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APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

[0001] Field of the Invention

[0002] The present invention relates to an apparatus and a
method.

[0003] Description of the Related Art

[0004] Recently, research on imaging of functional infor-

mation of a living organism which is physiological infor-
mation of the living organism is being pursued in the field
of medicine. One technique for imaging functional infor-
mation is photoacoustic imaging (PAI). With photoacoustic
imaging, first, an object is irradiated with pulsed light from
a light irradiating unit. When energy of the irradiation light
propagated and diffused inside the object is absorbed by a
light absorber (such as a blood vessel or skin) in the object,
an acoustic wave (a photoacoustic wave) is generated due to
a photoacoustic effect. A conversion element then receives
the photoacoustic wave and converts the photoacoustic wave
into an electrical signal (a received signal). Subsequently, an
information processing apparatus analyzes the received sig-
nal to acquire a distribution of optical characteristics inside
the object. Information beneficial to diagnosis and the like is
obtained by converting the distribution of optical character-
istics into image data and displaying the image data.
[0005] Examples of a distribution of optical characteristics
include a distribution of sound pressure generated due to
light absorption (a distribution of initial sound pressure) and
a distribution of light absorption coefficients. In addition, by
irradiating a plurality of pulsed light beams with wave-
lengths that differ from each other and obtaining a light
absorption coeflicient for each wavelength, a concentration
distribution of a substance present inside the object (a
distribution of values related to the concentration of a
substance) is obtained. A method of obtaining a distribution
of oxygen saturation in blood as a concentration distribution
using a difference in light absorption spectra between deoxy-
hemoglobin and oxyhemoglobin is disclosed in “Technical
Considerations in Quantitative Blood Oxygenation Mea-
surement Using Photoacoustic Microscopy in Vivo”, Proc.
SPIE 6086, Photons Plus Ultrasound: Imaging and Sensing
2006: The Seventh Conference on Biomedical Thermoa-
coustics, Optoacoustics, and Acousto-optics, 60860R (Mar.
06, 2006).

[0006] Non Patent Literature 1: “Technical Considerations
in Quantitative Blood Oxygenation Measurement Using
Photoacoustic Microscopy in Vivo”, Proc. SPIE 6086, Pho-
tons Plus Ultrasound: Imaging and Sensing 2006: The
Seventh Conference on Biomedical Thermoacoustics,
Optoacoustics, and Acousto-optics, 60860R (Mar. 06, 2006)

SUMMARY OF THE INVENTION

[0007] In a distribution of characteristics such as a distri-
bution of initial sound pressure, a distribution of absorption
coeflicients, a distribution of concentration, and a distribu-
tion of oxygen saturation, there are parts where values
significantly change locally or values are distributed in a
patchy fashion due to system noise or a reconstructed
artifact. In particular, when distributions of absorption coef-
ficients respectively derived from the light beams having a
plurality of wavelengths include noise or the like, a decline
in image quality of a distribution of oxygen saturation
increases. As a result, image visibility decreases and may
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prevent an accurate diagnosis from being made. In addition,
when an image element unit (a pixel or a voxel) used in
calculation is smaller than a structure of a living organism to
be drawn, image quality may decline.

[0008] The present invention has been made in consider-
ation of the problems described above. An object of the
present invention is to reduce the effects of noise and
artifacts when displaying characteristic distribution infor-
mation obtained by photoacoustic imaging.

[0009] The present invention provides an apparatus com-
prising a processor configured to process characteristic
distribution information which is derived from an acoustic
wave generated from an object irradiated with light and
which indicates specific values at a plurality of positions
inside the object, wherein

[0010] the processor is configured to:
[0011] set a first position of interest;
[0012] acquire first weight distribution information which

corresponds to the first position of interest and which is
related to a plurality of positions including the first position
of interest; and

[0013] acquire a substitute value for a specific value at the
first position of interest using the first weight distribution
information, the specific value at the first position of interest,
and a specific value at a position that differs from the first
position of interest among the plurality of positions.
[0014] The present invention also provides a method of
processing using characteristic distribution information
which is derived from an acoustic wave generated from an
object irradiated with light and which indicates specific
values at a plurality of positions inside the object,

[0015] the method comprising the steps of:
[0016] setting a first position of interest;
[0017] acquiring first weight distribution information

which corresponds to the first position of interest and which
is related to a plurality of positions including the first
position of interest; and

[0018] acquiring a substitute value for a specific value at
the first position of interest using the first weight distribution
information, the specific value at the first position of interest,
and a specific value at a position that differs from the first
position of interest.

[0019] According to the present invention, the effects of
noise and artifacts when displaying a distribution of char-
acteristic information values obtained by photoacoustic
imaging can be reduced.

[0020] 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

[0021] FIGS. 1A and 1B are schematic diagrams showing
a configuration of a photoacoustic apparatus and a signal
processing unit according to an embodiment;

[0022] FIG. 2 is a flow chart showing an operation of a
processor according to the embodiment;

[0023] FIG. 3 is a schematic diagram showing an opera-
tion of a processor according to the embodiment;

[0024] FIG. 4 is a diagram showing a simulation accord-
ing to the embodiment;

[0025] FIG. 5 is a schematic diagram showing a configu-
ration of a photoacoustic apparatus according to another
embodiment;
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[0026] FIG. 6 is a schematic diagram showing an opera-
tion of a processor according to the embodiment;

[0027] FIG. 7 is a schematic diagram showing an opera-
tion of a processor according to the embodiment;

[0028] FIG. 8 is a flow chart showing an operation of a
processor according to the embodiment;

[0029] FIG. 9 is a schematic diagram showing an opera-
tion of a processor according to the embodiment;

[0030] FIG. 10 is a schematic diagram showing a configu-
ration of a photoacoustic apparatus according to still another
embodiment;

[0031] FIG. 11 is a schematic diagram showing an opera-
tion of a processor according to the embodiment;

[0032] FIG. 12 is a flow chart showing an operation of a
processor according to the embodiment; and

[0033] FIG. 13 is a schematic diagram showing an opera-
tion of a processor according to the embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0034] Hereinafter, preferred embodiments of the present
invention will be described with reference to the drawings.
However, it is to be understood that dimensions, materials,
shapes, relative arrangements, and the like of components
described below are intended to be changed as deemed
appropriate in accordance with configurations and various
conditions of apparatuses to which the present invention is
to be applied. Therefore, the scope of the present invention
is not intended to be limited to the embodiments described
below.

[0035] The present invention relates to a technique for
detecting an acoustic wave propagating from an object and
generating and acquiring characteristic distribution informa-
tion of the inside of the object. Accordingly, the present
invention can be considered an object information acquiring
apparatus or a control method thereof, or an object infor-
mation acquiring method or an object information process-
ing method. The present invention can also be considered a
program that causes an information processing apparatus
including hardware resources such as a CPU and a memory
to execute these methods or a storage medium storing the
program.

[0036] The object information acquiring apparatus accord-
ing to the present invention includes an apparatus (a pho-
toacoustic apparatus) utilizing a photoacoustic effect in
which an acoustic wave generated inside an object by
irradiating the object with light (an electromagnetic wave) is
received and characteristic distribution information of the
object is acquired as image data. Characteristic distribution
information according to the present invention refers to
information on specific values at a plurality of two-dimen-
sional or three-dimensional positions which is generated
using a signal obtained by receiving a photoacoustic wave.
[0037] A specific value according to the present invention
is a value reflecting an absorption rate of optical energy. For
example, a generation source of acoustic waves generated by
light irradiation, initial sound pressure inside an object, or
optical energy absorption density or an optical energy
absorption coeflicient derived from initial sound pressure
can be considered “specific values based on light absorp-
tion” or “optical characteristic values inside an object”.
Specific values include concentration information of sub-
stances constituting tissue.

[0038] Concentration information includes a value related
to concentration of a substance present inside an object
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which is obtained using a received signal based on light
absorption corresponding to a plurality of wavelengths.
Specific examples of concentration information include oxy-
gen saturation, total hemoglobin concentration, oxyhemo-
globin concentration, and deoxyhemoglobin concentration.
In addition, concentration information may be glucose con-
centration, collagen concentration, melanin concentration, a
volume fraction of fat or water, or the like. Furthermore,
concentration information also includes values obtained by
weighting the concentration described above with intensity
of an absorption coeflicient or the like.

[0039] An acoustic wave according to the present inven-
tion is typically an ultrasonic wave and includes an elastic
wave which is also referred to as a sonic wave or an acoustic
wave. An electrical signal transformed from an acoustic
wave by a probe or the like is also referred to as an acoustic
signal. However, descriptions of an ultrasonic wave and an
acoustic wave in the present specification are not intended to
limit a wavelength of the elastic waves. An acoustic wave
generated by a photoacoustic effect is referred to as a
photoacoustic wave or an optical ultrasonic wave. An elec-
trical signal derived from a photoacoustic wave is also
referred to as a photoacoustic signal.

[0040] Primary objects of the photoacoustic apparatuses
according to the embodiments presented below are to diag-
nose a malignant tumor, a vascular disease and the like of a
human or an animal, to perform a follow-up observation of
chemotherapy, and the like. Therefore, an object is assumed
to be a part of a living organism or, more specifically, a part
of a human or an animal (such as a breast, an organ, the
circulatory system, the digestive system, a bone, a muscle,
and fat). Substances that are examination objects include
hemoglobin, glucose, as well as water, melanin, collagen,
and lipids which are present in the body. Furthermore, any
substance with a characteristic light absorption spectrum
including contrast agents such as indocyanine green (ICG)
administered into the body may suffice.

First Embodiment

[0041] (Overall Apparatus Configuration)

[0042] FIG. 1A is a schematic diagram showing a con-
figuration of a photoacoustic apparatus according to the
present embodiment. The photoacoustic apparatus according
to the present embodiment is at least provided with a light
irradiating unit 1, a probe 30 including a conversion element
3 which receives a photoacoustic wave, and a processor 40
which performs processing using a received signal output
from the conversion element 3.

[0043] Light output from the light irradiating unit 1 is
irradiated on an object 2 via a light propagating member (not
shown) such as a fiber or a lens. When obtaining concen-
tration distribution information, pulsed light beams with
wavelengths that differ from each other are irradiated at
different timings. The irradiated light is propagated and
diffused inside the object and is absorbed by a substance
present in the object. A substance that absorbs light (light
absorbers) absorbs energy of the respective pulsed light
beams and generates respective photoacoustic waves. The
generated photoacoustic waves propagate inside the object
and reach the conversion element 3. The conversion element
3 is favorably acoustically matched with the object by an
acoustic matching material or the like.

[0044] Each of the plurality of conversion elements 3
receives a photoacoustic wave and outputs a received signal
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in a time series. The output received signal is sequentially
input to the processor 40 for each irradiated pulsed light.
Using the input received signal, the processor 40 generates
characteristic distribution information based on light absorp-
tion inside the object. In addition, the processor 40 generates
image data based on the generated distribution and displays
an image on a display unit 7. When the photoacoustic
apparatus is an apparatus which sets a relatively small object
as an examination object such as a photoacoustic micro-
scope. the probe 30 may only include one conversion
element 3. On the other hand, when a relatively large object
such as a breast is an examination object, the probe 30
favorably includes a plurality of conversion elements 3.
Moreover, the light irradiating unit 1 may be provided
separately from the photoacoustic apparatus according to the
present embodiment. In addition, the probe 30 may be
provided separately from the photoacoustic apparatus
according to the present embodiment.

[0045]

[0046] The processor 40 according to the present embodi-
ment is provided with a signal collecting unit 8, a charac-
teristic distribution acquiring unit 4, an image processing
unit 5, and a display control unit 6. The signal collecting unit
8 collects analog received signals in a time series respec-
tively output from the plurality of conversion elements 3 for
each channel and performs signal processing such as ampli-
fication of a received signal, A/D conversion of an analog
received signal, storing of a digitalized received signal, and
signal correction. Moreover, while the respective embodi-
ments of the present invention are configured such that
various processing blocks are included in a processor, an
arrangement of processing blocks is not limited thereto.

[0047] Using the received signal output from the signal
collecting unit 8, the characteristic distribution acquiring
unit 4 generates characteristic distribution information based
on light absorption inside the object. Here, an example in
which a distribution of initial sound pressure is obtained as
a characteristic distribution based on light absorption will be
described. An absorption coeflicient i, at a given position (i,
J» k) inside the object can be acquired according to expres-
sion (1), where (i, j, k) represents coordinates inside the
object.

(Internal Configuration of Processor 40)

[Math. 1]
Py ¢ M
[0048] In expression (1), P denotes initial sound pressure

(generated sound pressure) at the position (i, j, k), I" denotes
the Griineisen constant, and ¢ denotes an amount of light
having reached the position (i, j, k).

[0049] Moreover, initial sound pressure P at the position
(i, j, k) in three-dimensional spatial coordinates is obtained
by applying a filter for correcting a band of the probe to the
received signal of each channel output from the signal
collecting unit 8 and then performing image reconstruction.
Known methods such as universal back-projection (UBP),
filtered back-projection (FBP), and a phasing addition pro-
cess can be used for image reconstruction.

[0050] A distribution of initial sound pressure can be
acquired from initial sound pressure at each position inside
the object as obtained by the image reconstruction process.
The distribution of initial sound pressure may be three-
dimensional data (set data of voxels) corresponding to a
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given region in the object or two-dimensional data (set data
of pixels) corresponding to one section in the three-dimen-
sional data.

[0051] Moreover, an image reconstruction process need
not necessarily be performed in cases of a light-focusing
photoacoustic microscope or an acoustic-focusing photoa-
coustic microscope using a focusing probe. In this case, a
photoacoustic wave is received at each position to which the
probe 30 and a light irradiating spot are relatively moved
with respect to the object 2 by a scanning mechanism (not
shown). In addition, after performing envelope detection on
the received signal with respect to a time change, a time axis
direction in a signal for each light pulse is converted into a
depth direction and plotted on spatial coordinates. Distribu-
tion data can be constructed by performing these steps for
each scanning position.

[0052] When calculating a distribution of absorption coef-
ficients with the characteristic distribution acquiring unit 4,
expression (1) is used on a distribution of initial sound
pressure to perform correction in accordance with light
quantity distribution. Moreover, the Griineisen constant can
be regarded as constant. A light quantity distribution is
obtained based on a distribution of light irradiated on the
object by a calculation which takes light propagation inside
the object into consideration. In doing so, the calculation
may be performed by considering a shape of the object. As
a simple method, a light quantity distribution determined in
advance based on degrees of general attenuation and scat-
tering may be used. When a deviation of positions or a
deformation occurs while measurement is being performed
a plurality of times, positioning according to known meth-
ods such as affine transformation and free-form deformation
(FFD) maybe performed. The characteristic distribution
acquiring unit 4 outputs the obtained characteristic distri-
bution information to the image processing unit 5.

[0053] (Image Processing Unit 5)

[0054] The image processing unit 5 sets a mask on the
characteristic distribution information output from the char-
acteristic distribution acquiring unit 4 and, after statistically
processing intensity based on data inside the mask, performs
mapping. In this case, mapping refers to substituting a
specific value with a value suitable for display. As the
characteristic distribution output from the characteristic dis-
tribution acquiring unit 4, a distribution of absorption coef-
ficients of the object such as that described below is pref-
erable. However, a distribution of initial sound pressure may
be used.

[0055] (Creating Mask)

[0056] FIG. 3 shows an example of a mask applied to a
distribution of absorption coeflicients. Reference numeral
101 denotes an image of an entire distribution of absorption
coefficients. An operator sets a region of interest in the
image. Reference numeral 102 denotes a mask to be applied
to a blood vessel portion inside the set region of interest.
While two-dimensional images are shown in this case for the
sake of convenience, an actual distribution of absorption
coeflicients or an actual mask may be three-dimensional
voxel data. In addition, setting a region of interest is not
essential and the entire distribution of absorption coeflicients
may be set as a processing object. Furthermore, an entirety
of the distribution may be set as a region of interest.
[0057] Methods of setting a region of interest include
automatically extracting a vicinity of a region where inten-
sity of an absorption coefficient is high. Methods of auto-
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matically extracting a region of interest include a method in
which a threshold of the intensity of an absorption coeffi-
cient is set to the apparatus and a region containing a region
having a value equal to or larger than the threshold is
extracted. In addition, the apparatus may automatically
extract a tumor position or a blood vessel region. Alterna-
tively, instead of automatic extraction, a part of or all of an
image may be set to the apparatus in advance as a region of
interest. Furthermore, the operator may set a region of
interest using inputting means (for example, a mouse or a
keyboard).

[0058] The mask shown in FIG. 3 is a binarization of a
living organism structure portion (such as a blood vessel) in
the region of interest. A mask that is a multiplexed value may
be used instead of a binarized mask. Methods of binarization
or value multiplexing include setting a threshold to intensity
of an absorption coefficient and extracting a region with
intensity exceeding the threshold as a blood vessel or
segmenting a region in accordance with the threshold.
Examples of value multiplexing include a method of deter-
mining a region with a characteristic information value that
is equal to or larger than a prescribed threshold as a blood
vessel and determining a region with a value that is equal to
or smaller than a noise level as zero. In addition, an adaptive
binarization process or an adaptive value multiplexing pro-
cess in which a threshold is adaptively set in accordance
with a region can be used. Furthermore, arbitrary methods
such as a graph cut method in which an image is segmented
or a method in which the operator interactively specifies a
blood vessel region can be used.

[0059] The mask may be created from a characteristic
distribution of one wavelength among a plurality of wave-
lengths. In addition, a plurality of characteristic distributions
obtained for each wavelength may be composited by calcu-
lating an arithmetic mean or the like and a mask may be
created based on the composite characteristic distribution.
Alternatively, a sum set or a product set of all created masks
may be used as the mask. A wide region is determined as a
blood vessel when using a sum set while a region with a high
probability of being a blood vessel is extracted when using
a product set.

[0060] A distribution other than a distribution of absorp-
tion coefficients may be used as basic data for creating the
mask. For example, a distribution of absorption coefficient
intensity ratios obtained by normalizing a distribution of
absorption coeflicients by intensity, a weight distribution of
abundance ratios of substances attributable to a living organ-
ism, a distribution of initial sound pressure, and a distribu-
tion of optical energy absorption density can also be used. In
addition, known blood vessel extraction methods may be
used in order to determine whether or not a given position
inside the object is a blood vessel. For example, modalities
other than photoacoustic measurement such as ultrasonic
measurement, infrared measurement, and visible light mea-
surement can be used.

[0061] Inthis description, the term “mask” is used in order
to determine a specific value to be an object of value
substitution from characteristic distribution information (ab-
sorption coeflicient distribution information, oxygen satura-
tion distribution information, or the like). In this case, a
mask can be considered a weight distribution in which a
specific value that is a substitution object is 1 and a specific
value that is not a substitution object is 0. In other words, the
image processing unit 5 selects specific values within the
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mask or, in other words, specific values with a weight of 1
and calculates an average value (a statistical value) of the
selected specific values. Moreover, a weight distribution is
not limited to a binary distribution and may be a gradual
distribution as will be described later. In addition, a mode in
which each value in a weight distribution is not evaluated
and all values included in characteristic distribution infor-
mation are set as substitution objects is also included in the
present invention.

[0062]

[0063] A method of statistically processing intensity based
on data within a mask will now be described. In the present
embodiment, a representative value of data in the mask is
calculated and all data in the mask is mapped (substituted)
by the representative value. In the present embodiment, each
position in the mask is set as a position of interest and
considered a substitution object. In order to reduce the effect
of a noise region where dispersion is large, a mode of data
in the mask may be used as the representative value.
Alternatively, a mean or a median may be used as the
representative value. In this case, the effect of noise is
favorably reduced by eliminating values with large disper-
sion. By performing correction using characteristic infor-
mation values that are not substitution object values, noise
can be effectively reduced. Other representative value cal-
culation methods may also be used as long as the effect of
noise can be reduced. For example, when data in the mask
is expressed as a histogram, after eliminating values outside
30 of the distribution, a mode, a mean, or a median may be
calculated. In addition, a representative value may be cal-
culated after eliminating a region where intensity of the
histogram is extremely small or large. In other words, a
weight may be determined based on dispersion from a
specific value at a processing object voxel. Moreover, 30 is
simply an example of a target related to disperse values and
an indicator used for eliminating extreme values is not
limited thereto.

[0064] As a method of mapping a representative value, all
data in the mask is substituted by the representative value in
the present embodiment. Other mapping methods include a
method of assigning a representative value to one voxel
being set as a calculation object. Subsequently, a distribution
of absorption coeflicients is created from data in the mask
substituted by the representative value and from data outside
of the mask. Accordingly, a distribution of absorption coef-
ficients in which the inside of a masked region is substituted
by the representative value is obtained. When performing
photoacoustic measurement at a plurality of wavelengths, a
mask creating process or a mapping process may be per-
formed for each wavelength or a mask derived from any one
wavelength may be applied to other wavelengths. In addi-
tion, a plurality of masks obtained for each wavelength may
be composited by averaging or by calculating a sum set.
Moreover, although the substitution of the inside of a mask
with a representative value has been described, the prepa-
ration of a mask is not essential in information processing.
The present invention can be applied to any process as long
as the process sets a group (including an entire distribution)
of given characteristic information values and substitutes the
values.

[0065] The image processing unit 5 sets a mask on the
characteristic distribution output from the characteristic dis-
tribution acquiring unit 4 and, after statistically processing

(Processing Using Mask)
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intensity based on data in the mask, performs mapping. A
signal after value substitution is output to the display control
unit 6.

[0066] The display control unit 6 generates image data to
be displayed by the display unit 7 based on the distribution
of absorption coeflicients generated by the characteristic
distribution acquiring unit 4 and distribution data generated
by the image processing unit 5. Specifically, image process-
ing such as brightness conversion, distortion correction, and
logarithmic compression is performed based on the distri-
bution data. In addition, display control such as arranging
and displaying various display items together with the
distribution data is performed.

[0067] (Processing Flow of Processor 40)

[0068] A processing flow of the processor 40 will be
described with reference to FIG. 2. The present flow starts
from a state where received signals are sequentially input
from the probe for each pulse of irradiated light to the signal
collecting unit 8 in the processor 40 and processing such as
A/D conversion and amplification has been performed by
the signal collecting unit 8.

[0069] In step S101, using a received signal due to irra-
diated laser light with a wavelength A, the characteristic
distribution acquiring unit 4 calculates a distribution of
initial sound pressure of the wavelength A, and calculates a
distribution of absorption coeflicients from a distribution of
amounts of irradiated light.

[0070] In step S102, the image processing unit 5 sets a
region of interest in the distribution of absorption coeffi-
cients. A blood vessel portion is binarized inside the set
region of interest and a mask is created. As a method of
binarization, a threshold of intensity of absorption coeffi-
cients is set and a region with a value equal to or larger than
the threshold is assumed to be a blood vessel portion. In step
S103, a representative value (in this case, a mode) is
calculated from all data in the distribution of absorption
coeflicients inside the mask set in S102.

[0071] 1In step S104, the obtained representative value is
assigned to all data inside the mark while the original
distribution of absorption coeflicients is used for data out-
side of the mask. Accordingly, a distribution of absorption
coefficients in which only the region inside the mask is
substituted by the representative value is obtained. In step
S105, the display control unit 6 generates image data of the
distribution of absorption coefficients calculated by the
image processing unit 5 and displays the image data on the
display unit 7.

[0072] As described above, in the present embodiment, a
distribution of absorption coeflicients can be preferably
displayed even when the distribution of absorption coefli-
cients contains noise or artifacts.

[0073] Moreover, an object of the present embodiment is
not limited to a blood portion inside a blood vessel. For
example, an object of the present embodiment may be a
blood vessel wall, a lymphatic vessel, muscle tissue, mam-
mary gland tissue, adipose tissue, or an aggregate of sub-
stances (for example, a molecular targeting drug as a con-
trast agent) injected from the outside.

[0074] Next, specific configuration examples of each com-
ponent of the present embodiment will be described.
[0075] (Light Irradiating Unit 1)

[0076] The light irradiating unit 1 is favorably a pulsed
light irradiating unit capable of generating pulsed light in the
order of nanoseconds to microseconds. Specifically, a pulse
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width of 1 nanosecond or more and 100 nanoseconds or less
is preferably used. In addition, a wavelength in a range of
400 nm or more and 1600 nm or less is used. In particular,
when performing imaging of deep portions of a living
organism, light in a wavelength band referred to as a
“biological window” (a wavelength band with less absorp-
tion by background tissue of a living organism) is used.
Specifically, a wavelength region of 700 nm or more and
1100 nm or less is favorable. On the other hand, when
performing imaging of a blood vessel in a vicinity of a
surface of a living organism at high resolution, a visible light
region is favorably used. However, regions of terahertz
waves, microwaves, and radio waves can also be used. In
order to perform wavelength conversion, a variable-wave-
length laser using a medium having a gain in a wide region
may be used or a plurality of light sources which irradiate
light with mutually different wavelengths may be used in
combination.

[0077] A laser is favorable as the light irradiating unit 1.
As the laser, various lasers such as a solid-state laser, a gas
laser, a dye laser, and a semiconductor laser can be used. A
pulse laser such as a Nd: YAG laser or an alexandrite laser is
particularly favorable. In addition, a Ti:Sa laser using
Nd:YAG laser light as excitation light or an optical para-
metric oscillator (OPO) laser may be used. Furthermore, a
light-emitting diode, a flash lamp, or the like may be used in
place of a laser.

[0078] Pulsed light output from the light irradiating unit is
favorably guided to the object by a member (an optical
member) which propagates light such as an optical fiber, a
lens, a mirror, and a diffuser plate. In addition, when guiding
the pulsed light, a spot shape or a light density of the pulsed
light can be changed using these optical members.

[0079] (Probe 30)

[0080] The probe 30 includes one or more conversion
elements 3. As the conversion element 3, any conversion
element including a piezoelectric element using a piezoelec-
tric phenomenon such as lead zirconate titanate (PZT), a
conversion element using optical resonance, and a capaci-
tance-type conversion element such as a CMUT may be used
as long as an acoustic wave can be received and converted
into an electrical signal. When a plurality of conversion
elements 3 are provided, the conversion elements 3 are
favorably arranged on a flat surface or a curved surface in an
arrangement referred to as a 1 D array, a 1.5 D array, a 1.75
D array, or a 2 D array. When arranging the conversion
elements in a curved surface, a supporter with a cup shape
or a spherical crown shape is favorably used. Providing a
high sensitivity region where directional axes (directions of
high receiving sensitivity) of the respective conversion
elements converge improves image accuracy.

[0081] In addition, the probe 30 may be configured to be
mechanically movable with respect to the object or may be
a handheld probe 30 which is grasped by the operator when
moved. In the case of mechanical scanning, a scanning
mechanism using an XY stage, a motor, an actuator, or the
like can be used. In the case of a photoacoustic microscope,
the probe 30 is favorably a focusing probe which mechani-
cally moves along a surface of the object. In addition,
favorably, an irradiation position of irradiation light and the
probe 30 move in synchronization with each other. Further-
more, an amplifier which amplifies an analog signal output
from the conversion element 3 may be provided inside the
probe 30.
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[0082] The object is favorably held by a holding member
capable of transmitting light and acoustic waves. Accord-
ingly, since an object shape is stabilized, accuracy of cal-
culation of a specific value improves. Examples of holding
methods include a method of compressing the object with a
plate and a method of holding a suspended breast using a
cup-shaped holding member. Preferable materials of the
holding member include acrylic and polymethylpentene. In
addition, when using a holding member, a matching material
for enhancing an acoustic matching effect is favorably
arranged between the holding member and the probe and
between the object and the holding member. When a holding
member is not used, the matching material is favorably
arranged between the object and the probe. Examples of
matching material include water, castor oil, and ultrasonic
gels.

[0083] (Display Unit 7)

[0084] For the display unit 7, a display such as a liquid
crystal display (LCD), a cathode ray tube (CRT), and an
organic EL display can be used. Moreover, instead of
providing the display unit 7 as a component of the object
information acquiring apparatus according to the present
embodiment, the display unit 7 may be separately provided
and connected to the object information acquiring apparatus.
[0085] (Processor 40)

[0086] The signal collecting unit 8 can use a circuit
generally referred to as a data acquisition system (DAS).
Specifically, the signal collecting unit 8 includes an amplifier
which amplifies a received signal, an A/D converter which
digitalizes an analog received signal, and a memory such as
a FIFO, a RAM, or the like which stores a received signal.
[0087] As the characteristic distribution acquiring unit 4
and the image processing unit 5, a processor such as a CPU,
an MPU, and a graphics processing unit (GPU) can be used.
In addition, an operation circuit such as a field program-
mable gate array (FPGA) chip may be used. Moreover, the
processor 40 is not limited to a configuration having a single
processor or an operation circuit and may be constituted by
a plurality of processors or operation circuits. Furthermore,
a memory for storing a received signal, specific value
information, a distribution of specific value information, and
the like maybe provided. The memory is typically consti-
tuted by a storage medium such as a ROM, a RAM, and a
hard disk. Moreover, the memory is not limited to a con-
figuration having a single storage medium and may be
constituted by a plurality of storage media. The memory is
typically constituted by one or more storage media such as
a ROM, a RAM, and a hard disk.

[0088] FIG. 1B is a schematic diagram showing an
example of a structure of the processor 40 and a relationship
between the processor 40 and external devices. The proces-
sor 40 includes a DAS 201, a memory 202, a CPU 203, and
a GPU 204. The DAS 201 performs one function of the
signal collecting unit 8 according to the present embodi-
ment. A digital signal transferred from the DAS 201 is stored
in the memory 202.

[0089] The CPU 203 performs a part of functions of the
characteristic distribution acquiring unit 4, the image pro-
cessing unit 5, and the display control unit 6 according to the
present embodiment. Specifically, the CPU 203 controls
respective constituent blocks via a system bus 200. In
addition, the CPU 203 can perform signal processing such as
an integration process and a correction process on the digital
signal stored in the memory 202. Furthermore, the CPU 203
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rewrites the digital signal after the signal processing into the
memory 202 to be supplied to the GPU 204 for generating
distribution data.

[0090] The GPU 204 performs a part of functions of the
characteristic distribution acquiring unit 4, the image pro-
cessing unit 5, and the display control unit 6 according to the
present embodiment. Specifically, the GPU 204 creates
distribution data using the digital signal subjected to signal
processing by the CPU 203 and written into the memory
202. In addition, the GPU 204 can create image data by
applying various image processing such as brightness con-
version, distortion correction, and segmentation of a region
of interest to the created distribution data. Moreover, similar
processing can also be performed by the CPU 203. The
configuration described above is simply an example and any
information processing apparatus can be used as long as the
information processing apparatus is capable of executing the
signal processing and control processes according to the
present invention.

[0091]

[0092] FIG. 4 shows a result of verification by a simula-
tion using the present method. Reference numeral 301 on the
left side of the diagram denotes a distribution of absorption
coeflicients. Voxels with an absorption coefficient intensity
equal to or higher than a prescribed threshold have been
extracted and set as the inside of a mask through a process
performed by the image processing unit 5. The diagram
shows that there are three regions where the intensity is
equal to or larger than the threshold and which are assumed
to be blood vessels. On the other hand, regions where the
intensity is lower than the prescribed value are considered to
be outside of the mask and are shown with a dark color in
the diagram. In the state prior to processing, noise is
observed over the entire image.

[0093] Meanwhile, reference numeral 302 on the right
side of the diagram denotes a distribution of absorption
coeflicients after being processed by the image processing
unit 5. In this case, for each of the three regions, an average
value inside the mask is used as a representative value. In
addition, when a single mask is shaped so as to combine a
plurality of blood vessels, the mask can be divided into a
plurality of masks. Conversely, a plurality of masks may be
processed collectively. The image after processing reveals
that noise has been reduced and no significant changes have
been made to intensity. Moreover, a method of displaying
images is not limited to a method in which images before
and after processing are placed side by side as in FIG. 4. For
example, a process button may be provided in the screen
and, when the button is pressed using inputting means such
as a mouse, the display may be switched to the processed
image. In addition, images may be switched after a pre-
scribed period of time. Furthermore, images or masks rep-
resenting a plurality of wavelengths may be arranged side by
side. Moreover, a button for switching between correction
methods may be provided. In addition, a physical button
may be provided in place of an image Ul.

(Simulation)

First Practical Example

[0094] In a first practical example, a phantom simulating
a breast is used as an object. Light is irradiated from a light
source through a holding member made of polymethylpen-
tene which holds the object. The probe 30 receives a
photoacoustic wave through the holding member. The probe



US 2017/0055842 Al

30 is a 2D probe including a plurality of conversion elements
in a 1 MHz+40% frequency band.

[0095] In the present practical example, first, the object is
irradiated with pulsed light having a wavelength of 797 nm
from the light irradiating unit 1. The probe 30 receives a
photoacoustic wave, converts the photoacoustic wave into
an electrical signal, and outputs the electrical signal. After
being subjected to digital conversion and amplification, the
received signal is subjected to image reconstruction by
universal back-projection at the processor 40. Accordingly,
a three-dimensional distribution of initial sound pressure of
one pulse is obtained. In the obtained distribution of initial
sound pressure, only a region of a distribution of irradiated
pulsed light has been reconstructed. In this case, the
obtained distribution of initial sound pressure is constituted
by 160 voxels vertically, 160 voxels horizontally, and 200
voxels in a height direction. A distribution of absorption
coeflicients can be calculated by correcting the obtained
distribution of initial sound pressure based on light quantity
distribution.

[0096] Next, the processor 40 sets a part of the distribution
of absorption coeflicients as a region of interest and creates
amask for a blood vessel inside the region of interest. In this
case, a maximum intensity of absorption coeflicient values is
obtained and a mask is created using a value that is half of
the maximum intensity as a threshold. Subsequently, the
created mask is applied to the distribution of absorption
coeflicients to determine whether or not each position in the
region of interest is a blood vessel. As a result, a voxel
having intensity equal to or higher than the threshold is
extracted as a blood vessel. Next, a mode of intensities of the
extracted blood vessel portion is calculated as a represen-
tative value. The value of each voxel in the blood vessel
portion is then substituted by the representative value. By
combining an image of the blood vessel portion to which the
representative value is assigned with an image of the outside
of the mask, a distribution of absorption coefficients in
which the representative value is assigned to the blood
vessel portion inside the region of interest is obtained.
[0097] For example, in the case of FIG. 4, while a repre-
sentative value (a substitute value) is favorably calculated
for each of the three blood vessel regions, one substitute
value for each image obtained by calculating a mode from
inside the entire mask may be applied to all blood vessel
regions. Alternatively, sub regions may be set to each region
in accordance with a size and shape of the region.

[0098] As described above, in the present practical
example, a representative value is calculated and assigned
using a signal of the inside of a living organism structure
such as a blood vessel. As a result, even if a distribution of
absorption coeflicients contains noise or artifacts, calcula-
tion accuracy of an absorption coeflicient value in a blood
vessel portion improves.

Second Embodiment

[0099] Next, a second embodiment will be described.
Since the present embodiment uses an apparatus configura-
tion approximately similar to that of the first embodiment, a
detailed description of each component will be omitted. The
following description will focus on portions that differ from
the first embodiment such as a part of contents of processing
by the processor 40.

[0100] FIG. 5 is a schematic diagram showing a configu-
ration of a photoacoustic apparatus according to the present
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embodiment. The apparatus calculates a distribution of
oxygen saturation from distributions of absorption coeffi-
cients of a plurality of wavelengths. In addition, even if the
distribution of absorption coefficients of each wavelength
contains noise or artifacts, the effect of the noise or the
artifacts can be reduced from a signal inside a living
organism structure region. As a result, a distribution of
oxygen saturation for which the effect of noise or artifacts
has been reduced in a living organism structure region can
be calculated.

[0101] (Image Processing Unit 5)

[0102] In a similar manner to the first embodiment, the
image processing unit 5 sets a mask on the characteristic
distribution output from the characteristic distribution
acquiring unit 4 and, after statistically processing intensity
based on data in the mask, performs mapping. In the present
embodiment, contents of processing when a plurality of
characteristic distributions are input will be described.
[0103] Among distributions of absorption coeflicients at
the wavelength A, and the wavelength A, as generated by the
characteristic distribution acquiring unit 4, a region of
interest is set in the distribution of absorption coeflicients for
the wavelength A, and a mask for a blood vessel portion
inside the region of interest is created. As a method of
creating the mask, a known blood vessel extraction method
using a line-enhancing filter and a region growing method
on the distribution of absorption coeflicients is used. The
obtained mask is applied to both distributions of absorption
coeflicients of the wavelength A, and the wavelength A, to
calculate distributions of absorption coeflicients of the two
masked wavelengths.

[0104] Next, a method of statistical processing will be
described with reference to FIG. 6. FIG. 6 is a conceptual
diagram for showing data handled inside the processor 40
and a procedure of signal processing. Therefore, such a
diagram need not necessarily be displayed on the display
unit.

[0105] Reference numeral 401 denotes a three-dimen-
sional distribution of absorption coefficients of the wave-
length A, and reference numeral 402 denotes a three-dimen-
sional distribution of absorption coefficients of the
wavelength A,. Reference numeral 403 is a conceptual
diagram focusing on the distribution of absorption coeffi-
cients denoted by reference numeral 401 and indicates that
absorption coeflicient values in a blood vessel portion have
increased. In actual signal processing, the conceptual dia-
gram is used as a result of comparing intensity of each voxel
with a threshold. Reference numeral 404 denotes a region of
interest set in a blood vessel portion. The region of interest
can be set by an input from the operator using an Ul such as
a mouse or a keyboard or by an automatic setting in
accordance with a prescribed rule. A wider range of the
object can be set as a processing object by sequentially
moving the region of interest.

[0106] Reference numeral 405 denotes a side view of a
mask corresponding to the distribution of absorption coef-
ficients denoted by reference numeral 403. Reference
numeral 406 denotes an enlarged view of a portion enclosed
by a white dashed line in the mask denoted by reference
numeral 405. In reference numeral 406, a voxel of interest
(denoted by reference character TV) is depicted as a shaded
voxel. A voxel data region within a range of equal distance
(the white dashed line in reference numeral 406) from the
voxel of interest is depicted by hatchings. Although the



US 2017/0055842 Al

inside of a sphere at an equal distance from the voxel of
interest is actually a processing object in three-dimensional
data, a two-dimensional representation is given instead for
the sake of brevity. In the present embodiment, with a focus
on each voxel in the mask, statistical processing is per-
formed using voxel data in a region in a vicinity of the voxel
in focus and for which a value is available.

[0107] Reference numeral 407 denotes an empty three-
dimensional distribution prepared for assigning a newly
calculated distribution of absorption coefficients. As a
method of statistical processing, a method of calculating an
absorption coeflicient intensity of the voxel of interest (TV)
denoted by reference numeral 406 will be described. First,
voxel data in the vicinity of the voxel of interest is extracted
and a representative value is obtained. The obtained repre-
sentative value is assigned to a corresponding voxel in the
prepared empty three-dimensional distribution. Next, simi-
lar processing is performed by regarding another voxel as a
voxel of interest. In this case, the calculated value is
assigned to the prepared empty three-dimensional distribu-
tion because intensity of a voxel once obtained by calculat-
ing a representative value is not used when obtaining
intensity of other voxels.

[0108] A mode, a median, or a mean is desirable as the
representative value (the substitute value). In addition, there
is a method in which a threshold of intensity is set with
respect to extracted voxel data and values equal to or smaller
than the threshold are not used when calculating a repre-
sentative value. Furthermore, a process may be performed in
which values with a dispersion of 30 or more as compared
to an average of the extracted voxel data are eliminated and
then a mode, a median, or a mean is calculated. For example,
when calculating an average value after eliminating values
with a dispersion of 30 or more from an average of the
extracted voxel data, first, voxel data in the vicinity of the
voxel of interest is extracted and an average value and a
standard deviation of the extracted voxel data are obtained.
Next, values with a dispersion of 30 or more from the
average value of the extracted voxel data are eliminated. An
average value is then calculated in the data after eliminating
voxel values with high dispersion values. A distribution of
absorption coeflicients is obtained by assigning the calcu-
lated average value to the voxel of interest. Accordingly,
extreme outliers can be eliminated.

[0109] In this manner, assignment (substitution) of values
of all voxel data in the mask is performed. On the other hand,
original values are used for voxels outside of the mask. As
a result, a distribution of absorption coefficients with greater
legibility in which values of voxels with a high probability
of corresponding to the inside of a blood vessel are pro-
cessed can be acquired.

[0110] As described above, with the image processing unit
5, a distribution of absorption coeflicients in which the
effects of noise and artifacts have been reduced is obtained
by substituting a value of each voxel in a mask.

[0111] (Concentration Distribution Acquiring Unit 9)
[0112] A concentration distribution acquiring unit 9
acquires concentration distribution information using distri-
bution information such as initial sound pressure distribu-
tion information and absorption coefficient distribution
information generated by the image processing unit 5 and
corresponding to a plurality of wavelengths. An example of
obtaining a distribution of oxygen saturation as concentra-
tion distribution will be described below.
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[0113] Assuming that light absorption other than by hemo-
globin is negligibly low for the wavelength A, and the
wavelength A, absorption coeflicients for the wavelength A,
and the wavelength A, are respectively represented by
expressions (2) and (3) using a molar absorption coeflicient
of oxyhemoglobin and a molar absorption coeflicient of
deoxyhemoglobin.

[Math. 2]
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[0114] In expressions (2) and (3), n, (h;) denotes an

absorption coefficient of light with the wavelength A, at a
position (i, j, k) and ., (A,) denotes an absorption coeflicient
of light with the wavelength A, at the position (i, j, k), both
of which are measured in units of [mm™]. C, denotes an
amount [mol] of oxyhemoglobin and C,;, denotes an amount
[mol] of deoxyhemoglobin. Both values correspond to the
position (i, j, k).

[0115] e, (A, and €, (\,) respectively denote molar
absorption coefficients [mm™'mol™] of oxyhemoglobin and
deoxyhemoglobin for the wavelength A,. €, (A,) and €,
(M) respectively denote molar absorption coeflicients [mm™
1mol™'] of oxyhemoglobin and deoxyhemoglobin for the
wavelength 2,. €. (A)), €, (Ay), €, (h,), and €, (A,) are
obtained in advance by measurement or from literature
values.

[0116] Therefore, C_ and C,, are respectively obtained by
solving the simultaneous equations represented by expres-
sions (2) and (3) using molar absorption coefficients, p, (A1),
and p, (A,). A least squares method may be used when a
large number of wavelengths are to be used. In addition, as
represented by expression (4) below, oxygen saturation SO,
is defined as a proportion of oxyhemoglobin in total hemo-
globin. Therefore, oxygen saturation SO, may be repre-
sented by expression (5) based on expressions (2), (3), and
(4). Accordingly, using expression (5), the concentration
distribution acquiring unit 9 can obtain oxygen saturation
SO, at the position (i, j, k) based on the molar absorption
coeflicients, p (A,), and p, (A,).

[Math. 3]
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[0117] A distribution of oxygen saturation can be acquired
by performing this oxygen saturation acquisition process on
each position. FIG. 7 shows an example of a display screen
in a case where a distribution of oxygen saturation is
obtained from the distribution of absorption coefficients of
the wavelength A, and the distribution of absorption coef-
ficients of the wavelength A,. Reference numeral 501
denotes the distribution of absorption coefficients of the
wavelength A, reference numeral 502 denotes the distribu-
tion of absorption coeflicients of the wavelength A,, and
reference numeral 503 denotes an image of a distribution of
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oxygen saturation. The distribution of oxygen saturation
may be three-dimensional data (set data of voxels) corre-
sponding to a given region inside the object or two-dimen-
sional data (set data of pixels) corresponding to one section
in the three-dimensional data. In the diagram, an oxygen
saturation value in a region where an absorber does not exist
is set to 0% for the sake of convenience. In addition, since
a distribution of oxygen saturation is obtained as a ratio of
distributions of absorption coeflicients, when the distribu-
tions of absorption coeflicients for a plurality of wavelengths
are relatively correct, a distribution of oxygen saturation can
be appropriately obtained. Therefore, a distribution of
absorption coeflicients need not necessarily be accurately
obtained as an absolute value. Furthermore, the processing
may be ended by saving a distribution of oxygen saturation
as data without actually displaying a screen as in the case of
FIG. 7.

[0118] (Display Control Unit 6)

[0119] The display control unit 6 generates image data to
be displayed by the display unit 7 based on the concentration
distribution generated by the image processing unit 5 and the
characteristic distribution acquiring unit generated by the
characteristic distribution acquiring unit 4. Specifically, by
setting the concentration distribution as a hue of an image
and setting a normalized characteristic distribution normal-
ized by a maximum value in the characteristic distribution as
lightness, a concentration distribution weighted by the char-
acteristic distribution can be displayed. In addition, display
control such as arranging and displaying various display
items together with the distribution data is performed.
[0120] FIG. 8 is a flow chart of the processor 40 according
to the present embodiment. This flow starts in a state where
received signals are sequentially input from the probe for
each pulse of irradiated light to the signal collecting unit 8
in the processor 40 and processing such as A/D conversion
and amplification has been performed by the signal collect-
ing unit 8.

[0121] In step S201, the characteristic distribution acquir-
ing unit 4 calculates a distribution of absorption coefficients
of the wavelength A, and a distribution of absorption coef-
ficients of the wavelength A, using received signals of the
irradiated wavelength . In step S202, the image processing
unit 5 sets a region of interest in the input distribution of
absorption coeflicients of the wavelength A, and creates a
mask with respect to a blood vessel portion. In step S203,
empty voxel data for storing distributions of absorption
coeflicients of the wavelength A, and the wavelength A, after
performing image processing is prepared. A size of the
empty voxel data is equal to sizes of the absorption coefli-
cients of the wavelength A, and the wavelength A,.

[0122] 1In step S204, the image processing unit 5 focuses
attention on one of the voxels in a masked data region in the
region of interest in each of the distribution of absorption
coeflicients of the wavelength A, and the distribution of
absorption coefficients of the wavelength A,. A mode is
calculated from voxels remaining after masking inside the
region of interest among all voxel data within a certain
distance from the voxel in focus. Intensity at which fre-
quency is maximum frequency in an intensity histogram is
used as the mode.

[0123] In step S205, respective modes of the absorption
coeflicient values of the wavelength A, and the wavelength
), obtained in S204 are assigned as substitute values to
corresponding voxels in the three-dimensional voxel data
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prepared in S203. In step S206, a determination is made on
whether or not processing in steps S204 and S205 have been
completed. When processing has been completed on all
voxels remaining after masking in the region of interest, a
transition is made to next step S207. If not, a return is made
to step S204.

[0124] In step S207, distributions in which the mode has
been assigned to each voxel remaining afier masking in the
region of interest in each of the distribution of absorption
coeflicients of the wavelength A, and the distribution of
absorption coeflicients of the wavelength 4, as well as other
regions are integrated with the voxel data prepared in S203.
In step S208, the concentration distribution acquiring unit 9
calculates a distribution of oxygen saturation based on data
of the integrated distribution of absorption coefficients of the
wavelength A, and the integrated distribution of absorption
coeflicients of the wavelength A,. In step S209, the display
control unit 6 displays the distribution of oxygen saturation
calculated by the concentration distribution acquiring unit 9.
[0125] According to the processing, when calculating a
distribution of oxygen saturation from distributions of
absorption coeflicients of a plurality of wavelengths, even
when the distributions of absorption coeflicients of the
respective wavelengths contain noise or artifacts, the distri-
butions of absorption coefficients can be acquired by reduc-
ing the effects of the noise and the like from signals inside
a living organism structure region. As a result, a distribution
of oxygen saturation for which the effect of noise or artifacts
has been reduced can be calculated for a living organism
structure region.

[0126] Moreover, while the concentration distribution
acquiring unit 9 acquires a distribution of oxygen saturation
as a concentration distribution in the example described
above, the present embodiment is not limited thereto. As
described earlier, any “distribution of values related to a
concentration of a substance (a concentration distribution)”
obtained using “a characteristic distribution based on light
absorption” of a plurality of wavelengths may be acquired.
In other words, a distribution of “weighted values of oxygen
saturation”, “total hemoglobin concentration”, “oxyhemo-
globin concentration”, “deoxyhemoglobin concentration”,
“glucose concentration”, “collagen concentration”, “mela-
nin concentration”, or a “volume fraction” of fat or water
may be acquired.

[0127] In addition, empty volume data corresponding to
the distribution of absorption coefficients of the wavelength
A, and the distribution of absorption coefficients of the
wavelength A, is prepared in the example described above.
However, one piece of empty volume data corresponding to
the distribution of oxygen saturation may be prepared and a
calculation result of oxygen saturation from the distributions
of absorption coeflicients of the two wavelengths calculated
by the image processing unit 5 can be directly stored therein.
[0128] Furthermore, the characteristic distribution acquir-
ing unit 4 acquires a distribution of absorption coefficients as
a characteristic distribution based on light absorption in the
example described above. However, the present embodi-
ment is not limited thereto. For example, “a distribution of
sound pressure (typically, a distribution of initial sound
pressure)” or “a distribution of optical energy absorption
density” may be acquired. For example, |1, may be expressed
as P/(I'-®) according to expression (1). Therefore, by sub-
stituting 1, in expression (5) with P/(I'-®), oxygen saturation
can be directly calculated from initial sound pressure. In
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other words, the concentration distribution acquiring unit 9
can directly acquire a distribution of oxygen saturation from
a distribution of initial sound pressure without involving a
distribution of absorption coeflicients.

[0129] FIG. 9 shows verification by a simulation using the
present method. Reference numerals 601 and 602 respec-
tively denote a distribution of absorption coefficients corre-
sponding to two wavelengths (a first wavelength and a
second wavelength). At this stage, noise is not included. In
addition, each portion with high intensity simulates an
absorber. Reference numeral 603 denotes oxygen saturation
calculated from the distributions of absorption coefficients
denoted by reference numerals 601 and 602. At this point,
when displaying oxygen saturation, oxygen saturation may
be displayed by setting a distribution normalized by maxi-
mum intensity of a distribution of absorption coeflicients to
lightness and oxygen saturation values to hue. However, in
this case, oxygen saturation values of a masked absorber
portion are displayed as a black-and-white image for the
sake of convenience.

[0130] Reference numeral 604 denotes a distribution of
absorption coefficients obtained by adding random Gaussian
noise to the distribution of absorption coeflicients denoted
by reference numeral 601 (the first wavelength) for purposes
of simulation. In a similar manner, random noise is also
added to the distribution of absorption coeflicients denoted
by reference numeral 602 (the second wavelength) (not
shown). Reference numeral 605 denotes a distribution of
oxygen saturation calculated from the distributions of
absorption coeflicients obtained by adding random noise to
the distributions of absorption coeflicients denoted by ref-
erence numerals 601 and 602. At this point, variation in
oxygen saturation due to the effect of noise is observed at
each absorber.

[0131] Reference numeral 606 denotes a mask crated by
setting a threshold to absorption coeflicient intensity. Ref-
erence numeral 607 denotes a distribution obtained with
respect to the first wavelength according to the method of the
present invention. In this case, with respect to each voxel of
a distribution of absorption coefficients in the mask, an
average value is calculated using only voxels with intensity
within a range of 30 from an average value of specific values
of the voxels among data within five voxels from each voxel.
In other words, a weight may be adaptively determined in
accordance with specific values of a voxel that is a substi-
tution object and voxels in a periphery thereof. Accordingly,
while intensity is averaged and the effect of noise is reduced
in absorber portions, processing is not performed in portions
other than the absorbers.

[0132] In addition, reference numeral 608 denotes a dis-
tribution of oxygen saturation calculated based on distribu-
tions of both the first wavelength and the second wavelength
(not shown) after applying similar processing to that for
reference numeral 607 to the second wavelength. This
distribution of oxygen saturation also shows the effect of
noise being reduced in absorber portions. As described
above, with the method according to the present invention,
the effects of noise and artifacts on a concentration distri-
bution inside an object can be reduced and an image suitable
for diagnosis can be displayed.

Third Embodiment

[0133] Next, a third embodiment will be described. As
shown in FIG. 10, the present embodiment differs from the
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second embodiment in an order of the concentration distri-
bution acquiring unit 9 and the image processing unit 5 in
the object information acquiring apparatus. In addition, there
are portions of the contents of processing by the processor
40 that differ from the embodiment described above. Here-
inafter, a description will be given with a focus on such
differences.

[0134] With the object information acquiring apparatus
according to the present embodiment, first, the concentration
distribution acquiring unit 9 calculates a distribution of
oxygen saturation based on a distribution of absorption
coeflicients calculated by the characteristic distribution
acquiring unit 4. Subsequently, the image processing unit 5
performs statistical processing on intensity for each voxel of
a masked concentration distribution. A weight of the distri-
bution of absorption coefficients is used as a mask. Even
when a binarization process as a mask is not performed, a
distribution of oxygen saturation with reduced effects of
noise and artifacts can be calculated. In addition, the entire
distribution of absorption coefficients is set as a region of
interest. Due to this processing, a calculation can be per-
formed which increases weight of an oxygen saturation
value in portions where absorber intensity is high such as a
blood vessel and reduces weight of an oxygen saturation
value in portions where absorber intensity is low such as
noise. Furthermore, the effects of noise and artifacts can be
further reduced by removing portions with extremely low
weight and portions with high dispersion.

[0135] (Image Processing Unit 5)

[0136] The image processing unit 5 sets a mask on the
concentration distribution output from the concentration
distribution acquiring unit 9 and, after performing statistical
processing based on data in the mask, performs mapping. In
the following example, it is assumed that the concentration
distribution is a distribution of oxygen saturation.

[0137] InFIG. 11, reference numeral 701 denotes a three-
dimensional distribution of oxygen saturation, and reference
numeral 702 denotes a three-dimensional distribution of
absorption coeflicients of a wavelength A, corresponding to
the distribution of oxygen saturation. Reference numeral
703 denotes a conceptual diagram of the three-dimensional
distribution of oxygen saturation and shows that oxygen
saturation values are calculated in blood vessel portions.
Reference numeral 704 denotes a region of interest set in a
blood vessel portion such as a blood vessel. Reference
numeral 705 denotes a side view of a mask with respect to
the distribution of oxygen saturation denoted by reference
numeral 704 representing a region of interest. In this case,
unlike in the second embodiment, the inside of the region of
interest of the mask is expressed by a weight calculated
based on the distribution of absorption coeflicients. In other
words, in the inside of the region of interest, the whiter the
color of a voxel, the higher the intensity of the voxel. A
high-intensity region includes a region attributable to a
living organism structure such as a blood vessel.

[0138] Reference numeral 706 denotes a partial enlarged
view of the mask denoted by reference numeral 705. Ref-
erence numeral 707 denotes a three-dimensional distribution
for storing a newly calculated distribution of oxygen satu-
ration. In this case, the mask is created by setting a value of
0 outside the region of interest set in the distribution of
absorption coeflicients of the wavelength A, and using a
weight of intensity of a characteristic distribution as an
internal value. As the weight of intensity of a characteristic
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distribution inside the region of interest, a weight normal-
ized by a maximum value inside the region of interest is
desirable. Alternatively, normalization may be performed by
using intensity set by an operator or the apparatus as a
maximum value and setting regions with values of 1 or
larger to 1.

[0139] Next, a statistical processing method will be
described. An oxygen saturation value of a voxel (denoted
by reference character TV) shown shaded in a central part of
a dotted circle in reference numeral 706 will now be
described. The oxygen saturation value of the shaded voxel
TV is obtained by a weighted-averaging process using an
oxygen saturation value S of voxels inside a sphere with a
certain radius from the voxel TV and a weight of the
distribution of absorption coeflicients. Specifically, when the
total number of voxels inside the sphere is denoted by N, the
oxygen saturation value of each voxel is denoted by Si
(where 1 denotes a voxel number and i=1 to N), and a weight
at a corresponding voxel in the mask created from the
distribution of absorption coeflicients is denoted by Wi
(where i=1 to N), the oxygen saturation value of the shaded
voxel TV is represented by expression (6) below.

[Math. 4]
N (6)
D5 W,
i=1
§=—
2 W
i=1
[0140] Accordingly, in the computation with respect to the

voxel TV, the weight of an oxygen saturation value is
increased in portions where absorber intensity is high such
as a blood vessel and the weight of an oxygen saturation
value is reduced in portions where absorber intensity is low
such as noise. The obtained oxygen saturation value is
assigned to a corresponding voxel in the distribution of
oxygen saturation denoted by reference numeral 707. By
similarly processing other voxels in the mask, substitute
values in the mask are obtained. In the statistical processing,
in the extracted voxel data, values equal to or smaller than
a prescribed value may not be used to calculate the repre-
sentative value or values with weights calculated from the
distribution of absorption coeflicients which are outside 30
of the average value may be eliminated. As described above,
with the image processing unit 5 according to the present
embodiment, the effects of noise and artifacts can be reduced
from a concentration distribution (a distribution of oxygen
saturation) inside a mask.

[0141] FIG. 12 is a flowchart showing a processing flow of
the processor 40 according to the present embodiment. In the
present embodiment, a distribution of oxygen saturation
with reduced effects of noise and artifacts is created. In
doing so, an entire distribution of absorption coeflicients is
set as a region of interest.

[0142] In step S301, the characteristic distribution acquir-
ing unit 4 calculates a distribution of absorption coefficients
of the wavelength A, and a distribution of absorption coef-
ficients of the wavelength A, using received signals of the
irradiated wavelength A,. In step S302, the concentration
distribution acquiring unit 9 calculates a distribution of
oxygen saturation based on data of the distribution of
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absorption coefficients of the wavelength A, and the distri-
bution of absorption coefficients of the wavelength A,. In
step S303, the image processing unit 5 sets the entire input
distribution of absorption coeflicients of the wavelength A,
as a region of interest and creates a mask with respect to a
blood vessel portion.

[0143] In step S304, empty voxel data for storing a dis-
tribution of oxygen saturation after performing image pro-
cessing is prepared. A size thereof is equal to a size of the
distribution of oxygen saturation. In step S305, the image
processing unit 5 focuses attention on one of the voxels in
a masked data region in the distribution of oxygen satura-
tion. A weighted oxygen saturation value is calculated from
voxels remaining after masking among all voxel data within
a certain distance from the voxel.

[0144] In step S306, the oxygen saturation value obtained
in 8305 is assigned to a corresponding voxel in the three-
dimensional voxel data prepared in S304. In step S307, a
determination is made on whether or not processing in steps
S305 and S306 have been completed. When processing has
been completed on all voxels remaining after masking in the
region of interest, a transition is made to next step S308. If
not, a return is made to step S305.

[0145] In step S308, a distribution of oxygen saturation
calculated from data inside the mask and other regions are
integrated with the voxel data prepared in S304 to create an
integrated distribution of oxygen saturation. In step S309,
the display control unit 6 displays the distribution of oxygen
saturation calculated by the concentration distribution
acquiring unit 9.

[0146] As described above, in the present embodiment,
after a distribution of absorption coeflicients calculated by
the characteristic distribution acquiring unit 4 is handed over
to the concentration distribution acquiring unit 9 and a
distribution of oxygen saturation is calculated by the con-
centration distribution acquiring unit 9, the image process-
ing unit 5 performs statistical processing on intensity for
each voxel of a masked concentration distribution.

[0147] FIG. 13 is a diagram showing verification by a
simulation using the present method. Reference numerals
801 and 802 respectively denote distributions of absorption
coefficients corresponding to two wavelengths. At this stage,
noise is not included. In addition, each portion with high
intensity simulates an absorber. A non-zero value is retained
even for portions where intensity is not high. Reference
numeral 803 denotes oxygen saturation calculated from the
distributions of absorption coeflicients denoted by reference
numerals 801 and 802. In this case, the higher the oxygen
saturation value, the higher the lightness and the whiter the
representation. However, in the case of color image display,
a weight distribution normalized by maximum intensity of
the distribution of absorption coeflicients may be assigned to
lightness and an oxygen saturation value may be assigned to
hue. In the present example, when imaging a distribution of
oxygen saturation, a mask image due to a noise-added
distribution of absorption coeflicients described below is
used instead of a weight distribution of lightness in consid-
eration of characteristics of oxygen saturation values and
grayscale.

[0148] Reference numeral 804 denotes a distribution of
absorption coefficients obtained by adding random Gaussian
noise to the distribution of absorption coeflicients denoted
by reference numeral 801. In a similar manner, random noise
is also added to the distribution of absorption coeflicients
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denoted by reference numeral 802 (not shown). Reference
numeral 805 denotes a distribution of oxygen saturation
calculated from the distributions of absorption coefficients
of both wavelengths to which random noise has been added.
Variation in oxygen saturation due to the effect of noise is
observed inside each absorber.

[0149] Reference numeral 806 denotes a distribution of
average values calculated from data within five voxels in the
vicinity of each voxel in a distribution of oxygen saturation
according to the present proposed method. In doing so, using
voxels with oxygen saturation values within a range of 30
from an average value, a weighted average value of oxygen
saturation is calculated with a weight distribution obtained
by normalizing a corresponding distribution of absorption
coeflicients with a maximum value thereof. Accordingly, it
is shown that variation in oxygen saturation values has been
reduced.

Second Practical Example

[0150] A more specific practical example will now be
described. In the present practical example, a phantom
simulating a breast is used as an object, light is irradiated
through a holding member made of polymethylpentene
which holds the object, and the probe 30 receives photoa-
coustic waves through the holding member. The probe 30 is
a 2D probe including a plurality of conversion elements in
a 1 MHz+40% frequency band.

[0151] In the present practical example, first, the object is
irradiated with pulsed light having a wavelength of 797 nm
from the light irradiating unit 1 and a photoacoustic wave is
received by the probe 30. The processor 40 performs image
reconstruction using universal back-projection based on the
received signal. Accordingly, a three-dimensional distribu-
tion of initial sound pressure of one pulse is obtained. In the
obtained distribution of initial sound pressure, only a region
of a distribution of irradiated pulsed light has been recon-
structed. The obtained distribution of initial sound pressure
is constituted by 160 voxels vertically, 160 voxels horizon-
tally, and 200 voxels in a height direction. A distribution of
absorption coeflicients can be calculated by correcting a
light quantity distribution of the obtained distribution of
initial sound pressure. In addition, the object is irradiated
with pulsed light having a wavelength of 756 nm from the
light irradiating unit 1, a photoacoustic wave is received by
the probe 30, and a distribution of absorption coeflicients is
calculated by a similar processing method to that described
above. In this case, an entire region is set as a region of
interest and a mask.

[0152] Next, a distribution of oxygen saturation is calcu-
lated from the distributions of absorption coeflicients of the
two wavelengths described above. An entire distribution of
oxygen saturation is set as a region of interest and a
distribution obtained by normalizing intensity of a distribu-
tion of absorption coeflicients is retained. With respect to
voxels of interest in the distribution of oxygen saturation, a
five voxel cubic in the vicinity of the voxels are extracted.
An average value and a dispersion value are calculated in a
distribution of absorption coeflicients in a same region as the
extracted region and data with a dispersion of 30 or more
from the average value is set to 0. In addition, a weighted
oxygen saturation value is calculated using the distribution
of absorption coeflicients and the distribution of oxygen
saturation and set as an oxygen saturation at the voxel of
interest. Finally, a distribution is displayed in lightness in
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accordance with the oxygen saturation. Moreover, in a case
of a color image, the image may be displayed by assigning
the distribution of oxygen saturation to hue and assigning
the distribution of absorption coeflicients of 797 nm to
lightness.

[0153] While absorption coeflicient values are used after
eliminating outliers when calculating an oxygen saturation
value in the present practical example, processing such as
setting a threshold to intensity of a distribution of absorption
coeflicients and not using data with low intensity may be
performed. According to the present practical example,
accuracy of calculation of an oxygen saturation value of a
blood vessel portion is improved by performing image
processing after calculating a distribution of oxygen satura-
tion.

Other Embodiments

[0154] The present invention can also be realized by
executing the processing described below. Specifically, the
present invention can also be realized by supplying a pro-
gram that realizes one or more functions of the respective
embodiments described above to a system or an apparatus
via a network or various storage media and having one or
more processors in a computer of the system or the apparatus
read and execute the program. Alternatively, the present
invention can also be realized by a circuit (for example, an
FPGA or an ASIC) which realizes one or more functions.
[0155] Embodiments of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions recorded
on a storage medium (e.g., non-transitory computer-readable
storage medium) to perform the functions of one or more of
the above-described embodiment(s) of the present invention,
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). The computer may comprise one
or more of a central processing unit (CPU), micro processing
unit (MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. 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.
[0156] 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
fanctions.
[0157] This application claims the benefit of Japanese
Patent Application No. 2015-166738, filed on Aug. 26,
2015, which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An apparatus comprising a processor configured to
process characteristic distribution information which is
derived from an acoustic wave generated from an object
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irradiated with light and which indicates specific values at a
plurality of positions inside the object, wherein

the processor is configured to:

set a first position of interest;

acquire first weight distribution information which corre-
sponds to the first position of interest and which is
related to a plurality of positions including the first
position of interest; and

acquire a substitute value for a specific value at the first
position of interest using the first weight distribution
information, the specific value at the first position of
interest, and a specific value at a position that differs
from the first position of interest among the plurality of
positions.

2. The apparatus according to claim 1, wherein

the processor is configured to:

acquire a first weighted specific value at the first position
of interest by weighting the specific value at the first
position of interest using the first weight distribution
information;

acquire a second weighted specific value at a position that
differs from the first position of interest by weighting
the specific value at the position that differs from the
first position of interest using the first weight distribu-
tion information; and

acquire the substitute value at the first position of interest
using the first weighted specific value and the second
weighted specific value.

3. The apparatus according to claim 1, wherein

the processor is configured to:

set a second position of interest that differs from the first
position of interest;

acquire second weight distribution information which
corresponds to the second position of interest and
which is related to a plurality of positions including the
second position of interest; and

acquire a substitute value for a specific value at the second
position of interest using the second weight distribution
information, the specific value at the second position of
interest, and a specific value at a position that differs
from the second position of interest, and

the second weight distribution information differs from
the first weight distribution information.

4. The apparatus according to claim 1, wherein

the processor is configured to determine the first position
of interest using the weight distribution information.

5. The apparatus according to claim 1, wherein

the processor is configured to use a specific value at a
position in a vicinity of the position of interest as the
specific value at the position that differs from the
position of interest when acquiring the substitute value.

6. The apparatus according to claim 1, wherein

the specific value is an absorption coefficient for the light.

7. The apparatus according to claim 1, wherein

the object is irradiated with light having a plurality of
wavelengths, and

the processor is configured to acquire a plurality of pieces
of absorption coeflicient distribution information cor-
responding to the plurality of wavelengths based on
acoustic waves generated by the irradiation of the light
having the plurality of wavelengths, and acquire oxy-
gen saturation distribution information as the charac-
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teristic distribution information using the plurality of
pieces of absorption coefficient distribution informa-
tion.

8. The apparatus according to claim 7, wherein

the processor is configured to acquire the first weight

distribution information based on any piece of absorp-
tion coeflicient distribution information among the plu-
rality of pieces of absorption coeflicient distribution
information.

9. The apparatus according to claim 2, wherein

the processor is configured to acquire a representative

value of the first weighted specific value and the second
weighted specific value as the substitute value.

10. The apparatus according to claim 9, wherein

the representative value is any of a mean, a mode, and a

median.

11. The apparatus according to claim 1, wherein

the processor is configured to set a position at which the

specific value is larger than a threshold as the first
position of interest using the characteristic distribution
information.

12. The apparatus according to claim 1, wherein

the processor is configured to acquire the first weight

distribution information based on a dispersion from the
specific value at the first position of interest.

13. The apparatus according to claim 1, wherein

the processor is configured to acquire the first weight

distribution information in which a weight at a position
where a specific value is outside of a prescribed range
among positions other than the first position of interest
is set to zero.

14. The apparatus according to claim 13, wherein

the processor is configured to acquire the first weight

distribution information in which a weight at a position
where a specific value is outside 30 of specific values
at a plurality of positions including the first position of
interest among positions other than the first position of
interest is set to zero.

15. The apparatus according to claim 1, further compris-
ing a display control unit configured to cause a display unit
to display characteristic distribution information having
been substituted with the substitute value.

16. The apparatus according to claim 1, wherein

the processor is configured to acquire information related

to the first position of interest as determined based on
an instruction issued by an operator and set the first
position of interest using the information related to the
first position of interest.

17. The apparatus according to claim 1, further compris-
ing:

a light irradiating unit configured to irradiate the object

with light; and

a receiving unit configured to output a signal by receiving

an acoustic wave generated from the object irradiated
with light, wherein

the processor is configured to acquire the characteristic

distribution information using the signal.

18. A method of processing using characteristic distribu-
tion information which is derived from an acoustic wave
generated from an object irradiated with light and which
indicates specific values at a plurality of positions inside the
object, the method comprising the steps of:

setting a first position of interest;
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acquiring first weight distribution information which cor-
responds to the first position of interest and which is
related to a plurality of positions including the first
position of interest; and
acquiring a substitute value for a specific value at the first
position of interest using the first weight distribution
information, the specific value at the first position of
interest, and a specific value at a position that differs
from the first position of interest.
19. A non-transitory storage medium storing a program
that causes a computer to execute the method according to
claim 18.
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