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Description
Technical Field

[0001] The present invention relates to a photoacous-
ticimaging apparatus and a photoacousticimaging meth-
od in which an acoustic wave that is generated from an
inner portion of a sample by irradiating the sample with
light is detected, and a detection signal thereof is proc-
essed to obtain image data of the inner portion of the
sample.

Background Art

[0002] Inthe medical field, research in optical imaging
apparatuses that irradiate a living body with light from a
light source, such as a laser, and that performs imaging
on information of an inner portion of the living body ob-
tained on the basis of incident light is being positively
conducted. Photoacoustic tomography (PAT) is one ex-
ample of opticalimaging technology. In the photoacoustic
tomography, a living body is irradiated with pulsed light
generated from a light source, and an acoustic wave (typ-
ically, an ultrasonic wave) generated from living tissues
that have absorbed energy of the pulsed light propagated
through/scattered in the living body is detected. That is,
by making use of the difference between light energy
absorptance of a sample (such as a tumor) and those of
tissues other than the sample, a transducer receives an
elastic wave that is generated when the sample absorbs
the light energy with which the sample is irradiated and
expands instantaneously. By mathematically analyzing
a detection signal, an optical characteristics distribution,
in particular, absorption coefficient distribution of the in-
ner portion of the living body can be obtained. These
items of information can be used in quantitative meas-
urements of specific substances in the sample, such as
hemoglobin and glucose contained in blood. In recent
years, using the photoacoustic tomography, preclinical
research in which imaging is performed on blood vessels
of small animals and clinical research applying this prin-
ciple to diagnosis of, for example, breast cancer are pos-
itively being conducted.

[0003] In the photoacoustic tomography, ordinarily, in
the process of mathematically analyzing the detection
signal (reconstructing the image), the average sound
speed in the inner portion of the sample is used for cal-
culation. In general, the average sound speed in the inner
portion of the sample used in reconstructing the image
is set on the basis of, for example, experimental values
and reference values. However, since the sound speeds
at samples depend upon, for example, a holding method
of the samples, if the average sound speed used in re-
constructing the image differs from an actual sound
speed in the inner portion of the sample, an error occurs
in the calculation for reconstructing the image, thereby
considerably reducing the resolution of the obtained im-
age. This is because a generally used image reconstruc-
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tion theory assumes that the velocity of an acoustic wave
that propagates in an imaging area is constant. This is a
problem based on the principle of image reconstruction
theory of photoacoustic tomography.

[0004] A document that discusses a technology of de-
termining the sound speed in a sample using PAT is PTL
1. In PTL 1, an acoustic wave generated by irradiating a
very small optical absorber (an acoustic generator) with
light without a sample and an acoustic wave generated
by irradiating a sample with light are obtained separately.
The very small optical absorber is installed outside the
location where the sample is installed. By comparing sig-
nals thereof with each other and analyzing them, a sound
speed distribution of the inner portion of the sample can
be calculated. It is known that the sound speed in a can-
cerous tissue differs locally from those in the vicinity
thereof. By using an image obtained by this method, it is
possible to diagnose the sample.

Citation List
Patent Literature

[0005] PTL 1: European Patent No. 1935346

Summary of Invention

[0006] However, inthe PTL 1, the purpose is to deter-
mine the sound speed distribution in the inner portion of
the sample. The PTL 1 does not discuss or suggest an-
ything about determining the average sound speed in the
inner portion of the sample. That is, the invention of the
PTL 1 does not aim at overcoming the problems based
on the principle that is characteristic of the aforemen-
tioned PAT. In addition, the PTL 1 does not even discuss
the problems. In order to determine the sound speed in
the sample, it is necessary to separately obtain a pho-
toacoustic wave signal generated by irradiating the very
small absorber (disposed at the outer side of the sample)
with light and a photoacoustic wave signal generated by
irradiating the sample with light. As a result, it is neces-
sary to perform at least two photoacoustic signal meas-
urements. Therefore, a long measurement time is re-
quired until image data is formed. Further, in order to
determine the sound speed distribution in the inner por-
tion of the sample, itis necessary to obtain the aforemen-
tioned two signals from a plurality of directions. There-
fore, the number of signal measurements and the meas-
urement time are considerably increased.

[0007] The presentinventionis carried outon the basis
of such related art and understanding of the problems.
The present invention provides a photoacoustic imaging
diagnosis in which the average sound speed in an inner
portion of a sample can be easily calculated from a de-
tection signal obtained when an ordinary sample meas-
urement is performed using PAT, to obtain high-resolu-
tion image data using a measured average sound speed.
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Solution to Problem

[0008] According to the presentinvention, there is pro-
vided a photoacousticimaging apparatus, amethod and
a program according to the respective claims.

Advantageous Effects of Invention

[0009] The present invention can provide a photoa-
coustic imaging apparatus that can easily measure an
average sound speed in an inner portion of a sample by
receiving a photoacoustic wave that is generated at a
surface of the sample and that propagates through the
inner portion of the sample. This makes it possible to
obtain high-resolution image data using an actually
measured average sound speed.

Brief Description of Drawings
[0010]

[fig. 1] Fig. 1 is a schematic view of the structure of
a photoacoustic imaging apparatus according to a
first embodiment of the present invention.

[fig. 2] Fig. 2 is a flowchart illustrating an exemplary
detection signal processing operation in the first em-
bodiment of the present invention.

[fig. 3] Fig. 3 is a schematic view of an exemplary
detection signal, which is a digital signal, in the first
embodiment of the present invention.

[figs. 4A and 4B] Fig. 4A shows an image obtained
in Example 1 based on the first embodiment of the
present invention; and Fig. 4B shows an image ob-
tained independently of the present invention when
an average sound speed in aninner portion of a sam-
ple is assumed.

[figs. 5A to 5C] Fig. 5A is a schematic view of the
structure of a photoacoustic imaging apparatus ac-
cording to a second embodiment of the present in-
vention; Fig. 5B shows a detection signal obtained
in Example 2 based on the second embodiment of
the present invention; and Fig. 5C shows an image
obtained in Example 2.

[fig. 6] Fig. 6 is a schematic view of the structure of
a photoacoustic imaging apparatus according to a
third embodiment of the present invention.

Description of Embodiments

[0011] The present invention will hereunder be de-
scribed in detail with reference to the drawings. In gen-
eral, corresponding structural components are given the
same reference numerals, and the same descriptions will
not be repeated.
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(1-1)th Embodiment: Photoacoustic Imaging Appa-
ratus

[0012] First, the structure of a photoacoustic imaging
apparatus according to an embodiment will be described
with reference to Fig. 1. The photoacoustic imaging ap-
paratus according to the embodiment is an apparatus
that performs imaging on optical characteristic value in-
formation of an inner portion of a sample.

[0013] A basichardware structure of the photoacoustic
imaging apparatus according to the embodiment in-
cludes a light source 11, an acoustic wave probe 17 serv-
ing as a detector, and a signal processing unit 20. Pulsed
light 12 emitted from the light source 11 is guided by an
optical system 13 including, for example, a lens, a mirror,
and an optical fiber, and illuminates a sample 15, such
as a living body. When a portion of energy of the light
that has propagated through the inner portion of the sam-
ple 15 is absorbed by an optical absorber 14 (consequen-
tially serving as a sound source), such as a blood vessel,
the optical absorber 14 is thermally expanded, so that an
acoustic wave 16 (typically an ultrasonic wave) is gen-
erated. The acoustic wave is also called a photoacoustic
wave. The acoustic wave 16 is detected by the acoustic
wave probe 17 and is converted into a digital signal by a
signal acquisition unit 19, after which the digital signal is
converted into image data of the sample by the signal
processing unit 20.

Light Source 11

[0014] When the sample is a living body, the light
source 11 emits light having a particular wavelength that
is absorbed by a particular component among compo-
nents of the living body. The light source may be provided
integrally with the imaging apparatus according to the
embodiment, or may be provided separately from the im-
aging apparatus. As the light source, itis desirable to use
a pulsed light source that can generate pulsed light on
the order of a few nanoseconds to several hundreds of
nanoseconds. More specifically, in order to efficiently
generate an acoustic wave, a pulse width on the order
of 10 nanoseconds is used. Although as the light source,
it is desirable to user a laser because a large output is
obtained, itis possible to use, forexample, a light-emitting
diode instead of a laser. As the laser, it is possible to use
various laser types, such as a solid-state laser, a gas
laser, a dye laser, and a semiconductor laser. Irradiation
timing, waveforms, intensities, etc. are controlled by a
controller (not shown).

[0015] Inthe presentinvention, for the wavelengths of
the light source used, itis desirable to select wavelengths
that are characteristically absorbed by the skin at the
surface of the living body. More specifically, wavelengths
in the range of from 500 nm to 1200 nm are selected.
This is because, in a processing operation described be-
low, it becomes easier to distinguish between a photoa-
coustic signal generated at the surface of the sample (for
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example, the skin) and a photoacoustic signal generated
at the optical absorber (such as a blood vessel) in the
inner portion of the sample.

Optical System 13

[0016] Although the light 12 emitted from the light
source 11 is typically guided to the sample by optical
components, such as a lens and a mirror, it is possible
to propagate the light using, for example, a light guide
such as an optical fiber. The optical system 13 includes,
for example, a mirror that reflects the light and a lens that
converges and enlarges the light and changes the form
of the light. Any optical component may be used as long
as it causes the light 12 emitted from the light source to
illuminate the sample 15 in a predetermined form. In gen-
eral, itis better to increase the area of the light to a certain
extent rather than converging the light with a lens from
the viewpoints of increased safety and an increased di-
agnosis area of the living body. In addition, it is desirable
that the area of the sample irradiated with the light be
movable. In other words, it is desirable that the imaging
apparatus according to the present invention be formed
so that the light generated from the light source is mov-
able along the sample. When the light is movable along
the sample, it is possible to irradiate a wider range with
the light. Further, it is more desirable that the area of
illumination of the sample with the light (that is, the light
that illuminates the sample) be movable in synchronism
with the acoustic wave probe 17. Examples of a method
of moving the area of irradiation of the sample with the
light are a method using, for example, a movable mirror
and a method that mechanically moves the light source
itself.

Sample and Optical Absorber

[0017] Thesample andthe optical absorberdo notcon-
stitute a part of the imaging apparatus according to the
present invention, but will be described below. The pho-
toacoustic imaging apparatus according to the present
invention is primarily provided for, for example, diagnos-
ing blood vessel diseases, malignant tumors of human
beings and animals, etc., and observing a chemical treat-
ment process. As the sample, the living body, more spe-
cifically, the breast, the fingers, the hands, the legs, etc.
of human beings and animals may be diagnosed. The
optical absorber 14 in the inner portion of the sample has
a relatively high absorption coefficient in the inner portion
of the sample. For example, if the object to be measured
is a human body, oxygenated, deoxygenated hemoglob-
in, blood vessels including large amounts of these sub-
stances, and malignant tumors including a large number
of new blood vessels correspond to the optical absorber.
Although not shown, melanin, which exists near the sur-
face of the skin, exists as an optical absorber at the sur-
face of the sample. In the present invention, "living body
information" refers to a generating source distribution of
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acoustic waves generated by the light irradiation, and
indicates initial sound pressure distribution in the living
body, optical energy absorption density derived there-
from, and a concentration distribution of substances mak-
ing up tissues obtained from these items of information.
For example, the concentration distribution of substanc-
es include oxygen saturation. These items of information
that have been subjected to imaging are called image
data.

Acoustic Wave Probe 17

[0018] The acoustic wave probe 17, whichis a detector
that detects acoustic waves, generated at the surface
and the inner portion of the sample using the pulsed light,
detects the acoustic waves and converts the acoustic
waves into electric signals which are analog signals. The
acoustic wave probe 17 may hereunder be simply re-
ferred to as a "probe" or a "transducer". Any photoacous-
tic wave detector can be used as long as it can detect
acoustic signals, such as a transducer making use of
piezoelectric phenomena, a transducer making use of
resonance of light, and a transducer making use of
changes in capacity. The probe 17 in the embodiment
typically includes a plurality of receiving elements that
are one-dimensionally or two-dimensionally disposed.
By using multidimensionally disposed elements in this
way, it is possible to detect the acoustic waves simulta-
neously at a plurality of locations, to reduce detection
time, and to reduce influences of, for example, vibration
of the sample.

Flat Plate 18

[0019] In the embodiment, the sample 15 is com-
pressed and secured by a flat plate 18a. The light irradi-
ation is performed through the flat plate 18a. The flat
plate 18a holds the sample, and is formed of an optically
transparent material for transmitting the light there-
through. Typically, acryl is used. When it is also neces-
sary to transmit acoustic waves, in order to suppress re-
flection, it is desirable to use a material whose acoustic
impedance does not differ much from that of the sample.
When the sample is a living body, for example, polymeth-
ylpentene is typically used. Although the flat plate 18a
may be formed to any thickness as long as the flat plate
18a is strong enough to suppress deformation of the flat
plate 18a when it holds the sample, the thickness is typ-
ically on the order of 10 mm. Although the flat plate 18a
may be of any size as long as it can hold the sample, the
size of the flat plate 18a is basically the same as the size
of the sample.

[0020] Although, inFig. 1, the flat plate 18a is only pro-
vided at a light irradiation side, and the probe 17 directly
contacts the sample 15, a flat plate may be provided
along the entire surface of the probe 17. That is, the sam-
ple may be compressed and secured from both sides by
a first flat plate and a second flat plate that are disposed
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substantially parallel to each other. The light source is
disposed at the side of the first plate 18a, and the probe
17 is disposed at the side of the second plate (not shown
in Fig. 1).

Signal Acquisition Unit 19

[0021] It is desirable that the imaging apparatus ac-
cording to the embodiment include the signal acquisition
unit 19 that amplifies the electric signals obtained from
the probe 17 and converts the electric signals from analog
signals to digital signals. The signal acquisition unit 19
is typically formed by, for example, an amplifier, an A/D
converter, and a field programmable gate array (FPGA)
chip. When there are a plurality of detection signals ob-
tained from the probe, it is desirable that the plurality of
signals be processed at the same time. This makes it
possible to reduce the time until images are formed.

[0022] In the specification, the term "detection signal”
is a concept referring to the analog signal obtained from
the probe 17 and the digital signal obtained thereafter
after the analog-to-digital conversion. In addition, the de-
tection signal is also called a "photoacoustic signal".

Signal Processing Unit 20

[0023] The signal processing unit 20 calculates the av-
erage sound speed in the inner portion of the sample.
This calculation is a characteristic feature of the present
invention. Using the detection signal, obtained from the
acoustic wave generated at the inner portion of the sam-
ple, and the above calculated average sound speed, im-
age data of the inner portion of the sample is generated
(that is, images are reconstructed). Although described
in more detail later, that the average sound speed is cal-
culated on the basis of the detection signal obtained from
the acoustic wave (first acoustic wave) generated at the
surface of the sample and propagated through the inner
portion of the sample is a characteristic feature of the
present invention. In actually calculating the average
sound speed on the basis of the acoustic wave propa-
gating through the inner portion of the sample, a calcu-
lated value is an actual measurement value of the aver-
age sound speed in the inner portion of the sample. Since
the acoustic wave is generated at both the surface and
the inner portion of the sample by irradiating the sample
with the light, when the signal processing is performed
with some thought, it is possible to calculate the average
sound speed and generate the image data of the inner
portion of the sample by one light irradiation operation.

[0024] In the signal processing unit 20, for example, a
workstation is typically used. The calculation of the av-
erage sound speed, the image reconstruction process-
ing, etc. are performed on the basis of a previously pro-
grammed software. For example, the software used in
the workstation includes two modules, that is, a signal
processing module for determining the average sound
speed from the detection signals and for reducing noise
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and an image reconstruction module for the image re-
construction. In the photoacoustic tomography, ordinar-
ily, as a preprocessing operation performed prior to the
image reconstruction, for example, the noise reduction
is performed on a signal received at each location. It is
desirable that such a preprocessing operation be per-
formed with the signal processing module. In the image
reconstruction module, image data is formed by the im-
age reconstruction. As an image reconstruction algo-
rithm, for example, a back projection method in a Fourier
domain or a time domain ordinarily used in tomographic
technology is applied. Exemplary image reconstruction
methods using PAT typically include a Fourier transfor-
mation method, a universal back projection method, and
a filtered back projection method. Since these methods
also use the average sound speed as a parameter, it is
desirable to actually measure the average sound speed
precisely in the present invention.

[0025] Dependingon the circumstances, the signal ac-
quisition unit 19 and the signal processing unit 20 may
be integrated to each other. In this case, it is possible to
generate the image data of the sample not only by a
software processing operation performed at the worksta-
tion, but also by a hardware processing operation.

Display Apparatus 21

[0026] A display apparatus 21 displays the image data
output by the signal processing unit 20. For example, a
liquid crystal display apparatus is typically used as the
display apparatus 21. The display apparatus 21 may be
provided separately from a diagnosticimaging apparatus
according to the present invention.

Processing of Detection Signal

[0027] Next, the calculation of the average sound
speed in the inner portion of the sample performed by
the signal processing unit 20 will be described with ref-
erence to Figs. 2 and 3. The numbers below correspond
to the numbers indicating the processing steps in Fig. 2.
[0028] Processing Step (1) (S201) is a step in which
detection signal data is analyzed to calculate a first time
(tsurface) lasting from the irradiation with the pulsed light
to the detection of the first acoustic wave.

[0029] The digital signal (see Fig. 3) obtained from the
signal acquisition unit 19 shown in Fig. 1 is analyzed to
specify the first time (tg15c¢)- Ordinarily, when the sam-
ple 15 is irradiated with pulsed light, as shown in Fig. 3,
a plurality of signals having N-type forms are observed.
These signals are primarily detection signals obtained
from photoacoustic waves generated at the optical ab-
sorber 14 existing in the inner portion of the sample (such
as blood in the case of a living body) and at the surface
of the sample (such as pigments on the surface of the
skin in the case of a living body). The reason a relatively
large photoacoustic wave is generated at the surface of
the sample irradiated with light is that, even if the optical
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absorption coefficient of the surface of the sample is
small, the intensity of the light used for irradiating the
surface of the sample is larger than that at the inner por-
tion of the sample. In the example shown in Fig. 3, ref-
erence character A denotes a detection signal obtained
from the photoacoustic wave generated from the optical
absorber 14 existing in the inner portion of the sample,
and reference character B denotes a detection signal ob-
tained from the photoacoustic wave generated at the sur-
face of the sample. In Fig. 3, a time of pulsed light irra-
diation tis 0. If the light speed and the size of the sample
are considered, it can be said that at the same time that
the irradiation with the pulsed light is performed, the pho-
toacoustic waves are simultaneously generated from
theirrespective locations. Thatis, the time of propagation
of the pulsed light through the inner portion of the sample
is so small as to be negligible compared to the propaga-
tion time of the acoustic waves (that is, the measurement
time of the acoustic waves).

[0030] A method of distinguishing between the photoa-
coustic signal A generated in the inner portion of the sam-
ple and the photoacoustic signal B generated at the sur-
face of the sample will hereunder be described. In the
embodiment, the first acoustic wave is generated from
the surface of the sample secured to the compression
plate 18a. When, as shown in Fig. 1, the probe 17 is
disposed at a surface of the sample at a side opposite
to an optical irradiation area, the photoacoustic wave
generated atthe surface of the sample reaches the probe
17 later than the photoacoustic wave generated from the
optical absorber 14 in the inner portion of the sample. By
making use of this characteristic, it is possible to easily
distinguish it from other photoacoustic signals (for exam-
ple, A in Fig. 3). That is, it can be determined that the
large photoacoustic wave that is detected last is the first
acoustic wave.

[0031] If the surface of the sample that is irradiated
with light is formed into a flat surface as shown in Fig. 1
by, for example, the flat plate as in the embodiment, the
photoacoustic wave generated from the surface of the
sample propagates like a plane wave. In contrast, since
the optical absorber in the inner portion of the sample is
sufficiently smaller than the optical irradiation area, the
photoacoustic wave 16 often propagates like a spherical
wave. Broken lines A and B in Fig. 1 represent wave
surfaces of the photoacoustic waves. Considering the
differences in such propagation characteristics, it is de-
sirable to perform signal processing for intensifying the
detection signal obtained from the acoustic wave gener-
ated at the surface of the sample. This makes it possible
to precisely detect the first acoustic wave, so that the
precision with which the average sound speed is calcu-
lated is increased.

[0032] A specific example of the processing is de-
scribed below. For example, detection signals detected
by the plurality of receiving elements can be compared
with each other. When the plurality of receiving elements
contact the surface of the sample, a plane wave reaches
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the plurality of receiving elements at substantially the
same time. However, a spherical wave reaches the plu-
rality of receiving elements at different times. Therefore,
such a comparison makes it possible distinguish the
acoustic wave generated from the surface of the sample
from the acoustic wave generated from the inner portion
of the sample.

[0033] All of the detection signals detected at the re-
spective receiving elements may be averaged at all of
the receiving elements. The term "all of the detection sig-
nals" means all of the detection signals obtained by re-
ceiving both the photoacoustic waves at the surface and
the inner portion of the sample. In this processing, at the
plurality of receiving elements, the detection signals orig-
inating from the acoustic waves from the surface of the
sample and detected at the same time are strengthened,
and the detection signals originating from the acoustic
waves from the inner portion of the sample and detected
at different times are weakened. Even for signals includ-
ing, for example, noise, only the photoacoustic signals
generated at the surface of the sample can be specified.
[0034] Asthe method of specifying the detection signal
obtained fromthe acoustic wave generated at the surface
of the sample, a method that makes use of pattern match-
ing may be used. For example, the pattern matching is
performed to specify an N-type detection signal that is
characteristic of the acoustic wave generated from the
surface of the sample, and a time position of the specified
N-type detection signal is defined as a first time tg;r5ce-
More specifically, a time position of the N-type signal at
aminimum peak ora maximum peak is defined as ty;s4ce-
After a detection signal other than that obtained from the
acoustic wave generated from the surface of the sample
is reduced using the above-described method, for exam-
ple, a method of detecting the peak of the N-type detec-
tion signal obtained from the acoustic wave generated
at the surface of the sample by searching for a maximum
and a minimum value may be used. Even in this method,
the time position of the N-type signal at the minimum
peak or the maximum peak is defined as t5c- By, for
example, the aforementioned methods, the first time t
surface can be calculated. Of the time positions at the
maximum peak and the minimum peak of the N-type de-
tection signal obtained from the acoustic wave generated
from the surface of the sample, which of these is to be
the first time depends upon the characteristics of the
probe.

[0035] Processing Step (2) (S202) is a step in which
the average sound speed in the inner portion of the sam-
ple is calculated from the first time (t55ce) @nd the dis-
tance between the surface of the sample and the detec-
tor.

[0036] An average velocity Cgyerage Of the sample is
calculated from the first time (tg,1,c0) Obtained by the
aforementioned processing, and a distance d4 between
the surface of the sample at a light irradiation position
and the probe. Here, the average velocity € zyerage CaN
be obtained by a simple Expression (1) given below:
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Caverage = a'1/ tsurface (1)

[0037] Inthe embodimentin which the probe 17 is pro-
vided directly on the sample 15, the first acoustic wave
propagates only through the inner portion of the sample
over the first time (tg,s,0e), SO that the average sound
speed can be calculated using the aforementioned ex-
pression. This means that the average sound speed of
the sample can be actually measured by using the acous-
tic wave generated at the surface of the sample and prop-
agated through the inner portion of the sample.

[0038] Inthe embodimentshowninFig. 1, the distance
d, isthe distance from the surface of the sample, secured
to the first plate 18a, to the probe. The distance d, may
be included as a known value in the signal processing
module in the embodiment, or may be measurable by
position control of the movable plate 18a. The distance
d, may be measurable with any distance sensor, or may
be obtained from a result of measurement of the shape
of the sample performed with, for example, a camera that
can perform imaging on the entire sample.

[0039] Processing Step (3) (S203) is a step in which,
using the calculated average sound speed, the detection
signal of the acoustic wave generated at the inner portion
of the sample is processed to form image data of the
inner portion of the sample.

[0040] Using the average sound speed C,ygrage Ob-
tained by the processing step (2), and a plurality of digital
detection signals output from the signal acquisition unit
19, the image reconstruction processing is performed,
so that data related to the optical characteristics of the
sample is formed. For example, back projection ina Fou-
rier domain or a time domain used in a general photoa-
coustic tomography is suitable.

[0041] By performing the above-described steps, it is
possible to easily calculate the average sound speed us-
ing only the signals obtained by irradiating the sample
with light, and to obtain an image whose resolution is not
reduced due to a difference in sound speed by using the
average sound speed in the image reconstruction.

Example 1

[0042] Anexemplaryimaging apparatus using photoa-
coustic tomography to which the embodiment is applied
will be described using the schematic view of the appa-
ratus shown in Fig. 1. In the example, as a light source
11, a Q switch YAG laser generating pulsed light of ap-
proximately 10 nanoseconds at a wavelength of 1064
nm was used. Energy of a light pulse emitted from pulsed
laser light 12 was 0.6 J. Using an optical system 13, such
as a mirror and a beam expander, the pulsed light was
expanded to a radius of approximately 2 cm. A phantom
or a simulation of a living body was used as a sample
15. For the phantom, 1% Intralipid with gelatin was used.
The average sound speed in the phantom was a known
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value of 1512 m/sec. The size of the phantom was such
that its width was 12 cm, its height was 8 cm, and its
depthwas 4 cm. As an optical absorber 14, ablack rubber
wire having a diameter of 0.03 cm was buried near the
centerinthe phantom. As aresult of interposing the phan-
tom between a probe 17 and an acrylic plate 18a having
a thickness of 1 cm, a thickness (d4) in a depth direction
of the phantom obtained using a distance sensor was 4
cm. The phantom having such a prescribed thickness in
the depth direction was irradiated with the pulsed light
12. As the acoustic wave probe 17, an ultrasonic trans-
ducer formed of lead zirconate titanate (PZT) was used.
The transducer was a two-dimensional array type and
square-shaped, with the number of elements being 18 *
18, and the element pitch being 2 mm. The width of each
element was approximately 2 mm. In synchronism with
alightirradiation area, the photoacoustic probe was mov-
able in a direction of a plane of the phantom, and was
capable of performing imaging on a large area.

[0043] As shown inFig. 1, when a plane at one side of
the phantom (that is, a side of the phantom opposite to
the probe) was irradiated with the pulsed light, a photoa-
coustic wave generated by optical absorption ata surface
of the phantom at a light illumination side and a photoa-
coustic wave generated by absorbing by a rubber wire
light scattered in the phantom were generated. Using the
ultrasonic transducer, the photoacoustic waves were re-
ceived at the same time by 324 channels. Using a signal
acquisition unit 19 including an amplifier, an AD convert-
er, and a FPGA, digital data of a photoacoustic signal at
each channel was obtained. For improving a S/N ratio of
each signal, irradiation with laser was performed 36
times, to average all of the obtained detection signals in
terms of time. Thereafter, the obtained pieces of digital
data were transferred to a workstation (WS) serving as
a signal processing unit 20, and were stored in the WS.
Next, with respect to the stored received data, the re-
ceived pieces of data for all of the elements were aver-
aged. The results were as follows. Since, for the photoa-
coustic signals generated from the optical absorber in
the phantom, detection times for the respective received
pieces of data for the respective elements differed from
each other, these photoacoustic signals were consider-
ably reduced due to the averaging. In contrast, since, for
the photoacoustic signals generated at the surface of the
sample, detection times for the respective received piec-
es of data for the respective elements were substantially
the same, these photoacoustic signals were intensified
with respect to other signals by the averaging. Next, for
the average signal of all of the detection signals, a min-
imum signal value was detected, so that the time corre-
sponding to the minimum value was defined as a detec-
tion time of the photoacoustic signals generated at the
surface of the sample. As a result, the obtained detection
time was approximately 26.5 microseconds. The aver-
age sound speed in the phantom obtained from the de-
tection time and the thickness of the phantom in the depth
direction was 1510 m/sec. This substantially matched



13 EP 2 533 697 B1 14

the actual sound speed in the phantom.

[0044] After performing a noise reduction operation on
the detection signals by discrete wavelet transformation,
the image reconstruction was performed using the cal-
culated average sound speed in the phantom. Here, us-
ing the universal back projection method, which is a time
domain method, volume data was formed. A voxel inter-
val used here was 0.05 cm. An imaging range was 11.8
cm*11.8 cm * 4.0 cm. An exemplary image obtained at
this time is shown in Fig. 4A.

[0045] Next, without measuring the average sound
speed in the phantom, it was assumed that the average
sound speed in the phantom was equal to 1540 m/sec,
corresponding to the average sound speed in a living
body, and the image reconstruction was performed again
using the pieces of detection signal data stored in the
WS. An exemplary image obtained at this time is shown
in Fig. 4B.

[0046] Comparing Figs. 4A and 4B, itis obvious that a
width of an initial sound pressure, generated from the
rubber wire, for the image subjected to the image recon-
struction at an average sound speed of 1510 m/sec is
smaller than that for the image subjected to the image
reconstruction atan average sound speedin 1540 m/sec.
In addition, the image subjected to the image reconstruc-
tion at an average sound speed in 1510 m/sec has less
blur. In other words, its resolution is improved. Accord-
ingly, when the average sound speed in the sample can-
not be estimated, in the present invention, a reduction in
the resolution can be suppressed by actually measuring
the average sound speed in the sample.

(1-2)th Embodiment

[0047] In the (1-1)th embodiment, the probe 17 is
directly set at the sample 15. However, in this
embodiment, it is assumed that a sample is compressed
and secured at respective sides thereof by a first flat plate
and a second flat plate disposed substantially parallel to
each other. The probe 17 is set at a surface of the second
flat plate. In this case, an acoustic wave generated at a
surface of the sample secured by the first plate is defined
as a first acoustic wave. Since the first acoustic wave is
received by the probe 17 not only after it propagates
through an inner portion of the sample but also after it
propagates through the second plate, the first time
(tsurface) €Xplained in the (1-1)th embodiment is no longer
the time taken for the first acoustic wave to pass through
the inner portion of the sample. Accordingly, when an
area other than the inner portion of the sample is included
in a path that the first acoustic wave, indispensable to
the calculation of the average sound speed, passes until
it reaches the probe 17, it is necessary to determine the
average sound speed taking this into consideration.

[0048] More specifically, from the first time (tg face):
the time required for the first acoustic wave to pass
through the second plate is subtracted, so that a second
time required for the first acoustic wave to pass through
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the inner portion of the sample is calculated. "The time
required for the first acoustic wave to pass through the
second plate" may be included in the signal processing
module as a known value from the thickness of and the
sound speed (a characteristic value obtained from a ma-
terial) in the second plate.

[0049] A propagation distance of the first acoustic
wave in the inner portion of the sample can be equated
with a distance d, between the first plate and the second
plate. If, in the Expression (1), the second time is substi-
tuted for the first time (tg,15c0) @nd ds is substituted for
the distance d4, the average sound speed in the sample
can be actually measured.

Second Embodiment

[0050] In the first embodiment, the average sound
speed is calculated by using only the acoustic wave (first
acoustic wave) generated from one location. In a second
embodiment, the average sound speed is calculated by
using acoustic waves generated at a plurality of surfaces
of a sample. That is, the average sound speed is calcu-
lated from detection signals obtained from a first acoustic
wave and a second acoustic wave generated ata surface
of the sample that differs from the surface of the sample
where the first acoustic wave is generated. This will here-
under be described on the basis of Example 2.

Example 2

[0051] Example 2 in which, in an imaging apparatus
using photoacoustic tomography, laser was used for ir-
radiation from two directions will be described with ref-
erence to Fig. 5A. The basic structure of the imaging
apparatus according to Example 2 was the same as that
of the imaging apparatus according to Example 1 except
that a sample 15 was interposed between two plates 18a
and 18b, to regulate the size of the sample. That is, the
size of the sample was regulated by controlling the inter-
val between the plates. The thickness of each plate was
1 cm. The sample could be irradiated through the plate
18b from a side of a probe 17 and in a direction that is
the same as that in Example 1. A phantom used was one
having titanium oxide and ink mixed with urethane rub-
ber. The size of the phantom was such that its width was
8 cm, its height was 8 cm, and its depth was 5 cm. An
optical absorber having a columnar shape that was 0.5
cm in diameter and having a high absorption coefficient
with respect to that of a base material as a result of mixing
a large amount of ink was buried in the phantom. As a
result ofinterposing the phantom between the two plates,
the thickness of the phantom in the depth direction ob-
tained by a distance sensor was 4.9 cm. The phantom
whose thickness in the depth direction was regulated in
this way was irradiated with pulsed light 12 from both
sides thereof. The pulsed light was emitted in synchro-
nism from two light sources. As the probe 17, an ultra-
sonic transducer formed of lead zirconate titanate (PZT)
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was used. The transducer was a two-dimensional array
type and square-shaped, with the number of elements
being 15 * 23 and the element pitch being 2 mm. The
width of each element was approximately 2 mm.
[0052] As a result of irradiating such a phantom with
the light, the first acoustic wave and the second acoustic
wave were generated from surfaces of the phantom se-
cured by the first plate 18a and the second plate 18b,
and an acoustic wave was also generated from the optical
absorber in the phantom. The ultrasonic transducer re-
ceived these acoustic waves simultaneously at 345 chan-
nels. Then, using a signal acquisition unit 19 including
an amplifier, an AD converter, and an FPGA, items of
digital data of the photoacoustic signals at all of the chan-
nels were obtained. An exemplary received signal is
shown in Fig. 5B. Reference character B in Fig. 5B rep-
resents a detection signal of the acoustic wave (second
acoustic wave) generated at a probe-side surface of the
phantom. Reference character A represents a detection
signal of the photoacoustic wave generated at the optical
absorber in the phantom. Reference character B’ repre-
sents a detection signal of the photoacoustic wave (first
acoustic wave) generated at the surface of the phantom
ata side opposite to the probe as a result of the irradiation
with light.

[0053] Thefirstacoustic wave passed through aninner
portion of the phantom and the second plate 18b, and
reached the probe 17. In contrast, the second acoustic
wave did not pass through the inner portion of the phan-
tom. The second acoustic wave passed only through the
second plate 18b, and reached the probe 17. The time
it took the first acoustic wave to pass through the second
plate and the time it took the second acoustic wave to
pass through the second plate were the same. Accord-
ingly, if the difference between times of detections of the
first and second acoustic waves, thatis, atime difference
of 35.8 microsec between B and B’ was calculated, the
time taken for the first acoustic wave to pass through only
the inner portion of the phantom was obtained. When the
average sound speed in the phantom was calculated by
dividing4.9 cm, thatis, the distance between the surfaces
of the phantom, by this time, it was 1370 m/sec.

[0054] Next, using the average sound speed calculat-
ed from the received pieces of digital data of the photoa-
coustic signals at all of the channels, image reconstruc-
tion was performed. Here, using the universal back pro-
jection method, which is a time domain method, volume
data was formed. A voxel interval used at this time was
0.025 cm. An imaging range was 3.0 cm * 4.6 cm * 4.9
cm. An exemplary image obtained at this time is shown
in Fig. 5C. In the image, the optical absorber disposed
in the phantom was subjected to imaging. Positions
thereof matched the actual position of the optical absorb-
erinthe phantom. When theimage of the optical absorber
was analyzed, the resolution was approximately 2 mm,
which substantially matched a theoretical resolution limit
of 2 mm. Accordingly, when the average sound speed in
the sample was not known, an image whose resolution
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was not reduced could be obtained by using the present
invention.

[0055] In such an embodiment, the average sound
speed can be calculated by dividing the distance between
the surface of the sample where the first acoustic wave
is generated and the surface of the sample where the
second acoustic wave is generated by the difference be-
tween the time of detection of the first acoustic wave and
the time of detection of the second acoustic wave. This
calculation method is effective when a path taken by the
first acoustic wave and the second acoustic wave until
they reach the probe 17 is common, and the difference
between the lengths of the path taken by the first and
second acoustic waves correspond to the length of the
inner portion of the sample.

[0056] In the embodiment, since the average sound
speed can be calculated by using the difference between
the time of detection of the first acoustic wave and the
time of detection of the second acoustic wave, it is not
necessary to accurately know the timing of irradiation
using pulsed light as in the first embodiment. Therefore,
this embodimentis advantageous from the viewpoint that
it is not influenced by measurement errors caused by
external factors such as instability of a light source sys-
tem. Although, in this embodiment, the second plate 18b
is not required, even if the second plate 18b exists along
the entire surface of the probe 17, the time taken for the
acoustic wave to pass through the second plate 18b is
canceled by an operation for eliminating the time differ-
ence. Therefore, correction as in the (1-2)th embodiment
is not required.

[0057] Inthe embodiment, itis not necessary to irradi-
ate both sides of the sample as in Example 2. Only one
side of the sample may be irradiated as in the first em-
bodiment. When one side is irradiated, light illuminating
the surface of the sample secured to the first plate may
propagate through the inner portion of the sample while
being attenuated, and reach the surface of the sample
at the opposite side. In this case, a very weak second
acoustic wave may be generated from the surface of the
sample at the opposite side. However, if the thickness of
the sample is on the order of 4 cm, even from the view-
point of reliably eliminating the time difference, it is nec-
essary for the second acoustic wave to have a certain
intensity. Therefore, it is desirable to irradiate the sample
from both sides.

[0058] In the embodiment, the distance sensor in Ex-
ample 2 is not required. The distance between the sur-
face of the sample where the first acoustic wave is gen-
erated and the surface of the sample where the second
acoustic wave is generated may be a known distance.

Third Embodiment

[0059] Although, in the first and second embodiments,
at least one flat plate 18a is used to secure the sample,
the present invention is not limited thereto. Example 3 in
which measurements are carried out by setting the probe
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17 at the sample whose shape is not regulated by a plate
will be described below.

Example 3

[0060] Example 3 will be described with reference to
a schematic view of an apparatus shown in Fig. 6. The
basic structure of the apparatus according to this exam-
ple was similar to those of the apparatuses of Examples
1 and 2. However, the apparatus according to Example
3included a camera 22 measuring the shape of asample.
Using the camera 22, the sample was captured. From
an analysis of an image thereof, a distance d; between
the probe 17 and a light irradiation area was calculated.
Since an acoustic wave generated at a surface of the
sample passed only through an inner portion of the sam-
ple until it reached the probe 17, it was possible to use
Expression (1) indicated in the (1-1)th embodiment. In
place of the distance d, the distance d; was input, to
calculate the average sound speed. Then, using the cal-
culated average sound speed, information regarding the
living body of the sample was reconstructed. Accordingly,
even if the shape of the sample was complicated, as long
as the shape of the sample could be confirmed using the
camera, it was possible to calculate the average sound
speed in the sample and obtain an image whose resolu-
tion was not reduced.

Fourth Embodiment

[0061] The presentinvention is carried out by execut-
ing the following operations. Thatis, a software (program)
for realizing the functions in the above-described embod-
iments is supplied to a system or an apparatus through
a network or various storage media, and the system or
a computer (ora CPU, MPU, etc.) of the apparatus reads
out and executes the program.

[0062] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood 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.

Reference Signs List
[0063]

11 Light source

17  Acoustic wave probe
18 Flat plate

20  Signal processing unit

Claims

1. A photoacoustic imaging apparatus comprising:
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a detector (17) configured to output detection
signals by detecting acoustic waves generated
at surfaces and an inner portion of a sample by
irradiating the sample with light; and

a signal processing unit (20) configured to gen-
erate image data using the detection signals,
wherein the detector is configured to output a
first detection signal by detecting a first acoustic
wave which is generated at a first surface of the
sample and propagated through the inner por-
tion of the sample,

wherein the signal processing unit is configured
to calculate an average sound speed in the inner
portion of the sample by using the first detection
signal and to generate the image data using the
average sound speed and the detection signals.

The photoacoustic imaging apparatus according to
Claim 1, wherein the signal processing unit is con-
figured to calculate the average sound speed in the
inner portion of the sample from a distance between
the first surface of the sample and the detector and
from a time from when the sample is irradiated with
the light to when the first acoustic wave.

The photoacoustic imaging apparatus according to
Claim 1, wherein the detector is configured to output
a second detection signal by detecting a second
acoustic wave generated at a second surface of the
sample different from the first surface of the sample
from among the surfaces of sample, wherein the sig-
nal processing unit is configured to calculate the av-
erage sound speed in the inner portion of the sample
from the first detection signal and the second detec-
tion signal.

The photoacoustic imaging apparatus according to
Claim 3, wherein the signal processing unit is con-
figured to calculate the average sound speed in the
inner portion of the sample by dividing a distance
between the first surface of the sample and the sec-
ond surface of the sample by a difference between
a detection time of the first acoustic wave and a de-
tection time of the second acoustic wave.

The photoacoustic imaging apparatus according to
any one of Claims 1 to 4, wherein the signal process-
ing unit is configured, based on differences in prop-
agation characteristics between the acoustic waves
generated at the surfaces of the sample and the
acoustic wave generated at the inner portion of the
sample, to perform processing for intensifying the
detection signals obtained from the acoustic waves
generated at the surfaces of the sample, to specify
the detection signals obtained from the acoustic
waves generated at the surfaces of the sample, and
to calculate the average sound speed in the inner
portion of the sample from the detection signals gen-
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erated at the surfaces of the sample.

The photoacoustic imaging apparatus according to
Claim 5, wherein the detector includes a plurality of
receiving elements, and the processing corresponds
to averaging items of data of all of the detection sig-
nals detected at the plurality of receiving elements
of the detector.

The photoacoustic imaging apparatus according to
Claim 1, further comprising: a first flat plate and a
second flat plate disposed substantially parallel to
each other and configured to hold the sample from
both sides of the sample, and a first light source con-
figured to irradiate the first surface with light through
the first flat plate, wherein the detector is disposed
so as to acoustically contact the second flat plate
and output the first detection signal by detecting the
first acoustic wave generated at the first surface of
the sample held by the first flat plate.

The photoacoustic imaging apparatus according to
Claim 7, wherein the signal processing unit is con-
figured to calculate the average sound speed in the
inner portion of the sample from a distance between
the detector and the first surface of the sample held
to the first flat plate and from a first time from when
the sample is irradiated with the light to when the
first acoustic wave is detected.

The photoacoustic imaging apparatus according to
Claim 8, wherein the signal processing unit is con-
figured to calculate a second time required for the
first acoustic wave to propagate through the inner
portion of the sample by subtracting a time that it
takes the first acoustic wave to propagate through
the second flat plate from the first time, and to cal-
culate the average sound speed in the inner portion
of the sample by dividing a distance between the first
flat plate and the second flat plate by the second time.

The photoacoustic imaging apparatus according to
Claim 7, wherein the signal processing unit is con-
figured to calculate the average sound speed in the
inner portion of the sample based on a difference
between a detection time of the first acoustic wave
and a detection time of a second acoustic wave and
a distance between the surface of the sample where
the first acoustic wave is generated and the surface
of the sample where the second acoustic wave is
generated, the first and second acoustic waves be-
ing generated from the surfaces of the sample held
by the first and second flat plate, the detection times
being detected by the detector.

The photoacoustic imaging apparatus according to
any one of Claims 7 to 10, further comprising:
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1"

a second light source different from the first light
source,

wherein the second light source is configured to
irradiate the second surface with light from the
second light source through the second flat plate
in synchronism with the first light source.

12. A photoacoustic imaging method in which detection

signals are output by detecting acoustic waves gen-
erated at surfaces and an inner portion of a sample
by irradiating the sample with light, and image data
is generated using the detection signal, the method
comprising the steps of:

calculating an average sound speed in the inner
portion of the sample by using a first detection
signal of a first acoustic wave generated at a
first surface of the sample and propagated
through the inner portion of the sample, and
generating the image data using the average
sound speed and the detection signals.

13. Aprogram that when executed on a computer, caus-

es the computer to perform the "calculating" and
"generating" steps of the photoacoustic imaging
method according to Claim 12.

Patentanspriiche

Fotoakustische Abbildungsvorrichtung mit:

einem Detektor (17), der konfiguriert ist, Erfas-
sungssingale durch Erfassen von akustischen
Wellen, die an Oberflachen und an einem inne-
ren Abschnitt einer Probe durch Bestrahlen der
Probe mit Licht erzeugt werden, auszugeben;
und

einer Signalverarbeitungseinheit (20), die kon-
figuriert ist, Bilddaten unter Verwendung der Er-
fassungssingale zu erzeugen, wobei

der Detektor konfiguriert ist, ein erstes Erfas-
sungssignal durch Erfassen einer ersten akus-
tischen Welle, die an einer ersten Oberflache
der Probe erzeugt wird und durch den inneren
Abschnitt der Probe propagiert ist, auszugeben,
wobei

die Signalverarbeitungseinheit konfiguriert ist,
eine durchschnittliche Schallgeschwindigkeit in
dem inneren Abschnitt der Probe unter Verwen-
dung des ersten Erfassungssignals zu berech-
nen und die Bilddaten unter Verwendung der
durchschnittlichen Schallgeschwindigkeit und
der Erfassungssignale zu erzeugen.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 1, wobei die Signalverarbeitungseinheit kon-
figuriertist, die durchschnittliche Schallgeschwindig-
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keit in dem inneren Abschnitt der Probe aus einem
Abstand zwischen der ersten Oberflache der Probe
und dem Detektorund aus einer Zeit von dann, wenn
die Probe mit dem Licht bestrahlt wird, bis dann,
wenn die erste akustische Welle erfasst wird, zu be-
rechnen.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 1, wobei der Detektor konfiguriert ist, ein
zweites Erfassungssignal durch Erfassen einer
zweiten akustischen Welle, die an einer zweiten
Oberflache der Probe, die unter den Oberflachen der
Probe verschieden von der ersten Oberflache der
Probe ist, erzeugt wird, auszugeben, wobei die Sig-
nalverarbeitungseinheit konfiguriert ist, die durch-
schnittliche Schallgeschwindigkeit in dem inneren
Abschnitt der Probe aus dem ersten Erfassungssi-
gnal und dem zweiten Erfassungssignal zu berech-
nen.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 3, wobei die Signalverarbeitungseinheit kon-
figuriertist, die durchschnittliche Schallgeschwindig-
keitin deminneren Abschnitt der Probe durch Teilen
eines Abstands zwischen der ersten Oberflache der
Probe und der zweiten Oberflache der Probe durch
eine Differenz zwischen einer Erfassungszeit der
ersten akustischen Welle und einer Erfassungszeit
der zweiten akustischen Welle zu berechnen.

Fotoakustische Abbildungsvorrichtung nach einem
der Anspriiche 1 bis 4, wobei die Signalverarbei-
tungseinheit konfiguriert ist, basierend auf Differen-
zen in Propagationscharakteristiken zwischen den
akustischen Wellen, die anden Oberflachen der Pro-
be erzeugt werden, und der akustischen Welle, die
an dem inneren Abschnitt der Probe erzeugt wird,
ein Verarbeiten zum Intensivieren der Erfassungs-
signale, die von den akustischen Wellen, die an den
Oberflachen der Probe erzeugt werden, erhalten
werden, durchzuflihren, um die Erfassungssignale,
die von den akustischen Wellen, die an den Ober-
flachen der Probe erzeugt werden, zu spezifizieren,
und die durchschnittliche Schallgeschwindigkeit in
dem inneren Abschnitt der Probe aus den Erfas-
sungssignalen zu berechnen, die an den Oberfla-
chen der Probe erzeugt werden.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 5, wobei der Detektor eine Vielzahl von Emp-
fangselementen enthalt und das Verarbeiten einem
Durchschnittbilden von Daten von allen Erfassungs-
signalen, die an der Vielzahl der Empfangselemente
des Detektors erfasst werden, entspricht.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 1, ferner mit:
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10.

1.

einer ersten flachen Platte und einer zweiten fla-
chen Platte, die im Wesentlichen parallel zuein-
ander angeordnet sind und konfiguriert sind, die
Probe von beiden Seiten der Probe zu halten,
und

einer ersten Lichtquelle, die konfiguriert ist, die
erste Oberflache mit Licht durch die erste flache
Platte zu bestrahlen,

wobei der Detektor so angeordnet ist, dass er
akustisch in Kontakt mit der zweiten flachen
Platte steht und das erste Erfassungssignal
durch Erfassen der ersten akustischen Welle
ausgibt, die an der ersten Oberflache der Probe
erzeugt wird, die durch die erste flache Platte
gehalten wird.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 7, wobei die Signalverarbeitungseinheit kon-
figuriertist, die durchschnittliche Schallgeschwindig-
keit in dem inneren Abschnitt der Probe aus einem
Abstand zwischen dem Detektor und der ersten
Oberflache der Probe, die an der ersten flachen Plat-
te gehalten wird, und aus einer ersten Zeit von dann,
wenn die Probe mit dem Licht bestrahlt wird, bis
dann, wenn die erste akustische Welle erfasst wird,
zu berechnen.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 8, wobei die Signalverarbeitungseinheit kon-
figuriert ist, eine zweite Zeit, die fir die erste akusti-
sche Welle benétigt wird, um durch den inneren Ab-
schnitt der Probe zu propagieren, durch Abziehen
einer Zeit, die es braucht, damit die erste akustische
Welle durch die zweite flache Platte propagiert, von
der ersten Zeit zu berechnen, und die durchschnitt-
liche Schallgeschwindigkeit in dem inneren Ab-
schnitt der Probe durch Teilen eines Abstands zwi-
schen der ersten flachen Platte und der zweiten fla-
chen Platte durch die zweite Zeit zu berechnen.

Fotoakustische Abbildungsvorrichtung nach An-
spruch 7, wobei die Signalverarbeitungseinheit kon-
figuriertist, die durchschnittliche Schallgeschwindig-
keit in dem inneren Abschnitt der Probe basierend
auf einer Differenz zwischen einer Erfassungszeit
der ersten akustischen Welle und einer Erfassungs-
zeit einer zweiten akustischen Welle und einem Ab-
stand zwischen der Oberflache der Probe, an der
die erste akustische Welle erzeugt wird, und der
Oberflache der Probe, an der die zweite akustische
Welle erzeugt wird, zu berechnen, wobei die ersten
und zweiten akustischen Wellen von den Oberfla-
chen der Probe, die durch die ersten und zweiten
flachen Platten gehalten wird, erzeugt werden, und
die Erfassungszeiten durch den Detektor erfasst
werden.

Fotoakustische Abbildungsvorrichtung nach einem
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der Anspriiche 7 bis 10, ferner mit:

einer zweiten Lichtquelle, die verschieden von
der ersten Lichtquelle ist,

wobei die zweite Lichtquelle konfiguriert ist, die
zweite Oberflache mit Licht von der zweiten
Lichtquelle durch die zweite flache Platte syn-
chron mit der ersten Lichtquelle zu bestrahlen.

Fotoakustisches Abbildungsverfahren, bei dem Er-
fassungssignale durch Erfassen von akustischen
Wellen, die an Oberflachen und an einem inneren
Abschnitt einer Probe durch Bestrahlen der Probe
mit Licht erzeugt werden, ausgegeben werden und
Bilddaten unter Verwendung des Erfassungssignals
erzeugt werden, wobei das Verfahren die Schritte
aufweist:

Berechnen einer durchschnittlichen Schallge-
schwindigkeit in dem inneren Abschnitt der Pro-
be unter Verwendung eines ersten Erfassungs-
signals einer ersten akustischen Welle, die an
einer ersten Oberflache der Probe erzeugt wird
und durch den inneren Abschnitt der Probe pro-
pagiert, und

Erzeugen der Bilddaten unter Verwendung der
durchschnittlichen Schallgeschwindigkeit und
der Erfassungssignale.

Programm, das, wenn es auf einem Computer aus-
geflihrt wird, veranlasst, dass der Computer die "be-
rechnungs-" und "Erzeugungs-" Schritte des fotoa-
kustischen Abbildungsverfahrens nach Anspruch 12
durchfiihrt.

Revendications

1.

Appareil d’'imagerie photoacoustique, comprenant :

un détecteur (17) configuré pour délivrer en sor-
tie des signaux de détection en détectant des
ondes acoustiques générées au niveau des sur-
faces et d’'une partie interne d’un échantillon par
irradiation de I’échantillon avec de la lumiére ; et
une unité de traitement de signal (20) configurée
pour générer des données d’'image en utilisant
les signaux de détection,

dans lequel le détecteur est configuré pour dé-
livrer en sortie un premier signal de détection en
détectant une premiere onde acoustique qui est
générée au niveau d’une premiére surface de
I'échantillon et qui s’est propagée a travers la
partie interne de I'échantillon,

dans lequel l'unité de traitement de signal est
configurée pour calculer une vitesse moyenne
du son dans la partie interne de I'échantillon en
utilisant le premier signal de détection et pour
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générer les données d’image en utilisant la vi-
tesse moyenne du son et les signaux de détec-
tion.

2. Appareil d'imagerie photoacoustique selon la reven-

dication 1, dans lequel I'unité de traitement de signal
est configurée pour calculer la vitesse moyenne du
son dans la partie interne de I'échantillon a partir
d’'une distance entre la premiére surface de I'échan-
tillon et le détecteur et a partir d’'un temps allant du
moment ou I'échantillon est irradié avec la lumiére
jusqu’au moment ou la premiére onde acoustique
est détectée.

Appareil d'imagerie photoacoustique selon la reven-
dication 1, dans lequel le détecteur est configuré
pour délivrer en sortie un deuxiéme signal de détec-
tion en détectant une deuxiéme onde acoustique gé-
nérée au niveau d’une deuxiéme surface de I'échan-
tillon différente de la premiéere surface de I'échan-
tillon parmi les surfaces de I'échantillon, dans lequel
I'unité de traitement de signal est configurée pour
calculer la vitesse moyenne du son dans la partie
interne de I’échantillon a partir du premier signal de
détection et du deuxiéme signal de détection.

Appareil d'imagerie photoacoustique selon la reven-
dication 3, dans lequel I'unité de traitement de signal
est configurée pour calculer la vitesse moyenne du
son dans la partie interne de I'échantillon en divisant
une distance entre la premiére surface de I'échan-
tillon et la deuxiéme surface de I'échantillon par une
différence entre un temps de détection de la premie-
re onde acoustique et un temps de détection de la
deuxiéme onde acoustique.

Appareil d'imagerie photoacoustique selon l'une
quelconque des revendications 1 a 4, dans lequel
I'unité de traitement de signal est configurée, sur la
base de différences des caractéristiques de propa-
gation entre les ondes acoustiques générées au ni-
veau des surfaces de I’échantillon et 'onde acous-
tique générée au niveau de la partie interne de
I’échantillon, pour effectuer un traitement d’intensi-
fication des signaux de détection obtenus a partir
des ondes acoustiques générées au niveau des sur-
faces de I'échantillon, pour spécifier les signaux de
détection obtenus a partir des ondes acoustiques
généreées au niveau des surfaces de I'échantillon, et
pour calculer la vitesse moyenne du son dans la par-
tie interne de I'échantillon a partir des signaux de
détection générés au niveau des surfaces de
I’échantillon.

Appareil d'imagerie photoacoustique selon la reven-
dication 5, dans lequel le détecteur comporte une
pluralité d’éléments de réception, et le traitement
correspond a un calcul de moyenne des éléments
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de données de tous les signaux de détection détec-
tés au niveau de la pluralité d’éléments de réception
du détecteur.

Appareil d’'imagerie photoacoustique selon la reven-
dication 1, comprenant en outre :

une premiére plaque plate et une deuxieme pla-
que plate disposées sensiblement paralléles en-
tre elles et configurées pour maintenir I'échan-
tillon des deux cotés de I'échantillon, et

une premiére source de lumiere configurée pour
irradier la premiére surface avec de la lumiére
a travers la premiére plaque plate,

dans lequel le détecteur est disposé de maniére
aentreren contactacoustique avecla deuxiéme
plaque plate et a délivrer en sortie le premier
signal de détection en détectant la premiere on-
de acoustique générée au niveau de la premiere
surface de I'échantillon maintenu par la premiée-
re plaque plate.

Appareil d’'imagerie photoacoustique selon la reven-
dication 7, dans lequel I'unité de traitement de signal
est configurée pour calculer la vitesse moyenne du
son dans la partie interne de I'échantillon a partir
d’'une distance entre le détecteur et la premiéere sur-
face de I'’échantillon maintenu surla premiére plaque
plate et a partir d’'un premier temps allant du moment
ou I'échantillon est irradié avec la lumiére jusqu’au
moment ou la premiére onde acoustique est détec-
tée.

Appareil d’'imagerie photoacoustique selon la reven-
dication 8, dans lequel I'unité de traitement de signal
est configurée pour calculer un deuxiéme temps re-
quis pour la propagation de la premiére onde acous-
tiqgue a travers la partie interne de I'échantillon en
soustrayant un temps nécessaire a la propagation
de la premiére onde acoustique a travers la deuxie-
me plaque plate d’'un premier temps, et pour calculer
la vitesse moyenne du son dans la partie interne de
I'échantillon en divisant une distance entre la pre-
miere plaque plate et la deuxieme plaque plate par
le deuxiéme temps.

Appareil d’'imagerie photoacoustique selon la reven-
dication 7, dans lequel I'unité de traitement de signal
est configurée pour calculer la vitesse moyenne du
son dans la partie interne de I’échantillon sur la base
d’une différence entre un temps de détection de la
premiére onde acoustique et un temps de détection
d’'une deuxieme onde acoustique et d’une distance
entre la surface de I'échantillon ou la premiére onde
acoustique est générée et la surface de I'échantillon
ou la deuxiéeme onde acoustique est générée, les
premiére et deuxiéme ondes acoustiques étant gé-
nérées a partir des surfaces de I'’échantillon mainte-
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nu par les premiere et deuxieéme plaques plates, les
temps de détection étant détectés par le détecteur.

Appareil d'imagerie photoacoustique selon l'une
quelconque des revendications 7 a 10, comprenant
en outre :

une deuxiéme source de lumiere différente de
la premiére source de lumiére,

dans lequel la deuxiéme source de lumiére est
configurée pour irradier la deuxieme surface
avec de la lumiére provenant de la deuxieéme
source de lumiére a travers la deuxiéme plaque
plate en synchronisme avec la premiére source
de lumiére.

Procédé d’imagerie photoacoustique, dans lequel
des signaux de détection sont délivrés en sortie en
détectant des ondes acoustiques générées au ni-
veau des surfaces etd’une partie interne d’'un échan-
tillon par irradiation de I'échantillon avec de la lumié-
re, et des données d'image sont générées en utili-
sant le signal de détection, le procédé comprenant
les étapes consistant :

a calculer une vitesse moyenne du son dans la
partie interne de I'échantillon en utilisantun pre-
mier signal de détection d’'une premiere onde
acoustique générée au niveau d’'une premiere
surface de I'échantillon et se propageant a tra-
vers la partie interne de I'échantillon, et

a générer les données d’'image en utilisant la
vitesse moyenne du son et les signaux de dé-
tection.

Programme qui, lorsqu’il est exécuté sur un ordina-
teur, ameéne l'ordinateur a effectuer les étapes de
« calcul » et de « génération » du procédé d'image-
rie photoacoustique selon la revendication 12.
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