wO 2012/160776 A1 [N I N0F 00 00 OO

(43) International Publication Date
29 November 2012 (29.11.2012)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2012/160776 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
A61B 5/00 (2006.01) A61B 8/14(2006.01)

International Application Number:
PCT/JP2012/003165

International Filing Date:
15 May 2012 (15.05.2012)

Filing Language: English
Publication Language: English
Priority Data:

2011-113908 20 May 2011 (20.05.2011) JP

Applicant (for all designated States except US): CANON
KABUSHIKI KAISHA [JP/JP]; 30-2, Shimomaruko 3-
chome, Ohta-ku, Tokyo, 1468501 (JP).

Inventor; and

Inventor/Applicant (for US only): ABE, Hiroshi [JP/JP];
C/O CANON KABUSHIKI KAISHA, 30-2, Shimomaruko
3-chome, Ohta-ku, Tokyo, 1468501 (JP).

Agents: ABE, Takuma et al.; C/O CANON KABUSHIKI
KAISHA, 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo,
1468501 (JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR, KZ,
LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: SUBJECT INFORMATION OBTAINING APPARATUS AND SUBJECT INFORMATION OBTAINING METHOD

[Fig. 1]

150

SIGNAL
PROCESSING
APPARATUS

140
CONTROL

APPARATUS 120

130

160

(57) Abstract: A subject information obtaining ap-
paratus and a subject information obtaining method
are provided with which a resolution of a pho-
toacoustic image can be improved even when an ab-
sorber arranged at a particular position with respect
to a detector for photoacoustic waves is used. The
subject information obtaining apparatus is con-
figured to obtain an optical characteristic value dis-
tribution of a subject by using photoacoustic waves.
A signal processing apparatus constituting this sub-
ject information obtaining apparatus executes gener-
ating a correction table on the basis of a variation
quantity of a signal intensity related to a signal from

110 an ultrasonic wave detector and processing a signal

121

LASER
GENERATION
APPARATUS

from a photoacoustic wave detector by using a value
of the correction table.

102
103

101

O

100




WO 2012/160776 PCT/JP2012/003165

Description

Title of Invention: SUBJECT INFORMATION OBTAINING
APPARATUS AND SUBJECT INFORMATION OBTAINING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

METHOD
Technical Field

The present invention relates to a subject information obtaining apparatus that
obtains an optical characteristic value distribution of a subject by using a photoacoustic

wave and a subject information obtaining method.

Background Art

A research of a photo imaging technology for irradiating a living body with light
from a light source such as a laser and imaging information of an internal body
obtained on the basis of the incident light is advanced in a medical field. As one of the
photo imaging technologies, Photo Acoustic Imaging (PAI) is proposed. In the photo
acoustic imaging, a living body is irradiated with pulsed light generated from a light
source. An acoustic wave (typically, an ultrasonic wave) generated from a body tissue
that has absorbed energy of the pulsed light which is propagated and diffused in the
living body is detected, and living body information is imaged on the basis of the
detected signal.

That is, in the photo acoustic imaging, a difference in a rate of absorption for light
energy between a subject part such as a tumor and other tissues is utilized, and an
elastic wave (which is also referred to as photoacoustic wave) generated when the
subject part absorbs the emitted light energy and instantaneously expands is detected
by a photoacoustic wave detector (which is also referred to as transducer or probe).
While this detection signal is subjected to an analysis process, it is possible to obtain
an image of the optical characteristic value distribution.

In addition, by measuring these pieces of information with lights at various
wavelengths, it is also possible to utilize the information in quantitative measurements
for particular substances in the subject (for example, a concentration of hemoglobin
included in blood, a degree of oxygen saturation of blood, and the like).

As described above, the subject is irradiated with the pulsed light in the photo
acoustic imaging. The light is diffused in the subject because of a strong optical
scattering characteristic, and photoacoustic waves are generated from a wide sphere at
the same time. As a result, a resolution of the photoacoustic image is decreased.

In view of the above, to solve this problem, a technique of evaluating signals at
generation locations of the photoacoustic waves detected by the respective pho-

toacoustic wave detectors is adopted. According to this technique, with respect to the
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[0007]

[0008]

[0009]

[0010]

signals spreading in a concentric fashion, if the respective photoacoustic wave
detectors can receive the same signal intensity, it is determined that the signal is a
signal from an optical absorber. On the other hand, if the respective photoacoustic
wave detectors do not receive the same signal intensity, it is determined that the signal
is a noise signal. As an example of this technique, a factor called Coherence Factor
(CF) is utilized according to NPL 1. The CF is a value calculated in the following ex-
pression for each area after data

[Math.1]

Si(1<i<N)
observed by each of N pieces of photoacoustic wave detectors is allocated to the re-

spective areas through a back projection method such as Circular back projection.
[Math.2]

N-1
(ZS)°
CF=—r—0
VTS

i=0

According to the above-mentioned expression, in an area where the photoacoustic
wave is generated, the CF is close to 1. In an area where the photoacoustic wave is not
generated or an area where random noise is observed, the same signal intensity is not
detected by the respective photoacoustic wave detectors, and the CF is close to 0. For
that reason, since the CF becomes an index indicating a variation rate of the signals
observed from the respective transducers for each area, it is possible to increase a re-
liability of the signals by weighting the respective signals with the CF as a coefficient.
When the thus weighted signals are used, an improvement in the resolution can be
realized for reconstructing the image, and it is also possible to decrease an influence of
artifacts.
Citation List
Non Patent Literature
NPL 1: C.-K.Liao, et al. "Optoacoustic imaging with synthetic aperture focusing and
coherence weighting", OPTICS LETTERS/Vol. 29, No. 21/November 1, 2004
Summary of Invention
Technical Problem

However, according to the technology described in NPL 1, a problem occurs that an
accurate CF is not calculated with respect to the absorber arranged at a particular

location.

That is, in a case where a tissue having a shape arranged at an equal distance from
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[0011]
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[0014]
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acoustic wave detectors exist, an intensity of a signal source is not accurately
estimated, and the CF is not correctly calculated. A reason thereof will be described by
using Fig. 8.

Fig. 8 illustrates an example in which a sound source of an acoustic wave generated
when a subject is irradiated with light is identified through a back projection based on
Circular back projection, and a signal variation is calculated.

In Fig. 8, three transducers 910, 920, and 930 are arranged as acoustic wave detectors
on the subject, and on the basis of signals obtained from sound sources 940 and 950 at
two locations, the locations of the sound sources 940 and 950 are identified. That is, if
the photoacoustic waves at the same intensity are detected by the plural transducers, it
is possible to estimate that those photoacoustic waves are generated from the same
sound source, and by using a detection time from the light irradiation, the location of
the sound source is identified.

At this time, a distance from the transducer 910 to the sound source 940 and a
distance from the transducer 930 to the sound source 940 are different from each other,
and a distance from the transducer 910 to the sound source 950 and a distance from the
transducer 930 to the sound source 950 are also different from each other. For this
reason, even when the photoacoustic waves at the same intensity are generated from
the sound source 940 and the sound source 950, the transducer 910 and the transducer
930 can separate photoacoustic wave information from the sound source 940 and pho-
toacoustic wave information from the sound source 950 from each other.

On the other hand, with regard to the transducer 920, since a distance from the
transducer 920 to the sound source 940 and a distance from the transducer 920 to the
sound source 950 are equal to each other, the transducer 920 receives the photoacoustic
waves from the sound source 940 and the sound source 950 at the same time. For this
reason, in a case where the photoacoustic waves at the same intensity are generated
from the sound source 940 and the sound source 950, a signal intensity stronger than
the signal intensity generated from the respective sound sources by two times is
assigned to a circular arc including the sound source 940 and the sound source 950.

If the sound source 940 and the sound source 950 generate the equal signal intensity,
both the CFs become 1, and it is expected that no variations of the signal intensity
exist. However, as described above, in a case where the absorber is arranged at an
equal distance from certain transducers, if the back projection technique is executed for
identifying the signal source, an accurate estimation of the intensity of the signal
source is not carried out. As a result, the CF is not suitable as the weighting factor,
which may not contribute to the improvement in the resolution of the photoacoustic
image.

In view of the above, the present invention provides a subject information obtaining
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apparatus and a subject information obtaining method with which the resolution of the
photoacoustic image can be improved even when the absorber arranged at a particular
position with respect to the detectors for the photoacoustic waves is used.
Solution to Problem

A subject information obtaining apparatus according to an aspect of the present
invention includes: a light source configured to irradiate a subject with light; a pho-
toacoustic wave detector configured to detect a photoacoustic wave generated in the
subject on the basis of the light; an ultrasonic wave transmitter configured to transmit
an ultrasonic wave to the subject; an ultrasonic wave detector configured to detect the
ultrasonic wave that is transmitted from the ultrasonic wave transmitter and propagated
within the subject; and a signal processing apparatus configured to obtain an optical
characteristic value distribution of the subject, in which the signal processing apparatus
executes generating a correction table on the basis of a variation quantity of a signal
intensity related to a signal from the ultrasonic wave detector and processing a signal
from the photoacoustic wave detector by using a value of the correction table.
Advantageous Effects of Invention

According to the aspect of the present invention, the subject information obtaining
apparatus and the subject information obtaining method can be provided with which
the resolution of the photoacoustic image can be improved even when the absorber
arranged at a particular position with respect to the detectors for the photoacoustic
waves is used.
Brief Description of Drawings
[fig.1]Fig. 1 is an explanatory diagram for describing a configuration of a subject in-
formation obtaining apparatus.
[fig.2]Fig. 2 is an explanatory diagram for describing a process flow.
[fig.3A]Fig. 3A is an explanatory diagram for describing transmission and reception of
ultrasonic waves.
[fig.3B]Fig. 3B is an explanatory diagram for describing transmission and reception of
ultrasonic waves.
[fig.3C]Fig. 3C is an explanatory diagram for describing transmission and reception of
ultrasonic waves.
[fig.3D]Fig. 3D is an explanatory diagram for describing transmission and reception of
ultrasonic waves.
[fig.3E]Fig. 3E is an explanatory diagram for describing transmission and reception of
ultrasonic waves.
[fig.3F]Fig. 3F is an explanatory diagram for describing transmission and reception of

ultrasonic waves.
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[fig.4A]Fig. 4A is an explanatory diagram for describing a manner of using a
correction table.
[fig.4B]Fig. 4B is an explanatory diagram for describing a manner of using the
correction table.
[fig.4C]Fig. 4C is an explanatory diagram for describing a manner of using the
correction table.
[fig.5A]Fig. SA illustrates a calculation result described according to a first em-
bodiment.
[fig.5B]Fig. 5B illustrates a calculation result described according to the first em-
bodiment.
[fig.5C]Fig. 5C illustrates a calculation result described according to the first em-
bodiment.
[fig.5D]Fig. 5D illustrates a calculation result described according to a second em-
bodiment.
[fig.6A]Fig. 6A illustrates a calculation result described according to a third em-
bodiment.
[fig.6B]Fig. 6B illustrates a calculation result described according to the third em-
bodiment.
[fig.6C]Fig. 6C illustrates a calculation result described according to the third em-
bodiment.
[fig.7A]Fig. 7A illustrates a segmentation described according to the third em-
bodiment.
[fig.7B]Fig. 7B illustrates a segmentation described according to the third em-
bodiment.
[fig.8]Fig. 8 is an explanatory diagram for describing a technical problem addressed by
embodiments of the present invention.
[fig.9]Fig. 9 is an explanatory diagram for describing an image obtained in a case
where a setting of a sound velocity is inappropriate.
Description of Embodiments

[0020]  As described above, if an attempt is made to identify the sound source of the pho-
toacoustic wave signal through the back projection, the variation quantity of the signal
intensity such as the CF is not correctly evaluation. In view of the above, according to
the aspect of the present invention, the photoacoustic wave signal is corrected by
utilizing the variation quantity of the signal intensity related to the ultrasonic wave
signal. That is, when beam forming is used, the ultrasonic wave can be transmitted to a
particular area, and the ultrasonic wave signal can be selectively received from the

particular area. Thus, an estimation process for the signal source through the back
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[0023]

[0024]
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[0027]

projection which causes a problem in the photoacoustic wave signal is not carried out.
For this reason, with respect to the variation quantity of the signal intensity too, as
compared with the measurement technique based on the optical ultrasonic wave, a re-
striction such as a positional relationship between the respective transducers and the
absorber is avoided. Therefore, according to the aspect of the present invention, it is
possible to obtain the photoacoustic image having a high resolution.

Fig. 1 schematically illustrates a subject information obtaining apparatus. The subject
information obtaining apparatus includes a laser generation apparatus 110, an optical
apparatus 120, a probe 130, a control apparatus 140, a signal processing apparatus 150,
and an image display apparatus 160.

The probe 130 is provided with a function of an ultrasonic wave transmitter that
transmits an ultrasonic wave to a subject 100 and a function of an ultrasonic wave
detector that detects the ultrasonic wave propagated within the subject 100.

Pulsed laser light 121 that is generated from the laser generation apparatus 110
functioning as a light source and emitted via the optical apparatus 120 to the subject
100 generates a photoacoustic wave 103 from an optical absorber 101. The probe 130
is also provided with a function of a photoacoustic wave detector that detects the pho-
toacoustic wave 103. It is noted that the ultrasonic wave transmitter, the ultrasonic
wave detector, and the photoacoustic wave detector may not be configured in an in-
tegrated manner and may be individually arranged.

The photoacoustic wave 103 detected by the probe 130 is subjected to an A/D
conversion or the like by the control apparatus 140, and the signal processing apparatus
150 generates an optical characteristic value distribution of the subject 100. Herein, the
optical characteristic value distribution is an initial sound pressure distribution, an
optical absorption energy density distribution, an optical absorption coefficient dis-
tribution, or the like. Image data related to the optical characteristic value distribution
output from the signal processing apparatus 150 is input to the image display apparatus
160, and the image is displayed on a display.

Fig. 2 illustrates a measurement flow carried out in the apparatus configuration of
Fig. 1.

First, by using the probe 130, the ultrasonic wave is transmitted and received with a
subject such as a living body (S1). The transmitted ultrasonic wave is reflected in a
part having a large difference in an acoustic impedance within the subject to become
an echo signal. The echo signal detected by the probe 130 is amplified by the control
apparatus 140 to become A/D converted data.

Next, the signal processing apparatus 150 calculates the variation quantity of the
signal intensity from the respective transducers with regard to the respective areas on

the basis of the data obtained from the control apparatus 140 (S2).
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[0029]
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Next, the signal processing apparatus 150 creates a correction table from the
variation quantity of the signal intensity (S3).

It is noted that at this time, with regard to a predetermined area, an optimal sound
velocity where the variation quantity of the signal intensity becomes small may be
calculated (S4), and a sound velocity table may be created (S5).

Next, the photoacoustic wave 103 is generated from the optical absorber 101 by the
laser light emitted from the laser generation apparatus 110, and the photoacoustic wave
103 is detected by the probe 130 (S6).

Next, in the signal processing apparatus 150, a correction is conducted on the pho-
toacoustic wave signal on the basis of the correction table that is calculated through the
obtainment of the ultrasonic wave signal, and a signal processing for imaging the pho-
toacoustic wave signal (S7). It is noted that at this time, the correction may be
conducted by utilizing the sound velocity table created in S5.

Finally, the image data is output from the signal processing apparatus 150 to the
image display apparatus 160 (S8).

According to the above-mentioned configuration, since the correction table created
by utilizing the signal of the photoacoustic wave can be corrected by using the ul-
trasonic wave signal, it is possible to obtain more appropriate image data of the optical
characteristic value distribution.

It is noted that the ultrasonic wave generates the reflection wave on the basis of the
difference in the acoustic impedance within the subject, and properties of the signals
are different between the photoacoustic wave generated on the basis of the magnitude
of the optical absorption coefficient within the subject and the ultrasonic wave.
However, since the ultrasonic wave and the photoacoustic wave can obtain the signals
with respect to the same area, information obtained by utilizing the ultrasonic wave can
be used in the signal processing for the photoacoustic wave.

Hereinafter, respective steps illustrated in Fig. 2 will be described in more detail.

S1: Step of transmitting and receiving ultrasonic wave

To obtain the echo signals in the respective areas, transmission and reception of the
ultrasonic wave after the beam forming are performed by the ultrasonic wave
transmitter and the ultrasonic wave detector.

Fig. 3A, Fig. 3B, Fig. 3C, Fig. 3D, Fig. 3E, and Fig. 3F illustrate modes of the beam
forming. As illustrated in Fig. 3A, by controlling phases of the respective transducers
310, a value of a focus area 320 can be obtained. By thus creating the focus area, the
values of the respective areas on the basis of the one-time transmission wave can be
obtained from the respective transducers. Also, as illustrated in Fig. 3B and Fig. 3C, in
a case where a signal of another area is further obtained, the phase controls of the re-

spective transducers 310 are changed, and the focus area can be moved to locations
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[0039]

[0040]
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[0044]
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denoted by reference signs 321 and 322.

In addition, as illustrated in Fig. 3D, Fig. 3E, and Fig. 3F, while the phases of the re-
spective transducers 310 are set to be uniform as plane waves, as denoted by reference
sign 340, it is possible to obtain the information in a wide range. Furthermore, as
indicated by reference signs 330, 331, and 332 in Fig. 3D, Fig. 3E, and Fig. 3F, it is
also possible to appropriately change a direction of the transmitted ultrasonic wave.

As described above, in order to obtain the signals of the respective areas on the basis
of the ultrasonic wave, the transmission and reception wave of the ultrasonic wave in
accordance with the area scale for the measurement is preferably selected to obtain the
signals.

S2: Step of calculating variation quantity of signal intensity

On the basis of obtained the ultrasonic wave signal, a variation of the signal intensity
in the respective areas is calculated. The amplified and A/D converted echo signals
from the respective areas are subjected to a phasing addition on the basis of the sound
velocity distribution within the subject, and a signal intensity Si for each area is
calculated.

Next, as a first correction table, a variation quantity of the signal intensity Si is
calculated. As an index of the variation quantity, a coherence factor (CF), a standard
deviation (SD), or the like is used, but a variance, a difference from an average value,
or the like may also be used as the variation quantity. In addition, the number of
samples can also be appropriately changed.

For example, the standard deviation (SD) can be represented in the following ex-
pression while an average value of Siis set as Sy and the number of probes that detect
the signals from the respective areas is set as N.

[Math.3]

SD = \/— (S, - S)* oo (2)

S3: Step of creating correction table

The variation value of the signal intensity calculated for each area in S2 is stored in a
memory or the like as a correction table (first correction table).

Also, with regard to the numeral values of this first correction table, a table in which
a proportion is changed may be newly created (second correction table). In addition, a
ratio of the signal quantities of the photoacoustic waves is calculated, and with respect
to areas indicating a proportion higher than or equal to a certain threshold, a value
obtained by subtracting the numeric value on the first correction table may be set as the
second correction table.

In a case where the proportion is changed, the numeric value for the correction is
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defined between 0 and 1, and therefore a maximum value or a value pursuant to this
maximum value may be used. A 0 point may be defined as a minimum value or a value
pursuant to this minimum value, but in a case where the signal of the photoacoustic
wave which will be described below is dealt with, an average system noise intensity or
a value pursuant to this intensity may be defined as 0.

It is noted that in the present application, since the second correction table is created
on the basis of the first correction table, the second correction table may also be rep-
resented as the correction table that is created on the basis of the variation quantity of
the signal intensity in some cases.

S4: Step of deciding optimal sound velocity

Next, optimal acoustic velocities in the respective areas are calculated from the
obtained ultrasonic wave signal.

When the pieces of data obtained from the respective transducers are subjected to
back projection to the respective areas, the image may be reconstructed while the
sound velocity components in the subject are uniformly set, for example, as 1540 m/s.
However, the actual sound velocity in the subject may vary from this set value, or an
appropriate sound velocity may vary for each area of the subject in some cases. For
that reason, as illustrated in Fig. 9, in a case where a sound velocity from a subject
1020 is detected by the respective transducers 1010 and the respective signals are
subjected to back projection to an area 1040, if an area where the sound velocity varies
exists, the respective signals are shifted. As a result, since an image is formed also in
an area 1030 that is shifted from the area 1040, this area becomes a blurred area, and
the resolution is deteriorated. In view of the above, by utilizing the variation quantity
of the signal intensity calculated in S2 described above, if this sound velocity shift is
set as an optimal value, it is possible to obtain an image without the blur where the
resolution is improved.

Initial sound velocity values in the respective areas are stored in the memory or the
like as the table. For example, if the subject is a living body, 1540 m/s that is an
average sound velocity of a soft tissue or the like is substituted. This initial value can
be appropriately selected in accordance with a situation of the subject body from a
range between 1450 m/s of fat to 1580 m/s of bone or the like. Next, the sound velocity
value is changed, for example, from 1450 m/s to approximately 1580 m/s, the cal-
culation of the variations in the respective areas in the correction table is repeatedly
carried out, and the sound velocity value where the variation becomes small is set as
the optimal sound velocity value. The optimal sound velocity value may be obtained
by utilizing a least-square method or other convergence test methods.

SS: Step of creating sound velocity table
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The optimal sound velocity value calculated in the process in S4 described above is
stored in the memory as a sound velocity table. Also, the variation value may be
calculated again on the basis of the above-mentioned sound velocity table to create the
correction table. It is noted that as described above, the process in S4 and the process
in S5 may be omitted.

S6: Step of detecting photoacoustic wave by emitting light

Light is emitted from a light source, and a photoacoustic wave is detected by the pho-
toacoustic wave detector.

For the light source, a pulsed light source that can generate pulsed light in the order
from several nanoseconds to several hundreds of nanoseconds is desirably used. To be
more specific, to efficiently generate the photoacoustic waves, a pulse width of ap-
proximately 10 nanoseconds is used. For the light source, a light emitting diode or the
like can also be used instead of the laser. For the laser, various lasers such as a solid-
state laser, a gas laser, a dye laser, and a semiconductor laser can be used. For a
wavelength of the light source to be used, a wavelength at which the light is
propagated to the inside of the subject is desirably used. To be more specific, in a case
where the subject is a living body, a wavelength higher than or equal to 500 nm and
lower than or equal to 1200 nm is desirably used.

The photoacoustic wave detector is configured to detect an acoustic wave to be
converted into an electric signal that is an analog signal. Any detector may be used so
long as the detector can detect an acoustic wave signal such as the detector using a
piezoelectric phenomenon, an optical resonant, a change in an electrostatic capacity, or
the like. The photoacoustic wave detector may be separately provided from the ul-
trasonic wave detector, but when a signal detection in the same area, a space saving,
and the like are taken into account, the detection is desirably conducted by the same
detector.

S7: Step of correcting photoacoustic wave signal

A method of correcting the photoacoustic signal by utilizing the correction table will
be described.

Fig. 4A and Fig. 4B illustrate a correction of the photoacoustic wave signal by
utilizing the variation value of the signal intensity calculated on the basis of the ul-
trasonic wave signal as the correction table.

In Fig. 4A, the correction table is created from the ultrasonic wave signal 410, and a
correction is executed on the photoacoustic wave signal 420 on the basis of the
correction table. Herein, as denoted by reference sign 430, a weighting is conducted on
the corresponding respective areas of the photoacoustic wave signal by multiplying the

variation value of the signal intensity (for example, a value between 0 and 1 in the case
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of the CF) by the value of the photoacoustic signal.

In Fig. 4B, as denoted by reference sign 440, the following process is carried out.
That is, an arbitrary threshold is decided with respect to the variation value of the
signal intensity, and among the values of the correction table, signals higher than or
equal to the threshold are not used for a computation process. The signals lower than
the threshold are used for the computation process.

According to the technique described above in Fig. 4A, since the variation value of
the signal intensity is multiplied by the signal of the photoacoustic wave, the quan-
titative property is lost. However, according to the technique described in Fig. 4B,
since the quantitative property of the photoacoustic wave signal is not lost, the ab-
sorption coefficient or the like can be quantitatively calculated and also used for a
functional imaging such as the degree of oxygen saturation.

It is noted that as described above, the correction table may be used before the image
reconstruction and also may be used after the image reconstruction. Also, in this step,
the process such as the image reconstruction may be carried out by utilizing the sound
velocity table created in S5. In addition, the signals higher than or equal to the
threshold are not used for the computation process in the above description, but the
condition can be appropriately changed depending on a type of the variation quantity
of the signal intensity.

Fig. 4C illustrates a method of changing the correction table.

According to this method, a correlativity between the variation value of the signal
intensity obtained from the ultrasonic wave signal and the photoacoustic wave is dig-
italized. For example, in a case where the CF is used as the variation value of the
signal intensity, since the CF is a value in a range from O to 1, by setting the pho-
toacoustic signal as a value in a range from O to 1, a ratio of the value of the CF to the
intensity of the photoacoustic signal is calculated with respect to the respective areas.
At this time, in a case where the value of the CF is large and the photoacoustic wave
signal is also large, the ratio thereof approaches 1.

On the other hand, a situation where the noise is adversely enhanced as a result of
taking into account the value of the CF corresponds to a case in which the value of the
CF is large and the photoacoustic wave signal is close to the system noise level. In this
case, the ratio of the value of the CF to the intensity of the photoacoustic signal
indicates a value in a range from 2 to 3, for example.

Therefore, in a case where this ratio exceeds the threshold, it is possible to determine
that the relevant area is a noise component of the photoacoustic signal.

To be more specific, as denoted by reference sign 450 in Fig. 4C, a ratio of the values
of the first correction table having the variation quantity of the ultrasonic wave signal

intensity to the intensity of the photoacoustic wave signal is calculated.



12

WO 2012/160776 PCT/JP2012/003165

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

Next, as denoted by reference sign 460, the second correction table is created by
revising the values of the first correction table. For example, with regard to the area
where the calculated ratio exceeds the threshold, a revision of subtracting the variation
quantity of the signal intensity is conducted. It is noted that the example of the CF has
been illustrated in the above description, but the threshold can be appropriately
selected while taking into account the type of the variation quantity of the signal
intensity.

Then, as denoted by reference signs 470 and 480, by using the revised values of the
second correction table, the image reconstruction can be carried out by conducting a
weighting correction on the signals of the respective areas, and the image recon-
struction can be carried out after the signals higher than or equal to the threshold are
passed through.

As a technique of the image reconstruction, an image reconstruction in a time domain
format such as Circular back projection can be used.

It is noted that in the above, the description has been given in the order from S1 to
S8, but the order can be appropriately changed. For example, after the photoacoustic
wave is detected, the correction table may be created. Also, these flows may appro-
priately enter a loop. For example, after the correction table is created, the sound
velocity table is created, and furthermore, the correction table may be created again by
utilizing this sound velocity table. In addition, a program for causing a computer to
execute the above-mentioned steps is also included in the scope of the present
invention.

First Embodiment

According to a first embodiment, a calculation result after the correction described in
Fig. 4A and Fig. 4B is carried out while the CF is set as the correction table.

Fig. 5A illustrates a photoacoustic wave image where the image reconstruction is
conducted on the basis of the signals of the photoacoustic waves generated from three
points. At this time, the transducers configured to detect the photoacoustic wave are
arranged at 256 locations, and the reconstruction is carried out on the basis of the pho-
toacoustic wave signals detected by these transducers. In Fig. 5A, artifacts are
confirmed in a radial pattern from the point where the sound source is arranged.

Fig. 5B illustrates a result after the weighting process illustrated in Fig. 4A is carried
out while the CF created by using the ultrasonic wave is set in the correction table. By
carrying out this weighting process, since the equal weighting amount is added with
respect to the three points where the sound source is arranged, as compared with the
image illustrated in Fig. 5A, an effect of improving a legibility is obtained.

In addition, Fig. 5C illustrates a result after the process illustrated in Fig. 4B is

carried out while the CF created by using the ultrasonic wave is set in the correction
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table. At this time, the threshold for the CF is set as 0.5. By carrying out this process,
the legibility is improved. It is noted that as described above, the process illustrated in
Fig. 4B is a useful process method for the reason that the quantitative property of the
data is not lost.

Second Embodiment

According to a second embodiment, a method using the standard deviation (SD) is il-
lustrated. It is noted that a description of parts common to the first embodiment will be
omitted.

Fig. 5D illustrates a result after the SD is calculated with respect to the respective
areas, a value obtained by standardizing this SD value is used as the correction table,
and the weighting process is conducted in Fig. 5A. By carrying out this process, the
equal weighting amount is applied with respect to the photoacoustic wave for each
area, and the data from the signal source is emphasized with regard to all the three
signals. With this configuration, only the center component having the strong signal
intensity is extracted, the decrease in the legibility by the artifacts is alleviated.

Third Embodiment

According to a third embodiment, a description will be given of an example in which
the image reconstruction for the photoacoustic wave is conducted by obtaining the
sound velocity value at which the CF becomes high.

According to the present embodiment, an acoustic wave advancing at 1500 m/s from
a point sound source is formed, and the CF is calculated from the transducers at 256
locations arranged in a straight line manner. The correction table where the sound
velocity is substituted to the above-mentioned CF is uniformly set in the area to be
changed to a rate between 1300 and 1700 m/s, and the sound velocity at which the
value of the CF becomes the highest is calculated.

Fig. 6A illustrates a fluctuation of the value of the CF with respect to the sound
velocity. 1500 m/s at which the value of the CF indicates a local maximum value is
matched with 1500 m/s that is the previously set sound velocity value.

Fig. 6B and Fig. 6C illustrate results after the image reconstruction of the signal from
the point sound source is conducted while the sound velocity values are respectively
set as 1700 m/s and 1500 m/s. Fig. 6C where the image reconstruction is conducted by
using the sound velocity value at which the value of the CF indicates the local
maximum value illustrates a calculation result in which the point sound source is more
clearly reconstructed as compared with Fig. 6B. As described above, by using the
present technique, even when the standard sound velocity is not determined in the mea-
surement for the subject or the like, the optimal sound velocity value can be calculated
on the basis of the value of the CF.
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It is noted that the sound velocity may not be uniformly set with respective to the re-
spective areas. For the setting, an arbitrary segmentation may be set in accordance with

the absorber distribution.
For example, as illustrated in Fig. 7A, areas may be set by arbitrarily segmenting an

area from a transducer 710 to a focus area 720 (areas 730, 740, and 750). Also, as il-
lustrated in Fig. 7B, areas may be set by arbitrarily segmenting an area in accordance
with a distance from the focus area 720 (areas 760, 770, and 780). The sound velocity
is set in the respective areas or pursuant areas, and a repeated calculation is conducted
with respect to the respective areas to increase the value of the CF, so that the optimal
sound velocity can be calculated. With regard to the setting of these areas, a setting
may also be carried out from a relationship between a targeted image quality and a cal-
culation time.

While the present invention has been described with reference to exemplary em-
bodiments, 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.

This application claims the benefit of Japanese Patent Application No. 2011-113908,
filed May 20, 2011, which is hereby incorporated by reference herein in its entirety.
Reference Signs List

100 subject

101 optical absorber

102 ultrasonic wave

103 photoacoustic wave

110 laser generation apparatus

120 optical apparatus

130 probe

140 control apparatus

150 signal processing apparatus

160 image display apparatus
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Claims

A subject information obtaining apparatus comprising:

a photoacoustic wave detector configured to detect a photoacoustic
wave that is generated in a subject on the basis of light emitted to the
subject;

an ultrasonic wave transmitter configured to transmit an ultrasonic
wave to the subject;

an ultrasonic wave detector configured to detect the ultrasonic wave
that is transmitted from the ultrasonic wave transmitter and propagated
within the subject; and

a signal processing apparatus configured to obtain an optical charac-
teristic value distribution of the subject,

wherein the signal processing apparatus executes generating a
correction table on the basis of a variation quantity of a signal intensity
related to a signal from the ultrasonic wave detector and processing a
signal from the photoacoustic wave detector by using a value of the
correction table.

The subject information obtaining apparatus according to Claim 1,
wherein the optical characteristic value distribution is an initial sound
pressure distribution, an optical absorption energy density distribution,
or an optical absorption coefficient distribution.

The subject information obtaining apparatus according to Claim 1,
wherein the processing the signal from the photoacoustic wave detector
includes multiplying a value of the signal from the photoacoustic wave
detector by the value of the correction table.

The subject information obtaining apparatus according to Claim 1,
wherein in a case where the value of the correction table is higher than
or equal to a threshold, the processing the signal from the photoacoustic
wave detector includes excluding the signal from the photoacoustic
wave detector in an area corresponding to the correction table for a
computation process.

The subject information obtaining apparatus according to Claim 1,
wherein in the correction table, a ratio of the variation quantity of the
signal intensity to an intensity of the photoacoustic signal obtained by
the photoacoustic wave detector is calculated, and the value of the
correction table is set on the basis of the ratio.

The subject information obtaining apparatus according to Claim 5,
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wherein in a case where the ratio is higher than or equal to a threshold,
in the correction table, the value of the correction table in an area corre-
sponding to the ratio is subtracted.

The subject information obtaining apparatus according to Claim 1,
wherein the processing the signal from the photoacoustic wave detector
is executed before a process of an image reconstruction in which the
optical characteristic value distribution of the subject is obtained.

The subject information obtaining apparatus according to Claim 1,
wherein the processing the signal from the photoacoustic wave detector
is executed after a process of an image reconstruction in which the
optical characteristic value distribution of the subject is obtained.

The subject information obtaining apparatus according to Claim 1,
wherein the variation quantity of the signal intensity is a coherence
factor.

The subject information obtaining apparatus according to Claim 1,
wherein the variation quantity of the signal intensity is a standard
deviation.

The subject information obtaining apparatus according to Claim 1,
wherein the sound velocity value of the subject is decided on the basis
of the variation quantity of the signal intensity, and the optical charac-
teristic value distribution of the subject is obtained on the basis of the
sound velocity value.

A subject information obtaining method comprising:

generating a correction table on the basis of a variation quantity of a
signal intensity related to a signal from an ultrasonic wave detector; and
processing a signal from a photoacoustic wave detector by using a
value of the correction table.

The subject information obtaining method according to Claim 12,
wherein the processing the signal from the photoacoustic wave detector
includes multiplying a value of the signal from the photoacoustic wave
detector by the value of the correction table.

The subject information obtaining method according to Claim 12,
wherein the processing the signal from the photoacoustic wave detector
includes excluding, in a case where the value of the correction table is
equal to or higher than the threshold, a use of a signal from the pho-
toacoustic wave detector in an area corresponding to the correction
table for a computation process.

A program for causing a computer to execute:
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generating a correction table on the basis of a variation quantity of a
signal intensity of an ultrasonic wave propagated within a subject; and
processing a signal of a photoacoustic wave generated in the subject by

using a value of the correction table.
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