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(57) Abstract: A subject information acquiring device has: an acoustic detector which receives an acoustic wave propagated in a
subject and converts into an electrical signal; and a data processing device which generates a subject information distribution using
the electrical signal, and the data processing device has a matching processing unit which acquires a similarity distribution by calcu -
lating a similarity between: template data indicating a relationship between a real image; and an artifact and the subject information
distribution used as a matching information distribution, so that it is possible to provide a photoacoustic image forming diagnosing
device which can distinguish between an image and a background even when the contrast is poor.
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DESCRIPTION
SUBJECT INFORMATION ACQUIRING DEVICE AND
SUBJECT INFORMATION ACQUIRING METHOD

Technical Field

[0001] The present invention relates to’a subject information
acquiring method and a subject information acquiring
method. More particularly, the present invention
relates to a technique utilizing a photoacoustic effect
or a technique utilizing an ultrasound echo.
Background Art

[0002] Subject information acquiring devices which use X rays
‘and ultrasounds are used in many fields which require
nondestructive test, including a medical field. 1In the
field of subject information acquiring devices in the
medical, physiological information (that is, function
information) about a biolcgical body can be effectively
used to fihd an ailing site such as cancer, and thus
imaging of function information has been studied in
recent years. A photoacoustic tomography (PAT) which
1s one of optical imaging techniques:is proposed as one
of diagnosing methods using function information.

While X-ray diagnosis or ultrasound diagnosis can only
acquire morphology information about the interior of
the biological body, the photoacoustic tomography can
acquire both of morphology and function information
with non-invasive diagnosis.

[0003]In The photoacoustic tomography, pulsed light produced
from a light source is radiated on an interior of a
subject, and then an acoustic wave (typically,
ultrasound) produced by a photoacoustic effect of
internal tissues which absorbed light propagated and
diffused in the subject is detected. The detected
acoustic wave which contains information about the
internal tissues which is the source of the acoustic

wave 1s then converted into an image of the information.
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By detecting a temporal change of the received acoustic
wave at a plurality of sites encircling the subject,
and mathematically analyzing (reconstructing) the
obtained signal, it is possible to three-dimensionally
visualize information related to an optical
characteristic value inside the subject. This
information can be used as morphology information about
the interior of the subject, and, further, function
information including an optical characteristic value
distribution such as an absorption coefficient
distribution inside the subject can alsc be obtained
from the initial acoustic pressure distribution
produced by radiating light on the interior of the
subject.

[0004]As the pulsed light to be radiated on the interior of
the subject near-infrared light, for example, can be
used. Near-infrared light has the property that it
easily transmits through water which constitutes most
part of the biological body, while it i1s easily
absorbed by hemoglobin in blood, so that it is possible
to imége a blood vessel image as morphology information.
Further, by using the absorption coefficient
distribution obtained by radiating near-infrared light,
it is possible to learn a content rate of oxygenated
hemoglobin to all hemoglobin in blood, that is, it is
possible to learn the oxygen saturation and,
consequently, imaging of biological function can also
be performed. The oxygen saturation distribution
serves as an indicator to distinguish whether a tumor
is benign or malignant, and hence photoacoustic
tomography is expected as a way for efficiently finding
malignant tumors.

[OOOS]The oxygen saturation is calculated by performing a
plurality timeé of measurements using pulsed light of
different wavelengths, and then performing a comparison

operation.of calculating the ratio of absorption
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coefficients calculated for different wavelengths.
This is based on a principle that optical absorption
spectra of deoxygenated hemoglobin and oxygenated
hemoglobin are different. The content rate can be
consequently found out by measuring and comparing the
spectra according to the different wavelengths.

[0006]In those imaging processes, when the obtained
absorption coefficients are directly used for the
comparison operation of calculating the ratio, a blood
vessel image portion and a background portion cannot be
distinguished, and therefore, as disclosed in Non
Patent Literature 1, it is necessary to distinguish
between the blood vessel image portion and background
portion and process only the blood vessel image portion.
Citation List
Non Patent Literature

[0007INPL 1: Xueding Wang, et al. "Noninvasive imaging of

'~ hemoglobin concentration and oxygenation in the rat

brain using high-resolution photoacoustic tomography"”
Journal of Biomedical Optics 11(2), 024015 (March/April
2006)
Summary of Invention
Technical Problem

[0008]Conventionally, a real image portion such as a blood
vessel image and a background portion are distinguished
by using a threshold method of providing a threshold
with respect to a voxel value of the optical
characteristic value distribution, such as an
absorption coefficient distribution, and deciding the
voxel having a voxel value equal to or more than the
threshold as the real image portion. However, there is
a problem that, when a contrast is poor between the
real image portion and background portion, this method
cannot distinguish between the real image_portion and
background portion well. When the contrast is poor in

the optical characteristic value distribution, that is,
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when noise of the background portion is significant and
a voxel value of the background portion is equal to or
greater than the real image portion, the threshold
method of setting the threshold with respect to the
voxel value could not be useful for distinguishing
between the background portion and real image portion.
This problem is not only related to the threshold
method, but all methods of distinguishing between a
background portion and a real image portion utilizing
voxel values can be suffered from similar problem. 1In
particular, since the contrast deteriorates at the
depth of the biological body, it is difficult to
distinguish between the real image portion and
background portion at the depth of the biological body.

[0009] The present invention is made based on this recognition
of the problem. It is therefore an object of the
present invention to provide a subject information
acquiring device and a subject information acquiring
method which can distinguish between a real image and a
background even when the contrast is poor.
Solution to Problem

[0010]In light of the above problem, a subject information
acquiring device has: an acoustic detector which
receives an acoustic wave propagated in a subject and
converts into an electrical signal; and a data
processing device which generates a subject information
distribution using the electrical signal, and the data
processing device has a matching processing unit which
acquires a similarity distribution by caldulating a
similarity between: template data indicating a
relationship between a real image and an artifact; and
the subject information distribution which is a
matching information distribution.
Advantageous Effects of Invention

[0011]According to the present invention, it is possible to

distinguish between a real image and background even
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when the contrast is poor.

[0012] Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.
Brief Description of Drawings

[0013] [Fig. 1]Fig. 1 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 2]Fig. 2 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 3A]Fig. 3A is a view illustrating the
relationship between a real image and negative
artifacts. ' .

[Fig. 3B]Fig. 3B is a view illustrating the
relationship between a real image and a rearward
artifact.

[Fig. 4]Fig. 4 1s a flowchart illustrating an operation
of the device according to an embodiment of the present
invention. '

[Fig. 5]Fig. 5 is a schematic diagram illustrating the
configuration of the device according to an embodiment
of the present invention.

[Fig. 6]Fig. 6 is a flowchart illustrating an operation
of the device according to an embodiment of the present
invention. ‘

[Fig. 7]Fig. 7 is a schematic diagram illustrating a
configuration of the device according to an embodiment -
of the present invention.

[Fig. 8]Fig. 8 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 9]Fig. 9 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 10]Fig. 10 is a schematic diagram illustrating a



WO 2012/086842 6 PCT/JP2011/080146

configuration of the device according to an embodiment
of the present invention.

[Fig. 11]Fig. 11 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 12]Fig. 12 is a schematic diagram illustrating a
configuration of the device according to an embodiment
of the present invention.

[Fig. 13A]Fig. 13A illustrates an initial acoustic
pressure distribution when the present invention is
implemented in Example 1.

(Fig. 13B]Fig. 13B illustrates an initial acoustic
pressure distribution when a conventional method is
implemented in Example 1.

[Fig. 14A]Fig. 14A illustrates an oxygen saturation
distribution when the present invention is implemented
in Example'2.

[Fig. 14B]Fig. 14B illustrates an oxygen saturation
distribution when the conventional method is
implemented in Example 2.

[Fig. 15AlFig. 15A illustrates an initial acoustic
pressure distribution when a plurality of items of
template data are used in Example 3.

[Fig. 15B]Fig. 15B illustrates an initial acoustic
pressure distribution when one template is used in
Example 3.

[Fig. 16A]Fig. 16A is an initial acoustic pressure
distribution when the whole frequency bands are
detected and the conventional method is implemented in
Example 4.

[Fig. 16B]Fig. 16B is an initial acoustic pressure
distribution when a limited frequency bands are
detected and the conventional method is implemented in
Example 4.

[Fig. 16C]Fig. 16C is an initial acoustic pressure

distribution when the whole frequency bands are
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detected and the present invention is implemented in
Example 4. '

[Fig. 16D]Fig. 16D is an initial acoustic pressure
distribution when a limited frequency bands are
'detected and the present invention is implemented in
Example 4. v

[Fig. 17A]Fig. 17A is an original signal uéed in back
projection.

[Fig. 17B]Fig. 17B is a differentiated and inverted
signal used in back projection.

[Fig. 18A]Fig. 18A is a signal obtained when the whole
frequency bands are detected.

[Fig. 18B]Fig. 18B is a signal obtained when a limited
frequency bands are detected.

Description of Embodiments

[001l4]Hereinafter, the present invention will be described

using the drawings. In the present invention, an
acoustic wave typically is an ultrasound, while it
includes elastic waves referred to as a sound wave,
ultrasound, acoustic wave, photoacoustic wave and photo
ultrasound. An acoustic wave detector receives an
‘acoustic wave which has been produced or reflected in a
subject and propagated in the subject. A subject
information acquiring device according to the present
invention includes a device which utilizes an
ultrasound echo technique of transmitting an ultrasound
to the subject, receiving a reflected wave (reflected
ultrasound) reflected inside the subject and acquiring
a subject information distribution as image data, or a
device which utilizes a photoacoustic effect of
radiating light (electromagnetic wave) on the subject,
receiving an acoustic wave (typically, ultrasound)
produced in the subject and acquiring the subject
information distribution as image data. In case of the
former device utilizing the ultrasound echo technique,

subject information to be acquired reflects differences
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of acoustic impedances of tissues inside the subject.
In case of the latter device utilizing the
photoacoustic effect, subject information to be
acquired includes an acoustic wave source distribution
produced by radiation of light, initial acoustic
pressure distribution in the subject, optical energy
absorption density distribution derived from the
initial acoustic pressure distribution, absorption
coefficient distribution and concentration information
distribution of substances constituting tissues. The
concentration information distribution of substances is,
for example, an oxygen saturation distribution, or oxy
and deoxy hemoglobin concentration distribution
concentration distributions.

[0015]In the following embodiments, the present invention
will be described using é photoacoustic device based on
the photoacoustic tomography (PAT) of generating one or
more types of subject information distributions by
radiating light on the interior of the subject and
receiving, at an acoustic wave detector, a
photoacoustic wave excited inside the subject. However,
the present invention is by no means limited to these
embodiments, and the present invention is also
applicable to any subject information acquiring devices
as long as they can distinguish between a real image
and artifacts by measuring a similarity with a template.
Further, the present invention is by no means limited
only to a single device, and the present inventioh also
incorporates a method of distinguishing a real image
and artifacts described in the following embodiments,
and a program of executing this method. A real image
refers to an image in which, when the real image is
converted into an'image, an optical absorber having a
great optical absorption coefficient in the subject
appears as an image.

[Basic Embodiment]
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'[0016]The present invention distinguishes between an image
and background by utilizing a certain relationship
between a real image and artifacts (virtual image).

The basic embodiment for implementing this distinction
is as follows. In Fig. 1, a light source 1, a light
radiating device 2, a subject 3, an acoustic detector 4,
an electricalhsignal processing device 5, a data
processing device 6 And a display 7 according to the
present embodiment is illustrated.

(Light Source)

[0017]The light source 1 is a device which produces pulsed
light. The light source is preferably a laser to
obtain a great output, or the light source may also be
a light emitting diode. To effectively produce a
photoacoustic wave, it i1s necessary to radiate light
for a sufficiently short time according to thermal
characteristics of the subject. In the present
embodiment, a biological body is assumed as the subject,

Aand the pulse width of pulsed light produced from the
light source 1 is preferably several tens of
nanoseconds or less. Further, the wavelength of pulsed
light is preferably in thé near-infrared area of about
500 nm to 1200 nm which is referred to as the
biological window. Light in this area can
comparatively reach the depth of the biological body,
and hence it is useful in obtaining information about
the depth. The wavelength of pulsed light preferably
has a larger absorption coefficient with respect to an
observation target.

(Light Radiating Device)

[0018] The light radiating device 2 guideé pulsed light,
produced in the light source 1, to the subject 3. More
specifically, the light radiating device 2 includes
optical equipment such as an optical fiber, lens,
mirror and diffuser plate. Further, by using this

optical equipment, it is possible to change the shape
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and optical density of the guided pulsed light. The

optical equipment is by no means limited to the ones

described herein, and may be any equipment as long as
it satisfies these functions.

(Subject) '

[0019]The subject 3 is a measuremént target. For the subject,
it is possible to use a biological body or a phantom
which simulates acoustic characteristics and optical
characteristics of a biological body. The acoustic
characteristics specifically refer to a propagation
speed and attenuation rate of the acoustic wave, and
the optical characteristics specifically refer to an
absorption coefficient and scattering coefficient of
light. An optical absorber having a'great absorption
coefficient is necessarily be present inside the
subject. In case of the biological body, the optical
absorber specifically includes, for example, hemoglobin,
water, melanin, collagen and fat. In case of the
phantom, substances which simulate the above optical
characteristics are sealed inside as the optical
absorber.

(Acoustic Detector)

[0020] The acocustic detector 4 is acoustically coupled to the
subject, and it receives and the acoustic wave which is
excited when the optical absorber absorbs part of
energy of radiated pulsed light, and converts into an
electrical signal (received signal). According to the
photoacoustic tomography, the acoustic wave needs to be
captured at a plurality of sites, and therefore it 1is

"preferable to use a 2D type which aligns a plurality of
acoustic detecting elements on a planar surface. It
may be, however, possible to capture the acoustic wave
by using a 1D type which aligns acoustic detecting
elements in a row or a single acoustic detecting
element, to a.plurality of sites by moving with means

of a scanning device. The acoustic detector preferably
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has a high sensitivity and wider frequency band and,
more specifically, such as an acoustic detector using a
piezoelectric lead-zirconate-titanate (PZT),
polyvinylidene fluoride (PVDF), capacitive
micromachined ultrasonic, transducer (cMUT) or Fabry-
Perot interferometer. 'However, the acoustic detector
is not limited to the acoustic detector described
herein, and any acoustic detectors as long as they can
satisfy the function of capturing the acoustic wave may
be used.

(Electrical Signal Processing Device)

[00211The electrical signal processing device 5 amplifies an
analog electrical signal obtained in the acoustic
detector 4, and converts the analog electrical signal
into a digital signal. The same number of analog-
digital converters (ADCs) equal to the number of
acoustic detectors is preferably provided to
efficiently acquire data, or one ADC may be
sequentially changed, reconnected and used.

(Data Processing Device)

[0022] The data processing device 6 acquires the subject
information distribution as image data by processing
the digital signal (received digital signal) obtained
in the electrical signal processing device 5. The
featﬁre of the present invention lies in processing
performed in this data processing device. More
specifically, the data processing device includes, for
~example, a computer or an electrical circuit.

(Display) _

[0023]The display 7 displays image data geherated in the data
processing device 6 as an image. More specifically,
the display 7 is a display of a computer or television.
(Internal Configuration of Data Processing Device)

[0024]The internal configuration of the data processing
device 6 is as follows. As illustrated in Fig. 2, the

data processing device 6 is formed with an image
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reconstruction processing unit 8, a template data
holding unit which holds template data 9 and a matching
processing unit 10. The image reconstruction
processing unit 8 filters the digital signal obtained
at each position and back-projects the digital signal
at each position, and thus it acquires a subject
information distribution such as an initial acoustic
pressure distribution indicating the position of the
acoustic source in pixel or voxel data. As will be
described below, the template data 9 is the subject
information distribution such as the initial acoustic
pressure distribution which serves as a template
indicating the relationship between a real image and
artifacts appear nearby back and forth of the real
image or appeared rearward the real image. As will be
described below, the matching processing uﬁit 10
acquires a similarity distribution by calculating a
similarity between template data and the subject
information distribution such as the initial acoustic
pressure distribution.

[0025]The principle of the template data 9 and processing in
the matching processing unit 10 which is the gist of
the present invention will be described. Back
projection performed in the image reconstruction
processing unit 8 is a method which is also called
universal back projection. In the method, first, an
original signal'(Fig. 17A) detected by the detector is
differentiated and the negative and positive values are
inverted (Fig. 17B). As is illustrated in Fig. 17B,
two negative peaks appear after the processes. Then,
concentric spheres which concentrate around the
position of the detector are drawn in. a three-
dimensional space in proportion to the inverted value.
When the above process is conducted for a plurality of
detectors and thus obtained data are composed to

generate voxel data, the initial acoustic source
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position can be obtained. However, an artifact (also
referred to as "ghost") which is a shadow which does
not originally exist may be appeared by the composition
performed upon back projection.

[0026]When the acoustic detectors are arranged to spherically
encircle the subject, the portion other than the
original image is completely canceled and only a real
image is left upon composition performed in back
projection, and the problem due to the artifact may not
occur. However, when the arrangement of the detectors
is planar and only a part of acoustic wave propagated
in a specific direction, among whole generated acoustic
waves, 1s detected, cancellatioh becomes incomplete.
Therefore the negative artifacts due to the negative
values of Fig. 17B may appear in back and forth
directions seen from the acoustic detector, as
illustrated in Fig. 3A, of the real image.

[0027]0n the other hand, response characteristics of the

. acoustic detector may also cause an artifact. When the
frequency band of the acoustic detectors is not limited,
the detector can detect whole frequency bands to obtain
signals as represented in Fig. 18A. When, conversely,
the frequency band of the acoustic detectors is limited,
signals cannot be completely reproduced and the
acoustic detector’s response variesvdependent on the
freqﬁency band, which results.in obtaining signals
including ringing, as illustrated in Fig. 18B. This
ringing causes an artifact when back projection is
performed. Specifically, it causes an artifact v
(referred in this specifications to as a rearward
artifact, also called a ringing artifact) appeared
farther rearward (a far position seen from the acoustic
detector), seen form the acoustic detector side, as
illustrated in Fig. 3B, of the negative artifacts
positioned back and forth of a real image.

[0028]In this case, -since the negative artifacts appeared
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back and forth of the real image is due to rising and
falling of the signal, the negative artifacts appear
nearby the real image. Similarly, the intensity ratio
of the real image and the negative artifacts, as well
as the ratio (dimension ratio) of the sizes of the real
imége and the negative artifacts, would be

| approximately the same.

[0029] Further, the following relationship is seen between the
real image and the rearward artifact. That 1is, the
distance between the real image and the rearward
artifact is determined according to a time lag between
the signal and ringing, which distance being constant
if the acoustic detectors are the same. In addition,
the intensity ratio of the real image and the rearward
artifact is determined according to the intensity ratio
of the signal and ringing. This ringing intensity
changes depending on frequency components of the signal.
Since the frequency components of the signal generated
due to the photoacoustic effect depend on the size of
the optical absorber, the intensity ratio of the real
image and the rearward artifact depends on the size of
the optical absorber and, when the size of the optical

‘absorber is constant, the intensity ratio also becomes
constant. Further, the dimension ratio of the real
image and the rearward artifact is also determined
according to the widths of the signal and ringing wave.
Since the width of the signal generated due to the
photoacoustic effect depends on the size of the optical’
absorber, the dimension ratio of the real image and the
rearward artifact depends on the size of the optical
absorber and, when the size of the optical absorber is
constant, the dimension ratio is almost constant.

As described above, when a given image is a real image
resulting from the photoacoustic signal produced by the
absorption coefficient difference in the subject, this

image 1s accompanied by artifacts appeared nearby back
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and forth of the real image or appeared rearward the
real image having a certain felationship with the real
image. Conversely, when the image is produced by an
artifact or noise, there are no artifacts having the
above certain relationship with this image.
Consequently, by checking the relationship between the
image and artifact appeared nearby back and forth or
rearward of the image per acoustic detector, it is
possible to decide whether or not this image is a real
image. Especially when the rearward background due to
ringing appears, since more information can be used for
discrimination compared to a case when only negative
artifacts appeared back and forth of the image are used,
whether or not the image is a real image can be
distinguished more accurately.

[0030] The method of implementing the above principle will be
described using Figs. 1, 2 and 4. The light source 1
produces pulsed light, and the light radiating device 2
radiates the pulsed light on the subject (S1l). The
acoustic wave detector 4 and electrical signal
processing device 5 acquire the acoustic wave produced
from the subject 3 by radiating the pulsed light on the
subject 3 (S2). The image reconstruction processing
unit 8 reconstructs the obtained signals sequentially "
(S3).

[0031]The template data 9 is obtained from a received signal
such as the initial acoustic pressure distribution
taking into account the position where the acoustic
detector used for measurement is positioned or the
response characteristics such as frequency
characteristics of the acoustié detector, and it
indicates the relationship between a real image and
negative artifacts or rearwards artifact of this real
image. The relationship between this real image and
artifact means at least one of a distance between the

real image and the artifact, the intensity ratio of the
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real image and artifact and the dimension ratio of the
real image and artifact among the subject information
distribution obtained by receiving the acoustic wave
signal from the subject. The template data preferably
includes all of the distance, intensity ratio and
dimension ratio of the real iﬁage and artifact.
However, the present invention can be implemented only
if at least one of the above three relationships
(distance, intensity ratio and dimension ratio) is
included in the template data. While the initial
acoustic pressure distribution is used for the subject
information distribution in the present embodiment, the
optical characteristic distribution such as the
absorption coefficient distribution may be used as
described in the other embodiments. The response
characteristics of the acoustic detector mean unique
characteristics of each acoustic detector, which are
likely to influence the relationship between the real
image and artifact of the real image, and include, for
example, the size of the detection face as well as .
frequency band characteristics. In the present
invention, the subject information distribution
includes "a matching information distribution" that 1is
a distribution used as a target for matching processing,
and "an extraction information distribution" that is a
distribution used as a target for extraction processing.
As will be described in each following embodiment, the
same type of the subject information distribution may
be used or different types of subject information
distributions may be used for the matching information
distribution and extraction information distribution.
The types of subject information distributions used for
these pieces of information can be adequately selected
"according to the purpose of measurement.

[0032]The template data is preferably created by simulating

measurement of a spherical optical absorber based on
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simulation in which the freqguency band characteristics
of the acoustic detector is taken into account.
However, the shape of the optical absorber used for
simulation may have a shape other than the spherical
shape, and otherwise the template data may be created
by actual measurement. When data obtained from
measurement includes a given image and an image which
is assumed to be an artifact of the image, and the data
is similar to this template data, it may be said that
the relationship between this image and the image which
is assumed to be an artifact of this image is similar
to the relationship between the real image and the
artifact of the real image, and this data is highly
'likely to include a real image. The matching
processing unit 10 extracts voxel data having the same
size as the template data 9 from a given position in
the initial acoustic pressure distribution obtained by
the image reconstruction processing unit 8, and
calculates the similarity between the extracted data
and the template data 9. The initial acoustic pressure
distribution used upon this matching processing is used
for a matching information distribution. Further, the
matching processing unit 10 calculates the similarity
likewise by moving the position to extract the initial
acoustic pressure distribution, and creates the
similarity distribution by repeating this calculation
(S4). The similarity distribution is a three-
dimensional new subject information distribution which
represents the similarities of template data with
respect to voxels of the initial acoustic pressure
distribution. Although a similarity R is preferably
calculated by zero-mean normalized cross-correlation
(ZNCC) Equation 1 represented below, methods such as
Sum of Squared Difference (SSD) or Sum of Absolute
Difference (SAD) of calculating parameters indicating

the similarity may be adopted.
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[0033]
22 (16, 7.6)-1)r G, j.k)-T))
S0 E S 7)

k=0 /=0 i=0 k=0 j=0 i=

Equation 1

[0034]Meanwhile, L, M and N respectively referdto the numbers
of voxels in a X directibn, Y direction and 7Z direction
in the XYZ coordinate, and I (i, j, k) refers to a
distribution extracted from the initial acoustic

pressure distribution obtained by the image

reconstruction processing unit 8, /refers to an average

value of the extracted distribution, and T (i, 3j, k)

refers to template data, and 7 refers to an average

value of template data. The display 7 displays the
finally obtained similarity distribution (S5). By so
doing, it is possible to display on the display unit
which one of the initial acoustic pressure ,
distributions is a real image, and distinguish between
the real image and background.

[Second Embodiment]

[0035]Hereinafter, an embodiment will be described where
processing of extracting a real image is performed
utilizing the similarity distribution obtained in
[Basic Embodiment]. The entire device configuration is
the same as in [Basic Embodiment] and the implementing
method is also the same up to S4 for creating the
similarity distribution, and'therefore differences will
be described.

[0036]Fig. 5 illustrates an internal configuration of a data
processing device 6, where an extraction processing’
unit 11 is arranged in addition to an image
reconstruction processing unit 8, a template data 9 and

a matching processing unit 10. The extraction
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processing unit 11 selects a voxel having a high
similarity in the similarity distribution, and extracts
only the initial acoustic pressure distribution of this
voxel. In the present embodiment, the initial acoustic
pressure distribution used for this extraction
processing is used for the extraction information
distribution. More specifically, this processing is
directed to providing an arbitrary threshold with
respect to similarity distributions, deciding whether
the similarity distributions of the respective voxels
are higher or smaller than the threshold, keeping only
the voxels of the initial acoustic pressure
distribution (the initial acoustic pressure
distribution as the extraction information
distribution) corresponding to the positions of the
voxels having a higher similarity than the threshold,
and rewriting the other voxel values of the initial
acoustic pressure distribution (the initial acoustic
pressure distribution as the extraction information
distribution) to a value such as zero or minus which
can be decided as error values. While such extracting
method is desirable, a method is possible which,
instead of assigning an error value to a voxel having a
lower similarity, only reduces an acoustic pressure
value of a voxel value to, for example, one tenth.

[0037]As illustrated in Fig. 6, according to the implementing
method, matching prdcessing (S4) is performed,
extraction processing (S6) is then performed, and
extracted data is displayed on the display 7 as a new
subject information distribution (S5).

[0038]1In the present embodiment, by displaying only the
initial acoustic pressure distribution of the image
portion, it is possible to substantially reduce the
background portion and improve the contrast of the
image.

[Third Embodiment]
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[0039] Instead of calculating the similarity distribution
using the initial acoustic pressure distribution and
extracting the initial acoustic pressure distribution
as in [Basic Embodiment] and [Second Embodiment], an
embodiment will be deécribed where the absorption
coefficient distribution is used to calculate.and
extract a similarity distribution.

[0040]A photoacoustic diagnosing device can calculate an
absorption coefficient distribution from an initial
acoustic pressure distribution. A produced acoustic
pressure P to be measured is represented by Equation 2.

[0041] '

P=_F-,ua ¢ Equation 2

Meanwhile, I'' refers to a Grueneisen constant of the
optical absorber, p, refers to the absorption
coefficient of the optical absorber and ¢ refers to the
amount of light which has reached the optical absorber.
Since the Grueneisen constant can be regarded to be
constant, the produced acoustic pressure is
proportional to the product of the absorption
coefficient and light amount. The light amount can be
obtained by calculating propagation of light inside the
biological body from the distribution of incident light,
and, consequently, the absorption coefficient can be
calculated by dividing the produced acoustic pressure
by the light amount.

[0042]The entire device configuration according to the
present embodiment is thevsame as in [Basic Embodiment],
difference lies in the internal configuration of a data
processing device 6. Fig. 7 illustrates an internal
configuration of the data processing device 6 according
to an embodiment which uses an absorption coefficient
distribution for creating a similarity distribution.

. The absorption coefficient distribution is calculated

by performing division in the absorption coefficient
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calculating unit 13 using the initial acoustic pressure
distribution obtained from the image reconstruction
processing unit 8 and a light amount distribution 12
calculated in advance. The light amount distribution
12 may be calculated by measurihg a distribution of
incident light per measurement. The matching
processing unit 10 creates a similarity distribution
according to matching processing using the initial
acoustic pressure distribution and template data 9, the
extraction processing unit 11 extracts the absorption
coefficient distribution using the similarity
distribution and the display.7 displays the absorption
coefficient distribution. Although the embodiment has
been described where processing up to extraction is
performed, an embodiment is possible where dnly a
similarity distribution is calculated as in [Basic
Embodiment] and displayed.

[0043] Further, other various combinations can be used for a
distribution used for matching processing and
extraction processing. Fig. 8 illustrates a device
configuration according to an embodiment which creates
a similarity distribution using the absorption
coefficient distribution and extracts the initial
acoustic pressure distribution. Further, Fig. 9
illustrates a device configuration according to an
embodiment which creates the similarity distribution
using the absorption coefficient distribution, and
extracts the absorption coefficient distribution.

[0044]With the present embodiment, matching. processing and
extraction processing using the absorption coefficient
distribution can be performed.

'[Fourth Embodiment]

[0045] The embodiment will be described where the present
invention is used to extract the conéentration of
oxygenated hemoglobin in all hemoglobin, that is, the

oxygen saturation. As illustrated in Fig. 10, in the
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device configuration, a lightisource A 14 and a light
source B 15 are arranged instead of the light source 1
of [Basic Embodiment]. The wavelengths of the light
source A and light source B are different, and light is
radiated at respectively different timings. Further, a
light source C, a light source D and ... having
different wavelengths and timings may be added. By
comparing the absorption coefficient distributions
created by the respective light sources, it is possible
to calculate an oxygen saturation distribution.
[0046]1Fig. 11 is a view illustrating an internal
configuration of a data processing device 6. An
initial acoustic pressure distribution A created by the
image reconstruction processing unit 8 from an acoustic
wave from the light source A is converted into an
absorption coefficient distribution A using the light
among distribution 12 calculated in advance in the
absorption coefficient calculating unit 13, and stored
in a memoty A 16. Further, concerning the light source
"B, an absorption coefficient distribution B obtained
similarly is stored in a mémory B 17. When more light
sources are provided, respective absorption coefficient
distributions are stored in a memory C, a memory D
andk.... Then, in the present embodiment, a cbmparison
processing unit 18 which also serves as a concentration
information calculating unit compares (described below)
the absorption coefficient distribution A and 7
absorption coefficient distribution B, and calculates
the oxygen saturation distribution which is a
concentration information distribution. On the other
hand, the matching processing unit 10 matches the
initial acoustic pressure distribution created by the
image reconstruction processing unit 8 with template
data 9, and creates a similarity distribution. The
initial acoustic preésure distribution used in this

case 1is desirably created using light sources of
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wavelengths having close absorption coefficients of
both deoxygenated hemoglobin and oxygenated hemoglobin.
In this case, matching processing may be performed
-using only the initial acoustic pressure distribution
formed using one wavelength selected from the
wavelengths used for measurement, or a plurality of
initial acoustic pressure distributions obtained using
a plurality of wavelengths may be matched and their
results may be composed. Further, although it is
desirable to use the initial acoustic pressure
distribution for matching processing, the absorption
coefficient distribution may be used. The extraction
processing unit 11 extracts‘the oxygen saturation
distribution using the similarity distribution, and
outputs the result to the display 7.

[0047]The oxygen saturation is concentration information
which can be calculated by comparing the absorption
coefficient distributions created using light sources
of different wavelengths. When mol absorption
coefficients in blood are measured using lights having
a wavelength A; and wavelength A,, if absorptions of
light by other than hemoglobin are assumed to be low in
the wavelength A; and wavelength A; to such an extent
that the absorptions can be ignored, the mol absorption
coefficients ua(Ll)[mm‘l] and pa(kz)[mm”l] calculated
when the wavelength A; and wavelength A, are used are
represehted by Equation 3 and Equation 4.

,ua(/il) = gox(ﬂl )Cox +8ée(/11 )Cde Equation 3

Ha (12) = on (/12 )Cox + gde (/12 )Cde Equation 4

Meanwhile, Cgox and Cyqe refer to amounts (mol) of

oxygenated hemoglobin and deoxygenated hemoglobin, and
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€ox (A) and gqe (A) refer to mol absorption coefficients
[mm'mol™] of oxygenated hemoglobin and deoxygenated
hemoglobin at the wavelength A, respectively. &« (A)
and €40 (A) are obtained in advance by measurement or
literature values, and simultaneous equations of
Equations 3 and 4 are solved using measured values

Ha (A1) and pa (Az) to obtain Coyx and Cqe. When the
number of light sources is great, the number of
equations increases in proportion to the number of
light sources, so that C,x and C4qe can be obtained by a
least-square method. The oxygen saturation is defined
at the ratio of oxygenated hemoglobin in all hemoglobin
as in Equation 3, and can be calculated as in Equation

5, so that it is possible to obtain the oxygen

saturation.
C
SCE==————QL——- Equation 5
C +C
ox de

[0048]In the present embodiment, by extracting from the
oxygen saturation distribution using the similarity
distribution, it is possible to solve the problem that
the image does not stand out in the oxygen saturation
distribution. Further, although the abundance ratio of
hemoglobin has been described with the present
embodiment, according to the'photoacoustic tomography,
if an absorption spectrum is characteristic, the
abundance ratio (concentration information
distribution) other than hemoglobin can be calculated
‘using the same principle and this abundance ratio may
be extracted using the similarity distribution.

[0049] Further, similar to processing pefformed in Figs. 8 and
9 in Third Embodiment, the similarity distribution may
be found from the absorption coefficient distribution
or oxygen saturation. Further, the initial acoustic

pressure distribution or absorption coefficient
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distribution may be extracted from the obtained
similarity distribution, and then the oxygen saturation
distribution may be found from extracted data.

[Fifth Embodiment]

[0050]As described in [Basic Embodiment], the intensity rétio
of an image and rearward artifact depends on the size
of an optical absorber. Hence, the result of a
similarity distribution becomes different depending on
the size of the optical absorber used upon creation of
template data, and a similarity close to the size of
the optical absorber used upon creation of template
data is highly evaluated. Hence, in the present
embodiment, template data matching the sizes of a
plurality of optical absorbers are prepared, and
similarity distributions are created respectively and
composed to create similarity distributions matching
the sizes of various optical absorbers.

[0051]The entire device configuration is the same as in
[Basic Embodiment], and the internal configuration of a
data processing device 6 is different. Fig. 12
illustrates an internal configuration of the data
processing device 6 according to the present embodiment.
For template data, template data a 19 and template data
b 20 are prepared. Those template data are each
different in the size of an optical absorber upon
simulation or actual measurement when data is created.
While two types of template data are used herein, more
types of template data may be used. The initial
acoustic pressure distribution and each of template
data a and template data b from the image
reconstruction processing unit 8 are matched, and the
created similarity distribution a and similarity
distribution b are stored in a memory a 21 and memory b
22. Next, the composing processing unit 23 composes
the similarity distribution a and similarity

distribution b to create an integrated similarity
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- distribution. To compose the similarity distributions,
an average of the similarity distribution a and
similarity distribution b is desirably found. However,
a method of finding a square root of the product or a
method of finding a root-mean-square may be adopted.
Next, the initial acoustic pressure distribution
created by the image reconstruction processing unit 8
is extracted using the integrated similarity
distribution in the extraction processing unit 11, and
the result is outputted to the display 7. These
processings may not be limited to be performed only
with respect to the initial acoustic pressure
distribution, but can be performed with respect to the
absorption coefficient distribution or oxygen
saturation distribution. Further, after the extraction
is performed, the absorpticon coefficient and oxygen
saturation may be found, and outputted to the display 7.

[0052]In the present embodiment, the present invention can
support optical absorbers of various sizes.

[Example 1] |

[0053]A result obtained when [Second Embodiment] is

‘implemented in an experiment, and a result obtained
using a conventional threshold method as a comparison
example will be described. Cases where the used
acoustic detectors have a limited frequency band are
represented in examples 1-3.

[0054]A subject having a thickness of 50 mm, which was a
simulated biological body in which an optical absorber
was disposed at a position 25 mm from an acoustic
detector, and of which optical characteristics and
acoustic characteristics of a base material was made to
match fat of the biclogical body. Inside the subject,
three columnar optical absorbers having the diameter of
2 mm were laterally disposed, of which absorption
coefficients were 20, 15 and 10 dB with respect to the
base material. Polymethylpentene, as a subject holding



WO 2012/086842 27 PCT/JP2011/080146

plate, was closely attached to the face of the subject
to be radiated by laser, and an acoustic detector was
disposed across the polymethylpentene to dispose the
subject, subject holding plate and acoustic detector in
water. The acoustic detector was a 2D array acoustic
detector having the frequency band at 1 MHz+40%, and.
array elements having the width of 2 mm were aligned as
23 elements in the longitudinal direction and 15
elements in the lateral direction, at the pitch of 2 mm.
The subject was radiated by transmitting pulsed light
having the wavelength of 1064 nm at the order of
nanoseconds through water and polymethylpentene using
Nd:YAG laser. The optical axis of incident light was
aligned from normal line of the detection face of the
acoustic detector, and light was radiated on the site
of the subject on the front face of the acoustic
detector. Pulsed light was radiated for 30 times, the
resulting electrical signal was amplified and digital-
to-analog converted, and finally digital signal was
obtained. The sampling frequency of an analog/digital
converter used in this case was 20 MHz and the
resolution was 12 Bit. The digital signals of the
respective elements were averaged and image
reconstruction processing of the averaging result was
performed to obtain an initial acoustic pressure
distribution.

[0055]Fig. 13A illustrates the initial acoustic pressure
distribution to which a conventional threshold method
is applied. Display is provided in the Maximum
Intensity Projection (MIP) format, and the direction
seen from the acoustic detector was assumed as the
front view and in a similar manner a side view and top
view are also represented. The Z direction indicates a
depth direction seen from the acoustic detector, and a
numerical value of the Z axis becomes larger when it

becomes further away from the acoustic detector,
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assuﬁing the interface between the subject and subject
holding plate as a zero point in the Z direction. The
image indicated by a broken line circle 24 in the side
view was noise produced when incident light reaches the
surface of the acoustic detecter and multiply reflected
in the acoustic holding plate. Two images appearing
below a broken line circle 25 represents optical
absorbers of 20 and 15 dB or less. Although only
voxels having values equal to or more than the
threshold were displayed with the threshold method,
since noise indicated by the broken line circle 24 had
a greater intenéity than the optical absorber
positioned in the broken line circle 25, and therefore
the optical absorber which should have been appeared
there was removed while noise was left. Seen from the
front view, since light was radiated from the left side,
noise concentrated on the left side, and the columnar
optical absorbers disposed in a direction along the X
axis could not be seen at all due to the noise. Seen
from the tdp view, although the columnar optical
absorbers were seen at Z=2.5 cm, 'since light is weak on
the right side, the intensity becomes weaker in the
right side and the figure of the optical absorbers
became less than the threshold and thereby the columnar
optical absorber was removed.

[0056]Fig. 13B illustrates a result obtained by applying the
present invention to the same data and extracting the
initial acoustic pressure distribution based on the
similarity distribution. The template data used at
this time was created by simulation and includes an
image of a ball having the diameter of 2 mm and a
rearward artifact, and the similarity distribution was
calculated according to ZNCC. Seen from the side view,
since the noise portion had a low similarity with the
templaté, the portion was not extracted, and the

optical absorber of 10 dB indicated by a broken line
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circle 26 was extracted. Seeing the front view, noise
could be removed, so that the images of the optical
absorbers were clearly shown. Although the right side
completely disappeared in the conventional threshold
method, the images were extracted in the present method
even on the right side on which light becomes weak.
This is because since normalization is performed in
ZNCC, the similarity was determined based only on the
relationship between an image and rearward artifact
irrespective of the intensity of the distribution. As
described above, oﬁly the image of the optical absorber
could be extracted, which shows effectiveness of the
present invention.

[Example 2]

[0057]Figs. 14A and 14B illustrate a result obtained when
[Fourth Embodiment] was implemented by simulation and a
result obtained using a conventional threshold method
as a comparison example. A signal at a position of the
detector from a spherical acoustic source was simulated,
and back projection was performed using this signal to
obtain a result.

[0058] The detectors were set to have the same size, element
pitch and frequency band as in [Example 1]. The
acoustic velocity in the subject was 1500 m/s, an
optical absorber was a ball having the diameter of 2 mm
and obtained by mixing oxygenated hemoglbbin and
deoxygenated hemoglobin by 4 to 1. Pulsed: lights
having wavelengths of 756 nm and 825 nm was irradiated,
and simulation and reconstruction were conducted per
wavelength to obtain the initial acoustic pressure
distribution. No noise was added in this case. For

~ease of description, it was assumed that light was not
absorbed by a base material this time. By this means,
it was possible to regard the light amount distribution
to be constant/ and to handle the initial acoustic

pressure as the absorption coefficient distribution.
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Oxygen saturation distributions were derived from the
absorption coefficient distribution of each wavelength
according to Equations 3, 4 and 5.

[0059] Fig. 14A illustrates the initial acoustic pressure

' distribution to which a conventional threshold method
was applied. Fig. 14A only illustrates an oxygen
saturation distribution only for voxels having a higher
intensity by providing a threshold which is 0.7 times
as the maximum intensity in the absorption coefficient
distribution. In the front view, the optical absorber
disposed in the center indicates 0.8, that is, 80% of
the oxygen saturation as predicted. However, artifacts
stronger than the threshold were also produced on both
sides and therefore these portions were also displayed.
In the top view, there was further an artifact stronger
than the threshold in the background of the optical
absorber, and this portion was also displayed. In this
way, there were cases where the conventional threshold
method cannot completely remove a strong artifact even
when a high contrast without noise can be realized.

[0060]Fig. 14B illustrates a result obtained by applying the
present invention to the same data and extracting the
oxygen saturation based on the similarity distribution.
The template data used in this case was the same as in
[Example 1], and the similarity distribution was
calculated for an absorption coefficient distribution
of 825 nm using NZCC.
In the front view, side view and top view, only the
portion of the optical absorber was displayed at 80% of
the oxygen saturation. As described above, the present
invention is effective to calculate the'oxygen
saturation.
[Example 3]

[0061]Figs. 15A and 15B illustrates a result obtained when
[Fifth Embodiment] was implemented by simulation, and a

result obtained using only one template data as a
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comparison example. The simulation method was the same
as in [Example 2].

[0062]The detectors were set to have the same size, element
pitch and frequency band as in (Example 1]. The
acoustic velocity in the subject was 1500 m/s, and
optical absorbers were arranged as balls having the
diameters of 2 mm and 4 mm by shifting their positions.
The signal was acquired by simulation and reconstructed
to obtain an initial acoustic pressure distribution of
the matching target.

[0063]To create template data, the signal was acquired by
simulating the optical absorber having the diameter of
4 mm and reconstructed to obtain the initial acoustic
pressure distribution. This initial acoustic pressure
distribution was 4 mm template data, and template
matching was performed for the initial acoustic
pressure distribution of the matching target to create
a similarity distribution. Fig. 15A illustrates a
result obtained by extracting the initial acoustic
pressure distribution of the matching target based only
on the similarity distribution created using this one
template data. The optical absorber in the lower
portion in the front view is a 4 mm ball, and since a 2
mm ball had a lower similarity, the smaller ball was
not extracted.

[0064]An optical absorber having the diameter of 2 mm was
further simulated to create template data and,
similarly, 2 mm template data was acquired to obtain a
similarity distribution. An average value of a
similarity distribution using 4 mm template data and a
similarity distribution using 2 mm template data was
taken as an integrated similarity distribution. Fig.
15B illustrates a result obtained by extracting the
initial acoustic pressure distribution of the matching
target based on the integrated similarity distribution.

Seen from the front view, a 4 mm optical absorber in
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the lower portion and a 2 mm optical absorber in the
upper portion were displayed. As described above, the
‘present invention is effective to support optical
absorbers having various sizes by preparing a plurality
of items of template data and integrating each
similarity distribution.

[Example 4]

[0065]In example 4, unlike the above examples, a case where
the detector has a limited frequency band was compared
to a case where the frequency band of the used detector
is not limited. The simulation method was the same as
in [Example 2].

[0066]Fig. 16A illustrates the initial acoustic pressure
distribution in a case where the frequency band of the
used detector is not limited. The detectors were set
to have the same size and element pitch as in [Example
1]. The condition was further set so that the optical
absorber generates an acoustic wave of 320 Pa and the
detectors can detect the whole frequency bands. The
acoustic velocity in the subject was 1500 m/s, and an
optical absorber was arranged as a ball having the
diameter of 2 mm. The signal was aéquired by
simulation, and a random noise was applied to the
obtained signal. The signal to which a noise of 20 Pa
is applied was reconstructed to obtain an initial
acoustic pressure distribution as illustrated in Fig.
16A. _

[0067]Fig. 16B illustrates the initial acoustic pressure
distribution in a case where the used detector has a
limited frequency band. To ensure the limited '
frequency band, the detector was set to have a
normally-distributed frequency band at 1 MHz%40%.
Other conditions were set to be the same as the prior
simulation. A random noise having the same average
intensity as of the prior simulation was applied to

detected signal, and the signal to which the noise is
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applied was reconstructed to obtain an initial acoustic
pressure distribution as illustrated in Fig. 16B.

[0068]As can be understood from Figs. 16A and 16B, image
contrast deteriorated due to noise, irrespective of
whether or not the frequency band is limited, and the
image of the optical absorber could hardly be
discriminated. ,

[0069] Then, an optical absorber having the diameter of 2 mm
was further simulated in each conditions of detecting
the whole frequency bands and detecting a limited
frequency bands at 1 MHz*t40% to, obtain signals,
reconstruct the signals and create initial acoustic
pressure distributions, which are used as template data
of each conditions. Template matching was
independently performed for initial acoustic pressure
distributions of the matching target to create
similarity distributions, and images were extracted
from the initial acoustic pressure distributions of the
matching target based on the created similarity
distributions

[0070]Fig. 16C illustrates the extracted result of the case
where the frequency band of the used detector is not
limited, and Fig. 16D illustrates the extracted result
of the case where the used detector has a limited
frequency band. In the case where the frequency band
of the used detector is not limited, negative artifacts
appeared back and forth of a real image were used for
template matching. In the case where the used detector
has a limited frequency band, a rearward artifact due
to ringing is further added for template matching.

Thus the accuracy of the similarity distribution is
enhanced in the case where the used detector has a
limited frequency band, which causes the difference of
the extracted region between Figs. 16C and 16D. The
difference of the absolute value of the extracted

region may be due to an attenuation of the signal due
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to limitation of the frequency bands and the randomness
of the noise. 1In Figs. 16C and 16D, since the optical
-absorber is extracted as above, and the contrast of the
image is enhanced.

[0071]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0072]This application claims the benefit of Japanese Patent
Application No. 2010-288685, filed on December 24, 2010
which is hereby incorporated by reference herein in its
entirety.

Reference Signs List
[0073]1 LIGHT SOURCE
LIGHT RADIATING DEVICE
SUBJECT

ACOUSTIC DETECTOR ,

ELECTRICAIL SIGNAL PROCESSING DEVICE
DATA PROCESSING DEVICE
DISPLAY .

- IMAGE RECONSTRUCTION PROCESSING UNIT

9 TEMPLATE DATA

10 MATCHING PROCESSING UNIT

11 EXTRACTION PROCESSING UNIT

12 LIGHT AMOUNT DISTRIBUTION

13 ABSORPTION COEFFICIENT CALCULATING UNIT

14 LIGHT SOURCE A

15 LIGHT SOURCE B

16 MEMORY A

17 MEMORY B

18 COMPARISON PROCESSING UNIT

19 TEMPLATE DATA a

20 TEMPLATE DATA b

QO 2 o 00w N
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21 MEMORY a

22 MEMORY b

23 COMPOSITION PROCESSING UNiT

24 BROKEN LINE CIRCLE INDICATING NOISE PORTION

25 BROKEN LINE CIRCLE INDICATING POSITION OF OPTICAL
ABSORBER OF 10 dB

26 BROKEN LINE CIRCLE INDICATING POSITION OF OPTICAL
ABSORBER OF 10 dB .



WO 2012/086842 36 PCT/JP2011/080146

(1]

[2]

[3]

(4]

[5]

CLAIMS
A subject information acquiring device comprising:
an acoustic detector which receives an acoustic wave
propagated in a subject and converts into an electrical
signal; and '
a data processing device which generates a subject
information distribution using the electrical signal,
wherein the data processing device includes a matching
processing unit which acquires a similarity
distribution by calculating a similarity between:
template data indicating a relationship between a real
image and an artifact; and the subject information
distribution used as a matching information
distribution. |
The subject information acquiring device according to
claim 1, wherein the data processing device further
includes an extraction processing unit which provides
an arbitrary threshold with respect to the similarity
distribution, and which extracts a site corresponding
to a site including a higher similarity than the
threshold in a similarity distribution in the subject
information distribution used as an extraction
information distribution.
The subject information acquiring device according to
claim 1, wherein the matching information distribution
is an initial acoustic pressure distribution.
The subject information acquiring device according to
claim 2, wherein the matching information distribution
and the extraction information distribution are both
initial acoustic pressure distributions. _
The subject information acquiring device according to
claim 1, wherein
the data processing device includes an absorption
coefficient calculating unit which calculates an
absorption coefficient distribution using a light

amount distribution in a subject and an initial
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(6]

(8]

acoustic pressure distribution, and

the matching processing unit acquires a similarity
distribution by calculating a similarity between the
absorption coefficient distribution used as the _
matching information distribution and the template data.
The subject information acquiring device according to
élaim 5, wherein the data processing device further
includes an extraction processing unit which provides
an arbitrary threshold with respect to the similarity
distribution, and which extracts a site corresponding
to a site including a higher similarity than the
threshold in the similarity distribution, in one of the
initial acoustic preésure distribution and the
absorption coefficient distribution used as an
extraction information distribution.

The subject information acquiring device according to
claim 2, wherein

the data processing device includes an absorption
coefficient calculating unit which calculates an
absorption coefficient distribution using a light
amount distribution in a subject and an initial
acoustic pressure distribution,

the matching processing unit acquires a similarity
distribution by calculating a similarity between the
initial acoustic¢ pressure distribution used as the
matching information distribution and the template data,
and

the extraction processing unit provides an arbitrary
threshold with respect to the similarity distribution,
and extracts a site corresponding to a site including a
higher similarity than the threshold in the similarity
distribution, in the absorption coefficient
distribution which is a matching information
distribution.

The subject information acquiring information according

to claim 2, wherein
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the acoustic wave includes a plurality of acoustic
waves produced when a plurality of pulsed lights
including respectively different wavelengths are
radiated on the subject, |

the data processing device includes:

an absorption coefficient calculating unit which
calculates a plurality of absorption coefficient
distributions using: a light amount distribution in a
subject; and a plurality of initial acoustic pressure
distributions calculated for the plurality of pulsed
lights; and

concentration information calculating unit which
calculates a concentration information distribution
using the plurality of absorption coefficient
distributions,

the matching processing unit acquires a similarity
distribution by calculating a similarity between: one
or a plurality of initial acoustic pressure
distributions selected from the plurality of initial
acoustic pressure distributions or absorption
coefficient distributions selected from the plurality
of absorption coefficient distributions used as the
matching information distributions; and the template
data, and

the extraction processing unit provides an arbitrary
threshold with respect to the similarity distribﬁtion,
and extracts a site corresponding to a site including a
higher similarity than the threshold in the similarity
distribution, in the concentration information
distribution used as the extraction information

distribution.

[9] The subject information acquiring device according to

one of claims 1 to 7, wherein
the data processing device holds a plurality of items
of template data,

the matching processing unit acquires a plurality of
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similarity distributions by calculating similarities
respectively between the subject information
distribution used as a matching information
distribution and the plurality of items of template
data, and

the data processing device includes a composition
processing unit which composes the plurality of
similarity distributions.

[10] The subject information acquiring device according to
one of claims 1 to 9, wherein
the artifact is appeared when only a part of acoustic
wave propagated in a specific direction, among whole
generated acoustic waves, 1is detected.

[11] The subject information acquiring device according to
one of claims 1 to 9, wherein '
the artifact is caused by response characteristics of
the acoustic detector.

[12] A method for receiving an acoustic wave propagated in a
subject and converting into an electrical signal at an
acoustic detector, and generating a subject information
distribution using the electrical signal,
wherein the method further comprises acquiring a
similarity distribution by calculating a similarity
between: template data indicating a relationship '
between a real image and an artifact; and the subject
information distribution used as a matching information
distribution.

[13] A program causing a computer to execute:
generating a subject information distribution using an
electrical signal generated by, at an acoustic detector,
receiving an acoustic wave propagated in a subject and
converting into the electrical signal; and
acquiring a similarity distribution by calculating a
similarity between: template data indicating a
relationship between a real image and an artifact; and

the subject information distribution used as a matching
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information distribution.
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