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(57) ABSTRACT

A photoacoustic apparatus includes a light source configured
to generate a plurality of pulsed lights in different wave-
lengths, an irradiation optical system configured to irradiate
an object with the pulsed light from the light source and
configured to irradiate the object in different irradiation
positions along a rotational trajectory during a rotational
scanning period in a corresponding wavelength, and a probe
configured to receive photoacoustic wave from the object in
response to each pulsed light irradiation in the different
irradiation positions and to convert the received photoacous-
tic wave into an electric signal. The irradiation optical
system is moved to irradiate the object with a first wave-
length in a plurality of times during a first rotational scan-
ning period and irradiate the object with a second wave-
length in a plurality of times during a second rotational
scanning period after the first rotational scanning period.
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PHOTOACOUSTIC APPARATUS AND
OBJECT INFORMATION ACQUIRING
METHOD
BACKGROUND OF THE INVENTION

Field of the Invention

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

Description of the Related Art
[0002] As a technique to image functional information on

the inside of an object, such as structural information and
physiological information, photoacoustic tomography (PAT)
is known.

[0003] If a living body, which is an object, is irradiated
with light, such as laser light, an acoustic wave (typically an
ultrasonic wave) is generated when the light is absorbed by
a biological tissue inside the object. This phenomenon is
called a “photoacoustic effect” and the acoustic wave gen-
erated by the photoacoustic effect is called a “photoacoustic
wave”. The absorption rate of optical energy differs depend-
ing on the tissue constituting the object, hence the sound
pressure of the generated photoacoustic wave also differs
depending on the tissue. With PAT, a generated photoacous-
tic wave is received by a probe, and the received signal is
mathematically analyzed so as to acquire characteristic
information inside the object.

[0004] Further, in photoacoustic tomography, an object is
irradiated with lights having mutually different wavelengths,
and the absorption coeflicient of the light is determined for
each wavelength, whereby concentration related distribution
of a substance (distribution of values related to the concen-
tration of a substance) existing in the object can be acquired.
[0005] As a technique related to this, Japanese Patent
Application Publication No. 2016-59768, for example, dis-
closes a photoacoustic apparatus which irradiates an object
with lights having a plurality of wavelengths, and acquires
functional information inside the object, such as the oxygen
saturation degree.

SUMMARY OF THE INVENTION

[0006] In the apparatus according to Japanese Patent
Application Publication No. 2016-59768, the wavelength of
light is switched while moving the probe, and a different
position on the object is irradiated with light having a
different wavelength. However, according to this configu-
ration, the light intensity distribution in the object changes
depending on the wavelength, hence the functional infor-
mation, such as the oxygen saturation degree, may not be
acquired accurately.

[0007] With the foregoing problem of the prior art in view,
it is an object of the present invention to improve the
measurement accuracy of a photoacoustic apparatus which
uses lights having a plurality of wavelengths.

[0008] Tt is provided with a view to achieving one aspect
as describe above a photoacoustic apparatus, including:
[0009] a light source configured to generate a plurality of
pulsed lights in different wavelengths;

[0010] an irradiation optical system optically coupled to
the light source, configured to irradiate an object with the
pulsed light from the light source and configured to irradiate
the object in different irradiation positions along a rotational
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trajectory during a rotational scanning period of time in a
corresponding wavelength; and

[0011] a probe configured to receive photoacoustic wave
from the object in response to each light irradiation in the
different irradiation positions and to convert the received
photoacoustic wave into an electric signal, wherein

[0012] the irradiation optical system is moved to irradiate
the object with a first wavelength in a plurality of times
during a first rotational scanning period of time and irradiate
the object with a second wavelength in a plurality of times
during a second rotational scanning period of time after the
first rotational scanning period of time.

[0013] It is also provided with a view to achieving one
aspect as describe above a method of acquiring object
information, including:

[0014] irradiating an object with pulsed light from a light
source configured to generate a plurality of pulsed lights in
different wavelengths in different irradiation positions along
a rotational trajectory during a rotational scanning period of
time in a corresponding wavelength;

[0015] receiving photoacoustic wave from the object in
response to each light irradiation in the different irradiation
positions; and

[0016] converting the received photoacoustic wave into an
electric signal, wherein

[0017] the irradiating irradiates the object with a first
wavelength in a plurality of times during a first rotational
scanning period of time and irradiates the object with a
second wavelength in a plurality of times during a second
rotational scanning period of time after the first rotational
scanning period of time.

[0018] According to the present invention, the measure-
ment accuracy can be improved in a photoacoustic apparatus
which uses lights having a plurality of wavelengths.
[0019] 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

[0020] FIG. 1 is a diagram depicting a configuration of a
photoacoustic apparatus according to Embodiment 1;
[0021] FIG. 2A and FIG. 2B indicate diagrams depicting
movement of a probe unit according to Embodiment 1;
[0022] FIG. 3 indicates diagrams depicting a center posi-
tion of a high resolution region at each irradiation timing;
[0023] FIG. 4 indicates diagrams depicting irradiation
timings at each wavelength according to Embodiment 1;
[0024] FIG. 5A to FIG. 57 indicate diagrams depicting the
pulsed light irradiation distribution according to Embodi-
ment 1; and

[0025] FIG. 6 indicates diagrams depicting irradiation
timings at each wavelength according to Embodiment 2.

DESCRIPTION OF THE EMBODIMENTS

[0026] Embodiments of the present invention will be
described with reference to the drawings. Dimensions, mate-
rials, shapes and relative positions of components described
below should be appropriately changed depending on the
configurations and various conditions of the apparatus to
which the invention is applied. Therefore, the following
description is not intended to limit the scope of the inven-
tion.
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[0027] The present invention relates to a technique to
detect an acoustic wave propagating from an object, and
generate and acquire the characteristic information inside
the object. This means that the present invention is regarded
as a photoacoustic apparatus or a control method thereof.
The present invention is also regarded as a program which
causes the apparatus, equipped with such hardware
resources as a CPU and memory, to execute this method, or
a computer readable non-transitory storage medium storing
this program.

[0028] The photoacoustic apparatus according to the
embodiments is an apparatus utilizing a photoacoustic
effect, that is, an acoustic wave, generated inside an object
(e.g. breast, face, palm) by irradiating the object with light
(electromagnetic wave), is received, and characteristic infor-
mation of the object is acquired as the image data. In this
case, the characteristic information refers to information on
the characteristic values corresponding to a plurality of
positions inside the object respectively, and these character-
istic values are generated using the received signals, which
are acquired by receiving a photoacoustic wave.

[0029] The characteristic information acquired by the pho-
toacoustic measurement refers to the values reflecting the
absorption rate of the optical energy. For example, the
characteristic information includes: a generation source of
an acoustic wave which is generated by the pulsed light
irradiation: an initial sound pressure inside the object; an
optical energy absorption density and an absorption coefi-
cient derived from the initial sound pressure; and a concen-
tration of a substance constituting a tissue.

[0030] Based on photoacoustic waves that are generated
by lights having a plurality of different wavelengths, infor-
mation, such as the concentration of a substance constituting
the object, can be acquired. This information may be an
oxygen saturation degree, a value generated by weighting
the oxygen saturation degree by intensity (e.g. absorption
coeflicient), a total hemoglobin concentration, an oxyhemo-
globin concentration or deoxyhemoglobin concentration.
This information may also be a glucose concentration, a
collagen concentration, a melanin concentration, or a vol-
ume percentage of fat or water.

[0031] In the embodiments described below, it is assumed
the use of a photoacoustic imaging apparatus configured to
acquire data on distribution and profiles of blood vessels
inside the object and data on the oxygen saturation distri-
bution in the blood vessels, by irradiating the object with
light having a wavelength which is determined based on the
assumption that the absorber is hemoglobin, and image this
data.

[0032] Based on the characteristic information at each
position inside the object, a two-dimensional or three-
dimensional characteristic information distribution is
acquired. The distribution data can be generated as image
data. The characteristic information may be determined, not
as numeric data, but as distribution data at each position
inside the object. In other words, such distribution informa-
tion as the initial sound pressure distribution, the energy
absorption density distribution, the absorption coeflicient
distribution, and the oxygen saturation distribution may be
acquired.

[0033] The “acoustic wave” in the present description is
typically an ultrasonic wave, including an elastic wave
called a “sound wave” or a “photoacoustic wave”. An
electric signal, converted from the acoustic wave by a probe
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or the like, is called an “acoustic signal”. Such phrases as
“ultrasonic wave” or “acoustic wave” in this description,
however, are not intended to limit the wavelengths of these
elastic waves. An acoustic wave generated due to the pho-
toacoustic effect is called a “photoacoustic wave” or a
“light-induced ultrasonic wave”. An electric signal, which
originates from a photoacoustic wave, is called a “photoa-
coustic signal”. In this description, the photoacoustic signal
includes both an analog signal and a digital signal. The
distribution data is also called “photoacoustic image data” or
“reconstructed image data”.

[0034] The photoacoustic apparatus according to the
embodiments is an apparatus that irradiates an object with a
pulsed light, and receives a photoacoustic wave generated
inside the object, so as to generate information related to the
optical characteristic inside the object.

Embodiment 1

[0035] FIG. 1 is a diagram depicting a configuration of a
photoacoustic apparatus according to Embodiment 1. The
photoacoustic apparatus according to Embodiment 1 is
constituted of a probe unit 110, a light source 103, an
irradiation optical system 104, a signal acquiring unit 105, a
data processing unit 106, a display device 107, a holding
member 108 and a scanning mechanism 109.

[0036] The probe unit 110 includes a plurality of conver-
sion elements 101 and a support member 102. The data
processing unit 106 includes an image generating unit 1061,
an image processing unit 1062 and a control unit 1063.
[0037] The probe unit 110 includes the irradiation optical
system 104 optically connected the light source 103. The
irradiation optical system 104 irradiates an object with
pulsed light from the light source 103 and receives a
generated acoustic wave from the object. The probe unit 110
is configured by disposing a plurality of (e.g. 512) conver-
sion elements 101 in a spiral, on an inner surface of the
support member 102 which has a hemispherical shape.
Further, an opening, through which the pulsed light emitted
from the later mentioned light source 103 transmits, is
disposed at the bottom of the support member 102. In other
words, the probe unit 110 includes the probe array including
the plurality of conversion elements 101 and the irradiation
optical system 104 optically connected the light source 103.
[0038] The support member 102 is an approximately
hemispherically shaped container which supports the plu-
rality of conversion elements 101. In Embodiment 1, the
plurality of conversion elements 101 are disposed on the
inner surface of the hemisphere, and an opening, to allow the
pulsed light to transit through, is created at the bottom (pole)
of the hemisphere, to which the later mentioned irradiation
optical system 104 is connected. Acoustic matching mate-
rials (e.g. water) may be stored inside the hemisphere. To
support these members, it is preferable that the support
member 102 is constituted of a metal material or the like
which has high mechanical strength. It is even more pref-
erable that the support member 102 is configured to have
such mechanical strength that the position of the probe unit
110 is maintained when the scanning mechanism 109 moves
the probe unit 110.

[0039] The conversion element 101 is a unit that receives
an acoustic wave emitted from inside the object in response
to each pulsed light irradiation in different irradiation posi-
tions, and converts the received acoustic wave into an
electric signal (hereafter photoacoustic signal). The conver-
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sion element is also called a probe, an acoustic wave
detecting element, an acoustic wave detector, an acoustic
wave receiver or a transducer.

[0040] An acoustic wave generated from a living body is
an ultrasonic wave in the 100 KHz to 100 MHz range, hence
an element that can receive this frequency band is used for
the acoustic wave detecting element. In concrete terms, a
transducer utilizing a piezoelectric phenomenon, a trans-
ducer utilizing the resonance of light, a transducer utilizing
the change in capacitance or the like can be used.

[0041] It is preferable that the acoustic wave detecting
element has high sensitivity and can handle a wide fre-
quency band. In concrete terms, a piezoelectric element
using lead zirconate titanate (PZT) or an element using a
high polymer piezoelectric material such as polyvinylidene
fluoride (PVDF), a capacitive micro-machine ultrasonic
transducer (CMUT), a Fabry-Perot interferometer or the like
may be used. The acoustic wave detecting element, however,
is not limited to the above, but may be any element as long
as the functions of the probe can be performed.

[0042] The plurality of conversion elements 101 are
arranged in an array on the hemispheric surface, so that the
direction of each element in which the receiving sensitivity
is the highest (directivity axis) is directed to a predetermined
region which includes the center of the curvature of the
hemisphere and the vicinity thereof. By disposing the plu-
rality of conversion elements 101 like this, high resolution
can be implemented at the center of the curvature of the
hemisphere. In this description, such a region where reso-
lution is enhanced is called a “high resolution region”. In
Embodiment 1, the high resolution region is a region from
a point at which the highest resolution is acquired to a point
at which a resolution half that of the highest resolution is
acquired. In Embodiment 1, the center of the hemispheric
support member 102 is a position at which the highest
receiving sensitivity is acquired, and the high resolution
region is a spherical region which spreads isotropically from
the center of the hemisphere.

[0043] By disposing the plurality of conversion elements
101 multi-dimensionally like this, the acoustic wave can be
simultaneously received at a plurality of positions, which
decreases the measurement time. The shape of the support
member 102 is not limited to a hemisphere, as long as the
direction of the high receiving sensitivity of each of the
conversion elements 101 can be concentrated to a predeter-
mined region. For example, the support member 102 may be
ellipsoid-shaped sectioned at an arbitrary cross-section, or
may be polyhedron-shaped.

[0044] The probe unit 110 can be moved in three-dimen-
sional directions by the scanning mechanism 109. Thereby
the pulsed light irradiating position and the acoustic wave
receiving position can be relatively moved with respect to
the object. In other words, the optical system 104 is moved
to irradiate the object with a first wavelength in a plurality
of times during a first rotational scanning period of time and
irradiate the object with a second wavelength in a plurality
of times during a second rotational scanning period of time
after the first rotational scanning period of time. The scan-
ning mechanism 109 may have a guide mechanism, a
driving mechanism, a scanning position sensor and the like
in the three directions of the X, Y and Z axes respectively.
[0045] The light source 103 is a unit configured to gen-
erate a pulsed light with which an object is irradiated. The
light source 103 is preferably a laser light source in order to
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generate high power, but a light-emitting diode or a flash
lamp may be used instead of laser. In the case of using a laser
as the light source, various lasers, such as a solid-state laser,
a gas las, a dye laser and a semiconductor laser can be used.
[0046] The wavelength of the pulsed light is preferably a
specific wavelength that is absorbed by a specific compo-
nent, out of the components constituting the object, and is
also a wavelength by which the pulsed light can propagate
into the object. In concrete terms, a wavelength at least 500
nm and not more than 1200 nm is preferable.

[0047] To effectively generate a photoacoustic wave, the
object is required to be irradiated with the pulsed light for a
sufficiently short time in accordance with the thermal char-
acteristic of the object. When the object is a living body, as
in the case of Embodiment 1, the pulse width of the pulsed
light that is generated from the light source 1s preferably 10
to 100 nanoseconds.

[0048] The timing, waveform, intensity and the like of the
pulsed light irradiation are controlled by the later mentioned
data processing unit 106 (control unit 1063).

[0049] The laser used for the light source 103 is preferably
a laser which has high power, and of which wavelength can
be continuously changed, such as an Nd:YAG-excited Ti:sa
laser and an alexandrite laser. In the case of irradiations of
lights having a plurality of wavelengths, the light source 103
may include a plurality of single-wavelength laser of which
wavelengths are different from one another.

[0050] The irradiation optical system 104 is a member
which transmits the pulsed light emitted from the light
source. The pulsed light emitted from the light source is
guided to the object while being processed to be a prede-
termined pulsed light distribution profile by such optical
components as a lens and mirror, and the object is irradiated
with the pulsed light. The pulsed light may be propagated by
an optical waveguide, such as optical fiber. In other words,
the pulsed light distribution profile is called as a light
irradiation pattern or a light irradiation distribution.

[0051] The irradiation optical system 104 may have a
configuration where a plurality of hollow waveguides are
connected by each joint including a mirror, and light is
guided through the waveguides. The irradiation optical
system 104 may have a configuration to guide the pulsed
light by propagating the pulsed light in a space using such
an optical element as a mirror and lens.

[0052] The irradiation optical system 104 may include
such optical components as a lens, a mirror, a prism, an
optical fiber, a diffusion plate, a shutter and a filter. Any
optical component may be used for the optical system, as
long as the object is irradiated with the pulsed light emitted
from the light source 103 in a desired profile. In terms of
safety of a living body and expanding the diagnostic region,
it is preferable to expand the pulsed light to a certain area,
rather than condensing the pulsed light by a lens.

[0053] The signal acquiring unit 105 is a unit that ampli-
fies an electric signal acquired by the conversion element
101, and converts the amplified electric signal into a digital
signal.

[0054] The signal acquiring unit 105 may be configured by
an amplifier that amplifies a received signal, an A/D con-
verter that converts the received analog signal into a digital
signal, a memory (e.g. FIFO) that stores the received signal,
and an arithmetic circuit (e.g. FPGA chip). Further, the
signal acquiring unit 105 may be configured by a plurality of
processors and arithmetic circuits.
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[0055] The data processing unit 106 includes: a unit that
reconstructs an image using digital signals outputted from
the signal acquiring unit 105 (image generating unit 1061);
a unit that processes an image (image processing unit 1062);
and a unit that controls each composing element of the
photoacoustic apparatus (control unit 1063).

[0056] The data processing unit 106 may be a computer
constituted of a CPU, a RAM, a non-volatile memory and a
control port. In this case, the program stored in the non-
volatile memory is executed by the CPU, whereby control is
performed. The data processing unit 106 may be imple-
mented by a general purpose computer or a dedicated
workstation. The unit which plays an arithmetic function of
the data processing unit 106 may be configured by a pro-
cessor (e.g. CPU, GPU) and an arithmetic circuit (e.g. FPGA
chip). These units may be a single processor or a single
arithmetic circuit, or may be constituted of a plurality of
processors and arithmetic circuits.

[0057] The image generating unit 1061 calculates the
initial sound pressure distribution p (r) of the photoacoustic
wave inside the object, based on the converted digital signal
(photoacoustic signal) using such a method as a filter back
projection (FBP). In FBP, the image is reconstructed using
the following formula (1). Here dS, denotes a size of the
detector, S, denotes an opening size used for the reconstruc-
tion, pd (r, t) denotes a signal received by the plurality of
conversion elements, t denotes the reception time, and r,
denotes the positions of the plurality of composing elements.

[Math. 1]

1 dSo[ dpalro, 1)
plr)= —gj‘fz[IT +2palro, )

Formula (1)

t=|r-rglic
50 0

[0058] The image processing unit 1062 performs image
processing on image data generated by the image recon-
struction processing. For example, a gain correction pro-
cessing, a noise suppression processing using a Gaussian
filter or a median filter, generation of a maximum intensity
projection (MIP) image, coloring based on the direction and
distance, or generation of a projected image by changing the
saturation and lightness may be performed.

[0059] Further, the functional information in the object
may be calculated using a plurality of reconstruction data so
as to generate a corresponding image. An image generated
like this can also be the target of the above-mentioned image
processing. Furthermore, image processing to emphasize a
region specified by the operator may be performed. The
processed image is outputted to the display device 107.

[0060] In other words, the image generating unit 1061 is
configured to generate a first image based on an electric
signal from the probe in association with a first photoacous-
tic wave from the object in response to a first pulsed light
irradiation with the pulsed light in the first wavelength,
generate a second image based on an electric signal from the
probe in association with a second photoacoustic wave from
the object in response to a second pulsed light irradiation
with the pulsed light in the second wavelength, and generate
a third image representing functional information on an
inside of the object based on the first image and the second
image.
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[0061] The control unit 1063 issues instructions on control
of the apparatus in general, such as control of the pulsed
light irradiation of the object. control of receiving the
acoustic wave and photoacoustic signal, and control of
moving the probe unit.

[0062] In Embodiment 1, the image generating unit 1061,
the image processing unit 1062 and the control unit 1063 are
implemented by common hardware, but may be imple-
mented as separate hardware.

[0063] The unit which plays a storage function of the data
processing unit 106 may be a non-transitory storage medium
(e.g. ROM, magnetic disk, flash memory) or a volatile
medium (e.g. RAM). A storage medium storing programs is
a non-transitory storage medium. Each of these units may be
constituted of one storage medium or may be constituted of
a plurality of storage media.

[0064] The display device 107 is a unit that displays
information acquired by the data processing unit 106 and the
processed information thereof, and is typically a display.
The display device 107 may be constituted of a plurality of
devices, or may be a single device which has a plurality of
display portions where parallel display can be performed.
The display device 107 may include an input unit to receive
instructions from the operator, such as a touch panel. The
input unit may be disposed separately from the display
device 107.

[0065] Theholding member 108 is a member that holds an
object. In Embodiment 1, the object is inserted in the
positive direction on the Z axis in FIG. 1, and is held in a
state of being in contact with the holding member 108. It is
preferable that the holding member 108 is constituted of a
material having strength to support the object and a char-
acteristic to transmit light and acoustic waves, such as
polyethylene terephthalate. If necessary, the acoustic match-
ing material may be stored inside the holding member 108.

[0066] The scanning mechanism 109 is a unit that moves
the probe unit 110, which includes the conversion elements
101 and the support member 102, relative to the object. In
Embodiment 1, the probe unit 110 is moved, but the scan-
ning mechanism 109 may have a configuration in which the
object is moved with fixing the probe unit 110. Further, the
scanning mechanism 109 may have a configuration in which
both the probe unit 110 and the object are moved. The
configuration of the scanning mechanism 109 is not limited,
as long as the relative positions of the probe unit 110 and the
object can be changed.

[0067] In Embodiment 1, the scanning mechanism 109
includes a movable stage, so that the probe unit 110 can be
moved two-dimensionally (XY directions) or three-dimen-
sionally (XYZ directions).

[0068] In other words, in Embodiment 1, the optical
system 104 is moved, but the scanning mechanism 109 may
have a configuration in which the object is moved with
fixing the optical system 104. Further, the scanning mecha-
nism 109 may have a configuration in which both the optical
system 104 and the object are moved. The configuration of
the scanning mechanism 109 is not limited, as long as the
relative positions of the optical system 104 and the object
can be changed.

[0069] In Embodiment 1, the scanning mechanism 109
includes a movable stage, so that the optical system 104 can
be moved two-dimensionally (XY directions) or three-di-
mensionally (XYZ directions).
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[0070] A method of measuring a living body (object) using
the photoacoustic apparatus according to Embodiment 1 will
be described next.

[0071] First an object is irradiated with a pulsed light
emitted from the light source 103 via the irradiation optical
system 104. When a part of the energy of the pulsed light
propagating inside the object is absorbed by a light absorber
(e.g. blood), an acoustic wave is generated from this light
absorber by thermal expansion. If a cancer exists in the
living body, light is uniquely absorbed by the blood in the
newly generated blood vessels of the cancer in the same
manner as the case of the blood in a normal region, and an
acoustic wave is generated. The photoacoustic wave gener-
ated inside the living body is received by the conversion
elements 101.

[0072] In Embodiment 1, the object is irradiated with the
pulsed light and the acoustic wave is acquired while the
scanning mechanism changes the relative positional rela-
tionship between the support member 102 and the object. In
other words, the photoacoustic signal can be acquired while
different positions on the object is irradiated with the pulsed
light.

[0073] FIG. 2A is a schematic diagram depicting a move-
ment of the probe unit 110 in the XY plane according to
Embodiment 1. FIG. 2B is a diagram depicting the timings
of the pulsed light irradiation, the volume data generation
and the image display.

[0074] The reference number 201 in FIG. 2A indicates the
solid line, which is the trajectory of the center point of the
high resolution region when the probe unit 110 moves in the
XY plane. In other words, FIG. 2A is a diagram projecting
the trajectory of the probe unit 110 onto the XY plane. In
Embodiment 1, the object is irradiated with the pulsed light
at predetermining timings (Tel, Te2, Te3, . . ., TeN), and
volume data (V1, V2, ..., VN) is generated based on the
received acoustic wave, In FIG, 2A, Posl, Pos2 and Pos3
indicate the center positions of the high resolution region at
the pulsed light irradiation timings Tel, Te2 and Te3. In the
case of the probe unit having the hemispheric support
member, as in the case of Embodiment 1, Posl, Pos2 and
Pos3 can be regarded as positions when the center of this
hemisphere is projected onto the XY plane. Each dotted line
centering around each point of Posl, Pos2 and Pos3 is a
schematic representation of the spread of the high resolution
region at each position.

[0075] InEmbodiment 1, a plurality of positions where the
high resolution regions overlap is irradiated with the pulsed
light, and the acoustic wave is received and the photoacous-
tic signal is acquired at these positions. In the high resolution
region, high directivity regions of the plurality of conversion
elements 101 overlap, and the photoacoustic signal gener-
ated in this region can be acquired at a high SN ratio.
Further, the photoacoustic signals are acquired while chang-
ing the relative position of the probe unit 110 with respect to
the object, hence the generation of an artifact in the recon-
structed image can be suppressed. In Embodiment 1, the
region on the object where the object is irradiated with the
pulsed light (light irradiation region) is a position corre-
sponding to the center of the high resolution region. The
pulsed light irradiation region also moves with the high
resolution region as the probe unit 110 moves. In other
words, the optical system 104 is configured to irradiate the
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object in different irradiation positions along a rotational
trajectory during a rotational scanning period of time in a
corresponding wavelength.

[0076] Operation of the data processing unit 106 will be
described next.
[0077] First the image generating unit 1061 executes the

image reconstruction based on the photoacoustic signals
outputted from the signal acquiring unit 105, and outputs
volume data. This image reconstruction is performed inde-
pendently for the photoacoustic signal acquired at each
irradiation of the pulsed light.

[0078] Then the image processing unit 1062 combines a
plurality of photoacoustic volumes so as to generate a
composite volume in which an artifact is suppressed. In the
following, the volume data and composite data are also
called “image data” and “composite image data™ respec-
tively.

[0079] In the example in FIG. 2A and FIG. 2B, the object
is irradiated with the pulsed light at a timing when the center
of the high resolution region is located at Pos1, and using the
photoacoustic signal acquired thereby, an image is recon-
structed for the space including the high resolution region
centering around Posl indicated by the dotted line, and the
volume data V1 is acquired as a result.

[0080] Then the object is irradiated with the pulsed light at
a timing when the center of the high resolution region is
located at Pos2, and using the photoacoustic signal acquired
thereby, an image is reconstructed for the space including
the region centering around Pos2 indicated by the dotted
line, and the volume data V2 is acquired as a result. In the
same manner, when the center of the high resolution region
is located at Pos3 and Posd, the volume data V3 and the
volume data V4 are acquired respectively.

[0081] The image processing unit 1062 combines these
four volume data while maintaining the relative positional
relationships thereof, and calculates the composite volume
data V'1. Thereby in a region where with each volume data
overlaps, a photoacoustic image, in which an artifact is
suppressed, can be acquired. In order to implement this
effect, it is preferable that the distance I between at least two
locations, out of the locations of the center point of the high
resolution region when the object is irradiated with the
pulsed light, is smaller than the radius R of the high
resolution region.

[0082] Further, by controlling the movement of the probe
unit 110 so that the high resolution regions overlap regard-
less of which position of the trajectory the probe unit 110 is
located, the image can be reconstructed using more photoa-
coustic signals. In other words, a photoacoustic image in
which an artifact is further suppressed can be acquired. For
example, this effect can be implemented by controlling R, ,,
which is the radius of the trajectory 201, becomes smaller
than the radius R of the high resolution region.

[0083] IfR,,, is controlled to be R, ,<R/2, then the high
resolution regions can be overlapped in all the regions inside
the rotational trajectory. In other words, a photoacoustic
image, in which an artifact is suppressed in an even wider
range, can be acquired.

[0084] In Embodiment 1, as illustrated in FIG. 2B, the
object is irradiated with the pulsed light at equal intervals
while changing the position of the probe unit 110 to Posl,
Pos2, Pos3, . . ., PosN. When the photoacoustic signal is
acquired at each timing, the image generating unit 1061
reconstructs the image, and generates the volume data V1,
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V2,...,VN. Then the image processing unit 1062 generates
the composite volume data V'l using the four volume data
V1 to V4. In this example, the composite volume data V'n
is generated by combining the volume data Vn to V(n+3).
[0085] The image corresponding to the composite volume
data acquired like this is sequentially outputted to the
display device 107. Thereby a photoacoustic image, which
is updated in real-time, can be provided. The volume data is
generated by receiving the photoacoustic waves at positions
where the high resolution regions overlap with each other,
hence an artifact near the overlapped positions in particular
can be suppressed.

[0086] The composite volume data is acquired by com-
bining photoacoustic signals corresponding to a plurality of
times of pulsed light irradiation. However, in the case where
the object is a living body, the imaging target may move due
to body motion (e.g. breathing), and in this case, blur may
be generated due to the body motion if the composite
volume data is generated by combining the photoacoustic
signals acquired before and after the body motion.

[0087] Therefore, it is preferable to limit a number of
volume data to be combined to a number which is not
subject to the influence of the body motion. For example, if
the body motion caused by breathing is about 0.3 Hz (about
a 3.33 second cycle), the photoacoustic signals acquired
during a period shorter than this cycle are combined, then an
image which is less affected by the body motion can be
acquired.

[0088] If the cycle of the pulsed light irradiation is 10 Hz,
a number of volume data to be combined may be limited to
16 at the maximum, then the photoacoustic signals used for
the combining can be acquired within 1.6 seconds, and the
combining can be performed within about half of the body
motion cycle. If a number of volume data to be used for the
combining is limited to 8 at the maximum, the photoacoustic
signals to be combined can be acquired within 0.8 seconds,
hence the combining can be performed in about ¥4 of the
body motion cycle. As a number of volume data to be
combined decreases, an image having the higher time reso-
lution can be acquired, and as a number of volume data to
be combined increases, an image having a higher SN ratio
can be acquired.

[0089] A number of volume data to be combined may be
arbitrarily set by the operator. Further. if a number of volume
data to be combined and displayed, operational convenience
for the operator can be enhanced. Furthermore, if the acquit-
ing time duration to acquire the photoacoustic signals to be
combined or a cycle (Hz) calculated based on the acquiring
time duration are displayed, the operator can recognize the
time resolution of the acquired image. This makes it easier
for the operator to specify a number of volume data to be
combined and a time resolution.

[0090] According to the above-mentioned operation, the
photoacoustic signal acquired at timing Te2 is reflected in
the images Iml and Im2, but not in image Im3. The
photoacoustic signal acquired at timing Te3 is reflected in
images Iml, Im2 and Im3, but not in image Im4. In other
words, the degree of contribution of a photoacoustic signal
acquired at a certain timing (or volume data using this
photoacoustic signal) in the display image decreases as time
elapses. As a result, an artifact can be suppressed by com-
bining the volume data, and the image can be updated while
suppressing the contribution of an older photoacoustic signal
in the image.
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[0091] An overview on the above-mentioned operation
will be described next.

[0092] In Embodiment 1, a photoacoustic signal is
acquired at each position of N locations (n is 3 or greater
integer), of which relative position with respect to the object
1s different respectively, whereby N number of volume data
are acquired. Then a first composite volume data is gener-
ated by combining at least two volume data out of the ith to
(i+m)th volume data (i+m<N, both i and m are natural
numbers). Further, a second composite volume data is
generated by combining at least two volume data out of
(i+n)th to (i+n+m)th volume data (n is a natural number).
Then the image based on the first composite volume data is
updated to an image based on the second composite volume,
whereby the first composite image and the second composite
image are sequentially displayed.

[0093] As illustrated in FIG. 2A, photoacoustic signals are
received while repeatedly circling around a predetermined
region (e.g. center of trajectory 201), and the image acquired
by combining a plurality of volume data is displayed peri-
odically, whereby a moving image corresponding to the
predetermined region can be provided. This moving image
may be outputted to the display device 107, or may be stored
in a storage unit (not illustrated).

[0094] When the composite volume data is created from
volume data, the ratio of combining each volume data may
be weighted in order to decrease the degree of contribution
of an older photoacoustic signal. For example, in the case
when composite volume data is created using volume data
V(@) to V(i+m), and the ratio of each volume is (i) to
a(i+m), then a(i)za(i+])=a(i+2)<a(i+3) . . . =afi+m) is
satisfied. Thereby the contribution of an older photoacoustic
signal to the composite volume data can be further reduced.
[0095] Further, the time duration required to acquire the
volume data (e.g. period from the timing when the photoa-
coustic signal corresponding to Posl is acquired to the
timing when the photoacoustic signal corresponding to Pos4
is acquired) may be displayed on the display device 107.
Then the operator can grasp a general idea of the time
resolution of the currently displayed composite image data.
[0096] Furthermore, the values of the ratio of each volume
(a(i) to a(i+m)) to create the composite volume data may be
displayed. These values may be changed by the operator.
Then the operator can adjust the measurement parameters in
accordance with the desired time resolution and artifact
suppression level.

[0097] The image processing unit 1062 may perform
image processing to emphasize a region corresponding to
the high resolution region on the image, so as to differentiate
this region from the other regions.

[0098] Embodiment 1 can also be applied to the case of
using a light source, that can irradiate the object with a
plurality of pulsed lights having different wavelengths. For
example, in the case of switching the wavelength of the
pulsed light each time the object is irradiated with the pulsed
light, an image may be reconstructed using the photoacous-
tic signals acquired when the object is irradiated with the
pulsed lights having different wavelengths, or an image may
be reconstructed using the photoacoustic signals acquired
when the object is irradiated with the pulsed lights having
the same wavelength. In either case, it is preferable that at
least two of the high resolution regions where the photoa-
coustic signals were acquired at a plurality of timings,
overlap. If only the photoacoustic signals acquired by irra-
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diating the object with the pulsed lights having the same
wavelength are used, a photoacoustic image unique to this
wavelength can be acquired with less artifacts. In the case of
using a plurality of photoacoustic signals corresponding to
the same wavelength, it is preferable to use the photoacous-
tic signals of which acquired timings are close to each other,
then a photoacoustic image having a high time resolution
can be acquired.

[0099] A case of irradiating the object with pulsed lights
having different wavelengths and generating an image on
functional information inside the object, based on the
acquired photoacoustic signals, will be described next.
[0100] FIG. 3 indicates schematic diagrams depicting a
center position of a high resolution region at each light
irradiation timing. In this example, the center position of the
high resolution region changes clockwise. FIG. 4 indicates
diagrams depicting irradiation timings at each wave length.
[0101] The photoacoustic apparatus according to Embodi-
ment 1 irradiates the object with a pulsed light having
wavelength 1 and a light having wavelength 2 alternately
while rotating the probe unit 110.

[0102] First the pulsed light irradiation timing will be
described, focusing on the pulsed light having wavelength 1.
[0103] In the first rotation, the object is irradiated with the
pulsed light having wavelength 1 at the timings Tel, Te2,
Te3 and Ted respectively. The center position of the high
resolution region (light irradiation position, that is, a posi-
tion where the center of the hemisphere is projected to the
XY plane) at each timing is Posl, Pos2, Pos3 and Pos4
respectively. In the second rotation, the object is irradiated
with the pulsed light having wavelength 1 at the timings Te5,
Te6 and Te7 respectively. The center position of the high
resolution region (light irradiation position) at each timing is
Pos5, Pos6 and Pos7 respectively.

[0104] In the first rotation, the object, on the other hand,
is irradiated with the pulsed light having wavelength 2 at the
timings Tel', Te2' and Te3' respectively. The center position
of the high resolution region (light irradiation position) at
each timing is Pos5, Pos6 and Pos7 respectively. In the
second rotation, the object is irradiated with the pulsed light
having wavelength 2 at the timings Ted', Te5', Te6' and Te7'
respectively. The center position of the high resolution
region (light irradiation position) at each timing is Posl,
Pos2, Pos3 and Posd respectively.

[0105] In this way, the photoacoustic apparatus according
to Embodiment 1 controls so that the irradiation positions of
the pulsed light having wavelength 1 in the first rotation
become the same as the irradiation positions of the pulsed
light having wavelength 2 in the second rotation (Posl,
Pos2, Pos3 and Pos4). Further, the photoacoustic apparatus
according to Embodiment 1 controls so that the irradiation
positions of the pulsed light having wavelength 2 in the first
rotation become the same as the irradiation positions of the
pulsed light having wavelength 1 in the second rotation
(Pos5. Pos6é and Pos7). In other words, the control is
performed so that the same positions on the object are
irradiated with pulsed lights having different wavelengths in
different rotations.

[0106] Description continues with reference to FIG. 4.
[0107] Volume data V11 is acquired by the photoacoustic
signal acquired by irradiating the object with the pulsed light
having wavelength 1 to Pos1. Volume data V12 is acquired
by the photoacoustic signal acquired by irradiating the
object with the pulsed light having wavelength 1 to Pos2.
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Composite volume data V1'1 is acquired by combining the
volume data V11, V12, V13 and V14. Composite volume
data V172 is acquired by combining the volume data V12,
V13, V14 and V15.

[0108] This is also the same for the pulsed light having
wavelength 2.
[0109] Inother words, volume data V21,V22, V32, .. .are

acquired from the photoacoustic signals acquired by irradi-
ating the object with the pulsed light having wavelength 2 to
Posy, Posh, Pos7, . . . . Then composite volume data V2'1 is
acquired by combining the volume data V21, V22, V23 and
V24. Further, composite volume data V2'2 is acquired by
combining the volume data V22, V23, V24 and V25.
[0110] Next description focuses on the composite volume
data V1'1 and the composite volume data V2'4. The com-
posite volume data V1'l is generated by combining the
volume data V11, V12, V13 and V14, and each volume data
is based on the data acquired when the center of the high
resolution region is at the positions Posl, Pos2, Pos3 and
Pos4 respectively. The composite volume data V2'4 is
generated by combining the volume data V24, V25, V26 and
V27, and each volume data is based on the data acquired
when the center of the high resolution region is at the
positions Posl, Pos2, Pos3 and Pos4 respectively. In other
words, the composite volume data V1'l and the composite
data V2'4 are generated using the photoacoustic signals
acquired by irradiating the same positions on the object with
the pulsed light. This means that the functional information
volume can be calculated by using this data.

[0111] Here an example of calculating an index on the
oxygen saturation degree from the volume data using the
photoacoustic signals corresponding to pulsed lights having
different wavelengths will be described.

[0112] The oxygen saturation degree (SO2) can be calcu-
lated by the following formula (2).

[0113] In formula (2), [HbO,] is a concentration of oxy-
hemoglobin, and [Hb] is a concentration of deoxyhemoglo-
bin. eHbA| and eHbk, are the molar absorption coefficients
of deoxyhemoglobin at wavelengths A, and A, respectively,
and AeHb?.; and AeHbh., are values determined by subtract-
ing the molar absorption coeflicients of the deoxyhemoglo-
bin from the molar absorption coeflicients of the oxyhemo-
globin at wavelengths A, and A, respectively. The absorption
coefficients (u A, and p A, ) are the absorption coeflicients at
the wavelengths A, and A, respectively at each position, and
are acquired by dividing the initial sound pressure distribu-
tion acquired as the composite volume by optical fluence.

[Math. 2]
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Formula (2)
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[0114] Here the operation timing of the image processing
unit 1062 will be described. As mentioned above, in order to
acquire a highly accurate functional information volume, it
is necessary to wait until the composite volume data V1'1
and the composite volume data V2'4 are acquired. There-
fore, to display the functional information volume while
imaging is performed, it is preferable to start operation and
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update the display at the point when the positions on the
object which are irradiated with pulsed lights having differ-
ent wavelengths in different rotations overlap, and an
instructed number of volume data are acquired (e.g. timing
TO in FIG. 4).

[0115] Until the timing TO is reached, the functional
information volume may be calculated using a composite
volume data combining volume data acquired at close
timings, such as the composite volume data V2'1 and the
composite volume data V1'1.

[0116] Further, the functional information volume may be
calculated using each volume data before generating the
composite volume data. By starting processing at this tim-
ing, the operator can check at an early timing whether or not
imaging started.

[0117] The effect of Embodiment 1 will be described next
with reference to FIG. 5A to FIG. 5J.

[0118] FIG. 5A to FIG. 5G are diagrams depicting a pulsed
light irradiation distribution at each position corresponding
to Posl to Pos7. The circle in each diagram indicates a center
of the high sensitivity region. For example, in the case where
each position of Pos1, Pos2, Pos3 and Pos4 on the object is
irradiated with the pulsed light having wavelength 1 in the
first rotation, the photoacoustic signal corresponding to each
pulsed light irradiation distribution indicated in FIG. 5A to
FIG. 5D is acquired.

[0119] Inthe case where each position of Posl, Pos2, Pos3
and Pos4 on the object is irradiated with the pulsed light
having wavelength 2 at the timings Ted', Te5', Te6' and Te7'
in the second rotation as well, the photoacoustic signal
corresponding to each pulsed light irradiation distribution
indicated in FIG. 5A to FIG. 5D is acquired.

[0120] By combining volume data calculated from each
photoacoustic signal acquired like this, the composite vol-
ume data is acquired. In other words, the composite volume
data V1'1 corresponding to the wavelength 1 and the com-
posite volume data V2'4 corresponding to the wavelength 2
are both equivalent to an image reconstructed using the
photoacoustic signals generated based on the pulsed light
irradiation distribution integrating the four pulsed light
irradiation distributions. FIG. SH is generated by integrating
the pulsed light irradiation distributions in FIG. 5A, FIG.
5B, FIG. 5C and FIG. 5D.

[0121] However as indicated in formula (2), the optical
fluence ratio of the two wavelengths is included in the
calculation formula to determine the oxygen saturation
degree. Therefore, if the pulsed light irradiation distribution
is different depending on the wavelength in the region of
interest, error may be increased, including an increase in the
load of the correction processing when the oxygen saturation
degree is calculated.

[0122] In the case of the photoacoustic apparatus accord-
ing to Embodiment 1, on the other hand, the functional
information volume, such as the oxygen saturation degree, is
calculated using the composite volume data V1'1 and the
composite volume data V2'4. Both of these composite
volumes use the photoacoustic signals acquired by irradiat-
ing a same position on the object with the pulsed lights,
hence the pulsed light irradiation distribution ratio at each
wavelength is uniform, as indicated in FIG. 5I.

[0123] Ifthe pulsed light irradiation positions are different
depending on the wavelength, on the other hand, highly
accurate information cannot be acquired since the pulsed
light irradiation distribution ratio varies at each wavelength.
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FIG. 57 indicates the pulsed light irradiation distribution
ratio when the oxygen saturation degree is calculated using
the composite volume acquired by irradiating Pos1, Pos2,
Pos3 and Pos4 on the object with the pulsed light having
wavelength 1, and the composite volume acquired by irra-
diating Pos5, Posh, Pos7 and Posl on the object with the
pulsed light having wavelength 2. As FIG. 5] indicates, if the
above-mentioned control is not performed, the pulsed light
irradiation distribution ratio varies when the object is irra-
diated with the pulsed lights having a plurality of wave-
lengths, which drops accuracy.

[0124] As described above, in the photoacoustic apparatus
according to Embodiment 1, control is performed so that the
positions on the object which are irradiated with the pulsed
light having the first wavelength in the first rotation and the
positions on the object which are irradiated with the pulsed
light having the second wavelength in the second rotation,
which is performed after the first rotation, overlap. In other
words, the control is performed so that the positions on the
object which are irradiated with the pulsed lights having
different wavelengths overlap at different timings. Thereby
the accuracy when the functional information volume is
calculated can be improved.

[0125] If a number of volume data to be combined (here-
after “averaging number”) is increased, the pulsed light
irradiation distribution in the region of interest is equalized.
The averaging number is preferably about a number of times
of irradiating the object with a pulsed light having a wave-
length in one rotation (e.g. about 3 to 4 times in the example
of FIG. 3). Unless otherwise specified, a number of times of
irradiation during one rotation may be used as the default
value of the averaging number.

Embodiment 2

[0126] A photoacoustic apparatus according to Embodi-
ment 2 will be described next with reference to FIG. 6. A
difference of the photoacoustic apparatus according to
Embodiment 2 from Embodiment 1 is the control method of
calculating the composite volume in the image processing
unit 1062. Embodiment 2 thereafter is the same as Embodi-
ment 1, except for this control method, hence redundant
description will be omitted.

[0127] In Embodiment 1, the averaging number to gener-
ate the composite volume data is 4. In Embodiment 2, the
averaging number is a number of times of irradiation until an
irradiation position of a pulsed light having a certain wave-
length returns to the same irradiation position in a plurality
of rotations (this averaging number is 7 in the example of
FIG. 3).

[0128] FIG. 6 indicates diagrams depicting irradiation
timings according to Embodiment 2. As illustrated, in
Embodiment 2, seven volume data of volume data V11 to
V17 acquired by a plurality of times of rotation, are com-
bined, so as to generate a composite volume data V1"1
corresponding to the wavelength 1. In the same manner, 7
volume data of volume data V21 to V27 acquired by a
plurality of times of rotation, are combined, so as to generate
a composite volume data V2"1 corresponding to the wave-
length 2.

[0129] This composite volume includes all photoacoustic
signals acquired by irradiating Pos1, Pos2, Pos3, Pos4, Posy,
Pos6 and Pos7 with pulsed lights, although the acquiring
sequence is different. Therefore, the pulsed light irradiation
distribution ratio among different wavelengths becomes
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more uniform. In Embodiment 2, calculation of the func-
tional information volume can be started at the timing T1
indicated in FIG. 6.

[0130] In this way, according to Embodiment 2, a number
of times of irradiation of pulsed light having a certain
wavelength in one rotation, from a first irradiation position
back to the same irradiation position (7 times in this
example), is used as the average number. Thereby variation
of the pulsed light irradiation distribution ratio between
different wavelengths can be suppressed, and accuracy of the
functional information volume can be improved. Further, a
moving image with very little flicker can be displayed,
because images using the photoacoustic signals, which are
acquired based on the same pulsed light irradiation distri-
bution, can be sequentially updated.

[0131] Modification

[0132] The description on the embodiments are merely
examples to describe the present invention, and the present
invention can be carried out by appropriately changing or
combining the above embodiments within a scope that does
not depart from the spirit of the invention.

[0133] For example, the present invention may be carried
out as a photoacoustic apparatus which includes at least a
part of the above-mentioned units. Further, the present
invention may be carried out as an object information
acquiring method which includes at least a part of the
above-mentioned processing. These processing and units
may be freely combined as long as no technical inconsis-
tency is generated.

[0134] In the description of the embodiments, the pulsed
light irradiation positions overlap, but the pulsed light irra-
diation distributions need not perfectly match, and it is
sufficient if the center or the center of gravity position of the
pulsed light irradiation distribution corresponding to each
wavelength exists close to each other. The effect of the
present invention is implemented if the distance of the
irradiation positions between pulsed lights having different
wavelengths in different rotations is shorter than the distance
between the irradiation positions between pulsed light with
different wavelengths in a same rotation (e.g. distance
between Posl at timing Tel and Pos5 at timing Tel").

[0135] In the description of the embodiments, positions
determined by dividing one cycle of the rotating motion by
7 are irradiated with pulsed light, using two different wave-
lengths, but in the case of using two different wavelengths,
the effect of the present invention is implemented if one
cycle is divided into 2N+1 (N is a natural number), and each
position on the object is irradiated with two pulsed lights
having different wavelengths alternately.

[0136] In the case of irradiating the object with pulsed
lights having three different wavelengths with sequentially
switching, the effect of the present invention is implemented
if one cycle is divided into 3N+1 or 3N-1 (N is a natural
number).

[0137] In each of the above cases, a number of times of
irradiation of one wavelength per rotation is the floor
function ((2N+1)/2) if two wavelengths are used, and is the
floor function ((3Nz1)/3) if three wavelengths are used,
since these numbers may be used as a default averaging
number.

[0138] In the description of the embodiments. a case of
two or three wavelengths was used as an example, but more
wavelengths may be used. The effect of the present inven-
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tion can be implemented if at least two of these wavelengths
are controlled to irradiate the same positions with the pulsed
light in different rotations.
[0139] Further, a number of wavelengths and an average
number to be used may be automatically determined by the
system with reference to information attached to the inspec-
tion information inputted to the system, or may be values set
by the user in advance.
[0140] The control parameters used by the photoacoustic
apparatus may be set or changed based on input by the
operator or the information attached to the inspection infor-
mation. For example, if the operator instructed or if it is
determined based on the information attached to the inspec-
tion information that the time resolution must be improved,
then a frequency of the light source, a number of times of
pulsed light irradiation per rotation, a time required for one
rotation, a radius of rotating motion, a number of times of
averaging and the like may be changed.
[0141] In the description of the embodiments, the conver-
sion elements and the end of the irradiation optical system
are integrated as an example, but the present invention is not
limited to this example. Further, in the description of the
embodiments, irradiation of light and receiving of the acous-
tic wave are performed in parallel with the generation of an
image, but the present invention is not limited to this
example.
[0142] The present invention may be implemented by
executing the following processing. That is, a program to
implement at least one function of the above-mentioned
embodiments is supplied to a system or apparatus via a
network or various storage media, and at least one processor
of the computer of the system or apparatus reads and
executes the program. The present invention may also be
implemented by a circuit (e.g. ASIC, FPGA), which imple-
ments at least one function of the above embodiments.
[0143] 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.
[0144] This application claims the benefit of Japanese
Patent Application No. 2018-081436, filed on Apr. 20, 2018,
which is hereby incorporated by reference herein in its
entirety.
What is claimed is:
1. A photoacoustic apparatus, coniprising:
a light source configured to generate a plurality of pulsed
lights in different wavelengths;
an irradiation optical system optically coupled to the light
source, configured to irradiate an object with the pulsed
light from the light source and configured to irradiate
the object in different irradiation positions along a
rotational trajectory during a rotational scanning period
of time in a corresponding wavelength; and
a probe configured to receive photoacoustic wave from
the object in response to each pulsed light irradiation in
the different irradiation positions and to convert the
received photoacoustic wave into an electric signal,
wherein
the irradiation optical system is moved to irradiate the
object with a first wavelength in a plurality of times
during a first rotational scanning period of time and
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irradiate the object with a second wavelength in a
plurality of times during a second rotational scanning
period of time after the first rotational scanning period
of time.

2. The photoacoustic apparatus according to claim 1,
further comprising:

an image generating unit configured to generate a first

image based on an electric signal from the probe in
association with a first photoacoustic wave from the
object in response to a first pulsed light irradiation with
the pulsed light in the first wavelength, generate a
second image based on an electric signal from the
probe in association with a second photoacoustic wave
from the object in response to a second pulsed light
irradiation with the pulsed light in the second wave-
length, and generate a third image representing func-
tional information on an inside of the object based on
the first image and the second image wherein an
irradiation position in the first pulsed light irradiation
and an irradiation position in the second pulsed light
irradiation is the same.

3. The photoacoustic apparatus according to claim 2,
wherein the image generating unit is configured to periodi-
cally update the first image and the second image and update
the third image in response to update of the first image and
the second image.

4. The photoacoustic apparatus according to claim 2,
wherein the image generating unit is configured to generate
an image in parallel with irradiation of the pulsed light and
reception of the photoacoustic wave.

5. The photoacoustic apparatus according to claim 2,
wherein the third image is an image generated based on an
oxygen saturation degree of the object.

6. The photoacoustic apparatus according to claim 1,
wherein the irradiation optical system is configured to
irradiate light of n (n=2) wavelengths, and

n and m are relatively prime and n<m is satisfied, where

m represents a number of irradiation of light in one
rotation period.

7. The photoacoustic apparatus according to claim 1,
wherein a part of the irradiation optical system and the probe
is configured as a unit.

8. The photoacoustic apparatus according to claim 1,
wherein the irradiation optical system changes the wave-
lengths of the pulsed light each time of the irradiation of the
pulsed light.

9. A method of acquiring object information, comprising:

irradiating an object with pulsed light from a light source

configured to generate a plurality of pulsed lights in
different wavelengths in different irradiation positions
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along a rotational trajectory during a rotational scan-
ning period of time in a corresponding wavelength;

receiving photoacoustic wave from the object in response
to each light irradiation in the different irradiation
positions; and

converting the received photoacoustic wave into an elec-

tric signal, wherein

the irradiating irradiates the object with a first wavelength

in a plurality of times during a first rotational scanning
period of time and irradiates the object with a second
wavelength in a plurality of times during a second
rotational scanning period of time after the first rota-
tional scanning period of time.

10. The method of acquiring object information according
to claim 9, further comprising:

generating a first image based on an electric signal in

association with a first photoacoustic wave from the
object in response to a first pulsed light irradiation with
the pulsed light in the first wavelength, generate a
second image based on an electric signal in association
with a second photoacoustic wave from the object in
response to a second pulsed light irradiation with the
pulsed light in the second wavelength, and generate a
third image representing functional information on an
inside of the object based on the first image and the
second image wherein an irradiation position in the first
pulsed light irradiation and an irradiation position in the
second pulsed light irradiation is the same.

11. The method of acquiring object information according
to claim 10, wherein the generating periodically updates the
first image and the second image and update the third image
in response to update of the first image and the second
image.

12. The method of acquiring object information according
to claim 10, wherein the generating generates an image in
parallel with irradiation of the pulsed light and reception of
the photoacoustic wave.

13. The method of acquiring object information according
to claim 10, wherein the third image is an image generated
based on an oxygen saturation degree of the object.

14. The method of acquiring object information according
to claim 9, wherein the irradiation optical system is config-
ured to irradiate light of n (n=2) wavelengths, and

n and m are relatively prime and n<m is satisfied, where

m represents a number of irradiation of light in one
rotation period.

15. The method of acquiring object information according
to claim 9, wherein the irradiating changes the wavelengths
of the pulsed light each time of the irradiation of the pulsed

light.
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