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Description

[0001] The present invention relates to a measurement
apparatus for measuring spectral characteristics of the
inside of a biological tissue. In particular, the present in-
vention is applicable to a measuring apparatus that uti-
lizes a photoacoustic effect.
[0002] The measurement apparatus for measuring
spectral characteristics of the inside of a biological tissue
is used for determining formation of new blood vessels
or oxygen metabolism of hemoglobin attending on growth
of tumor based on light absorption characteristics of a
specific substance such as hemoglobin contained in
blood, to thereby utilize the results for diagnosis.
[0003] Such an apparatus uses a near infrared beam
having a wavelength of approximately 600 to 1,500 nm
with excellent transmittance property for a biological tis-
sue.
[0004] As a method of measuring spectral character-
istics of the inside of a biological tissue, there is known
a method utilizing a photoacoustic effect. An apparatus
using this method irradiates the interior of a biological
tissue with a pulse beam so that spectral characteristics
of a local region can be measured from a photoacoustic
signal that is generated based on light energy.
[0005] Intensity of the light applied to the interior of the
biological tissue is attenuated by absorption and disper-
sion during the process of propagating in the biological
tissue, and thus little light reaches a deep part of the
tissue.
[0006] Conventionally, in order to solve those prob-
lems, there is proposed an apparatus in which two illu-
mination optical systems are disposed at positions that
are opposed to each other with respect to an inspection
object, and the inspection object is illuminated from both
sides thereof so that increased light can reach the deep
part (see U.S. Patent application No. 2004/0127783).
[0007] In addition, there is proposed an apparatus in
which optical fibers for irradiating the biological tissue
with light and piezoelectric elements for detecting the
photoacoustic signal are arranged alternately, or trans-
parent piezoelectric elements through which light for ir-
radiation can pass are used, whereby a detector for the
photoacoustic signal is disposed on the same side as
that of the illumination optical system (see Japanese Pat-
ent Application Laid-Open No. 2005-021380).
[0008] Further, there is proposed an apparatus in
which a transducer for detecting a photoacoustic signal
is disposed on the same side as that of the optical fiber
for irradiating a biological tissue with light, and these are
scan-driven along the surface of an inspection object
(see U.S. Patent No. 5840023).
[0009] Further, there is proposed an apparatus in
which an inspection object such as a breast is pressed
to be flat, and a plane for irradiating the flat inspection
object with light is switched (see "The Twente Photoa-
coustic Mammoscope: system overview and perform-
ance" Phys. Med. Biol. 50 (2005), pp. 2543-2557).

[0010] However, the conventional measurement ap-
paratus for measuring spectral characteristics of the in-
side of a biological tissue has a following problem. The
light propagating inside the biological tissue is affected
by an anisotropy parameter g. The anisotropy parameter
g has a value of approximately 0.9 in a biological tissue
and mainly causes forward scattering.
[0011] On this occasion, energy of the light that is ab-
sorbed by an absorber in the biological tissue becomes
larger in a position closer to the light incidence side due
to an influence of the forward scattering.
[0012] As to a photoacoustic wave that is a photoa-
coustic signal generated from the absorber having a bi-
ased distribution of the energy of the absorbed light as
described above, the signal generated from a boundary
in the light incidence direction in which the energy of the
absorbed light is large has the largest intensity.
[0013] In the structure described in U.S. Patent Appli-
cation No. 2004/0127783, the transducer for detecting
the photoacoustic signal is disposed on a plane different
from that of the two illumination optical systems. In other
words, the transducer is not disposed in the light inci-
dence direction.
[0014] In a case where a photoacoustic signal gener-
ated from a spherical absorber is detected with the struc-
ture described above, a signal generated from a bound-
ary at a position closest to the transducer is received first,
and a signal generated from a boundary of the absorber
at a position farthest from the transducer is received last.
[0015] From such a signal profile, the time for propa-
gating in the spherical absorber and the sonic speed in
the biological tissue are read, whereby the position and
the size of the absorber can be calculated.
[0016] However, the position closest to the transducer
and the position farthest from the transducer are in a
direction different from the light incidence direction, and
hence the propagation time cannot be detected with the
signal of the largest intensity as described above.
[0017] In addition, according to Japanese Patent Ap-
plication Laid-Open No. 2005-021380 and U.S. Patent
No. 5840023, the illumination optical system and the
transducer for detecting the photoacoustic signal are dis-
posed on the same plane, but the illumination optical sys-
tem is disposed on only one plane.
[0018] With this structure, energy of light absorbed by
the absorber becomes large on the light incidence side
and becomes small on the opposite side thereto.
[0019] Therefore, the signal generated from the
boundary at the position closest to the transducer can be
detected with the largest intensity, but the signal gener-
ated from the boundary at the position farthest from the
transducer cannot be detected with the largest intensity.
Further, according to "The Twente Photoacoustic Mam-
moscope: system overview and performance" Phys.
Med. Biol. 50 (2005), pp. 2543-2557, a pressed inspec-
tion object is illuminated on the both sides thereof one
side by one side, but a time delay occurs because the
illumination direction is switched.
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[0020] With this structure, energies of light entering
from both sides are not superimposed on each other, and
thus the amount of light reaching the deep part of the
tissue cannot be increased.
[0021] Therefore, intensity of a photoacoustic signal
generated from the absorber in a deep part of the tissue
becomes small. As described above, even if any one of
the technologies described as conventional examples is
used, there is a problem in detecting a position and a
size of an absorber positioned in a deep part of a biolog-
ical tissue with high accuracy and high contrast.
Further prior art referring to this technical field can be
found in document US 2008/0123083 A1 disclosing "Sys-
tem and method for photoacoustic guided diffuse optical
imaging", and in document US 2004/0127783 A1 disclos-
ing a tissue scanner.
[0022] The present invention has been made in view
of the above-mentioned problem, and therefore an object
thereof is to provide a measurement apparatus capable
of measuring a position and a size of an absorber accu-
rately by detecting a photoacoustic signal generated from
a boundary of the absorber positioned in a deep part of
a biological tissue with a high contrast signal.
[0023] The present invention aims to provide a meas-
urement apparatus having the structure according to
claim 1.
[0024] It is possible to realize a measurement appara-
tus capable of measuring a position and a size of an
absorber with high accuracy by detecting a photoacoustic
signal generated from a boundary of the absorber posi-
tioned in a deep part of a biological tissue with a high
contrast signal.
[0025] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

FIG. 1 is a diagram illustrating a schematic structure
of a measurement apparatus according to Example
1 of the present invention.
FIG. 2 is a graph illustrating a profile of a photoa-
coustic signal S generated from an inspection object
E according to Example 1 of the present invention.
FIG. 3 is a graph illustrating absorption spectrums
of HbO2 and Hb in a range of wavelength from 600
to 1,000 nm according to Example 1 of the present
invention.
FIG. 4 is a diagram illustrating the photoacoustic sig-
nal S in a spherical absorber received by an ultra-
sonic detector according to Example 1 of the present
invention.
FIG. 5 is a diagram illustrating a structure of a con-
ventional example (similar to that of US
2004/0127783) in which a ultrasonic detector is dis-
posed on a surface perpendicular to a first illumina-
tion optical system as an example of disposing the
ultrasonic detector on a surface different from the
first illumination optical system.

FIG. 6 is a diagram illustrating a structure of a con-
ventional example (similar to that of Japanese Patent
Application Laid-Open No. 2005-021380) in which a
second illumination optical system is eliminated from
the structure of FIG. 4.
FIG. 7 is a graph comparing a detection signal profile
of the ultrasonic detector illustrated in FIG. 4 accord-
ing to Example 1 of the present invention with de-
tection signal profiles of the ultrasonic detectors il-
lustrated in FIGS. 5 and 6 according to the conven-
tional examples.
FIG. 8 is a diagram illustrating another structural ex-
ample of the first illumination optical system and the
ultrasonic detector according to Example 1 of the
present invention.
FIG. 9 is a diagram illustrating another structural ex-
ample of the first illumination optical system and the
ultrasonic detector according to Example 1 of the
present invention.
FIG. 10 is a diagram illustrating another structural
example of the first illumination optical system and
the ultrasonic detector according to Example 1 of the
present invention.
FIG. 11 is a diagram illustrating another structural
example of the first illumination optical system and
the ultrasonic detector according to Example 1 of the
present invention.
FIG. 12 is a diagram illustrating another structural
example of the first illumination optical system and
the ultrasonic detector according to Example 1 of the
present invention.
FIG. 13 is a diagram illustrating another structural
example of the first illumination optical system and
the ultrasonic detector according to Example 1.
FIG. 14 is a diagram illustrating a schematic structure
of a measurement apparatus according to Example
2.
FIG. 15 is a diagram illustrating another structural
example of the measurement apparatus according
to Example 2.
FIG. 16 is a diagram illustrating the another structural
example of the measurement apparatus according
to Example 2.
FIG. 17 is a diagram illustrating a schematic structure
of a measurement apparatus according to Example
3.

[0026] Next, an embodiment of the present invention
is described.
[0027] A measurement apparatus according to the
present invention is defined according to appended claim
1.
[0028] The illumination optical unit includes a first illu-
mination optical unit and a second illumination optical
unit that are arranged so that the inspection object is
irradiated with the pulse beam from both sides thereof
opposingly.
[0029] Further, the acoustic signal detection unit is dis-
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posed so that a detection surface of the acoustic signal
detection unit is positioned on the same side as that of
one of irradiation surfaces of the inspection object which
the first illumination optical unit and the second illumina-
tion optical unit irradiate with the pulse beam.
[0030] Further, in the measurement apparatus accord-
ing to the embodiment of the present invention, the one
of the first illumination optical unit and the second illumi-
nation optical unit on the side on which the acoustic signal
detection unit is disposed and the acoustic signal detec-
tion unit are disposed so that a center axis of axial sym-
metry of a region in which the first illumination optical unit
illuminates the inspection object and a center axis of axial
symmetry of a region in which the acoustic signal detec-
tion unit detects an acoustic signal coincide with each
other.
[0031] Further, in the measurement apparatus accord-
ing to the embodiment of the present invention, the first
illumination optical unit and the second illumination opti-
cal unit are disposed so that a center axis of axial sym-
metry of a region in which the first illumination optical unit
illuminates the inspection object and a center axis of axial
symmetry of the region in which the second illumination
optical unit illuminates the inspection object coincide with
each other.
[0032] Further, the measurement apparatus according
to the embodiment of the present invention may further
comprise a scan drive unit for scan-driving the first illu-
mination optical unit, the second illumination optical unit,
and the acoustic signal detection unit with respect to the
inspection object while maintaining a position relation-
ship among the first illumination optical unit, the second
illumination optical unit, and the acoustic signal detection
unit.
[0033] Further, the measurement apparatus according
to the embodiment of the present invention may further
comprise a distance modifying unit for changing a dis-
tance between the first illumination optical unit and the
second illumination optical unit.
[0034] Further, the measurement apparatus according
to the embodiment of the present invention may further
comprise, between the inspection object and the acoustic
signal detection unit, a spacer formed of a member hav-
ing a high transmittance property and a low attenuation
property with respect to light from the light source unit
and an acoustic wave.
[0035] Further, in the measurement apparatus accord-
ing to the embodiment of the present invention, the illu-
mination optical unit may be formed of an optical fiber.
[0036] Further, in the measurement apparatus accord-
ing to the embodiment of the present invention, the illu-
mination optical unit may be formed of an optical fiber
and a lens.
[0037] Further, in the measurement apparatus accord-
ing to the embodiment of the present invention, the illu-
mination optical unit may be formed of an optical fiber, a
lens, and an acousto-optic beam splitter.
[0038] Further, in the measurement apparatus accord-

ing to the embodiment of the present invention, the illu-
mination optical unit may be formed of a mirror, a beam
splitter, and a lens.
[0039] The measurement apparatus according to the
embodiment of the present invention may further com-
prise: a first plate and a second plate for holding the in-
spection object therebetween; and a plate drive mecha-
nism for controlling pressure exerted on the inspection
object by the first plate and the second plate.

Examples

[0040] Now, examples of the present invention are de-
scribed.

Example 1

[0041] In Example 1, a structural example of a meas-
urement apparatus to which the present invention is ap-
plied is described.
[0042] FIG. 1 is a diagram illustrating a schematic
structure of the measurement apparatus according to this
example.
[0043] The measurement apparatus of this example
includes a pulse beam generator 100 (i.e., a light source
unit), a first illumination optical system 200 (i.e., a first
illumination optical unit), and a second illumination optical
system 300 (i.e., a second illumination optical unit). In
addition, the measurement apparatus includes an ultra-
sonic detector 400 (i.e., an acoustic signal detection unit),
a signal analyzer 500, a controller 600, a memory 700,
and a display 800.
[0044] An inspection object E is a biological tissue such
as a breast, for example. An absorber α has an absorp-
tion larger than peripheral tissues and has a spherical
shape, for example.
[0045] A schematic process for measuring the inspec-
tion object E by the measurement apparatus having the
above-mentioned structure is described.
[0046] The pulse beam generator 100 emits light of a
pulse beam of the nanosecond order, and the pulse beam
is led by the first illumination optical system 200 and the
second illumination optical system 300 to a surface of
the inspection object E.
[0047] The pulse beam that has entered the inspection
object E from the surface thereof propagates inside the
tissue and reaches the absorber α. Energy of the light
that has reached the absorber α is absorbed and con-
verted into thermal energy. Then, a transient rise of tem-
perature occurs in the absorber α, and the increased tem-
perature is then relaxed.
[0048] On this occasion, the temperature rise and its
relaxation causes an expansion and a contraction in the
tissue including the absorber α, which generates an elas-
tic wave to be a photoacoustic signal S. The photoacous-
tic signal S generated from the absorber α propagates
inside the tissue of the inspection object E and is detected
by the ultrasonic detector 400.
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[0049] In the present invention, the photoacoustic sig-
nal means an elastic wave (photoacoustic wave) itself
generated by irradiating the inspection object with light,
and the ultrasonic detector as the acoustic signal detec-
tion unit detects the photoacoustic signal as the photoa-
coustic wave.
[0050] FIG. 2 illustrates a profile of the photoacoustic
signal S generated from the inspection object E.
[0051] A propagation time tx of the photoacoustic sig-
nal S that is an elastic wave can be determined from a
peak interval of a waveform generated from the surface
of the inspection object E contacting with the ultrasonic
detector 400 and from a boundary of the absorber α.
[0052] In addition, a propagation time tα of the photoa-
coustic signal S propagating in the absorber α can be
determined from a peak interval generated from the
boundary of the absorber α. When a sonic speed in the
biological tissue is denoted by vs, the distance between
the surface of the inspection object E and the absorber
α as well as the size of the absorber α can be calculated.
In other words, spatial position information of the absorb-
er α in the inspection object E can be obtained.
[0053] In addition, an amplitude ΔP of a spike wave-
form generated from the absorber α indicates an intensity
Pα of the elastic wave generated in the absorber α.
[0054] When an absorption coefficient of the absorber
α is denoted by ma, energy fluence of light entering the
absorber α is denoted by Iα, and Gruneisen parameter
determined according to the biological tissue is denoted
by Γ, the intensity Pα of the elastic wave due to a pho-
toacoustic effect generated in the absorber α can be cal-
culated by the following equation. 

[0055] The energy fluence of light propagating in an
absorption dispersion medium such as a biological tissue
can be calculated by using a light diffusion equation and
a transport equation, and thus Iα can be calculated.
[0056] The amplitude ΔP measured by the ultrasonic
detector 400 includes an influence of attenuation of the
elastic wave generated in the absorber α when the elastic
wave propagates in the biological tissue. Therefore, the
intensity Pα can be calculated by subtracting the influ-
ence of attenuation.
[0057] As described above, the absorption coefficient
ma of the absorber α in the inspection object E can be
calculated.
[0058] The signal analyzer 500 calculates the position
of the absorber α based on time characteristics of the
detected photoacoustic signal and calculates the absorp-
tion coefficient ma based on intensity characteristics.
[0059] Further, the signal analyzer 500 reconstructs a
spatial distribution of the absorption coefficient ma in the
absorber α and in its periphery, whereby an image of the
absorption characteristics in the inspection object E is

generated.
[0060] The controller 600 stores the calculated position
of the absorber α and the calculated absorption coeffi-
cient ma in the memory 700 and displays a spatial distri-
bution image of the absorption coefficient ma on the dis-
play 800.
[0061] Hereinafter, details of individual components
are described.
[0062] The pulse beam generator 100 is a light source
unit that emits a pulse beam of the nanosecond order
with a specific wavelength for irradiating the inspection
object E, and the pulse beam generator 100 includes a
laser light source 1 and a laser driver 2.
[0063] The wavelength of light emitted from the laser
light source 1 is selected to be a wavelength correspond-
ing to absorption spectrums of water, fat, protein, oxyhe-
moglobin, reduced hemoglobin, and the like constituting
the biological tissue.
[0064] As an example, a wavelength within a range
from 600 to 1,500 nm is appropriate because the light of
this wavelength is hardly absorbed by water that is a main
ingredient of the tissue inside the biological tissue so that
the light can permeate well, and it has characteristic spec-
trums of fat, oxyhemoglobin, and reduced hemoglobin.
[0065] In addition, it is known that new blood vessels
are formed and consumption of oxygen is increased
when a tumor such as a cancer grows in a biological
tissue.
[0066] As a method involving evaluating a formation
of new blood vessels and an increase in consumption of
oxygen, it is possible to utilize characteristics of the ab-
sorption spectrums of the oxyhemoglobin (HbO2) and the
reduced hemoglobin (Hb). FIG. 3 illustrates absorption
spectrums of HbO2 and Hb in the range of wavelength
from 600 to 1,000 nm.
[0067] The measurement apparatus measures con-
centration values of Hb and HbO2 contained in blood in
a biological tissue based on the absorption spectrums of
HbO2 and Hb with respect to multiple wavelengths.
[0068] Then, the concentrations of Hb and HbO2 are
measured at multiple positions, and an image of concen-
tration distribution is created so that a region in which
new blood vessels are formed in the biological tissue can
be distinguished.
[0069] In addition, an oxygen saturation is calculated
based on the concentrations of Hb and HbO2 so that a
region in which consumption of oxygen is increased can
be distinguished based on the oxygen saturation.
[0070] In this way, the spectral information of Hb and
HbO2 measured by the measurement apparatus can be
utilized for diagnostics.
[0071] In this example, as wavelengths near 800 nm
at which the absorption characteristics of Hb and HbO2
cross each other as illustrated in FIG. 3, two wavelengths
λ1 = 700 nm and λ2 = 850 nm are used.
[0072] As an example of a specific light source, it may
be formed of a semiconductor laser generating different
wavelengths, a variable wavelength laser, or the like.
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[0073] The first illumination optical system 200 and the
second illumination optical system 300 are illumination
optical units for leading the pulse beam emitted from the
pulse beam generator 100 to the inspection object E.
[0074] The pulse beam emitted from the laser light
source 1 is led by an optical fiber 3 to a first beam splitter
4. The pulse beam entering the first beam splitter 4 is
divided into two beams, which are led respectively to the
first illumination optical system 200 and the second illu-
mination optical system 300.
[0075] The first illumination optical system 200 in-
cludes an optical fiber 5, a second beam splitter 6, optical
fibers 7 and 8, and lenses 9 and 10.
[0076] The pulse beam that has entered the optical
fiber 5 is divided into two beams by the second beam
splitter 6, and the beams are respectively led to the optical
fibers 7 and 8.
[0077] The pulse beam that has entered the optical
fiber 7 is enlarged by the lens 9 that is obliquely disposed
by an angle θ with respect to the ultrasonic detector 400,
whereby the surface of the inspection object E is illumi-
nated from one side of the ultrasonic detector 400. Sim-
ilarly, the pulse beam that has entered the optical fiber 8
is enlarged by the lens 10 that is obliquely disposed by
an angle θ with respect to the ultrasonic detector 400 in
a direction opposite to the lens 9, whereby the surface
of the inspection object E is illuminated from the other
side of the ultrasonic detector 400.
[0078] The second illumination optical system 300 is
disposed so as to be opposed to the first illumination
optical system 200 via the inspection object disposed
therebetween, and center axes of axial symmetry of the
regions illuminated by the first illumination optical system
200 and the second illumination optical system 300 co-
incide with each other. In other words, the inspection ob-
ject is irradiated with the pulse beams on both sides there-
of because the first illumination optical system and the
second illumination optical system are opposed to each
other via the inspection object disposed therebetween.
[0079] According to this structure, energies of lights
that are projected from the illumination optical systems
simultaneously are combined in the inspection object E,
and hence the energy fluence of light that reaches a deep
part of the inspection object can be increased.
[0080] The second illumination optical system 300 in-
cludes an optical fiber 11 and a lens 12. The pulse beam
that has entered the optical fiber 11 is enlarged by the
lens 12 and is led to the surface of the inspection object E.
[0081] In this example, one light source and the beam
splitters are used for leading the pulse beam to the first
and second illumination optical systems. However, it is
possible to dispose light sources respectively to the in-
dividual illumination optical systems.
[0082] In this case, it is preferable to drive the two light
sources simultaneously in a synchronized manner so that
energy fluences of light can be combined.
[0083] On this occasion, it is preferable to drive the two
light sources in a completely simultaneous manner, but

the effect of combining the energy fluences of light can
be obtained if the two light sources are driven within a
pulse width of the pulse beam or a thermal relaxation
time of the inspection object E.
[0084] Therefore, the expression of "to drive the two
light sources simultaneously" in the present invention is
used to mean "to drive the two light sources within the
thermal relaxation time of the inspection object E or within
the pulse width of the pulse beam".
[0085] In addition, it is preferable that center axes of
axial symmetry of the regions illuminated by the illumi-
nation optical systems coincide with each other, but the
effect of combining the energy fluences of light can be
obtained if full widths at half maximum of individual illu-
mination light intensity distributions overlap each other
partially.
[0086] Therefore, the expression of "coincide with
each other" concerning the center axes of axial symmetry
in the present invention is used to mean "full widths at
half maximum of individual illumination light intensity dis-
tributions overlap each other partially" concerning the two
illuminated regions of axial symmetry.
[0087] The ultrasonic detector 400 is an acoustic signal
detection unit for detecting a photoacoustic signal S (pho-
toacoustic wave) generated in the inspection object E,
and is disposed on the same side as that of an irradiation
surface of the first illumination optical system 200. In oth-
er words, the ultrasonic detector is disposed so that a
detection surface of the ultrasonic detector 400 is posi-
tioned on the same side as that of the irradiation surface
for the first illumination optical system 200 to irradiate the
inspection object with the pulse beam, with respect to
the inspection object.
[0088] Here, the detection surface of the ultrasonic de-
tector is a surface for receiving the photoacoustic wave
with an ultrasonic oscillator 13 of the ultrasonic detector
400. In addition, the irradiation surface is the surface on
the inspection object that is irradiated with the pulse beam
from the first illumination optical system 200 in this ex-
ample. The side on which the second illumination optical
system 300 is disposed is opposite to the side on which
the ultrasonic detector and the first illumination optical
system are disposed, via the inspection object disposed
therebetween.
[0089] Further, in other words about the position of the
ultrasonic detector, the ultrasonic detector 400 is dis-
posed so as to be opposed to the surface facing the in-
spection object in the first illumination optical system 200
(the surface may also be the surface contacting with the
inspection object). Here, the expression "to be opposed"
also includes the case where the surface of the ultrasonic
detector 400 that is closest to the inspection object (i.e.,
the detection surface) is the same as the surface of the
first illumination optical system 200 that faces the inspec-
tion object.
[0090] The ultrasonic detector 400 has a circular
shape, and FIG. 1 illustrates its cross section including
the center axis of the circle.
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[0091] The ultrasonic oscillator 13 having a concave
shape is disposed on a backing member 14, and an
acoustic matching layer 15 is provided to the ultrasonic
oscillator 13 on the side close to the inspection object E.
[0092] A lead wire 16 is connected to the ultrasonic
oscillator 13.
[0093] The ultrasonic oscillator 13 includes a piezoe-
lectric element having a piezoelectric effect for converting
a change in pressure due to the received photoacoustic
signal S into voltage (electric signal).
[0094] As the piezoelectric element, a piezoelectric ce-
ramic material such as lead zirconate titanate (PZT) or
a polymer piezoelectric film material such as polyvinyli-
dene difluoride (PVDF) can be used.
[0095] In addition, the center of the concave surface
of the ultrasonic oscillator 13 is set to the position of the
absorber α, whereby the photoacoustic signal S gener-
ated from the vicinity of the absorber α can be selectively
received.
[0096] The backing member 14 is used for suppressing
unnecessary oscillation of the ultrasonic oscillator 13. An
example of a material that constitutes the backing mem-
ber 14 includes polyurethane resin or silicone rubber.
The acoustic matching layer 15 is disposed for transmit-
ting the photoacoustic signal S effectively.
[0097] In general, the piezoelectric element material
and the biological tissue have acoustic impedance values
that are largely different from each other. Therefore, if
the piezoelectric element material contacts directly with
the biological tissue, the photoacoustic signal cannot be
transmitted effectively because of a large reflection on
an interface therebetween.
[0098] Therefore, the acoustic matching layer 15 made
of a material having intermediate acoustic impedance is
disposed between the piezoelectric element material and
the biological tissue, whereby the reflection on the inter-
face is decreased to transmit the photoacoustic signal S
effectively.
[0099] As an example of the material constituting the
acoustic matching layer 15, there is epoxy resin, silica
glass, or the like.
[0100] The lead wire 16 transmits the electric signal
generated by the conversion of the photoacoustic signal
S in the ultrasonic oscillator 13 to the signal analyzer 500.
[0101] Further, the ultrasonic oscillator 13 may be
formed of not only the piezoelectric element but also an
element for detecting a change in capacitance.
[0102] The concave ultrasonic oscillator is used in this
example, but it is possible to use a flat ultrasonic oscillator
and an acoustic lens. In addition, it is possible to use an
ultrasonic probe having multiple ultrasonic oscillators ar-
ranged in an array, which is used in an ultrasonic echo
apparatus or in non-destructive inspection.
[0103] As described above, the first illumination optical
system 200 and the second illumination optical system
300 are disposed so as to be opposed to each other,
center axes of axial symmetry of the regions illuminated
by these illumination optical systems coincide with each

other, and the ultrasonic detector 400 is disposed on the
same side as that of the first illumination optical system
200.
[0104] According to this structure, the photoacoustic
signal S can be detected with higher contrast compared
with the conventional example described above.
[0105] In addition, the center axis of axial symmetry of
the first illumination optical system 200 is made to coin-
cide with the center axis of the ultrasonic detector 400 in
the structure of FIG. 1.
[0106] FIG. 4 is a diagram illustrating the photoacoustic
signal S in the spherical absorber α received by the ul-
trasonic detector 400.
[0107] The pulse beam that irradiates the inspection
object E propagates into a deep part thereof while being
attenuated by influences of absorption and dispersion in
the biological tissue.
[0108] In FIG. 4, L1 indicates the energy fluence of
light that has been projected from the first illumination
optical system 200 and has propagated in the inspection
object E, and L2 indicates that of light projected from the
second illumination optical system 300.
[0109] Forward dispersion is generally strong among
dispersions in a biological tissue, and hence the energy
of the projected light is dispersed and propagates mainly
in a light incidence axis direction.
[0110] Therefore, as to the absorption of light energy
in the absorber α in the inspection object E, the absorp-
tion increases on the side of light incidence. The absorp-
tion of light energy becomes maximum at positions ’a’
and ’e’ in the illustrated absorber α, while becomes small-
er at positions ’c’ and ’g’.
[0111] In addition, the absorption of light energy be-
comes large in the vicinity of the surface of the absorber
α, and hence the energy of light that reaches a deep part
of the absorber to be absorbed becomes small.
[0112] Pressure intensity of the photoacoustic signal
generated from the absorber α having such a light energy
absorption distribution becomes high when the absorp-
tion of light energy is large and becomes low when the
absorption of light energy is small.
[0113] When the photoacoustic signal S generated
from the absorber α is received by the ultrasonic detector
400, a signal with high pressure generated from a vicinity
of positions ’a’, ’b’ and ’h’ that are close to the ultrasonic
detector 400 is first detected.
[0114] Next, a signal with low pressure generated from
a vicinity of the positions ’c’ and ’g’ having the same dis-
tance from the ultrasonic detector 400 is detected. Final-
ly, a signal with high pressure generated from a vicinity
of positions ’d’, ’e’ and ’f’ is detected. Here, 400S denotes
a profile of the photoacoustic signal S generated from
the absorber α, which is received by the ultrasonic de-
tector 400.
[0115] The first peak of the photoacoustic signal S is
generated in a photoacoustic compression phase. In con-
trast, the second peak is generated in a expansion phase,
corresponding to a reflected wave in which the phase of
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the wave generated in the compression phase is inverted
by a difference in acoustic impedance between the ab-
sorber α and a tissue of its periphery.
[0116] FIG. 5 illustrates a structure of a conventional
example (similar to that of US 2004/0127783) in which
an ultrasonic detector 401 is disposed on a surface per-
pendicular to the first illumination optical system 200 as
an example of disposing the ultrasonic detector 401 on
a surface different from the first illumination optical sys-
tem 200.
[0117] A light energy absorption distribution similar to
that described above with reference to FIG. 4 is gener-
ated in the absorber α.
[0118] When the photoacoustic signal S generated
from the absorber α is received by the ultrasonic detector
401, a signal with low pressure generated from a vicinity
of positions ’b’, ’c’ and ’d’ that are close to the ultrasonic
detector 401 is first detected.
[0119] Next, a signal with high pressure generated
from a vicinity of positions ’a’ and ’e’ having the same
distance from the ultrasonic detector 401 is detected. Fi-
nally, a signal with low pressure generated from a vicinity
of positions ’f’, ’g’ and ’h’ is detected.
[0120] Here, 401S denotes a profile of the photoacous-
tic signal S generated from the absorber α, which is re-
ceived by the ultrasonic detector 401.
[0121] FIG. 6 illustrates a structure of a conventional
example (similar to that of Japanese Patent Application
Laid-Open No. 2005-021380) in which the second illumi-
nation optical system 300 is eliminated from the structure
of FIG. 4.
[0122] The absorption of light energy is largest at the
position ’a’ on the light incidence side in the illustrated
absorber α, and is second largest at the positions ’b’ and
’h’. Further, the absorbed energy of light becomes small-
er in the order of the positions ’c’ and ’g’, the positions
’d’ and ’f’, and the position ’e’ as going to a deeper part
of the absorber.
[0123] When the photoacoustic signal S generated
from the absorber α is received by an ultrasonic detector
402, a signal with high pressure generated from a vicinity
of the positions ’a’, ’b’ and ’h that are close to the ultra-
sonic detector 402 is first detected.
[0124] Next, a signal with low pressure generated from
a vicinity of the positions ’c’ and ’g’ having the same dis-
tance from the ultrasonic detector 402 is detected. Final-
ly, a signal with low pressure generated from a vicinity
of the positions ’d’, ’e’ and ’f’ is detected.
[0125] Here, 402S denotes a profile of the photoacous-
tic signal S generated from the absorber α, which is re-
ceived by the ultrasonic detector 402.
[0126] FIG. 7 illustrates a graph comparing the detec-
tion signal profile 400S of the ultrasonic detector 400 of
this example illustrated in FIG. 4 with the detection signal
profile 401S of the ultrasonic detector 401 of the conven-
tional example illustrated in FIG. 5 as well as the detection
signal profile 402S of the ultrasonic detector 402 of the
conventional example illustrated in FIG. 6.

[0127] As illustrated in FIG. 7, a pressure of the pho-
toacoustic signal S generated from a vicinity of the bound-
ary of the absorber α is largest in the detection signal
profile 400S.
[0128] The position and the size of the absorber α are
calculated by using a time read from the peak in the pho-
toacoustic signal generated from the boundary of the ab-
sorber α.
[0129] In the present invention the time can be read
by using a higher contrast signal, and hence the position
and the size of the absorber α can be calculated more
accurately than the conventional example.
[0130] The signal analyzer 500 includes a calculation
processing portion 17 and an image generating portion
18.
[0131] The calculation processing portion 17 calcu-
lates the position of the absorber α based on time char-
acteristics of the detected photoacoustic signal S and
calculates the absorption coefficient ma based on the in-
tensity characteristics.
[0132] The image generating portion 18 generates a
distribution image of the absorption coefficient ma in the
inspection object E on the basis of the calculated spatial
position and the absorption coefficient ma of the absorber
α in the inspection object E.
[0133] The controller 600 is connected to the laser driv-
er 2 of the pulse beam generator 100 and controls the
timing, the light intensity, and the like of emission of the
pulse beam.
[0134] In addition, the controller 600 is connected to
the signal analyzer 500, the memory 700 and the display
800 as well.
[0135] The controller 600 stores the spatial position
and the absorption coefficient ma of the absorber α in the
inspection object E which are calculated by the signal
analyzer 500 as well as the distribution image of the ab-
sorption coefficient ma in the memory 700, and controls
the display 800 to display the distribution image of the
absorption coefficient ma in the inspection object E.
[0136] As the memory 700, it is possible to use a data
recording device such as an optical disk, a magnetic disk,
a semiconductor memory or a hard disk.
[0137] As the display 800, it is possible to use a display
device such as a liquid crystal display, a CRT or an or-
ganic EL display.
[0138] Next, the step of obtaining a spectral character-
istic image of the inside of the tissue of the inspection
object E with the measurement apparatus according to
this example is described.
[0139] In the first step, the first illumination optical sys-
tem 200, the second illumination optical system 300 and
the ultrasonic detector 400 are made to contact with the
surface of the inspection object E. When a measurement
start switch (not shown) is activated, the pulse beam gen-
erator 100 is driven to emit light of a pulse beam of the
nanosecond order having a wavelength λ1 = 700 nm.
[0140] Next, in the second step, the first illumination
optical system 200 and the second illumination optical
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system 300 irradiate the inspection object E with the
pulse beam.
[0141] Next, in the third step, the photoacoustic signal
S generated in the inspection object E is detected by the
ultrasonic detector 400.
[0142] Next, in the fourth step, the signal analyzer 500
calculates the position and the size of the absorber α
based on time characteristics of the detected photoa-
coustic signal S, calculates the absorption coefficient ma
based on the intensity characteristics, and generates an
image in which the spatial distribution of the absorption
coefficient ma at the absorber α and its periphery is re-
constructed.
[0143] Next, in the fifth step, the controller 600 stores
the calculated position information of the absorption co-
efficient ma of the wavelength λ1 and the image in the
memory 700.
[0144] Next, in the sixth step, the controller 600 sets
the wavelength λ2 of emission light of the pulse beam
generator 100 to be 850 nm. The pulse beam generator
100 is driven so that the pulse beam of light of the nano-
second order having the wavelength λ2 = 850 nm is emit-
ted.
[0145] In the seventh step after conducting steps that
are similar to the second step, the third step and the fourth
step, the controller 600 stores the calculated position in-
formation of the absorption coefficient ma at the wave-
length λ2 and the image in the memory 700.
[0146] Next, in the eighth step, the controller 600 su-
perimposes the distribution images of the absorption co-
efficient ma at the wavelengths λ1 and λ2, which are dis-
played on the display 800.
[0147] Finally, in the ninth step, the measurement is
finished.
[0148] FIGS. 8 to 13 are diagrams illustrating other
structural examples concerning the first illumination op-
tical system and the ultrasonic detector.
[0149] A member denoted by the same reference sym-
bol as in FIG. 1 has the same function as described above
with reference to FIG. 1.
[0150] A first illumination optical system 201 illustrated
in FIG. 8 corresponds to the first illumination optical sys-
tem 200 illustrated in FIG. 1 except that the angle θ is
replaced with ϕ, and a spacer 19 is disposed between
the inspection object and the ultrasonic detector (acous-
tic signal detection unit).
[0151] The spacer 19 is formed of a member having a
high transmittance property and a low attenuation prop-
erty with respect to light and an acoustic wave emitted
from the pulse beam generator 100.
[0152] An example of a material constituting the spacer
19 includes polymethyl pentene polymer, polycarbonate,
acrylic resin and the like. Light beams going out from the
lenses 9 and 10 with the angle ϕ can be superimposed
on the surface of the inspection object E via the spacer 19.
[0153] In addition, according to the structure illustrated
in FIG. 8, similarly to the case illustrated in FIG. 1, the
center axis of axial symmetry of the first illumination op-

tical system 201 can be made to coincide with the center
axis of the ultrasonic detector 400.
[0154] A first illumination optical system 202 illustrated
in FIG. 9 includes the optical fiber 5, a lens 20, and an
acousto-optic beam splitter 21.
[0155] The acousto-optic beam splitter 21 reflects light
emitted from the pulse beam generator 100 and permits
the acoustic wave such as the photoacoustic signal S to
pass therethrough.
[0156] The acousto-optic beam splitter 21 includes the
above-mentioned material having a high transmittance
property and a low attenuation property with respect to
the light for irradiation and the acoustic wave, and a thin
film layer 22 such as aluminum or silver having high re-
flection characteristics with respect to the light for irradi-
ation, which is formed on the material.
[0157] There is a large difference in acoustic imped-
ance between the above-mentioned resin material and
the metal material used for the thin film layer, but the thin
film layer made of the metal material has little influence
because its thickness of approximately a few microns is
sufficiently small compared with the wavelength of the
acoustic wave.
[0158] An ultrasonic detector 403 is a 2D array probe
having a circular shape and is disposed so that its de-
tection surface contacts with the acousto-optic beam
splitter 21.
[0159] FIG. 9 is a cross section cut by a plane including
the center axis of the circle. Multiple ultrasonic oscillators
13 having a small prism shape are arranged on the back-
ing member 14.
[0160] The acoustic matching layer 15 is disposed on
the side of the ultrasonic oscillator 13 that is closer to the
inspection object E.
[0161] The ultrasonic detector 400 illustrated in FIG. 1
uses the circular concave ultrasonic oscillator, but the
ultrasonic detector 403 obtains a desired position signal
by using the Sum And Delay Beam forming method
based on the photoacoustic signal received by the mul-
tiple ultrasonic oscillators 13.
[0162] The pulse beam emitted from the pulse beam
generator 100 passes through the optical fiber 5 and is
enlarged by the lens 20, and afterward the pulse beam
is led to the acousto-optic beam splitter 21 and is reflected
by the thin film layer 22 so as to be led to the surface of
the inspection object E.
[0163] The photoacoustic signal S generated by the
absorber α of the inspection object E propagates inside
the inspection object E and the acousto-optic beam split-
ter 21 and is detected by the ultrasonic detector 403.
[0164] In this way, according to the structure illustrated
in FIG. 9, the center axis of the first illumination optical
system 202 and the center axis of the ultrasonic detector
403 can be made to coincide with each other by using
the acousto-optic beam splitter 21.
[0165] A first illumination optical system 203 illustrated
in FIG. 10 includes an optical fiber 23.
[0166] On one end of the optical fiber 23 that is closer
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to the inspection object E, the optical fiber is divided into
multiple fibers.
[0167] An ultrasonic detector 404 is a 2D array probe
that is similar to the one described above with reference
to FIG. 9. There are gaps among the multiple arranged
ultrasonic oscillators 13, and the divided portions of the
optical fiber 23 are disposed in the gaps.
[0168] The pulse beam emitted from the pulse beam
generator 100 passes through the optical fiber 23 and is
led to the surface of the inspection object E. The photoa-
coustic signal S generated by the absorber α of the in-
spection object E propagates inside the inspection object
E and is detected by the ultrasonic detector 404.
[0169] In this way, according to the structure illustrated
in FIG. 10, the center axis of the first illumination optical
system 203 and the center axis of the ultrasonic detector
404 can be made to coincide with each other by leading
light from the gaps among array probes to the inspection
object E.
[0170] A first illumination optical system 204 illustrated
in FIG. 11 includes the optical fiber 5 and a lens 24. An
ultrasonic detector 405 has an annular shape with a cir-
cular opening part at the center portion thereof, and FIG.
11 is a cross section cut by a plane including the center
axis of the circle. The ultrasonic oscillator 13 has a con-
cave surface, and the center of the concave surface is
set to a position of the absorber α.
[0171] Thus, the photoacoustic signal S generated
from a vicinity of the absorber α can be selectively re-
ceived.
[0172] The pulse beam emitted from the pulse beam
generator 100 passes through the optical fiber 5 and is
enlarged by the lens 24, and afterward the pulse beam
is led to the surface of the inspection object E through
the circular opening part of the ultrasonic detector 405.
[0173] The photoacoustic signal S generated by the
absorber α of the inspection object E propagates inside
the inspection object E and is detected by the ultrasonic
detector 405.
[0174] In this way, according to the structure illustrated
in FIG. 11, the center axis of the first illumination optical
system 204 and the center axis of the ultrasonic detector
405 can be made to coincide with each other by leading
light to the inspection object E through the circular open-
ing part of the ultrasonic detector 405.
[0175] The first illumination optical system 204 illus-
trated in FIG. 12 is the same as one described above
with reference to FIG. 11.
[0176] An ultrasonic detector 406 includes an ultrason-
ic oscillator 25, a backing member 26, and an acoustic
matching layer 27.
[0177] Those structural members have a high trans-
mittance property and a low attenuation property with
respect to light emitted from the pulse beam generator
100.
[0178] As an example of a material constituting the ul-
trasonic oscillator 25, lead zinc niobate titanate (PZNT)
or the like can be used.

[0179] As an example of a material constituting the
backing member 26 and the acoustic matching layer 27,
a material similar to the one described above with refer-
ence to FIG. 1 can be used.
[0180] In addition, the ultrasonic oscillator 25 has a
concave surface, and the center of the concave surface
is set to a position of the absorber α. Thus, the photoa-
coustic signal S generated from a vicinity of the absorber
α can be selectively received.
[0181] The pulse beam emitted from the pulse beam
generator 100 passes through the optical fiber 5 and is
enlarged by the lens 24, and afterward the pulse beam
passes through the ultrasonic detector 406 and is led to
the surface of the inspection object E.
[0182] The photoacoustic signal S generated by the
absorber α of the inspection object E propagates inside
the inspection object E and is detected by the ultrasonic
detector 406.
[0183] In this way, according to the structure illustrated
in FIG. 12, the center axis of the first illumination optical
system 204 and the center axis of the ultrasonic detector
406 can be made to coincide with each other by leading
light to the inspection object E after passing through the
ultrasonic detector 406.
[0184] In this way, according to the structures illustrat-
ed in FIGS. 1 and 8 to 12, the ultrasonic detector 400 is
disposed on the side closer to the first illumination optical
system 200. In this way, the inspection object is irradiated
on both sides thereof with light from the multiple illumi-
nation optical systems, and the ultrasonic detector is dis-
posed so that the irradiation surface of one of the illumi-
nation optical systems and the detection surface of the
ultrasonic detector are positioned on the same side with
respect to the inspection object. Further, the center axes
of axial symmetry of the regions illuminated by the first
illumination optical system and the second illumination
optical system that are disposed on both sides of the
inspection object so as to be opposed to each other co-
incide with each other, and further the center axis of the
ultrasonic detector disposed on the same surface as that
of the first illumination optical system is made to coincide
with those center axes. Therefore, the signal can be de-
tected with high contrast.
[0185] In addition, it is preferable that the center axes
of axial symmetry of the illuminated regions and the cent-
er axis of the ultrasonic detector coincide with each other,
but the effect of detecting the high contrast signal can be
obtained if the full width at half maximum of the illumina-
tion light intensity distribution overlaps partially with the
full width at half maximum of the ultrasonic detection re-
gion.
[0186] Therefore, the expression of " coincide with
each other" concerning the center axes in the present
invention is used to mean "the full width at half maximum
of the illumination light intensity distribution of axial sym-
metry of the illuminated regions overlaps partially with
the full width at half maximum of the ultrasonic detection
region".
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[0187] As illustrated in FIG. 13, an ultrasonic detector
407 may be disposed at a position that does not interfere
with a light path on the same side as that of the first
illumination optical system 204 and is in a vicinity of the
light path so that the signal can be detected with higher
contrast than the conventional examples. In this case
too, it can be said that the detection surface of the ultra-
sonic detector is positioned on the same side as that of
the irradiation surface of the first illumination optical sys-
tem 200.
[0188] Further, this example exemplifies the spectral
analyzing method utilizing characteristics of the absorp-
tion spectrums of the oxyhemoglobin and the reduced
hemoglobin as an example of using a wavelength in a
range from 600 to 1,500 nm, but this example should not
be interpreted as a limitation.
[0189] For instance, it is also possible to perform the
spectral analysis with respect to water, fat, protein (col-
lagen), and the like that are main structural materials of
a biological tissue.
[0190] As described above, according to the measure-
ment apparatus of Example 1, the first illumination optical
system 200 and the second illumination optical system
300 are disposed to be opposed to each other via the
inspection object disposed therebetween. Further, the
center axes of axial symmetry of the regions illuminated
by the illumination optical systems coincide with each
other, and the ultrasonic detector 400 is disposed on the
same surface as the irradiation surface of the first illumi-
nation optical system 200. In other words, the detection
surface of the ultrasonic detector 400 is positioned on
the same side as that of the irradiation surface for the
first illumination optical system 200 to irradiate the in-
spection object with the pulse beam, with respect to the
inspection object.
[0191] According to this structure, the photoacoustic
signal generated from a boundary of the absorber α ex-
isting in a deep part of a biological tissue can be detected
as a high contrast signal.
[0192] Therefore, it is possible to provide a measure-
ment apparatus capable of measuring a position and a
size of an absorber α with high accuracy. As a matter of
course, the ultrasonic detector 400 may be disposed not
on the side of the first illumination optical system 200 but
on the side of the second illumination optical system 300
in the example described above.

Example 2

[0193] In Example 2, a structural example of a meas-
urement apparatus having a form different from that of
Example 1 is described. FIG. 14 is a diagram illustrating
a schematic structure of the measurement apparatus ac-
cording to this example.
[0194] A basic structure of the measurement appara-
tus of this example is similar to the structure described
above in Example 1, and a structural member denoted
by the same numeral has the same function as that de-

scribed above in Example 1.
[0195] In this example, a first drive mechanism 901
and a second drive mechanism 902 are newly disposed.
The first drive mechanism 901 changes positions of a
first illumination optical system 205 and the ultrasonic
detector 403 with respect to the inspection object E. The
second drive mechanism 902 changes a position of a
second illumination optical system 301 with respect to
the inspection object E.
[0196] Those drive mechanisms are controlled so that
the individual structural members are scan-driven with
respect to the inspection object E. Thus, the entire in-
spection object E can be measured.
[0197] The inspection object E is held between a first
plate 25 and a second plate 26. The first plate 25 is a flat
plate having a high transmittance property and a low at-
tenuation property with respect to the light and the acous-
tic wave generated by the pulse beam generator 101.
[0198] A material constituting the first plate 25 can be
similar to the material of the spacer 19 in Example 1.
[0199] The second plate 26 is a flat plate having a high
transmittance property and a low attenuation property
with respect to the light emitted from a pulse beam gen-
erator 102. A material constituting the second plate 26
can be similar to the material of the spacer 19, or glass
or the like can be used.
[0200] The first illumination optical system 205 in-
cludes mirrors 27, 29, 31 and 32, a beam splitter 28, and
lenses 30 and 33.
[0201] The pulse beam emitted from the pulse beam
generator 101 is reflected by the mirror 27 and then di-
vided into two beams by the beam splitter 28.
[0202] One of the divided beams is reflected by the
mirror 29 and then enlarged by the lens 30 that is ob-
liquely disposed at an angle ϕ with respect to the ultra-
sonic detector 403, so as to illuminate the surface of the
inspection object E from one side of the ultrasonic de-
tector 403.
[0203] The other divided beam is reflected by the mir-
rors 31 and 32, and then is enlarged by the lens 33 that
is obliquely disposed at the angle ϕ in the opposite di-
rection to the lens 30 with respect to the ultrasonic de-
tector 403, so as to illuminate the surface of the inspection
object E from the other side of the ultrasonic detector 403.
[0204] The first drive mechanism 901 includes a first
slider 34, a first slide guide 35, and a first motor 36.
[0205] As an example of a member constituting the
first slider 34 and the first slide guide 35, a ball screw, a
linear guide or the like can be used.
[0206] The first slider 34 houses a set of the mirrors
29, 31 and 32, the beam splitter 28, the lenses 30 and
33, and the ultrasonic detector 403 of the first illumination
optical system 205.
[0207] The set of members housed in the first slider 34
and the first slider 34 can be moved by the first slide guide
35 and the first motor 36 in a direction indicated by the
arrow in FIG. 14.
[0208] Similarly to Example 1, the second illumination
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optical system 301 is disposed to be opposed to the first
illumination optical system 205 via the inspection object
disposed therebetween.
[0209] The second illumination optical system 301 in-
cludes mirrors 37 and 38, and a lens 39. The pulse beam
emitted from the pulse beam generator 102 is reflected
by the mirrors 37 and 38. Then, the pulse beam is en-
larged by the lens 39 and is led to the surface of the
inspection object E.
[0210] The second drive mechanism 902 includes a
second slider 40, a second slide guide 41, and a second
motor 42, for which members similar to the first drive
mechanism 901 can be used.
[0211] The second slider 40 houses a set of the mirror
38 and the lens 39 of the second illumination optical sys-
tem 301. The second slider 40 and the set of members
housed in the second slider 40 can be driven by the sec-
ond slide guide 41 and the second motor 42 in a direction
indicated by the arrow in FIG. 14.
[0212] A controller 601 is connected to the pulse beam
generators 101 and 102, the first drive mechanism 901,
and the second drive mechanism 902.
[0213] In addition to the functions of the controller 600
described above in Example 1, the controller 601 controls
positions, timings, and the like for driving the first drive
mechanism 901 and the second drive mechanism 902.
[0214] The controller 601 drives and controls the po-
sitions so that the center axes of axial symmetry of the
regions illuminated by the first illumination optical system
205 and the second illumination optical system 301 co-
incide with each other, and further controls so that the
pulse beams are emitted simultaneously from the pulse
beam generators 101 and 102.
[0215] The energies of light projected in this structure
are combined in the inspection object E, and hence the
energy fluence of light reaching a deep part of the in-
spection object E can be increased.
[0216] Next, the step of obtaining the spectral charac-
teristic image of the inside of the tissue of the inspection
object E by the measurement apparatus according to this
example is described.
[0217] In the first step, the inspection object E is re-
tained between the first plate 25 and the second plate
26. Then, a measurement start switch (not shown) is ac-
tivated.
[0218] Next, in the second step, the pulse beam gen-
erators 101 and 102 are driven so as to emit pulse beams
of the nanosecond order having a wavelength λ1 = 700
nm.
[0219] Next, in the third step, the inspection object E
is irradiated with the pulse beams by the first illumination
optical system 205 and the second illumination optical
system 301.
[0220] Next, in the fourth step, the photoacoustic signal
S generated in the inspection object E is detected by the
ultrasonic detector 403.
[0221] Next, in the fifth step, the signal analyzer 500
calculates a position and a size of the absorber α and

the absorption coefficient ma based on the time charac-
teristics of the detected photoacoustic signal S. The im-
age in which the spatial distribution of the absorption co-
efficient ma of the absorber α and its periphery is recon-
structed is generated.
[0222] Next, in the sixth step, the controller 601 stores
the calculated position information of the absorption co-
efficient ma of the wavelength λ1 and the image in the
memory 700.
[0223] Next, in the seventh step, the controller 601 sets
the wavelength of light emitted by the pulse beam gen-
erators 101 and 102 to be λ2 = 850 nm, and the pulse
beams of the nanosecond order having the wavelength
λ2 = 850 nm are emitted.
[0224] Next, in the eighth step, the steps similar to the
third, fourth, and fifth steps described above are per-
formed.
[0225] The controller 601 stores the calculated position
information of the absorption coefficient ma of the wave-
length λ2 and the image in the memory 700.
[0226] Next, in the ninth step, the controller 601 drives
the first drive mechanism 901 and the second drive mech-
anism 902 so that positions of the first slider 34 and the
second slider 40 with respect to the inspection object E
are changed to be the next measurement positions.
[0227] Next, in the tenth step, steps similar to the first,
second, third, fourth, fifth, sixth, seventh, eighth, and
ninth steps described above are performed until the
measurement of every measurement positions are fin-
ished.
[0228] Next, in the eleventh step after all the measure-
ment positions have been measured, the controller 601
superimposes the distribution images of the absorption
coefficient ma having the wavelengths λ1 and λ2 and
displays the result on the display 800.
[0229] Finally, in the twelfth step, the measurement is
finished.
[0230] FIGS. 15 and 16 are schematic block diagrams
of a measurement apparatus of another example accord-
ing to Example 2. FIG. 15 is a side view, and FIG. 16 is
an upper view.
[0231] A member denoted by the same reference sym-
bol as that illustrated in FIGS. 1 to 14 is a member having
the same function as described above.
[0232] In this example, a rotation drive mechanism 903
is disposed with respect to a cylindrical inspection object
E. The rotation drive mechanism 903 changes positions
of a first illumination optical system 206, the ultrasonic
detector 405, and a second illumination optical system
302 with respect to the inspection object E.
[0233] The rotation drive mechanism 903 is controlled
to conduct rotation scan-drive of the individual structural
members with respect to the inspection object E, where-
by the cylindrical inspection object E can be measured.
[0234] The inspection object E is held in a cylindrical
housing 43. A matching agent 44 is filled in a gap between
the inspection object E and the housing 43.
[0235] The housing 43 and the matching agent 44 have
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a high transmittance property and a low attenuation prop-
erty with respect to light and an acoustic wave emitted
by the pulse beam generator 100.
[0236] As a material constituting the housing 43, a ma-
terial similar to the spacer 19 of Example 1 can be used.
As a material constituting the matching agent 44, it is
possible to use water, castor oil, ultrasonic inspection
gel, or the like.
[0237] The first illumination optical system 206 in-
cludes mirrors 46 and 47, and a lens 48. A pulse beam
emitted from the pulse beam generator 100 is divided
into two beams by a beam splitter 45. One of the beams
is led to the first illumination optical system 206, and the
beam is reflected by the mirrors 46 and 47 and then is
enlarged by the lens 48.
[0238] After that, the beam passes through the circular
opening part of the ultrasonic detector 405 so as to illu-
minate the surface of the inspection object E via the hous-
ing 43 and the matching agent 44. The ultrasonic detector
405 is similar to the one described above with reference
to FIG. 11.
[0239] Similarly to Example 1, the second illumination
optical system 302 is disposed so as to be opposed to
the first illumination optical system 206 via the inspection
object disposed therebetween, and the center axes of
axial symmetry of the regions illuminated by the illumi-
nation optical systems coincide with each other. In this
example, the detection surface of the ultrasonic detector
405 is disposed on the same surface as the irradiation
surface of the first illumination optical system 206 of the
housing 43.
[0240] The second illumination optical system 302 in-
cludes mirrors 49 and 50, and a lens 51. The other of the
two pulse beams divided by the beam splitter 45 is led
to the second illumination optical system 302. The beam
is reflected by the mirrors 49 and 50 and then is enlarged
by the lens 51 so as to illuminate the surface of the in-
spection object E via the housing 43 and the matching
agent 44.
[0241] The rotation drive mechanism 903 includes a
rotation stage 52 and a motor 53 for driving the rotation
stage 52. The rotation stage 52 houses a set of the beam
splitter 45, the first illumination optical system 206, the
ultrasonic detector 405, and the second illumination op-
tical system 302.
[0242] The rotation stage 52 and the set of members
housed in the rotation stage 52 can be driven by the motor
53 to rotate in a direction of the arrow illustrated in FIG.
15 or 16.
[0243] In addition to the functions of the controller 601
described above, a controller 602 controls positions, tim-
ings, and the like for driving the rotation drive mechanism
903, and is connected to the rotation drive mechanism
903.
[0244] As described above, according to the measure-
ment apparatus of Example 2, the first illumination optical
system and the second illumination optical system are
disposed to be opposed to each other via the inspection

object disposed therebetween. In addition, the center ax-
es of axial symmetry of the regions illuminated by the
illumination optical systems coincide with each other, and
the detection surface of the ultrasonic detector is dis-
posed on the same surface as the irradiation surface on
the housing by the first illumination optical system. In
other words, the detection surface of the ultrasonic de-
tector is positioned on the same side as that of the irra-
diation surface for the first illumination optical system to
irradiate the inspection object with the pulse beam, with
respect to the inspection object.
[0245] The scan-drive of the individual structural mem-
bers is performed with respect to the inspection object E
while keeping the position relationship as described
above, whereby a photoacoustic signal generated from
a boundary of the absorber α existing in a deep part of
the inspection object E can be detected as a high contrast
signal in the entire inspection object E.
[0246] Therefore, it is possible to provide the meas-
urement apparatus capable of measuring a position and
a size of the absorber α with high accuracy.

Example 3

[0247] FIG. 17 is a schematic block diagram of a meas-
urement apparatus according to Example 3.
[0248] The basic structure of the measurement appa-
ratus is similar to the structure of Example 2 illustrated
in FIG. 14, and structural members denoted by the ref-
erence symbols have the same function as those de-
scribed above in Example 2.
[0249] In this example, a plate drive mechanism 904
is disposed additionally.
[0250] The plate drive mechanism 904 includes a slide
guide 54 and a motor 55.
[0251] One end of the slide guide 54 is coupled to the
second plate 26 contacting with the inspection object E,
and the position of the second plate 26 can be moved in
the arrow illustrated in FIG. 17. As an example of the
member forming the slide guide 55, it is possible to use
a ball screw, a linear guide, or the like.
[0252] Energy intensity of the light applied to the in-
spection object E is attenuated largely by influences of
absorption and dispersion in the biological tissue, where-
by measurement in a deep part is difficult.
[0253] Therefore, as to an inspection object such as a
breast, it is considered to press the inspection object so
as to increase the energy of light reaching the inside of
the inspection object.
[0254] In this example, there is provided a function of
controlling the plate drive mechanism 904 to press the
inspection object E held between the first plate 25 and
the second plate 26.
[0255] The second illumination optical system 301 is
disposed so that the second illumination optical system
301 is opposed to the first illumination optical system
205, and that the center axes of axial symmetry of the
regions illuminated by the second illumination optical sys-
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tem 301 and the first illumination optical system 205 co-
incide with each other.
[0256] The detection surface of the ultrasonic detector
403 is disposed on the same surface of the irradiation
surface of the first illumination optical system 205 on the
first plate 25.
[0257] In addition to the functions of the controller 601
of Example 2 described above, the controller 603 con-
trols, for example, a position for driving the plate drive
mechanism 904.
[0258] When this device presses the inspection object
E, the spherical absorber α positioned in the inspection
object E is deformed to be flat in the pressing direction.
[0259] Intensity of the photoacoustic signal S generat-
ed from the absorber α deformed in this manner has an
anisotropy, and thus the stronger signal is generated
from a flat region.
[0260] Therefore, the ultrasonic detector 403 is dis-
posed on the same surface as that of the first illumination
optical system 205 of the first plate 25 pressing the in-
spection object E so that the stronger photoacoustic sig-
nal S is detected.
[0261] As described above, in the measurement ap-
paratus according to Example 3, the first illumination op-
tical system and the second illumination optical system
that press and illuminate the inspection object are dis-
posed so that the first illumination optical system and the
second illumination optical system are opposed to each
other via the inspection object disposed therebetween,
and that the center axes of axial symmetry of the regions
illuminated by the first illumination optical system and the
second illumination optical system coincide with each
other.
[0262] In addition, the detection surface of the ultra-
sonic detector is disposed on the same surface of the
irradiation surface (on the plate) of the first illumination
optical system. In other words, the detection surface of
the ultrasonic detector is positioned on the same side as
that of the irradiation surface on which the first illumina-
tion optical system irradiates the inspection object with
the pulse beam with respect to the inspection object. With
the above-mentioned structure, a photoacoustic signal
generated from a boundary of the absorber α positioned
in a deep part of a biological tissue can be detected with
a high contrast signal.
[0263] Therefore, it is possible to provide a measure-
ment apparatus capable of measuring a position and a
size of the absorber α with high accuracy.
[0264] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodimentsbut by the scope of the following
claims.
[0265] This application claims the benefit of Japanese
Patent Application No. 2008-182060, filed July 11, 2008.

Claims

1. A measurement apparatus, comprising:

a light source unit (100; 101, 102) for emitting a
pulse beam;
an illumination optical unit (200, 300) for leading
the pulse beam emitted by the light source unit
to an inside of an inspection object (E), wherein
the illumination optical unit (200, 300) includes
a first illumination optical unit (200) and a second
illumination optical unit (300) that are arranged
so that the inspection object (E) is irradiated with
the pulse beam from both sides of the object to
be inspected opposingly; and
a detection unit (400) for detecting a photoa-
coustic wave generated by the pulse beam led
to the inside of the inspection object (E);
characterized in that
the detection unit (400) is disposed so that a
detection surface of the detection unit (400) is
positioned on the same side of the object to be
inspected as the irradiating surface of the first
illumination optical unit (200) which irradiates
the inspection object (E) with the pulse beam.

2. A measurement apparatus according to Claim 1,
wherein the detection unit has a center axis, and the
first illumination optical unit (200) and the detection
unit (400) are disposed so that an axis of the pulse
beam irradiated by the first illumination optical unit
(200) and the center axis of the detection unit coin-
cide with each other.

3. A measurement apparatus according to Claim 1 or
2, wherein the first illumination optical unit (200) and
the second illumination optical unit (300) are dis-
posed so that an axis of the pulse beam irradiated
by the first illumination optical unit (200) and an axis
of the pulse beam irradiated by the second illumina-
tion optical unit (300) (E) coincide with each other.

4. A measurement apparatus according to any one of
Claims 1 to 3, further comprising a distance modify-
ing unit for changing a distance between the first
illumination optical unit (200) and the second illumi-
nation optical unit (300).

5. A measurement apparatus according to any one of
Claims 1 to 4, further comprising a spacer formed of
a member having a high transmittance property and
a low attenuation property with respect to light from
the light source unit (100) and an acoustic wave,
wherein the spacer is arranged such that the spacer
is between the inspection object (E) and the detec-
tion unit (400) if the inspection object (E) is arranged
in the measurement apparatus.
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6. A measurement apparatus according to any one of
Claims 1 to 5, wherein the illumination optical unit
(200, 300) is formed of an optical fiber.

7. A measurement apparatus according to any one of
Claims 1 to 5, wherein the illumination optical unit
(200, 300) is formed of an optical fiber and a lens.

8. A measurement apparatus according to any one of
Claims 1 to 5, wherein the illumination optical unit
(200, 300) is formed of an optical fiber, a lens, and
an acousto-optic beam splitter.

9. A measurement apparatus according to any one of
Claims 1 to 5, wherein the illumination optical unit
(200, 300) is formed of a mirror, a beam splitter, and
a lens.

10. A measurement apparatus according to any one of
Claims 1 to 9, further comprising:

a first plate (25) and a second plate (26) for hold-
ing the inspection object (E) therebetween; and
a plate drive mechanism (904) for controlling
pressure exerted on the inspection object (E) by
the first plate (25) and the second plate (26).

11. A measurement apparatus according to any one of
claims 1 to 10, wherein the wavelength of the pulse
beam emitted from the first illumination optical unit
(200) and the wavelength of the pulse beam emitted
from the second illumination optical unit (300) are
identical with each other.

Patentansprüche

1. Messvorrichtung mit:

einer Lichtquelleneinheit (100; 101, 102) zum
Emittieren eines gepulsten Strahls;
einer optischen Beleuchtungseinheit (200, 300)
zum Führen des von der Lichtquelleeinheiten
emittierten gepulsten Strahls in ein Inneres ei-
nes Untersuchungsobjekts (E), wobei die opti-
sche Beleuchtungseinheit (200, 300) eine erste
optische Beleuchtungseinheit (200) und eine
zweite optische Beleuchtungseinheit (300) auf-
weist, die so angeordnet sind, dass das Unter-
suchungsobjekt (E) mit dem gepulsten Strahl
von beiden Seiten des zu untersuchenden Ob-
jekts entgegengesetzt bestrahlt wird; und
einer Erfassungseinheit (400) zum Erfassen ei-
ner fotoakustischen Welle, die durch den in das
Innere des Untersuchungsobjekts (E) geleiteten
Strahl erzeugt wird,
dadurch gekennzeichnet, dass
die Erfassungseinheit (400) so angeordnet ist,

dass eine Erfassungsoberfläche der Erfas-
sungseinheit (400) auf derselben Seite des zu
untersuchenden Objekts wie die Bestrahlungs-
oberfläche der ersten optischen Beleuchtungs-
einheit (200) angeordnet ist, die das Untersu-
chungsobjekt (E) mit dem gepulsten Strahl be-
strahlt.

2. Messvorrichtung nach Anspruch 1, wobei die Erfas-
sungseinheit eine Zentralachse hat, und die erste
optische Beleuchtungseinheit (200) und die Erfas-
sungseinheit (400) so angeordnet sind, dass eine
Achse des durch die erste optische Beleuchtungs-
einheit (200) gestrahlten gepulsten Strahls und die
Zentralachse der Erfassungseinheit miteinander zu-
sammenfallen.

3. Messvorrichtung nach Anspruch 1 oder 2, wobei die
erste optische Beleuchtungseinheit (200) und die
zweite optische Beleuchtungseinheit (300) so ange-
ordnet sind, dass eine Achse des durch die erste
optische Beleuchtungseinheit (200) gestrahlten ge-
pulsten Strahls und eine Achse des durch die zweite
optische Beleuchtungseinheit (300) gestrahlten ge-
pulsten Strahls (E) zusammenfallen.

4. Messvorrichtung nach einem der Ansprüche 1 bis 3,
ferner mit einer Abstandsmodifizierungseinheit zum
Ändern eines Abstands zwischen der ersten opti-
schen Beleuchtungseinheit (200) und der zweiten
optischen Beleuchtungseinheit (300).

5. Messvorrichtung nach einem der Ansprüche 1 bis 4,
ferner mit einem Abstandshalter, der aus einem Bau-
teil mit einer hohen Transmissionseigenschaft und
einer geringen Schwächungseigenschaft mit Bezug
auf Licht von der Lichtquelleneinheit (100) und einer
akustischen Welle gebildet ist, wobei der Abstands-
halter so angeordnet ist, dass der Abstandshalter
zwischen dem Untersuchungsobjekt (E) und der Er-
fassungseinheit (400) ist, wenn das Untersuchungs-
objekt (E) in der Messvorrichtung angeordnet ist.

6. Messvorrichtung nach einem der Ansprüche 1 bis 5,
wobei die optische Beleuchtungseinheit (200, 300)
aus einer optischen Faser gebildet ist.

7. Messvorrichtung nach einem der Ansprüche 1 bis 5,
wobei die optische Beleuchtungseinheit (200, 300)
aus einer optischen Faser und einer Linse gebildet
ist.

8. Messvorrichtung nach einem der Ansprüche 1 bis 5,
wobei die optische Beleuchtungseinheit (200, 300)
aus einer optischen Faser, einer Linse und einem
akusto-optischen Strahlteiler gebildet ist.

9. Messvorrichtung nach einem der Ansprüche 1 bis 5,
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wobei die optische Beleuchtungseinheit (200, 300)
aus einem Spiegel, einem Strahlteiler und einer Lin-
se gebildet ist.

10. Messvorrichtung nach einem der Ansprüche 1 bis 9,
ferner mit:

einer ersten Platte (25) und einer zweiten Platte
(26) zum Halten des Untersuchungsobjekts (E)
dazwischen; und
einem Plattenantriebsmechanismus (904) zum
Steuern eines Drucks, der auf das Untersu-
chungsobjekt (E) durch die erste Platte (25) und
die zweite Platte (26) ausgeübt wird.

11. Messvorrichtung nach einem der Ansprüche 1 bis
10, wobei die Wellenlänge des von der ersten opti-
schen Beleuchtungseinheit (200) emittierten gepuls-
ten Strahls und die Wellenlänge des von der zweiten
optischen Beleuchtungseinheit (300) emittierten ge-
pulsten Strahls zueinander identisch sind.

Revendications

1. Appareil de mesure, comprenant :

une unité de source de lumière (100 ; 101, 102)
destinée à émettre un faisceau d’impulsions ;
une unité optique d’éclairage (200, 300) desti-
née à diriger le faisceau d’impulsions émis par
l’unité de source de lumière vers une partie in-
térieure d’un objet d’inspection (E), l’unité opti-
que d’éclairage (200, 300) comportant une pre-
mière unité optique d’éclairage (200) et une
deuxième unité optique d’éclairage (300) qui
sont agencées de sorte que l’objet d’inspection
(E) soit irradié avec le faisceau d’impulsions à
partir des deux côtés de l’objet à inspecter de
manière opposée ; et
une unité de détection (400) destinée à détecter
une onde photoacoustique générée par le fais-
ceau d’impulsions dirigé vers la partie intérieure
de l’objet d’inspection (E) ;
caractérisé en ce que :

l’unité de détection (400) est disposée de
sorte qu’une surface de détection de l’unité
de détection (400) soit positionnée sur le
même côté de l’objet à inspecter en tant que
la surface d’irradiation de la première unité
optique d’éclairage (200) qui irradie l’objet
d’inspection (E) avec le faisceau d’impul-
sions.

2. Appareil de mesure selon la revendication 1, dans
lequel l’unité de détection a un axe central, et la pre-
mière unité optique d’éclairage (200) et l’unité de

détection (400) sont disposées de sorte qu’un axe
du faisceau d’impulsions irradié par la première unité
optique d’éclairage (200) et que l’axe central de l’uni-
té de détection coïncident l’un avec l’autre.

3. Appareil de mesure selon la revendication 1 ou 2,
dans lequel la première unité optique d’éclairage
(200) et la deuxième unité optique d’éclairage (300)
sont disposées de sorte qu’un axe du faisceau d’im-
pulsions irradié par la première unité optique d’éclai-
rage (200) et qu’un axe du faisceau d’impulsions ir-
radié par la deuxième unité optique d’éclairage (300)
(E) coïncident l’un avec l’autre.

4. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 3, comprenant en outre une unité
de modification de distance destinée à changer une
distance entre la première unité optique d’éclairage
(200) et la deuxième unité optique d’éclairage (300).

5. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 4, comprenant en outre une entre-
toise formée d’un élément ayant une propriété de
transmittance élevée et une propriété d’atténuation
faible par rapport à la lumière provenant de l’unité
de source de lumière (100) et à une onde acoustique,
l’entretoise étant agencée de sorte que l’entretoise
soit entre l’objet d’inspection (E) et l’unité de détec-
tion (400) si l’objet d’inspection (E) est agencé dans
l’appareil de mesure.

6. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 5, dans lequel l’unité optique d’éclai-
rage (200, 300) est formée d’une fibre optique.

7. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 5, dans lequel l’unité optique d’éclai-
rage (200, 300) est formée d’une fibre optique et
d’une lentille.

8. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 5, dans lequel l’unité optique d’éclai-
rage (200, 300) est formée d’une fibre optique, d’une
lentille et d’un diviseur de faisceau acousto-optique.

9. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 5, dans lequel l’unité optique d’éclai-
rage (200, 300) est formée d’un miroir, d’un diviseur
de faisceau et d’une lentille.

10. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 9, comprenant en outre :

une première plaque (25) et une deuxième pla-
que (26) destinées à maintenir l’objet d’inspec-
tion (E) entre elles ; et
un mécanisme d’entraînement de plaque (904)
destiné à commander une pression exercée sur

29 30 



EP 2 299 897 B1

17

5

10

15

20

25

30

35

40

45

50

55

l’objet d’inspection (E) par la première plaque
(25) et la deuxième plaque (26).

11. Appareil de mesure selon l’une quelconque des re-
vendications 1 à 10, dans lequel la longueur d’onde
du faisceau d’impulsions émis à partir de la première
unité optique d’éclairage (200) et la longueur d’onde
du faisceau d’impulsions émis à partir de la deuxiè-
me unité optique d’éclairage (300) sont identiques
l’une à l’autre.
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