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(57) Abstract: There is used an acoustic signal receiving apparatus
including a wavelength-tunable light source for irradiating measure-
ment light, a controller for controlling a wavelength of the measure-
ment light, a Fabry-Perot probe having a first mirror on a side where
the measurement light enters, a second mirror on a side where an
elastic wave from an object enters, and a spacer film positioned
between the first and second mirrors and deforms in response to the
elastic wave, an array photosensor for detecting a reflected light
amount of the measurement light by the Fabry-Perot probe, and a
signal processor for acquiring an intensity of the incident elastic
wave based on a change in the reflected light amount. Initially the
controller sweeps the wavelength of the measurement light, and the
signal processor determines an optimum wavelength at which the
reflected light amount sharply chages at each wavelength subjected
to the sweep.
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DESCRIPTION

Title of Invention
ACOUSTIC SIGNAL RECEIVING APPARATUS AND IMAGING

APPARATUS

Technical Field
[0001]
The present invention relates to an acoustic signal

receiving apparatus and an imaging apparatus.

Background Art
[0002]

In general, an imaging aﬁparatus using X-rays,
ultrasound, or MRI (magnetic resonance imaging) 1is
widely used in the fields of medical care and
non-destructive inspection. On the other hand, studies
on an optical imaging apparatus in which light emitted
from a light source such as a laser or the like is
propagated in an object such as a biological object or
the like and information in the object is obtained by
detecting the propagated light are actively conducted
in the field of medical care. As one of the optical
imaging technologies, photoacoustic tomography (PAT) is
proposed.

[0003]

In the technology of PAT, pulsed light generated
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from a light source is irradiated to an object, and an
aéoustic wave (hereinafter referred to as a
photoacoustic wave)»generated from a biological tissue
that has absorbed energy of the light
propagated/diffused in the object is detected at a
plurality of positions. Subsequently, these signals
ére analyzed and information related to optical
characteristic values of the internal portion of the
object is visualized. With this operation, an optical
characteristic value distribution in the internal
portion of the object, especially a light energy
absorption density distribution cén be obtained.
[0004]

An example of a detector for the acoustic wave
includes a transducer using a piezoelectric phenomenon
and a transducer using a change in capacitance and, in
recent years, a detector using optical resonance 1is
developed (Non Patent Literature 1: NPL 1) . In addition,
there 1is an example‘of a report on the detection of a
sound pressure of ultrasound irradiated to a Fabry-Perot
interferometerkniusingaiCCDcaméraas a two-dimensional
array sensor {(Non Patent Literature 2: NPL 2).

[0005]

FIG. 1 is a diagram of an acoustic wave detector
using the optical resonance. As shown in the drawing,
a structure in which light is resonated between

reflection plates arranged in parallel with each other
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is called a Fabry-Perot interferometer. Hereinafter,
the acoustic wave detector using the Fabry-Perot
interferometer is referred to as a Fabry-Perot probe.

Such probe has a structure 103 in which a polymer
film 104 having a thickness d is interposed between a
first mirror 101 and a. second mirror 102. Measurement
light 105 is irradiated to the interferometer from the
first mirror 101. At this point, a light amount Ir of
reflection 106 is given by the following'EXpressioﬁ (1) .

[Math. 1]

4R sir12—g3

I, = ~ "(1)
(1-R)*+ 4R sng

p="Tnd ()
Ao

wherein Ii represents an incident light amount of the
measurement light 105, Rrepresents areflectance of each
ofthefirstandsecondmirrors10land102,Awrepresents
a wavelength of the measurement light 104, d represents
adistance betweenmirrors, andn represents a refractive
index of the polymer film 104. ¢ corresponds to a phase
difference when the light travels between the twomirrors,
and is given by Expression (2).
[0006]

An example of a graph obtained by graphing a
reflectance Ir/Ii as the function of ¢ is shown in FIG.

2A. A periodic reduction in the reflected light amount
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Ir occurs, and the reflectance becomes lowest when ¢ =
2mmt (m iIs a natural number) is satisfied. When an
acoustic wave 107 enters the Fabry-Perot probe, the
distance between mirrors d changes. With this change,
¢ changes so that the reflectance Ir/Ii changes. By
measuring a change in the reflected light amount Ir using
a photodiode or the like, it is possible to detect the
incident acoustic wave 107. As the change in the
reflected light amount is larger, the intensity of the
incident acoustic wave 107 1is higher.

[0007]

In order for the reflected light amount Ir to
sharply change when the acoustic wave 107 enters, it is -
necessary to iricrease the changerate of the reflectance
Ir/Ii with respect to the change in ¢. In FIG. 2, the

change rate thereof becomes largest at ¢,, i.e., the

gradient becomes steep. Therefore, in the Fabry-Perot
probe, it is preferable to perform the measurement after
the phase difference is set to ¢é.. By adjusting the
wavelength Ay, of the incident light, it is possible to
set the phase difference to ¢n.

[0008]

A graph obtained by graphing the reflectance Ixr/Ii
as the function of Ay is shown in FIG. 2B. Setting the
wavelength to A, at which the change rate of the
reflectance Ir/Ii is largest corresponds to setting the

phase difference to ¢., and the sensitivity thereby
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becomes maximum.

In this manner, in the Fabry-Perot probe, by
adjusting the measurement wavelength Ay, it becomeé
possible to obtain high reception sensitivity by
performing the measurement after setting the phase
difference to ¢n.

[0009]

In addition, in the Fabry-Perot probe, since the
change in the reflected light amount only at a position
to which the measurement 1ight 105 is applied is measured,
the spot region of the incident measurement light 105
becomes a region having the reception sensitivity.
Consequently, by performing raster scanning with the
measurement light using a galvanometer or the like, it
is possible to obtain two-dimensional distribution data
on the acoustic wave. By performing signal processing
by using the obtained two-dimensional distribution data
on the acoustic wave, an image is obtained.

[0010]

On the other hand, by narrowing down the measurement
light 105 using a lens or the like, it 1s possible to
reduce the reception area. With this operation, the
reception spot is reduced so that the resolution of the
image at the time of reconstruction is improved. 1In
addition, according to NPL 2, the Fabry-Perot probe has
a wide reception frequency band of the acoustic wave.

Because of the reasons described above, it becomes
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possible to obtain a minute image with high resolution

by using the Fabry-Perot probe.

Citation List

Non Patent Literature
[0011]

NPL 1: E. Zang, J. Laufer, and P. Beard,
“Backward-mode multiwavelength photoacoustic scanner
using a planar Fabry-Perot polymer film ultrasound
sensor for high-resolution three-dimensional imaging of
biological tissues”, Applied Optics, 47, 561-577(2008)

NPL 2: M. Lamcnt, P. Beard, “2D imaging of
ultrasound fields using CCD array to map output of
Fabry-Perot polymer film sensor”, Electronics Letters,

42, 3, (2006)

SUMMARY OF INVENTION
Technical Problem
[0012]

However, as the result of elaborate studies by the
present inventors, it is difficult to form the polymer
film 104 between mirrors into the completely same
thickness, and variations in in-plane film thickness
‘occur. It has been revealed that, due to the variations,
the distance between mirrors of the Fabry-Perot probe

varies and variations in reception sensitivity occur
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depending on the position of reéeption of the acoustic
wave.
[0013]

Consequently, in NPL 1, when the two-dimensional
distribution data on the acoustic wave is acquired, the
wavelength of the measurement light is swept and the
optimum wavelength is determined one by one while raster
scanning is performed by using the galvanometer, and the
measurement of the acoustic wave at the optimum
wavelength is performed. However, the method has the
problem that an extremely long measurement time 1is
required.

[0014]

To cope with the problem, in NPL 2 described above,
a method is reported in which, instead of performing the
scanning one by one, the acoustic wave distribution is
obtained by irradiating incident light having a large
beam diameter to the Fabry-Perot interferometer and
measuring the two-dimensional distribution of the
reflected light by using a two-dimensional array
photosensor. That 1s, the incident light of a given
wavelength A; having the large beam diameter is
irradiated to the Fabry-Perot interferometer and the
two-dimensional distribution of the reflected light is
measured by using the two-dimensional array photosensor,
and hence, theoretically, it becomes possible to obtain

data at an extremely high speed.
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[0015]

However, although the reception sensitivity is high
in the region where the wavelength A; is the optimum
wavelength with respect to the film thickness, since it
is extremely difficult to completely suppress
variations in film thickness by present film formation
technologies, a region where the sensitivity is low or
a region where there is no sensitivity is generated.
This leads to the problem‘that the production yield of
a device 1s reduced or image quality is significanﬁly
degraded.

[0016]

The present invention has been achieved in view of
the above-described problem, and an object thereof is
to provide a technélogy for measuring the
two-dimensional distribution of a change in the
reflected light amount of the measurement light at the.
optimum wavelength by the Fabry-Perot probe using the

array photosensor.

Solution to Problem
[0017]

The present iﬂvention provides an acoustid signal
receiving apparatusvcomprising:

a wavelength-tunable light source for irradiating
measurement light;

a controller for controlling a wavelength of the
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measurement light;

a Fabry-Perot probe including a first mirror
positioned on a side where the measurement light enters,
a second mirror positioned on a side where an elastic
wave from an object enters, and a spacer film that is
positioned between the first and second mirrors and
deforms in response to the entrance of the elastic wave;

an array photosensor for detecting a reflected
light amount of the measurement light by the Fabry-Perot
probe; and

a signal processor for acquiring an intensity of
the elastic wave having entered the Fabry-Perot probe
based on a change in the reflected light amount resulting
from the deformation of the spacer film, wherein

the controller sweeps the wavelength of the
measurement light, and

the signal processor determines, based on the
reflected light amount at each position of the
Fabry-Perot probe that i1s acquired at each wavelength
subjected to the sweep, thexNavelength<xfthexneasurement

light used at the position.

Advantageous Effects of Invention
[0018]

According to the present invention, it is possible
to provide a technology for meesuring the

two-dimensional distribution of a change in the
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reflected light amount of the measurement light at the
optimum wavelength by the Fabry-Perot probe using the
array photosensor.

Further features of tﬁe present invention will
begome apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

Brief Description of Drawings
[0019]

FIG. 1 is a view showing an example of a
configuration of a Fabry-Perot interferometer;

FIG. 2A and 2B are graphs showing change in the
reflectance of the Fabry-Perot interferometer;

FIG. 3 i1s a view showing an example of a
configuration of a biological object information
imaging apparatus;

FIG. 4 is a view showing an example of a structure
of a Fabry-Perot probe;

FIG. 5 is a time chart showing an example of
processing performed by the biological object
information imaging apparatus;

FIG. 6 is a flowchart showing an example of the
processing performed by the biological object
information imaging apparatus;

FIG. 7 is a flowchart showing an example of

processing performed by the biological object
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information imaging apparatus;

FIG. 8 1s a time chart showing an example of the
processing performed by the bioclogical object
information imaging apparatus:;

FIG. 9 is a View showing an example of a
configuration of a biological object information
imaging apparatus;

FIG. 10 is a time chart showing an example of
processing performed by the biocological object
information imaging apparatus; ahd

FIG. 11 is a flowchart showing an example of the
processing performed by the biological object

information imaging apparatus.

Description of Embodiments
[0020]

Next, a description is given of embodiments of the
‘present invention with reference to the drawings.
[0021]
<First Embodiment>

FIG. 3 1s a view explaining an example of a
configuration of.an imaging apparatus in the present
embodiment. The imaging apparatus is configured by
providing an element for performing imaging processing
based on a received acoustic wave in an acoustic signal
recelving apparatus that receives the acoustic wave

released from an object.
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[0022]

The acoustic signal receiving apparatus of the
present embodiment includes an excitation light source
304 (e.g., apulsed light source) foremitting excitation
light 303 that is irradiated to an object 301 to excite
a photoacoustic wave 302. When the object 301 is a
biological object, it is possible to image a light
absorber in the internal portion of the object 301 such
as a tumor or a blood vessel in the biological object.
Alternatively, it is possible to image the l1ight absorber
on the surface of the object 301. The light absorber
in the internal portion or on the surface of the object
301 absorbs a part oflight.energy, and the photoacoustic
wave 302 is thereby generated. The imaging apparatus
includes a Fab;y—Perot probe 305 for detecting the
photoacoustic wave 302.

[0023]

The Fabry-Perot probe 305 is capable of detecting
a sound pressure by the irradiation of measurement light
306. The imaging apparatus includes a measurement light
wavelength—-tunable 1light source 307 for generating the
measurement‘light 306. In addition, the imaging
apparatusalsoincludeseacontrollér308 for controlling
the wavelength of the measurement light 306 emitted from
the measurement light wavelength-tunable light source,
and a photodiode (PD) 316 used for the controlling by

the controller. Further, the imaging apparatus
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includes an array photosensor 309 for measuring a
reflected light amount of the measurement light 306
having entered the Fabry-Perot probe 305 and converting
the reflected light amount into an electric signal. The
acoustic signal receiving apparatus is configured by the
elements described above.

[0024]

The imaging apparatus 1s configured by further
providing a signal processor 310 and an image display
311 in the above-described acoustic signal receiving
apparatus. That is, the imaging apparatus of the
present embodiment includes the image display 311 for
displaying optical characteristic value distribution
information obtained by analyzing the electric signal
obtained by the array photosensor 309 in the signal
processor 310. When the object is a biological object,
the imaging apparatus of the present embodiment can be
called a biological object information imaging
apparatus.

[0025]

FIG. 4 is a view explaining the éross—sectional
structure of the Fabry-Perot probe in the present
embodiment. A first mirror 402 is a mirror positioned
on the side where the measurement light enters, while
a second mirror 401 opposing the‘first mirror 402 is a
mirror positioned on the side where an elastic wave from

the object enters. As the material of the first and



WO 2013/012019 PCT/JP2012/068261
14

second mirrors 402 and 401, a dielectric multilayer film
or a metal film can be used. There is a spacer film 403
between the mirrors. As the spacer film 403, a film
having a large strain occurring when the elastic wave
enters the Fabry-Perot probe is preferable and, for
example, an organic polymer film is used. In the organic
polymer film, parylene, SU8, or polyethylene can be used.
Any film that deforms when the acoustic wave i1s received
can be adopted so that an inorganic filmmay also be used.
[0026]

The entire Fabry-Perot probe is protected by a
protective film 404. As the protective film 404, a film
obtained by forming an organic polymer film made of
parylene or the like or an inorganic film made of SiO;
or the like into a thin film is used. For a substrate
405 on which the first mirror 402 is formed, glass or
acrylic can be used. In order to reduce an influence
resultingfromtheinterferenceoflightjxlthesubstrate
405, the substrate 405 1s preferably in a wedge-like
shape. In addition, 1in order to avert the reflection
of light on the surface of the substrate 405, the
substrate 405 is preferably subjected to an AR coating
process 406.

[0027]

Returning to FIG. 3, the description of the

constituent element of the apparatus is continued. In

addition, how to perform the measurement is described
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with reference to a flowchart of FIG. 6 on an as needed
basis.
[0028]

As the measurement light wavelength-tunable light
source 307 that emits the measurement light 306 for
measuring the reflected light amount of the Fabry-Perot
probe 305, a wavelength-tunable laser can be used. The
reflectance of the measurement light 306 to each of the
first mirror 402 and the second mirror 401 is preferably
90% or more. In addition, the sweep speed when the
wavelength is changed is preferably about 100 nm/s.
[0029]

The measurement light 306 is magnified by a lens
312, reflected in the Fabry-Perot probe 305, and enters
the array photosensor 309. With this, it is possible
to obtain a reflection intensity distribution on the
Fabry-Perot probe 305. As an optical systém, a mirror
313 and a half mirror 314 are used. The optical system
may appropriately havé a configuration capable of
measuring the reflectance in the Fabry-Perot probe 305,
and can adopt a configuration in which a polarizing
mirror and a wavelength plate are used instead of the
half mirror 314, and a configuration in which an optical
fiber is used. By the optical system, the position on
the Fabry—Pérot probe 305 1is associated with a pixel on
the array photosensor 309.

[0030]
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As the array photosensor 309, a two-dimensional
array photosensor or a one-dimensional array
photosensor is used. For example, a CCD sensor and a
CMOS sensor can be used. However, an array photosensor
other than those mentioned above can also be used as long
as the array photosensor is capable of measuring the
reflected light amount of the measurement light 306 when
the photoacoustic wave 302 enters the Fabry-Perot probe
305 and converting the reflected light amount into the
electric signal.

[0031]

Since the distance between mirrors of the
Fabry-Perot probe 305 varies depending on the position,
it is necessary to determine the optimum wavelength at
each position (each of associated pixels on the array
photosensor 309). Accordingly, the wavelength of the
measurement light 306 is swept in a specific wavelength
range, the wavelength dependence of the reflected light
amount as shown in FIG. 2B is measured at each pixel on
the array photosensor 309, and the optimum wavelength
An at which the change rate is large is determined. This
processing corresponds to pre-processing in the flow of
FIG. 6.

[0032]

First, parameters of the measurement light 306

including a wavelength sweep range and a sweep step are

set (Step 601 of FIG. 6). The controller 308 sweeps the
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wavelength of the measurement light 306 based on the
specified wavelength sweep range and sweep step (Step
S602). That is, the wavelength of the measurement light
is changed. Since the optimum wavelength varies
depending.on the degree df variations in the distance
between mirrors, the wavelength range to be swept is
preferably set to a specific range equal to or exceeding
a free spectral range. The wévelength interval for
capturing data when the wavelength dependence of the
reflected light amount as shown in FIG. 2 is measured
is preferably minimized, and can be set to, e.g., 0.1
nm.

[0033]

By determining the reflected light amount of the
measurement light by using the array photosensor, the
measurement of 2D datad on a reflected light intensity
is performed (Step S603). This measurement is continued
until the end of acquisition of sweep range data in the
set parameters (Step S604) .

With this, the wavelength dependence of the
reflected light amount at each pixel is obtained.
Subsequently, by determining the wavelength A, at which
the reflected light amount Ir sharply changes, a table
of the optimum wavelength A, at each pixel is created
(Step S605).

[0034]

As the excitation 1ight 303 irradiated to the object
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301, light of a wavelength that allows absorption of the
light in a specific component among components
conétituting the object 301 is used. As the excitation
light 303, pulsed light can be used. The puléed light
is of the order of several picoseconds to several hundred
nanoseconds and, when the object is a biological object,
it is preferable to adopt the pulsed light of several
nanoseconds to several tehs of nanoseconds. As the
light source 304 that generates the excitation light 303,
a laser is preferable. However, instead of the laser,
a light-emitting dicde or a flash lamp can also be used.
[0035]

As the laser, various lasers such as a solid laser,
a gas laser, a dye laser, and a semiconductor laser can
be used. When a dye or an OPO (Optical Parametric
Oscillators) in which an oscillation wavelength can be
converted is used, it becomes possible to measure a
difference resulting from the wavelength of an optical
characteristic wvalue distribution.

vAsfor‘thewavelength<3fthe light source to be used,
the range of 700 nm to 1100 nm in which absorption in
the biological object is less likely to occur is
preferable. However, the wavelength range wider than
the above-mentioned wavelength range,'e.g., the
wavelength range of 400 nm to 1600 nm and, further, ranges
of a terahertz wave, a microwave, and a radio wave can

also be used.
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[0036]

In FIG. 3, the excitation wave 303 is irradiated
to the object from such a direction that the excitation
light 303 is not shaded by the Fabry-Perot probe 305.
However, by using the wavelength that allows the
excitation light 303 to pass through the mirror of the
Fabry-Perot probe 305, it is also poésible to irradiate
the excitation light 303fron1theside<3fthé Fabry-Perot
probe 305.

(0037]

In order to efficiently detect the photoacoustic
wave 302 generated from the object 301 using the
Fabry-Perot probe 305, it is desirable to use an acoustic
coupling medium between the object 301 and the
Fabry-Perot probe 305. FIG. 3 is the drawing in which
water 1s used as the acoustic coupling medium and the
object 301 is disposed in a water bath 315. However,
the acoustic coupling medium may appropriately be
interposed between the object 301 and the Fabry-Perot
probe 305. For example, a configuration may also be
adopted in which a matching gel is applied to be
interposed between the object 301 and the Fabry-Perot
probe 305.

[0038]

The excitation light 303 such as the pulsed light

or the like 1is irrédiated from the excitation light

source 304 to the object 301 (Step 8606 of FIG. 6). At
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this point, the Fabry-Perot probe 305 absorbs a part of
energy of the excitation wave 303 to thereby detect the
photoacoustic wave (which is an elastic wave and
typically ultrasound) 302 generated from the internal
portion of the object in the form of the change in the
reflected light amount of the measurement light 306.
The detected reflected light amount is converted into
the electric signal in the array photosensor 309. The
distribution of the electric signal in the array
photosensor 309 represents the intensity distribution
of the photoacousticwave 302 reaching on the Fabry-Perot
probe 305. With this, it 1s possible to obtain the
pressure distribution of the photoacoustic wave 302
reaching on the Fabry-Perot probe 305.

[0039]

In order to detect the photoacoustic wave 302 using
the Fabry-Perot probe 305, it is necessary to measure
the change in the reflegted light amount of the
measurement light 306 at the optimum wavelength A, or
thé wavelength in the vicinity thereof. Consequently(
a program that sweeps the wavelength of the measurement
light 306 for detecting the photoacoustic wave 302 while
sweepling the wavelength of the measurement light 306 is
set in the controller 308. The sweep program to be set
inclﬁdes parameters sﬁch as ﬁhe wavelength sweep range,
the sweep step, a sweep speed, and a sweep time. As the

sweep range and the sweep step of the wavelength of the
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measurement light 306, values specified when the
above—described table of the optimum wavelength 1is
created are used. The controller 308 sweeps the
wavelength of the measurement light according to the
specified program. With this, the measurement 1is
performed while the wavelength of the measurement 1ight
is changed (Steps S607 to S608 of FIG. 6).

[0040]

FIG. 5 shows an example of a time chart of the
irradiation of the excitation light 303, the wavelength
sweep of the measurement light 306, and the measurement
of the photoacoustic wave. FIG. 5 shows a case where
the pulse rate of the pulsed light as the excitation light
303 is 10 Hz.

[0041]

In FIG. 5, the wavelength of the measurement light
306 is set to the initial wavelength by the controller
308, and the pulsed light is irradiated. In the case
of a pulsed laser apparatus, this operation is performed
by a Q-switch operation (uppermost portion of FIG. 5).
Upon the operation, a part of the excitation light 303
is detected by the photodiode 316 and, by using this as
a trigger, the photoacoustic wave 302 is measured (second
and third portions from above of FIG. 5). The
measurement is performed during a specific PA reception
period. The reception period should be determined in

accordance with the size of the object, the distance
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between the light absorber and the probe, and the
photoacoustic wave transmission speed in the object.

Thereafter, before the next excitation light 303
is emitted, the wavelength of the measurement light 306
is increased by an input value (100 pm in this case).
After the wavelength is increased, the photoacoustic
wave 302 is measured at the next trigger. This operation
is repeated until the sweep of the specified wavelength
range is ended (lowermost portionof FIG. 5). With this,
in the sweep range of the wavelength of the measurement
light 306, at every wavelength at the intervals of 100
pm, the change in reflected light amount at every pixel
when the photoacoustic wave 302 reaches the Fabry-Perot
probe 305 1s measured.

[0042]

The processing described above corresponds to PA
measurement (PhotoAcoustic measurement) of the
flowchart of FIG. 6, and Steps S607 to S609 are repeated.
When the PA measurement ié finished, the emission of the
excitation pulsed light is stopped (Step S610).

Note that FIG. 5 is the time chart in a case where
the number of times of data acquisition is one. When
the number of times of data acquisition or the pulse rate
of the laser is different, it is necessary to change the
time program of the controller 308 correspondingly.
[0043]

After the end of the measurement of the
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photoacoustic wave, the step of post-processing is
started.

The signal processor extracts the electric signal
when the photoacoustic wave at the optimum wavelength
enters at each pixel based on the table of the premeasured
optimum wavelength for each pixel (Step S611 of FIG. 6).

In addition, the signal processor 310 calculates
the optical characteristic value distribution of the
internal portion of the object 301 based on the
distribution of the extracted electric signal at the
optimum wavelength A, for each pixel in the array
photosensor 309 (Step S612). This processing
correspondstx>imagereconstruction, and examples of the
optical characteristic value distribution include the
position and the size of the light absorber, a light
absorption coefficient, and a light energy accumulation
ambunt distribution.

[0044]

As a reconstruction algorithm for obtaining the
optical characteristic value distribution from the
obtained electric signal distribution, universal back
projection, phasing addition, and the like can be adopted.
Thereconstructedimageisdisplayedjjltheimagédisplay
311 in a specific format (Step S613). Note that a region
having a significant abnormality in film thickness due
to presence of a foreign object in a device can also be

imaged, after considering that the region cannbt be used
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as data, by correcting a data missing portion at the time
of the image reconstruction processing.

Note that, as the signal processor 310, any
processor may be used as long as the processor is capable
of storing the distribution of the time-varying change
in the electric signal indicative of the intensity of
the photoacoustic wave 302 and converting the
distribution thereof into data on the optical
characteristic value distribution using operation
means.

[0045]

Note that, when lights of a plurality of wavelengths
are used as the excitation light 303, the optical
coefficient in the biological object is calculated for
each wavelength and the value is compared with the
wavelength dependence specific to a substance (glucose,
collagen, oxygenated/reduced hemoglobin, or the like)
constituting the biologicél tissue. With this, it 1is
also possible to image the distribution of concentration
of the substance constituting the biological object.

In the embodiment of the present invention, it is
desirable to have the image display 311 for displaying
image information obtained by the signal processing.
[0046]

In the measurement flowchart of the present
embodiment shown in FIG. 6, although the creation of the

table of the optimum wavelength is performed as the
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pre-processing before the photoacoustic measurement
(the PA measurement), the creation of the table of the
optimum wavelength may also be performed after the
photoacoustic measurement.

By using the biological object information imaging
apparatus described in the first embodiment, it becomes
possible to obtain a high-resolution photoacoustic
image within a short time period by using the Fabry-Perot
probe 305.

[0047]
<Second Embodiment>

FIG. 7 shows a measurement flowchart of abiological
object information imaging apparatus of the present
embodiment. In the biological object ihformation
imaging apparatus in the present embodiment, the
apparatus configuration and the like other than the
measurement flowchart are the same as those in the first
embodiment, and hence the description thereof is omitted.
In the following description, the flowchart of FIG. 7
is referenced on an as needed basis.

In the present embodiment, the measurement of the
photoacoustic signal and the measurement for the
creation of the optimum wavelength are not independent
of each other, but they are simultaneously performed.
[0048]

First, a program that sweeps the wavelength of the

measurement light 306 for detecting the reflected light
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amount and the photoacoustic wave 302 while sweeping the
wavelength of the ﬁeasurement light 306 is set in the
controller 308 (Step S701). The sweep program to be set
includes parameters such as the wavelength sweep range,
the sweep step, the sweep speed, and the sweep time.
[0049]

Since the optimum wavelength varies depending on
the degree of variations in the distance between mirrors,
the wavelehgth range to be swept is preferably a
wavelength range equal to or exceeding the free spectral
range. Thewévelengthintervalforcapturingdatawhen
the’wavelength dependenée of the reflected 1ight amount
as shown in FIG. 2 is measured is preferably minimized,
and can be set to, e.g., 0.1 nm.

After the program that sweeps the wavelength of the
measurement light is set in the controller 308, the
emission of the excitation light 303 (e.g., the pulsed
light) that enters the object 301 is started (Step S702) .
[0050]

The wavelength of the ﬁeasuremént light 306 is set
to the initial wavelength by the controller 308, and the
change in reflected light amount caused by thé
photoacoustic wave from the object is measured (Step
S703). That is, the data measurement of the
rhotoacoustic signal (PA signal) (2D data measurement
in the case of the array photosensor) is performed (Step

S704).
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Thereafter, the reflected light amount in a state
where the photoacoustic wave 302 does not enter is
measured. In the case 0of the array photosensor, the 2D
data measurement of the reflected light intensity is
performed (Step S705).

Subsequently, after the wavelength of the
measurement light 306 is swept, when the data acquisition
in the sweep range is not completed (S706 = NO), the
wavelength of the measurement light is changed and the
change in reflected light amount caused by the
photoacoustic wave 302 is measured again. The PA
measurement processing from S703 to S706 is performed
until the set sweep range is completed.

[0051]

FIG. 8 shows an example of a time chart of the
irradiation of the excitation light 303, the wavelength
sweep of the measurement light 306, the measurement of
the photoacoustic wave, and the measurement of the
reflected light amount in the state where the acoustic
wave dose not enter. FIG. 8 shows a case where the pulse
rate of the pulsed light as the excitation light 303 is
10 Hz.

[0052]

, In FIG. 8, the excitation light 303 is irradiated
by the O-switch operation (uppermost portion of FIG. 8).
Then, a part of the excitation light 303 is detected by

the photodiode, and the photoacoustic wave 302 is
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measured by using the detection as the trigger (second
and third portions from.above of FIG. 8). Thereafter,
the reflected light amount in the state where the
photcacoustic wave 302 does not enter i1s measured
(measurement period). Further, before the next
excitation light 303 is emitted, the wavelength of the
measurement light 306 is increased by the input value
(100 pm in this case). After the wavelength thereof is
increased, at the next trigger, the photoacoustic wave
302 is measured. This operation is repeated until the
sweep of the specified sweep range is ended (lowermost
portion of FIG. 8). When the data acquisition is
finished,theemissimnoftheexcitationiightisstopped
(Step S708) .

[0053]

Note that FIG. 8 is a time chart in the case where
the number of times of data acquisition is one. When
the number of times of data acquisition or the pulse rate
of the excitation light source 304 is different; it is
necessary to change the time program of the controller
308 correspondingly.

[0054]

With this, in the swept wavelength range of the
measurement_light 306, the wavelength dependence of the
reflected light amount in the state where the
phoﬁoacoustic wave 302 doeé not enter at each pixel 1is

obtained together with the photoacoustic signal 302.
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Subsequently, similarly to the first embodiment, by
determining the wavelength A, at which the reflected
light amount Ir sharply changes, the table of the optimum
wavelength A, at each pixel is created (Step S707 of FIG.
7).

[0055]

Then, the step of post-processing is started. The
processing of Steps S709 to S711 is performed in the same
manner as in Steps S611 to S6l13 of FIG. 6.

That is, the signal processor 310 extracts %he
,electfic signal when the photoacoustic wave 302 at the
optimum wavelength enters at each pixel based on the
created table of the optimum wavelength for each pixel
after the end of the measurement of the photoacoustic
wave 302. 1In addition, based on the distribution of the
extracted electric signal at the optimum wavelength for
each pixel in the array photosensor 309, the signal
processor 310 calculates the optical characteristic
value distribution in the internal portion of the object
301. Examples of the optical characteristic value
distribution include the position and the size of the
light absorber, the light absorption coefficient, and
the light energy accumulation amount distribution.
Subsequently, the reconstructed image is displayed in
the image &isplay 311.

[0056]

By using the biological object information imaging
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apparatus described in the second embodiment, it becomes
possible to obtain the high-resolution photoécoustic
image within a short time period by using the Fabry-Perot
probe.

[0057]

<Third Embodiment>

FIG. 9 is a view explaining an example of the
configuration of a bidlogical object information
imaging apparatus in the present embodiment.

The biological object information imaging
apparatus of the present embodiment allows imaging of
an acoustic impedance distribution of the internal
portion of the biological object based on the echo of
the elastic wave (ultrasound). The description of the
same configﬁration as that in the first embodiment is
omitted.

The biological object information imaging
apparatus of the present embodiment particularly
includes a transducer 903 for irradiatinganelastic wave
902 to an object 901, and a pulser 213 connected to the
transducer.

[0058]

In addition, the biological object information
imaging apparatus also includes a Fabry-Perot probe 904
fordetectingtheelaéticwavereflectedattheinterface
of a tissue having a different acoustic impedance such

as a tumor or the like in the internal portion of the
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object 901. Further, the biological object information
imaging apparatus includes a measurement light
wavelength-tunable light source 906 for emitting
measurement light 905 that enters the Fabry-Perot probe
904, Furthermore, the biological object information
imaging apparatus includes a controller 907 for
contrdlling the wavelength of measurement light 905
emitted from the measurement light wavelength-tunable
light source 906. In addition, the biological object
information imaging apparatus includes an array
photosensor 908 for measuring the reflected 1ight amount
of the measurement light 905 having entered the
Fabry-Perot probe 904 and converting the measured
reflected 1ight amount into the electric signal. Though
not numbered in the drawing, the measurement light is
guided to a desired path by optical systems such as a
lens, a mirror, and a half mirror. Further, the
biological object information imaging apparatus
includes a signal processor 909 for analyzing the
electric signal obtained by the array photosensor 908.
Furthermore, the biological object information imaging
apparatus includes an image display 210 for displaying
the processing result.
The configuration thereof is the same as that in

the above-described embodiments. ©Note that what is
obtained by the analysis of the signal processor 909 is

acoustic impedance distribution informaticon on the
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object.
[0059]

Since the distance between mirrors of the
Fabry-Perot probe 904 varies depending on the position,
it is necessary to determine the optimum wavelength at
each position. The waveiength of the measurement light
905 is swept in a given wavelength range, the wavelength
dependence of the reflected light amount as shown in FIG.
2 1s measured at each pixel on the array photosensor 908,
and the optimum wavelength A, at which the change rate
is large 1s determined.

{0060]

Hereinbelow, the flow of the processing and the
operation of each constituent element of the apparatus
of the present embodiment are described while the
flowchart of FIG. 11 is referenced on an as needed basis.
In particular, the point different from the flowchart
of the first embodiment (FIG. 6) is mainly described.
[0061]

Steps S1101 to S1105 correspond.to pre-processing,
and aré performed in the same manner as in the first
embodiment.

First, parameters of the wavelength sweep range and
the sweep step of the measurement light 905 are specified
(Step S1101). The controller 907 changes and sweeps the
wavelength of the measurement light 905 based on the

specified wavelength sweep range and sweep step (Step
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S1102). Since the optimum wavelength varies depending
on the degree of variations in the distance between
mirrors, the wavelength range to be swept is preferably
a wavelength range equal to or exceeding the free
spectral range. In addition, the wavelength interval
for capturing data when the wavelength dependence of the
reflected light amount as shown in FIG. 2 is measured
is preferably minimized, and can be set to, e.g., 0.1
nm.

(0062]

By performing such pre-processing step on every
measurement light in the sweep range, the 2D data on the
reflected light intensity, i.e., the wavelength
dependence of the reflected light amount at each pixel
is obtained (Steps S1103 to S1104). Subsequently, by
determining the wavelength A, at which the reflected
light amount Ir sharply changes, the table of the optimum
wavelength A, at each pixel is created (Step S1105).
[0063] |

In order to efficiently detect the elastic wave 911
reflected from the object 301 using the Fabry-Perot probe
904, it is desirable to use the acoustic coupling medium
between the object 901 and the Fabry-Perot probe 904.
FIG. 9 is the drawing in which water is used as the
acoustic coupling medium and the object is disposed in
a water bath 912, and the acoustic coupling medium may

appropriately be interposed between the object 901 and
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the Fabry-Perot probe 304, and further between the object
90lband the transducer 903. For example, a
configuration may also be adopted in which a matching
gel is applied to be interposed between the object 901
and the Fabry-Perot probe 904, and further between fhe
object 901 and the transducer 903.

[0064]

In order to detect the elastic wave 911 using the
Fabry-Perot probe 904, it is necessary to measure the
change in the reflected light amount of the measurement
light at the optimum wavelength A, or the wavelength in
the vicinity thereof. Accordingly, a program that
sweeps the wavelength of the measurement light 905 for
detecting the elastic wave 911 while sweeping.the
wavelength of the measurement light 905 is set in the
controller 907. The sweep program to be set includes
parameters such as the wavelength sweep range, the sweep
step, the sweep speed, and the sweep‘time. As the sweep
raﬁge and the sweep step of the wavelength of the
measurement light 905, values specified when the
above-described table of the optimum wavelength is
created are used. The controller 907 sweeps the
wavelength of the measurement light 905 according tQ the
specified program.

[0065]
FIG. 10 shows an example of a time chart of the

irradiation of the elastic wave 902 (typically
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ultrasound), the wavelength sweep of the measurement
light 905, and the measurement of the elastic wave.
First, upon receiving the input signal from the pulser
913, the elastic wave 902 1is irradiated to the object
901 by the transducer 903 (Step S1106). Then, by using
the electric signal outputted from the pulser 913 as a
trigger (uppermost portion of FIG. 10: trigger signal),
the elastic wave 911 reflected in the object 901 is
measured (second portion of FIG. 10: ultrasound echo
signal reception period). Thereafter, before the next
elastic wave 902 1is emitted, the wavelength of the
measurement light 905 is increased by the input value
(100 pm in this case). After the wavelength thereof is
increased, at the next trigger, the elastic wave 911 is
measured. This operation is repeated until the sweep
of the specified wavelength range is ended {lowermost
portion of FIG. 10). With this, in the sweep range of
the wavelength of the measurement light 2905, the change
in the reflected light amount at each pixel when the
elastic wave 911 reaches the Fabry-Perot probe 904 is
measured ét the intervals of 100 pm.

[0066]

Thus,thefeatureofthepmesentembodimentisthat,

instead of the irradiation of the excitation light, the
transmission and the reception of the elastic wave
(ultrasound) are performed in the elastic wave

measurement step in Steps S1107 to S1109 and the data
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in the sweep range is thereby obtained. When the elastic
wave measurement step is ended, the emission of the
elastic wave 1is stopped (Step S1110).

Note that FIG. 10 is the time chart in a case where
the number of times of data acquisition is one. When
the number of times of data acquisition or thejpulsé rate
of the elastic wave oscillation by the pulser 913 is
diffefent, it is necessary to change the time program
of the controller 907 correspondingly.

[0067]

Subsequently, the step of post-processing 1is
performed in the same manner as in the first embodiment.

After the end of the measurement of the elastic wave
911, the signal processor 909 extracts the electric
signal wﬁen the elastic wave 911 at the optimum
wavelength enters at each pixel based on the table of
the premeasured optimum wavelength for each pixel (Step
S1111).

In addition, the signal processor 909 calculates
the acoustic impedance distribution in the internal
portion of the objgct 901-based on the distribution of
the extracted electric signal at the optimum wavelength
foreachpixelEﬂfthearrayphotosensor908(StepSlllZ).
As signal processing for obtaining the acoustic
impedance distribution from the obtained distribution
of the electric signal, phasing addition or the like may

be adopted. The acoustic impedance distribution 1is



WO 2013/012019 PCT/JP2012/068261
37
imaged in a desired format and displayed (Step S1113).
[0068]

Note that, as the signal processor 909, any
processor can be used as long as theproceésor iscapablé
of storing the distribution of the time-varying change
in the electric signal indicative of the intensity of
the elastic wave 911 and converting the distribution
thereocf into the data on the acoustic impedance
distribution using operation means.

[0069]

FIG. 11 shows the measurement flowchart of the
present embodiment. Although, in the present
embodiment, the creation of the table of the optimum
wavelength is performed as the pre-processing before the
execution of the photoacoustic measurement, the
creation of the table of the optimum wavelength may also
be performed after the execution of the transmission of
the elastic wave and the measurement of the echo wave.
In addition, similarly to the second embodiment, the
creation of the table of the optimum wavelength can also
be performed simultaneously with the measurement of the
elastic wave.

[0070]

By using the biological object information imaging
apparatus described in the third embodiment, it becomes
possible to obtain a high-resolution acoustic impedance

distribution image within a short time period by using
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the Fabry-Perot probe.
[0071]
<Example 1>

Next, Example of the present invention is described
with reference to the drawings.

The present Example includes.the configuration
described in the first embodiment. In the present
Example, a rubber wire having a diameter of 360 um that
absorbslighteuuiisdisposedzﬂ;theobjectjjlasubstance
obtained by setting a 1 percent intralipid agqueous
solution with agar-agar is imaged by using the present
invention. A phantom is disposed in water.

[0072]

As the first and second mirrors of the Fabry-Perot
.probe, a dielectric multilayer film is used. The
dielectric ﬁultilayer film is designed so as to have a
reflectance of 95% or more in 750 to 900 nm. In the
substrate of the Fabry-Perot probe, BK 7 is used. A
surface opposite to a surface of the substrate on which
the dielectric multilayer film is formed 1is subjected
to the AR coating process such that the refiectance
thereof is 1% or less in 750 to 9b0 nm. Parylene C 1is
used in the spacer film between mirrors, and the film
thickness thereof is set to 30 um. In addition, parylene
C is used in the protective film of the probe.

[0073]

As the measurement light wavelength-tunable light
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source that emits the measurement light for measuring
the reflected light amount of the Fabry-Perot probe, an
external cavity laser that is wavelength-tunable in 830
to 870 nm 1s used.

The measurement light emitted from the external
cavity laser is magnified by a convex lens, and is caused
to enter the Fabry-Perot probe by using a half mirror
and a mirror. The beam size of the entering measurement
light is set to 1 cm in diameter. The measurement light
reflected in the Fabry-Perot probe is caused to enter
a high-speed CCD camera using the half mirror and the
mirror, and the measurement is thereby performed. The
high-speed CCD camera has 100 x 100 pixels.

The wavelength of the measurement light
wavelength-tunable light source is controlled by PC.
The wavelength is changed from 840 nm to 860 nm at
intervals of 0.1 nm. At this point, the reflected light
amount at each wavelength is measured using CCD and the
table of the optimum wavelength is created.

[0074]

Thereafter, the excitation light is irradiated to
the object and the measurement of the photoacoustic wave
is started. As the excitation light source for the
irradiation of the object, a titanium-sapphire laser is
used. The pulse rate of the pulsed light to be emitted
is set to 10 Hz, the pulse width is set to 10 nsec, and

the wavelength 1s set to 797 nm.



WO 2013/012019 PCT/JP2012/068261
40

The wavelength of the measurement light
wavelength-tunable light source is set to 840 nm and the
measurement of the photoacoustic wave is performed.
Subsequently, after the measurement light is changed by
0.1 nm in 30 msec, the measurement of the photoacoustic
wave 1s performed. This operation is repeated until the
wavelength of the measurement light wavelength-tunable
light source becomes 860 nm.

[0075]

Thereafter, by using the above-described table of
the optimum wavelength, the electric signal when the
photoacoustic wave at the optimum wavelength enters is
extracted at each pixel. Then, by using the signal, the
reconstruction of the image is performed by a universal
back projection algorithm.

With this, the rubber wire in the 1 percent
intralipid agar-agar as a light diffuser is imaged at
the resolution of 100 pm.

[0076]
<Example 2>

The present Example includes the configuration
described in the second embodiment.

The apparatus configuration and the like other than
the measurement flowchart are the same as those in
Example 1, and hence the description thereof is omitted.
(0077]

The excitation light is irradiated to the object
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and the measurement of the photoacousticwave is started.

The wavelength of the measurement light
wavelength-tunable light source is controlled by PC.
The wavelength of the measurement light
wavelength—tunéble light source is set to 840 nm and the
measurement of the photoacoustic wave is performed using
the CCD camera. Thereafter, in 50 msec, the reflected
light amount of the measurement light in the state where
the photoacoustic wave does not enter the Fabry-Perot
probe is measured. Thereafter, after the measurement
light is changed by 0.1 nm in 30 msec, the measurement
of the photoacoustic wave is performed. This operation
is repeated until the wavelength of the measurement 1light
wavelength-tunable light source becomes 860 nm.
[00781]"

After the end of the measurement, by using the
result of measurement of the reflected light amount of
the measurement light in the state where the
photoacoustic wave does not enter the Fabry-Perot probe,
the table of the optimum wavelength is created.

Thereafter, by using the table of the optimum
wavelength, the electric signal when the photoacoustic
wave at the optimum wavelength enters is extracted at
each pixel. Subsegquently, by using the signal, the
reconstruction of the image is performed by the universal
back projection algorithm.

[0079]
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With this, the rubber wire in the 1 percent
intralipid agar-agar as the light diffuser is imaged at
high resolution.

[0080]
<Example 3>

The present Example includes the confiéuration
described in the third embodiment.

The Fabry-Perot probe, the optical system, and the
two-dimensional array sensor are the same as those in
Example 1, and hence the description thereof is omitted.
[0081]

In the present Example, a polyethylene wire having
a diameter of 300 uym disposed as an object in a substance
obtained by éetting a 1 percent intralipid aqueous
solution with agar-agar is imaged by using the present
invention. A phantom is disposed in water.

_The elastic wave 1s irradiated to the object by
using a transducer having a center frequency of 20 MHz.
As the transducer, a piezoelectric transducer comprised
of PZT is used.

[0082]

Similarly to Example 1, after the table of the
optimum wavelength of the measurement light is created,
the elastic wave 1s irradiated to the object and the
measurement of the echo wave 1is started. The elastic
wave to be emitted and transmitted is emitted as a pulsed

wave by using a pulser. The pulse rate of the elastic
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wave 1s set to 10 Hz.

The wavelength of the measurement light
wavelength-tunable light source is set to 840 nm and the
measurement of the echo wave resulting from the
reflection of the elastic wave in the object.
Subseguently, after the measurement light is changed by
0.1 nm in 30 msec, the measurement of the echo wave 1is
performed. This operation is repeated until the
wavelength of the measurement light wavelength-tunable
light source becomes 860 nm.

[0083]

Thereafter, by using the table of the optimum
‘wavelength, the electric signal when the echo wave at
the optimum wavelength enters is extracted at each pixel.
Subsequently, by using the signal, the acoustic
impedance distribution in the internal portion of the
object is imaged by a'reconstruction algorithm using
phasing addition.

With this, the polyethylene wire in the agar-agar
is imaged at high resolution. |
[0084]

The description has been given thus far mainly of
the example of the configuration related to the
bioclogical object information imaging apparatus having
the biological object as the object in the present
specification. According to the biological object

information imaging apparatus, for the diagnosis of a
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tumor, a blood vessel disease, or the like and the
follow-up of chemotherapy, it becomes possible to image
the optical characteristic value distribution in the
internal portion of the.biological object, and the
concentration distribution of the substance
constituting the biological tissue that is obtained from
the above-mentioned information, and the biological
object information imaging apparatus can be used as a
medical diagnostic imaging apparatus.

In addition, persons skilled in the art can easily
implement the application of the biological object
information imaging apparatus to non-destructive
inspection that handles a non-biological substance as
the object.

From the foregoing, the present invention can be
widely used as the inspection apparatus.

[0085]

While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such modifications
and equivalent structures and functions.
f0086]

This application claims the benefit of Japanese

Patent Application No. 2011-157908, filed on July 19,
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2011, which is hereby incorporated by reference herein

in its entirety.
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CLAIMS

1. An acoustic signal receiving apparatus
comprising:

a wavelength-tunable light source for irradiating
measurement light;

.a controller for controlling a wavelength of the
measurement light;

a Fabry-Perot probe including a first mirror
positioned on a side where the measurement light enters,
a second mirror positioned on a side where an elastic
wave from ah object enters, and a spacer film that is
positioned between the first and second mirrors and
deforms in response to the entrance of the elastic wave;

an array photosensor for detecting a reflected
light amount of the measurement light by the Fabry-Perot
probe; and |

a signal processor for acquiring an intensity of
the elastic wave having entered the Fabry-Perot probe
based on a change in the reflected light amount resulting
from the deformation of the spacer film, wherein

the controller sweeps the wavelength of the
measurement light, and

the signal processor determines, based on the
reflected light amount at each position of the
Fabry-Perot probe that is acquired at each wavelength

subjected to the sweep, the wavelength of the measurement
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light used at the position.

2. The acoustic signal receiving apparatus
according to claim 1, further comprising an excitation
light source for irradiating excitation light to the
object, wherein

the elastic wave from the object is a photoacoustic
wave generated from the object to which the excitation

light has been irradiated.

3. The acoustic signal receiving apparatus
according toclaim 2, wherein the excitation light source
irradiates the excitation light at a specific interval,
and

the controller sweeps the wavelength of the
measurement light during a period from when the
Fabry-Perot probe receives the photoacoustic wave
during a specific reception period in which the
excitation light is used as a trigger to when the next

excitation light 1s irradiated.

4. The acoustic signal receiving apparatus
according to claim 1, further comprising a transducer
for transmitting the elastic wave to the object, wherein

the elastic wave from the object is an echo wave

of the elastic wave transmitted from the transducer.
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5. The acoustic signal receiving apparatus
according to claim 4, wherein the transducer transmits
the elastic wave at a specific interval, and

the controller sweeps the wavelength of the
measurement light during a period from when the
Fabry-Perot probe receives the echo wave during a
specific reception period in which the transmission of
the elastic wave is used as a trigger to when the next

transmission is performed.

6. The acoustic signal receiving apparatus
according to any one of claims 1 to 5, wherein the signal
processor performs processing of determining the
wavelength of the measurement light used at each position
of the Fabry-Perot probe before measurement of the object

using the wavelength.

7. The acoustic signal receiving apparatus
according to any one of claims 1 to 5, wherein the signal
processor performs processing of determining the
wavelengﬂubfthemeasurementlightusedeﬂ:eachposition
of the Fabfy—Perot probe simultaneously with

measurement of the object using the wavelength.

8. An imaging apparatus comprising:
the acoustic signal receiving apparatus according

to any one of claims 1 to 7; and
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an image display for displaying an internal portion of
the object iméged based on the intensity of the elastic

wave acquired by the signal processor.
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