging region from the signal group
corresponding to the plurality of light irradiations.

[0182] Processing similar to the above can be performed
also when synthesizing data corresponding to a plurality of
wavelengths. Besides the addition processing and the aver-
aging processing of data corresponding to a plurality of
wavelengths, processing of obtaining function information
such as oxygen saturation by comparing and calculating data
corresponding to a plurality of wavelengths is included in
the exemplary embodiments. Hereinafter, a method for
obtaining oxygen saturation as function information using
data corresponding to a plurality of wavelengths will be
described.

[0183] Assuming that light absorption other than hemo-
globin is negligibly low at wavelength A1 and wavelength
1.2, the absorption coefficients of the wavelengths A1 and A2
are expressed by Expressions 16 and 17 using the molar
absorption coeflicient of oxyhemoglobin and the molar
absorption coefficient of deoxyhemoglobin, respectively.

a1 =€a(h) Coptee(h)Cre Expression 16

Ha(Ao)=€ (o) Cort€0(r) C

[0184] Here, p (7)) is the absorption coefficient of light at
wavelength A1 at position (ij,k), w,(A,) is the absorption
coeflicient of light at wavelength A2 at the position (i,j,k),
and unit can be indicated by [mm™]. C__ is the amount of
oxyhemoglobin [mol], and C,, is the amount of deoxyhe-
moglobin. Both values indicate values at the position (i,j,k).
[0185] e, (M) and €, (\,) respectively represent the
molar absorption coefficient [mm™" mol™'] of oxyhemoglo-
bin and deoxyhemoglobin at the wavelength A1. €, () and
€, (M) respectively indicate the molar absorption coeficient
[mm™'mol "] of oxyhemoglobin and deoxyhemoglobin at
wavelength 2. €, (M), A, (M), €, (M), and €4, (h,) can be
obtained in advance from measurement or literature values.
[0186] Therefore, C,, and C,, are obtained by solving the
simultaneous equations of Expressions 16 and 17, respec-
tively, using the molar extinction coefficient and p(A,) and
w,(A,). If the number of wavelengths to be used is large, the
least squares method may be used. Furthermore, the oxygen
saturation SO, is defined by the ratio of oxyhemoglobin in
total hemoglobin as illustrated in Expression 18. Therefore,
the oxygen saturation SO, can be expressed by Expression
19 based on Expressions 16, 17, and 18.

[0187] Therefore, the arithmetic unit 151 can obtain the
oxygen saturation SO, at the position (i,j,k) based on the
molar extinction coefficient and p (A,) and p_(A,) according
to Expression 19.

Expression 17

Cox Expression 18
50, =
Cox + Cde
H#a(A2) Expression 19
T2 ) - £aelda) P
SO, = ﬂa(ll)
i Ha)
(8 (A2) — £4e(A2)) — (o (A1) — £4,(A1))
Ha (ll )

[0188] By performing such processing on a plurality of
positions, oxygen saturation at a plurality of positions can be
obtained, and an oxygen saturation distribution can be
obtained. The oxygen saturation distribution is obtained by
comparative calculation of the absorption coefficient distri-
bution (for example, processing for calculating ratio) If the
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values of absorption coeflicients at multiple wavelengths are
relatively correct, the oxygen saturation distribution can be
properly determined. Therefore, it is not necessary to accu-
rately obtain the absorption coeflicient distribution as an
absolute value.

[0189] In the present embodiment, the initial sound pres-
sure image in which the influence of positional deviation is
reduced has been calculated, and an absorption coefficient
image and an oxygen saturation level image have been
calculated therefrom. However, embodiments are not lim-
ited to this method. Pulse volume data of a plurality of
wavelengths may be obtained as an absorption coefficient
distribution image, and the positional deviation amount may
be calculated from the absorption coefficient distribution
image at one of the wavelengths. Furthermore, by applying
the positional deviation amount calculated in this way to
other wavelengths, absorption coeflicient images in which
the influence of positional deviation is reduced may be
calculated, and oxygen saturation level images may be
calculated from these absorption coeflicient images.

[0190] With this configuration, by obtaining an absorption
coeflicient image in which the influence of misalignment is
reduced among images of a plurality of wavelengths, and
synthesizing an absorption coeflicient image in which the
influence of misalignment is reduced, it becomes possible to
calculate the oxygen saturation level image.

[0191] By this method, it is possible to obtain image data
(position-adjusted volume data) in which the influence of
variation in the relative positional relationship between the
object and the photoacoustic wave receiving unit during
light irradiation is suppressed.

[0192] The above processing can be applied even when
the receiving unit 120 does not move between light irradia-
tions. In other words, even when the photoacoustic appara-
tus does not have the driving unit 130, the above-described
processing can be applied. Furthermore, in this case, it is
possible to obtain image data in which the influence of the
change in the relative positional relationship between the
object and the photoacoustic wave receiving unit between
the plurality of light irradiations is suppressed.

[0193] In addition, when imaging by the photoacoustic
apparatus is performed together with a modality (for
example, an ultrasonic diagnostic apparatus or the like)
which is different from the photoacoustic apparatus, the
positional deviation information obtained by the photoa-
coustic apparatus may be used to obtain positional deviation
information about another modality. For example, the arith-
metic unit 151 may obtain positional deviation information
of image data obtained with another modality by temporally
or spatially interpolating the positional deviation informa-
tion obtained in step S300, step S400. or step S500. Fur-
thermore, when the photoacoustic apparatus and the other
modality generate image data at substantially the same
position, at substantially the same time, positional deviation
information obtained by the photoacoustic apparatus may be
used as positional deviation information about another
modality.

[0194] For example, when an ultrasonic diagnostic appa-
ratus is assumed as another modality, an inspection system
including the photoacoustic apparatus includes an ultra-
sound transceiver unit. The transceiver unit transmits an
ultrasonic wave to the object and outputs an ultrasonic signal
by receiving an echo wave of the transmitted ultrasonic
wave. The transceiver unit includes a transducer that outputs
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an electrical signal by receiving an acoustic wave. The
transceiver unit may include a plurality of transducers. In
addition, the transceiver unit may separately prepare a
transducer for transmitting an ultrasonic wave and a trans-
ducer for receiving an acoustic wave. Furthermore, the
transducer for transmitting an ultrasonic wave and the
transducer for receiving an acoustic wave may include the
same transducer. Furthermore, a transducer for transmitting
and receiving an ultrasonic wave and a transducer for
receiving a photoacoustic wave may be separately prepared.
Furthermore, the transducer for transmitting and receiving
an ultrasonic wave and the transducer for receiving a pho-
toacoustic wave may be the same transducer.

[0195] Hereinafter, the configuration and processing of the
photoacoustic apparatus of the second exemplary embodi-
ment will be described. In the second exemplary embodi-
ment, the same apparatus as the photoacoustic apparatus of
the first exemplary embodiment is used. In the second
exemplary embodiment, the same reference numerals are
given to the same components as those of the photoacoustic
apparatus of the first exemplary embodiment, and a detailed
description thereof will be omitted.

[0196] As described above, in the case of using light with
a plurality of wavelengths, there is a possibility that a
wavelength showing low accuracy in estimating positional
deviation between a plurality of image data is included. In
this case, if only the image data group obtained by the object
wavelength is used, it is difficult to accurately obtain posi-
tional deviation information corresponding to the irradiation
timing with light of the wavelength. Specifically, when light
with a plurality of wavelengths is used, variation occurs in
the estimation accuracy of positional deviation between
wavelengths.

[0197] Therefore, the photoacoustic apparatus according
to one exemplary embodiment of the present invention
obtains positional deviation information between a plurality
of image data for each of a plurality of different wave-
lengths. Then, by combining the positional deviation infor-
mation obtained for each of the plurality of wavelengths, the
positional deviation information obtained earlier is updated.
As a result, even when a wavelength that shows the low
estimation accuracy is included, the obtained positional
deviation information is updated using the positional devia-
tion information obtained with a wavelength showing rela-
tively high accuracy in estimating positional deviation, so
that it is possible to accurately obtain positional deviation
information.

[0198] More specifically, in the photoacoustic apparatus
according to one exemplary embodiment of the present
invention, the object is irradiated with light of the first
wavelength and light of the second wavelength which are
different from each other, a plurality of times. Then, a first
image data group corresponding to the first wavelength is
generated, and positional deviation information between the
first image data groups is obtained. The obtained positional
deviation information corresponds to a variation amount
(positional deviation amount) in the relative position
between the object and the probe corresponding to the
irradiation timing with the light of the first wavelength. In
addition, a second image data group corresponding to the
second wavelength is generated, and positional deviation
information between the second image data group is
obtained. Then, based on the first positional deviation infor-
mation and the second positional deviation information, the
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positional deviation information corresponding to the irra-
diation timing with the light of the first and second wave-
lengths is updated. Thus, since the positional deviation
information obtained from the wavelength showing high
accuracy in estimating the positional deviation is also used
when obtaining the positional deviation information about
the wavelength showing low accuracy in estimating the
positional deviation, variation of estimation accuracy of
positional deviation between wavelengths becomes small.
[0199] Furthermore, by changing the weight for the posi-
tion deviation information when combining the positional
deviation information of the respective wavelengths, the
estimation result of the wavelength showing high estimation
accuracy can be prioritized.

[0200] The method described in the first exemplary
embodiment can be applied to obtaining a signal group and
obtaining positional deviation information corresponding to
light irradiation timing of each wavelength in the present
case.

[0201] The operation of the photoacoustic apparatus
including information processing according to the present
exemplary embodiment will be described below along a
flow chart illustrated in FIG. 12. The same steps as in the
step illustrated in FIG. 4 are denoted by the same reference
numerals, and the detailed explanation is omitted.

(Step S210: Step of Generating Image Data Group
Corresponding to Wavelength A2)

[0202] The arithmetic unit 151 obtains an image data
group corresponding to the light irradiation of the second
wavelength based on the signal group obtained in step S100
as in step S200. In the present exemplary embodiment, an
example of obtaining a plurality of pieces of image data
corresponding to the light irradiation of the second wave-
length will be described. However, the present invention can
also be applied to a case where one image data is obtained.
(Step S310: Step of Obtaining Positional Deviation Infor-
mation Corresponding to Irradiation Timing with Light of
Wavelength A2)

[0203] Based on the image data group corresponding to
the wavelength A2 obtained in step S210, as in step S300, the
arithmetic unit 151 obtains positional deviation information
corresponding to the irradiation timing with the light of the
wavelength 2.2.

(Step $600: Step of Updating Positional Deviation Informa-
tion Based on Positional Deviation Information at Irradia-
tion Timing with Light of Wavelength A1 and Wavelength
22)

[0204] The arithmetic unit 151 updates the positional
deviation information based on the positional deviation
information corresponding to the irradiation timing with the
light of the wavelength A1 obtained in step S300 and the
positional deviation information corresponding to the irra-
diation timing with the light of the wavelength A2.

[0205] As an example, a case is considered where the
arithmetic unit 151 calculates a translation amount Mopt_
st, , as positional deviation information corresponding to the
irradiation timing with the light of the wavelength A1 in step
S300 and calculates a translation amount Mopt_st, , as the
positional deviation information corresponding to the irra-
diation timing with the light of the wavelength A2 in step
S310. At this time, in this step, the arithmetic unit 151 may
update the positional deviation information Mopt_st, ; and
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Mopt_st,, of each wavelength by averaging the positional
deviation information as illustrated in Expression 20.

Mopt_st, ,=(Mopt, , +Mopt, , ) 2Mopt_st, ,~(Mopt, +
Mopt;»)/2

[0206] In addition, the arithmetic unit 151 may update the
positional deviation information of each wavelength by
temporally or spatially performing interpolation using the
positional deviation information of each wavelength as
described in the first exemplary embodiment.

[0207] Furthermore, the arithmetic unit 151 may update
the positional deviation information of each wavelength by
weighting the positional deviation information of each
wavelength. The arithmetic unit 151 may update the posi-
tional deviation information of each wavelength by weight-
ing the positional deviation information of each wavelength
using a predetermined weight. Alternatively, the arithmetic
unit 151 may weigh the positional deviation information of
each wavelength using the weight determined by the instruc-
tion made by the user using the input unit 170.

Expression 20

(Step S700: Step of Performing Positional Deviation
Correction Based on Updated Positional Deviation
Information)

[0208] Based on the positional deviation information cor-
responding to the irradiation timing with the light of the
wavelength A1 and the wavelength A2 updated in step S600,
the arithmetic unit 151 performs positional deviation cor-
rection in the same method as described in step S500.
[0209] In the present exemplary embodiment, since the
combined positional deviation information is employed
using not only positional deviation information obtained by
awavelength showing low accuracy in estimating positional
deviation but also positional deviation information obtained
from a wavelength showing high accuracy in estimating
positional deviation, variation of estimation accuracy of
positional deviation between wavelengths becomes small.
[0210] FIG. 13 illustrates a schematic diagram of a GUI
having a slider for determining the weight for positional
deviation information of each wavelength. For example, it is
possible to determine the weight by using the GUI as
illustrated in FIG. 13 displayed on the display unit 160.
[0211] On a GUI 1001, a display region 1002 of the
photoacoustic image, a graph 1003 of the positional devia-
tion amount of the wavelength A1, and a graph 1004 of the
positional deviation amount of the wavelength A2 are dis-
played. In the graphs 1003 and 1004, the vertical axis
represents the amount of positional deviation and the hori-
zontal axis represents the pulse index. That is, the graphs
1003 and 1004 plot the positional deviation amount with
respect to the pulse volume data at the wavelength A1 and
the wavelength A2. A slider bar 1007 is an item for deter-
mining the weight of position deviation amounts of a
plurality of wavelengths. When the slider bar 1007 is
manipulated to the left, the positional deviation amount of
the wavelength A1 is dominantly added. When the slider bar
1007 is operated to the right, the positional deviation amount
of the wavelength A2 is dominantly added. That is, when the
slider bar 1007 is manipulated to the left, the weight of the
wavelength A1 is increased. When the slider bar 1007 is
manipulated to the right, the weight of the wavelength A2 is
increased, and the weighted final positional deviation
amount is determined. Then, a photoacoustic image obtained
using the weighted final positional deviation amount is
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displayed in the display region 1002. Further, when the user
operates the slider bar 1007, the final positional deviation
amount is recalculated and updated. Then, using the updated
positional deviation amount, the photoacoustic image is
obtained again, and the photoacoustic image displayed in the
display region 1002 is updated. In FIG. 13, the photoacous-
tic image 1008 of the foot is displayed in the display region
1002, and a photoacoustic image 1008 includes a blood
vessel image 1009.

[0212] By using such a GUI, weights for positional devia-
tion amounts at a plurality of wavelengths are changed and
determined with a slider bar 1007, so that it is possible to
determine the final positional deviation amount while con-
firming the change of the image quality (resolution, or the
like) of the photoacoustic image displayed in the display
region.

[0213] Hereinafter, the configuration and processing of the
photoacoustic apparatus of the third exemplary embodiment
will be described. In the third exemplary embodiment, the
same apparatus as the photoacoustic apparatus of the first or
second exemplary embodiment is used. In the third exem-
plary embodiment, the same reference numerals are given to
the same components as those of the photoacoustic appara-
tus of the first or second exemplary embodiment, and a
detailed description thereof will be omitted.

[0214] As described above, in the case of using light
beams with a plurality of different wavelengths, the image
characteristics such as the image intensity may be differen-
tiated between wavelengths in some cases. In that case, since
the image intensity varies between wavelengths, the accu-
racy in estimating the positional deviation may decrease.
[0215] Therefore, based on a photoacoustic wave gener-
ated by irradiation with light of each of a plurality of
mutually different wavelengths, the photoacoustic apparatus
according to one exemplary embodiment of the present
invention generates image data using light of each wave-
length. Then, after performing processing so as to reduce the
difference in image characteristics between wavelengths,
positional deviation information is obtained using image
data group with a plurality of wavelengths. As a result, it is
possible to suppress degradation of estimation accuracy of
positional deviation caused by difference in image charac-
teristics between wavelengths.

[0216] More specifically, in the photoacoustic apparatus
according to one exemplary embodiment of the present
invention, the object is irradiated with respective light of the
first wavelength and light of the second wavelength which
are different from each other a plurality of times. Then, a first
image data group corresponding to the first wavelength is
generated. In addition, a second image data group corre-
sponding to the second wavelength is generated. Then,
image processing is performed on at least one of the first
image data group and the second image data group so that
the difference in image characteristics between the first
image data group and the second image data group is
reduced. Then, by using the first image data group and the
second image data group after the processing of reducing the
difference in image characteristics is performed, positional
deviation information corresponding to the irradiation tim-
ing with light of the first and second wavelengths is
obtained.

[0217] In the above description, an example in which the
difference in image characteristics between wavelengths is
reduced by image processing on image data has been
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described. However, the difference in the image character-
istics between the wavelengths may be reduced by the signal
processing on the signal before being converted into the
image data.

[0218] The operation of the photoacoustic apparatus
including information processing according to the present
exemplary embodiment will be described below along a
flow chart illustrated in FIG. 14. The same steps as in the
step illustrated in FIG. 4 are denoted by the same reference
numerals, and the detailed explanation is omitted.

(Step S800: Step of Performing Processing for Reducing
Difference in Image Characteristics Between Image Data
Group Corresponding to Wavelength Al and Image Data
Group Corresponding to Wavelength A2)

[0219] The arithmetic unit 151 performs image processing
on the image data group of the wavelength A1 and the image
data group of the wavelength A2 so that the difference in
image characteristics between the image data group of
wavelength A1 obtained in step S200 and the image data
group of wavelength 2.2 obtained in step S210 is reduced.
For example, as processing for reducing the difference in
image characteristics between wavelengths, processing of
equalizing the maximum value or the minimum value of the
image intensity and processing such that the image average
and the dispersion of the image intensities of the plurality of
wavelengths are nearly equal. In this specification, process-
ing for reducing the difference in image characteristics of
image data is referred to as normalization processing.

[0220] Here, an example of normalizing the image inten-
sity of the image data will be described. First, the maximum
value valmax (one value for all pulses) of the image intensity
of the entire pulse volume data obtained in step S200 and
step S300 is obtained. Then, the value of 0 or less of the
image intensity of the pulse volume data is rounded to zero,
and then the image intensities P, , . of the voxels of the pulse
volume data are normalized so that the maximum value
valmax of the obtained image intensity becomes a prede-
termined value val. That is, the arithmetic unit 151 normal-
izes the pulse volume data as illustrated in Expression 21.

P, =Py, fvalval max

[0221] Here, P', , are values of the image intensity after
normalization of each voxel. Here, the pulse volume data is
normalized so that the maximum value of the pulse volume
data of a plurality of wavelengths is a predetermined value;
however, normalization may be performed so that the maxi-
mum value valmax may be obtained for each wavelength
and the maximum value valmax becomes equal to the
predetermined value val. Furthermore, the minimum value
of the pulse volume data may be obtained without rounding
the value of 0 or less to 0, the intensity between the
minimum value and the maximum value may be converted
from 0 to val. Alternatively, the intensity between the
minimum and maximum values may be converted from val'
to val. In other words, normalization may be performed so
that the image intensity falls within a desired numerical
range. In addition, as long as the difference in image
intensity between wavelengths becomes small, normaliza-
tion may be performed by any method.

[0222] In addition, as another method, the image may be
normalized so that the average value of the image intensity
becomes 0 or the distribution becomes 1 to be a specific

Expression 21
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value, or normalization may be performed so that each value
does not become 0 or 1, but becomes a specific value.

(Step S900: Step of Obtaining Positional Deviation
Information Based on Image Data Processing for Reducing
Difference in Image Characteristics)

[0223] Based on the image data group of the wavelength
A1 and the wavelength A2 after performing the processing of
reducing the difference in the image characteristics between
the wavelengths in step S800, the arithmetic unit 151 obtains
positional deviation information corresponding to the irra-
diation timing with light of the first and second wavelengths.
As for the method for obtaining the positional deviation
information using the image data, the same method as the
method described in step S300 can be adopted.

[0224] As described above, by using the image data group
in which the difference in the image characteristic between
the wavelengths is reduced, it is possible to suppress the
deterioration of the estimation accuracy of the positional
deviation caused by the difference in the image character-
istics between the wavelengths. Then, in step S500, posi-
tional deviation correction can be performed with high
accuracy by using the positional deviation information
obtained in this manner.

[0225] In the present exemplary embodiment, an example
in which the image data group is generated for each wave-
length has been described. However, even in the case where
one piece of image data is not generated at one wavelength,
as long as an image data group is generated, the method for
obtaining positional deviation information described in the
present exemplary embodiment can be applied.

[0226] Hereinafter, the configuration and processing of the
photoacoustic apparatus of the fourth exemplary embodi-
ment will be described. In the fourth exemplary embodi-
ment, the same apparatus as the photoacoustic apparatus of
the first, second, or third exemplary embodiment is used. In
the fourth exemplary embodiment, the same reference
numerals are given to the same components as those of the
photoacoustic apparatus of the first, second, or third exem-
plary embodiment, and a detailed description thereof will be
omitted.

[0227] In the present exemplary embodiment, an example
will be described in which at least one method for obtaining
the positional deviation information described in the first,
second, or third exemplary embodiment is executed based
on an instruction from a user using the input unit 170.
[0228] FIG. 15 illustrates the GUI displayed on the display
unit 160 of the present exemplary embodiment. On a GUI
1501, a display region 1502 of the photoacoustic image, a
graph 1503 of the positional deviation amount of the wave-
length A1, and a graph 1504 of the positional deviation
amount of the wavelength A2 are displayed. In the graphs
1503 and 1504, the vertical axis represents the amount of
positional deviation and the horizontal axis represents the
pulse index. In other words, the graphs 1503 and 1504 plot
the positional deviation amount with respect to the pulse
volume data at the wavelength A1 and the wavelength A2. In
FIG. 15, the photoacoustic image 1508 of the foot is
displayed in the display region 1502, and a photoacoustic
image 1508 includes a blood vessel image 1509.

[0229] The user selects a desired obtaining method using
the input unit 170 from the buttons 1511, 1512, and 1513 for
selecting a method for obtaining positional deviation infor-
mation.
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[0230] The selection button 1511 is a button for using the
positional deviation information corresponding to the spe-
cific wavelength described in the first exemplary embodi-
ment in obtaining the positional deviation information cor-
responding to the others. In the present exemplary
embodiment, when the selection button 1511 is selected, by
interpolating the positional deviation information corre-
sponding to the wavelength A1, a mode is obtained in which
positional deviation information corresponding to the wave-
length A2 is obtained. Furthermore, regarding the interpo-
lation method, it is possible for the user to determine
whether the arithmetic unit 151 performs temporal interpo-
lation or spatial interpolation by selecting the selection
button 1514.

[0231] The selection button 1512 is a button for synthe-
sizing positional deviation information corresponding to
each of the plurality of wavelengths described in the second
exemplary embodiment and updating each positional devia-
tion information. In the present exemplary embodiment,
when the selection button 1512 is selected, a mode is
obtained in which the positional deviation information cor-
responding to the wavelength Al and the positional devia-
tion information corresponding to the wavelength A2 are
weighted and then synthesized. Furthermore, by operating
the slider bar 1515, it is possible for the user to change the
weight of each positional deviation information. The func-
tion of the slider bar 1515 is the same as that of the slider bar
1007.

[0232] The selection button 1513 is a button for obtaining
positional deviation information after normalization so as to
reduce differences in image characteristics between wave-
lengths described in the third exemplary embodiment. In the
present exemplary embodiment, when the selection button
1513 is selected, a mode is performed in which normaliza-
tion processing is performed on data obtained based on light
of wavelength A1 and data obtained based on light of
wavelength A2. Furthermore, as to the normalization pro-
cessing method, the user selects the selection button 1516 so
that the arithmetic unit 151 can decide whether to perform
normalization processing for reducing the difference in
image intensity or normalization processing for reducing the
difference in resolution.

[0233] As described above, the user selects a method for
obtaining desired positional deviation information and con-
firms the photoacoustic image to which the selected posi-
tional deviation information is applied, so that it is possible
to confirm the synthesized image data obtained by the
method for obtaining the positional deviation information
suitable for the characteristics of the image data.

Other Exemplary Embodiment

[0234] Furthermore, the present invention can also be
realized by executing the following processing. That is, the
present invention can be executed by processing in which
software (program) for realizing the functions of the above-
described exemplary embodiment is supplied to a system or
apparatus via a network or various storage media, and a
computer (or CPU, micro-processing unit (MPU) or the like)
of the system or apparatus reads and executes the program.

Other Embodiments

[0235] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
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out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

[0236] 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.

[0237] This application claims the benefit of Japanese
Patent Applications No. 2016-188408, filed Sep. 27, 2016,
which is hereby incorporated by reference herein in its
entirety.

1. A photoacoustic apparatus for obtaining image data
based on an acoustic wave generated by irradiating an object
with light of a first wavelength and light of a second
wavelength which is different from the first wavelength, the
photoacoustic apparatus comprising: a processing unit con-
figured to:

obtain a first image data group generated based on an
acoustic wave generated by irradiating the object with
light of the first wavelength a plurality of times;

obtain first positional deviation information associated
with an irradiation timing with the light of the first
wavelength on the basis of the first image data group;
and

obtain second positional deviation information associated
with an irradiation timing with the light of the second
wavelength on the basis of the first positional deviation
information.

2. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to obtain a signal
group generated by a receiving unit receiving the acoustic
waves generated by irradiating the object with the light of
the first wavelength and the light of the second wavelength,
and generate synthesized image data on the basis of the first
positional deviation information, the second positional
deviation information, and the signal group.
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3. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to:

obtain a signal group generated by a receiving unit

receiving the acoustic wave generated by irradiating the
object with the light of the first wavelength and the light
of the second wavelength;

correct positional deviation of the first image data group

on the basis of the first positional deviation informa-
tion;

generate a second image data group based on the second

wavelength on the basis of the signal group;

correct positional deviation of the second image data

group on the basis of the second positional deviation
information; and

generate synthesized image data on the basis of the first

and second image data groups in which positional
deviation has been corrected.

4. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to obtain a signal
group generated by a receiving unit receiving the acoustic
wave generated by irradiating the object with the light of the
first wavelength and the light of the second wavelength,
obtain first position information of the receiving unit asso-
ciated with the irradiation timing with the light of the first
wavelength, and generate the first image data group on the
basis of the first position information and the signal group.

5. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to:

obtain a signal group generated by a receiving unit

receiving the acoustic wave generated by irradiating the
object with the light of the first wavelength and the light
of the second wavelength;

obtain first position information of the receiving unit

associated with irradiation timing of the light of the first
wavelength;

correct the positional deviation of the first position infor-

mation on the basis of the first positional deviation
information;

obtain second position information of the receiving unit

associated with the irradiation timing of the light with
the second wavelength;

correct the positional deviation of the second position

information based on the second positional deviation
information; and

obtain synthesized image data on the basis of the first and

second position information and the signal group in
which positional deviation has been corrected.

6. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to obtain the
second positional deviation information by temporally or
spatially interpolating the first positional deviation informa-
tion.

7. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to obtain the first
positional deviation information associated with the irradia-
tion timing with the light of the first and second wavelengths
which are temporally close to each other, as the second
positional deviation information.

8. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to obtain the first
positional deviation information of a position of the receiv-
ing unit associated with the irradiation timing with the light
of the first and second wavelengths which are spatially close
to each other, as the second positional deviation information.
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9. The photoacoustic apparatus according to claim 1,
wherein the processing unit generates data indicating a
spatial distribution of oxygen saturation as the synthesized
image data.

10. The photoacoustic apparatus according to claim 1,
wherein the first wavelength is a wavelength at which a
molar absorption coeflicient of oxyhemoglobin and a molar
absorption coeflicient of deoxyhemoglobin are equal or
substantially equal.

11. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to determine a
wavelength of light applied more than a predetermined
number of times among the plurality of light irradiations, as
the first wavelength.

12. The photoacoustic apparatus according to claim 1,
wherein the processing unit is configured to determine a
wavelength of a most applied light among the plurality of
light irradiations, and determine the wavelength as the first
wavelength.

13. The photoacoustic apparatus according to claim 1,
further comprising:
a light irradiation unit configured to irradiate the object
with the light of the first wavelength and the light of the
second wavelength; and

a receiving unit configured to receive a photoacoustic
wave generated by a plurality of light irradiations of the
light of the first wavelength and the light of the second
wavelength to output a signal group,

wherein the processing unit generates the first image data
group based on the signal group, and generates the
second image data based on the signal group.

14. An information processing method for obtaining
image data based on an acoustic wave generated by irradi-
ating an object with light of a first wavelength and light of
a second wavelength which is different from the first wave-
length, the information processing method comprising:

obtaining a first image data group generated based on an
acoustic wave generated by irradiating the object with
light of the first wavelength a plurality of times;

obtaining first positional deviation information associated
with an irradiation timing with the light of the first
wavelength on the basis of a first image data group
based on the first wavelength; and

obtaining second positional deviation information asso-
ciated with an irradiation timing with the light of the
second wavelength on the basis of the first positional
deviation information.

15. A non-temporary storage medium storing a program
for causing a computer to execute an information processing
method for obtaining image data based on an acoustic wave
generated by irradiating an object with light of a first
wavelength and light of a second wavelength which is
different from the first wavelength, the information process-
ing method comprising:

obtaining a first image data group generated based on an

acoustic wave generated by irradiating the object with
light of the first wavelength a plurality of times;

obtaining first positional deviation information associated
with an irradiation timing with the light of the first
wavelength on the basis of a first image data group
based on the first wavelength; and
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obtaining second positional deviation information asso-
ciated with an irradiation timing with the light of the
second wavelength on the basis of the first positional
deviation information.
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