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PHOTOACOUSTIC IMAGING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a photoacoustic
imaging apparatus, and more particularly, it relates to a pho-
toacoustic imaging apparatus including a light source portion
emitting light to a test object and an ultrasonic detector detect-
ing an acoustic wave as an ultrasonic wave generated by a
target in the test object.

[0003] 2. Description of the Background Art

[0004] A photoacoustic imaging apparatus or the like
including a light source portion emitting light to a test object
and an ultrasonic detector detecting an acoustic wave as an
ultrasonic wave generated by a target in the test object is
known in general, as disclosed in Japanese Patent Laying-
Open No. 6-296612 (1994).

[0005] Japanese Patent Laying-Open No. 6-296612 dis-
closes a photoacoustic computed tomography apparatus
(photoacoustic imaging apparatus) including a laser beam
source generating probe light, an optical cable guiding the
probe light to an object to be measured (test object), acoustic
signal detectors (ultrasonic detector) arranged on a surface of
the object to be measured, detecting the intensity of only an
acoustic signal (acoustic wave) of the probe light, and a
computer system computing a material distribution in the
object to be measured by processing detected acoustic signal
information, indicating the timing of generating the probe
light to the laser beam source. In this photoacoustic computed
tomography apparatus, an acoustic signal is generated from a
target absorbing the energy of light in the object to be mea-
sured, and the acoustic signal propagates inside the object to
be measured when the light is emitted from the laser beam
source to the object to be measured. Furthermore, this acous-
tic signal is detected by the acoustic signal detectors, and the
computer system performs signal processing on the basis of
the detected acoustic signal, whereby the target generating
the acoustic signal is visualized (imaged).

[0006] This photoacoustic imaging apparatus is subjected
to active research in a medical field as an imaging apparatus
for obtaining information in a living body.

[0007] Inthe photoacoustic computed tomography appara-
tus described in Japanese Patent Laying-Open No. 6-296612,
however, a high-power solid-state laser is conceivably
employed as a light source in order to obtain a high signal-
to-noise ratio. Highly accurate alignment (arrangement) of
members is required to employ this solid-state laser as a light
source, and an optical surface plate for suppressing property
fluctuation resulting from vibration of an optical system and
a strong housing are necessary. Consequently, an apparatus
for generating a laser beam is increased in size and compli-
cated in structure, and hence it is difficult to downsize and
simplify the photoacoustic computed tomography apparatus.

SUMMARY OF THE INVENTION

[0008] The present invention has been proposed in order to
solve the aforementioned problem, and an object of the
present invention is to provide a photoacoustic imaging appa-
ratus capable of being downsized and simplified.

[0009] A photoacoustic imaging apparatus according to an
aspect of the present invention includes a detecting portion
configured to be capable of emitting light to a test object,
detecting an acoustic wave generated by absorption of the
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light that is emitted by a target in the test object, and a signal
processing portion processing and imaging a signal detected
by the detecting portion, and the detecting portion is arranged
close to the test object and includes a light source portion
having a plurality of LED elements emitting the light to the
test object, an ultrasonic detector arranged in the vicinity of
the light source portion, configured to detect the acoustic
wave as an ultrasonic wave generated by the absorption of the
light emitted from the light source portion to the test object,
and a light source drive circuit arranged in the vicinity of the
light source portion, driving the light source portion.

[0010] As hereinabove described, the photoacoustic imag-
ing apparatus according to the aspect of the present invention
is provided with the light source portion having the plurality
of LED elements emitting the light to the test object, whereby
no optical surface plate for suppressing property fluctuation
resulting from vibration of an optical system (device periph-
eral to a solid-state laser beam source) or strong housing is
necessary unlike the case where a solid-state laser is
employed as a light source, and hence the light source portion
can be downsized. Furthermore, the light source portion is
provided in the detecting portion arranged close to the test
object, whereby the light source portion and the detecting
portion are integrated, so that the simple structure can be
achieved. Thus, the photoacoustic imaging apparatus can be
downsized and simplified (compactified). In addition, the
light source drive circuit is arranged in the vicinity of the light
source portion in the detecting portion, whereby the light
source drive circuit is close to the light source portion, so that
generation of noise resulting from a drive signal of the light
source drive circuit can be suppressed. Thus, a bad influence
(disturbance of the signal or the like) of the noise generated by
the drive signal on a device such as the ultrasonic detector can
be suppressed.

[0011] Intheaforementioned photoacoustic imaging appa-
ratus according to the aspect, the ultrasonic detector prefer-
ably has an ultrasonic vibrating element detecting the acous-
tic wave as the ultrasonic wave, in a plan view, the ultrasonic
vibrating element is preferably arranged in a substantially
central portion of the detecting portion, and the light source
portion is preferably arranged adjacent to the ultrasonic
vibrating element. According to this structure, the light
source portion can be easily arranged at a position in the
vicinity of the ultrasonic detector having the ultrasonic
vibrating element.

[0012] Intheaforementioned photoacoustic imaging appa-
ratus according to the aspect, the ultrasonic vibrating element
of the ultrasonic detector is preferably arranged to extend
along a first direction, and the light source portion having the
LED elements is preferably arranged in the vicinity of the
ultrasonic detector to extend along the first direction. Accord-
ing to this structure, both the ultrasonic vibrating element
detecting the acoustic wave as the ultrasonic wave and the
light source portion having the LED elements are arranged
along the first direction, and hence the light can be emitted
from the light source portion to the test object along the
arrangement of the ultrasonic vibrating element. Conse-
quently, the acoustic wave along the first direction can be
generated, and hence the ultrasonic vibrating element along
the first direction can efficiently detect the generated acoustic
wave.

[0013] In this case, the light source portion is preferably
arranged in the vicinity of the ultrasonic detector to sandwich
the ultrasonic vibrating element from a first side of a second



US 2015/0038845 A1l

direction orthogonal to the first direction and a second side
thereof. According to this structure, the light along the
arrangement of the ultrasonic vibrating element can be emit-
ted to the test object from both sides of the ultrasonic vibrat-
ing element detecting the acoustic wave, and hence the
amount of light emitted to the test object can be easily
increased. Consequently, the larger acoustic wave along the
first direction can be generated, and hence the acoustic wave
generated by the ultrasonic vibrating element along the first
direction can be more efficiently detected.

[0014] In the aforementioned structure in which the ultra-
sonic vibrating element and the light source portion having
the LED elements are arranged to extend along the first direc-
tion, the light source portion is preferably arranged such that
a mounting surface mounted with the LED elements is
inclined toward the ultrasonic vibrating element. According
to this structure, the light from the light source portion can be
emitted in a direction in which the ultrasonic vibrating ele-
ment is arranged, and hence the light can be reliably emitted
to the test object in the vicinity of the ultrasonic vibrating
element. Consequently, the detectable acoustic wave can be
more efficiently generated.

[0015] Inthe aforementioned photoacoustic imaging appa-
ratus according to the aspect, the detecting portion preferably
further includes a light guide portion guiding the light from
the light source portion included in the detecting portion to
the test object. According to this structure, a loss of the light
between the light source portion and the test object can be
reduced, and hence the loss of the light is reduced, so that the
use efficiency of the light emitted from the light source por-
tion can be improved.

[0016] In this case, the light source portion is preferably
arranged to extend along a first direction, and the light guide
portion is preferably formed to extend along the first direction
in which the light source portion extends. According to this
structure, both the light source portion emitting the light and
the light guide portion guiding the light from the light source
portion to the test object are arranged along the first direction,
and hence the light can be reliably emitted from the light
source portion to the light guide portion. Consequently, the
loss of the light between the light source portion and the test
object can be reduced, and hence the loss of the light is
reduced, so that the use efficiency of the light emitted from the
light source portion can be improved.

[0017] Inthe aforementioned photoacoustic imaging appa-
ratus according to the aspect, the detecting portion preferably
further includes a drive power supply portion arranged in the
vicinity of the light source portion of the detecting portion,
supplying power to the light source portion. According to this
structure, the drive power supply portion is arranged in the
vicinity of the light source portion, and hence the drive power
supply portion is close to the light source portion, so that
generation of noise can be suppressed when the drive power
supply portion supplies power to the light source portion.
Consequently, a bad influence (disturbance of the signal or
the like) of the noise generated when the power is supplied on
a device such as the ultrasonic detector can be further sup-
pressed.

[0018] Inthe aforementioned structure in which the detect-
ing portion includes the light guide portion guiding the light
from the light source portion to the test object, the detecting
portion preferably further includes a condensing portion
arranged between the light source portion and the light guide
portion, condensing the light from the light source portion
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onto the light guide portion. According to this structure, the
light from the light source portion can be reliably condensed
onto the light guide portion, and hence the use efficiency of
the light is increased, and the amount of light emitted to the
test object can be easily ensured.

[0019] Inthe aforementioned photoacoustic imaging appa-
ratus according to the aspect, the plurality of LED elements of
the light source portion preferably include a first LED ele-
ment arranged in the vicinity of the ultrasonic detector, emit-
ting the light having a first wavelength and a second LED
element arranged in the vicinity of the ultrasonic detector,
emitting the light having a second wavelength. According to
this structure, two types of wavelengths are employed,
whereby the amount of detected information can be increased
(two types of acoustic waves can be obtained), and hence
more various image information (detection signals) can be
obtained, as compared with the case where one wavelength is
employed.

[0020] In this case, the light source drive circuit is prefer-
ably configured to drive the first LED element and the second
LED element such that an output of the light having the first
wavelength and an output of the light having the second
wavelength are substantially equal to each other. According
to this structure, even when the conversion efficiency of the
light output with respect to power of the first LED element
and the conversion efficiency of the light output with respect
to power of the second LED element are different from each
other, the outputs of the light having two types of wavelengths
can be substantially equal to each other, and hence the inten-
sity of the light having two types of wavelengths emitted to
the test object can be matched.

[0021] In the aforementioned structure in which the light
source portion includes the first LED element and the second
LED element, the light source portion preferably has a plu-
rality of first LED elements and a plurality of second LED
elements, the numbers of which are adjusted according to the
ratio of a maximum output of the light emitted from the first
LED elements and a maximum output of the light emitted
from the second LED elements such that a total output of the
light from the plurality of first LED elements and a total
output of the light from the plurality of second LED elements
are substantially equal to each other. According to this struc-
ture, even when the conversion efficiency of the light output
with respect to the power of the first LED elements and the
conversion efficiency of the light output with respect to the
power of the second LED elements are different from each
other, the number of the plurality of first LED elements and
the number of the plurality of second LED elements are
adjusted according to the ratio of the maximum outputs,
whereby the outputs of the light having two types of wave-
lengths can be substantially equal to each other, and hence the
intensity of the light having two types of wavelengths emitted
to the test object can be matched.

[0022] In the aforementioned structure in which the light
source portion includes the first LED element and the second
LED element, the first LED element and the second LED
element are preferably arranged in the light source portion
such that the distribution shapes of the light emitted from a
plurality of first LED elements and a plurality of second LED
elements are substantially identical to each other. According
to this structure, the distribution shapes of the light emitted
from the plurality of first LED elements and the plurality of
second LED elements can be substantially identical to each
other, and hence variations in emission of the light having the
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first and second wavelengths to the target of the test object
resulting from the distribution shapes of the light from the
first LED elements and the second LED elements can be
suppressed.

[0023] In this case, the light source portion is preferably
configured such that the distribution shapes of the light hav-
ing the first wavelength and the second wavelength emitted
from the plurality of LED elements are substantially identical
to each other by alternately arranging the plurality of first
LED elements formed of a single group or a plurality of
groups and the plurality of second LED elements formed of a
single group or a plurality of groups. According to this struc-
ture, the first LED elements and the second LED elements are
alternately arranged, whereby not only the distribution shapes
of the light from the first LED elements and the second LED
elements but also the distribution positions of the light having
the first wavelength and the second wavelength with respect
to the light source portion can be substantially identical to
each other, and hence the variations in the emission of the
light having the first and second wavelengths to the target of
the test object resulting from the distribution shapes and the
distribution positions of the light from the first LED elements
and the second LED elements can be reliably suppressed.
[0024] In the aforementioned structure in which the first
LED elements and the second LED elements are alternately
arranged, the light source portion is preferably arranged to
extend along a first direction, and the plurality of first LED
elements formed of the single group or the plurality of groups
and the plurality of second LED elements formed of the single
group or the plurality of groups are preferably alternately
arranged along the first direction. According to this structure,
the distribution shapes of the light having the first wavelength
and the second wavelength emitted from the plurality of LED
elements can be substantially identical to each other along the
first direction.

[0025] 1Inthe aforementioned photoacoustic imaging appa-
ratus according to the aspect, the ultrasonic detector is pref-
erably configured to generate the ultrasonic wave to the test
object and detect the ultrasonic wave reflected by the test
object, and the signal processing portion is preferably con-
figured to process and image the signal on the basis of detec-
tion results of both the acoustic wave generated by the absorp-
tion of the light by the target in the test object and the
ultrasonic wave reflected by the test object. According to this
structure, the signal processing portion can image the detec-
tion signals of not only the acoustic wave generated by the
absorption of the light by the target in the test object but also
the ultrasonic wave reflected by the test object, and hence an
image in the test object can be more accurately obtained.
[0026] Inthe aforementioned photoacoustic imaging appa-
ratus according to the aspect, the detecting portion arranged
close to the test object preferably further includes a tempera-
ture sensor detecting the temperature of the light source por-
tion, and the signal processing portion is preferably config-
ured to correct and image a detection result of the ultrasonic
detector on the basis of temperature information acquired by
the temperature sensor. According to this structure, even
when the wavelengths of the light emitted from the LED
elements are varied according to the temperature, the detec-
tion result can be corrected on the basis of the temperature
information acquired by the temperature sensor, and hence an
acoustic wave image can be more accurately obtained.
[0027] Intheaforementioned photoacoustic imaging appa-
ratus according to the aspect, the detecting portion arranged
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close to the test object preferably further includes a light
sensor configured to detect the light emitted from the light
source portion and reflected by the test object, the light sensor
is preferably directly connected to the light source drive cir-
cuit in the detecting portion, and the light source drive circuit
is preferably configured to suppress the amount of the light
emitted from the light source portion to the test object or stop
light emission from the light source portion to the test object
when the amount of reflection of the light is smaller than a
prescribed amount on the basis of a light detection result of
the light sensor. According to this structure, the light source
drive circuit provided in the detecting portion can promptly
turn off (stop) the light emission from the light source portion
to the test object when the detecting portion arranged close to
the test object is separated from the test object and the amount
of reflection of the light is reduced, for example.

[0028] Intheaforementioned photoacoustic imaging appa-
ratus according to the aspect, the ultrasonic detector prefer-
ably has an ultrasonic vibrating element detecting the acous-
tic wave as the ultrasonic wave, and the ultrasonic vibrating
element is preferably detachably provided in the detecting
portion. According to this structure, even when the ultrasonic
vibrating element is broken, the entire detecting portion may
not be replaced, and hence the detecting portion can be easily
repaired.

[0029] Theaforementioned photoacoustic imaging appara-
tus according to the aspect preferably further includes an
auxiliary light emitting portion provided to be opposed to the
detecting portion through the test object, emitting light to the
test object. According to this structure, not only the light from
the detecting portion but also the light from the auxiliary light
emitting portion can be emitted to the test object, and hence
the acoustic wave can be obtained at a prescribed intensity
even when the light is easily attenuated in the test object or
even when the thickness of the test object is large. Conse-
quently, this photoacoustic imaging apparatus can be applied
to more various test objects.

[0030] According to the present invention, as hereinabove
described, the photoacoustic imaging apparatus capable of
being downsized and simplified can be provided.

[0031] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1isa diagram showing the overall structure of
a photoacoustic imaging apparatus according to a first
embodiment of the present invention;

[0033] FIG. 2is a block diagram showing the overall struc-
ture of the photoacoustic imaging apparatus according to the
first embodiment of the present invention;

[0034] FIG. 3 is a side elevational view of a detecting por-
tion of the photoacoustic imaging apparatus according to the
first embodiment of the present invention;

[0035] FIG. 4 is a plan view of the detecting portion of the
photoacoustic imaging apparatus according to the first
embodiment of the present invention;

[0036] FIG. 5 is a diagram showing the arrangement of
LED elements on a light source portion of the photoacoustic
imaging apparatus according to the first embodiment of the
present invention;
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[0037] FIG. 6 is a diagram showing a modification of the
arrangement of the LED elements on the light source portion
of the photoacoustic imaging apparatus according to the first
embodiment of the present invention;

[0038] FIG.7isablock diagram showing the overall struc-
ture of a photoacoustic imaging apparatus according to a
second embodiment of the present invention;

[0039] FIG. 8illustrates a state before an ultrasonic probe is
mounted on a light source unit of the photoacoustic imaging
apparatus according to the second embodiment of the present
invention;

[0040] FIG. 9 illustrates a state where the ultrasonic probe
is mounted on the light source unit of the photoacoustic
imaging apparatus according to the second embodiment of
the present invention;

[0041] FIG. 10 is a diagram showing the arrangement of
LED elements on a light source portion of the photoacoustic
imaging apparatus according to the second embodiment of
the present invention;

[0042] FIG. 11 is a diagram for illustrating the structure of
a photoacoustic imaging apparatus according to a third
embodiment of the present invention; and

[0043] FIG. 12 is a diagram for illustrating a modification
of the first embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] Embodiments of the present invention are hereinaf-
ter described with reference to the drawings.

First Embodiment

[0045] The structure of a photoacoustic imaging apparatus
100 according to a first embodiment of the present invention
is now described with reference to FIGS. 1 to 6.

[0046] The photoacoustic imaging apparatus 100 accord-
ing to the first embodiment of the present invention includes
a detecting portion 20 configured to acquire image informa-
tion in a test object 10, a signal processing portion 30 pro-
cessing and imaging a signal detected by the detecting portion
20, and an image display portion 40 configured to display an
image processed by the signal processing portion 30, as
shown in FIG. 1.

[0047] According to the first embodiment, the detecting
portion 20 includes a light source portion 21 emitting light to
the test object 10, a light source drive circuit 22 transmitting
a drive signal to the light source portion 21, and a drive power
supply portion 23 supplying power to the light source portion
21 through the light source drive circuit 22, as shown in FIG.
2. The detecting portion 20 includes an ultrasonic probe 24
having a function of detecting an acoustic wave 80 (see FIG.
3) as an ultrasonic wave generated by absorption of the light
by a light absorber 10a (see F1G. 3) in the test object 10 and
a function of generating an ultrasonic wave 90 (see FIG. 3) to
the test object 10 and detecting the ultrasonic wave 90
reflected by the test object 10. The detecting portion 20 fur-
ther includes a condensing lens 25 condensing the light from
the light source portion 21 and a light guide portion 26 guid-
ing the light condensed by the condensing lens 25 to the
vicinity of the test object 10. The detecting portion 20 further
includes a temperature sensor 27 arranged on the light source
portion 21, detecting the temperature of the light source por-
tion 21 and a light sensor 28 arranged on the light guide
portion 26, detecting the light reflected by the test object 10.

Feb. 5, 2015

In FIG. 2, only a set of the light source portion 21, the
condensing lens 25, the light guide portion 26, the tempera-
ture sensor 27, and the light sensor 28 is shown for the con-
venience of illustration, but two sets of the aforementioned
components are actually arranged in the detecting portion 20,
as shown in FIG. 3. The ultrasonic probe 24 is an example of
the “ultrasonic detector” in the present invention. The con-
densing lenses 25 are examples of the “condensing portion”
in the present invention. The light absorber 10a is an example
of the “target” in the present invention.

[0048] In this description, the ultrasonic wave denotes an
acoustic wave (elastic wave) having such a high frequency
thata person with normal hearing does not have a sensation of
hearing and an acoustic wave (elastic wave) of at least about
16000 Hz. In this description, an ultrasonic wave generated
by absorption of light by the light absorber 10a in the test
object 10 is distinguished as the “acoustic wave” from an
ultrasonic wave generated by the ultrasonic probe 24,
reflected by the test object 10 as the “ultrasonic wave” for the
convenience of description.

[0049] Thelight source portions 21 each have a plurality of
LED elements 21a emitting light having a first wavelength
and a plurality of LED elements 215 emitting light having a
second wavelength. These LED elements 21a and LED ele-
ments 215 have maximum outputs different from each other.
The first wavelength and the second wavelength are arbi-
trarily selected according to an object to be measured. In the
case where oxygenated hemoglobin and reduced hemoglobin
in the blood are detected, for example, the first wavelength is
set to about 760 nm, and the second wavelength is setto about
850 nm. In this case, utilizing the inversion near a wavelength
of about 800 nm of the magnitude relationship between the
absorption spectrum of the oxygenated hemoglobin and the
absorption spectrum of the reduced hemoglobin, a difference
between the intensity of an acoustic wave signal detected with
the light having the first wavelength and the intensity of an
acoustic wave signal detected with the light having the second
wavelength is calculated, whereby which hemoglobin is more
contained in the blood can be detected. Thus, an artery or a
vein in the test object 10 can be determined and imaged. The
LED elements 21a are examples of the “first LED element” in
the present invention. The LED elements 215 are examples of
the “second LED element” in the present invention.

[0050] The light source drive circuit 22 has an LED drive
circuit 22a driving the LED elements 21a and an LED drive
circuit 225 driving the LED elements 215. The light source
drive circuit 22 is configured to supply power for light emis-
sion to the LED elements 21a and the LED elements 215
through the LED drive circuit 22a and the LED drive circuit
22b, respectively. The LED drive circuit 22a and the LED
drive circuit 226 are configured to supply different drive
power to the LED elements 21a and the LED elements 215.
The light source drive circuit 22 is configured to drive the
LED elements 21a and the LED elements 225 such that an
output of the light having the first wavelength and an output of
the light having the second wavelength are substantially equal
to each other.

[0051] The signal processing portion 30 includes a control
portion 31 configured to control components of the signal
processing portion 30 and the light source drive circuit 22, a
transmission control circuit 32 transmitting an ultrasonic trig-
ger signal to the ultrasonic probe 24 on the basis of the control
performed by the control portion 31, a receiving circuit 33
configured to receive signals of the acoustic wave 80 and the
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ultrasonic wave 90 detected by the ultrasonic probe 24, and an
A/D converter 34 converting temperature signals acquired by
the temperature sensors 27 into a digital signal. The signal
processing portion 30 further includes an A/D converter 35
converting the detected signals of the acoustic wave 80 and
the ultrasonic wave 90 into digital signals, a reception
memory 36 storing the detected signals of the acoustic wave
80 and the ultrasonic wave 90, and a data separating portion
37 separating the detected signals of the acoustic wave 80 and
the ultrasonic wave 90 from each other. The signal processing
portion 30 further includes a temperature correcting portion
51 correcting the separated signal of the acoustic wave 80
employing a temperature correction table 51a, an acoustic
wave image reconstructing portion 52 reconstructing the tem-
perature-corrected signal of the acoustic wave 80 as an image,
a detection/logarithm converter 53 performing waveform
processing upon output of the acoustic wave image recon-
structing portion 52, and an acoustic wave image constructing
portion 54 constructing a tomographic image in the test object
10 based on the detected signal of the acoustic wave 80. The
signal processing portion 30 further includes an ultrasonic
wave image reconstructing portion 55 reconstructing the sig-
nal of the ultrasonic wave 90 reflected from the test object 10
as an image, a detection/logarithm converter 56 performing
waveform processing upon output of the ultrasonic wave
image reconstructing portion 55, and an ultrasonic wave
image constructing portion 57 constructing a tomographic
image in the test object 10 based on the detected signal of the
ultrasonic wave 90. The signal processing portion 30 further
includes an image synthesizing portion 58 synthesizing the
image constructed by the acoustic wave image constructing
portion 54 and the image constructed by the ultrasonic wave
image constructing portion 57 and is configured to output an
image synthesized by the image synthesizing portion 58 to
the image display portion 40.

[0052] The temperature correction table 51a is a table for
temperature correction prepared on the basis ofa change in a
wavelength with respect to a change in the temperature of the
LED elements 21a and the LED elements 215 and a change in
an acoustic wave signal of the light absorber 10a (see FIG. 3)
with respect to the change in the wavelength, with which the
change in the acoustic wave signal of the light absorber 10a
with respect to the change in the temperature can be calcu-
lated.

[0053] According to the first embodiment, the ultrasonic
probe 24 has an ultrasonic vibrating element 24a (shown by
hatching) capable of emitting the ultrasonic wave 90 to the
test object 10, detecting the acoustic wave 80 and the ultra-
sonic wave 90 reflected by the test object 10, as shown in FIG.
3. Inthe detecting portion 20, the ultrasonic vibrating element
24a is arranged in the vicinity of the test object 10. In other
words, the ultrasonic vibrating element 24q is arranged in the
vicinity of an end face closer to the test object 10 (on a Z2
side) in the detecting portion 20. According to this first
embodiment, each component such as the light source por-
tions 21 is arranged in the ultrasonic probe 24, whereby the
detecting portion 20 is formed.

[0054] The detecting portion 20 includes the two light
source portions 21, the two condensing lenses 25, the two
light guide portions 26, the two temperature sensors 27, and
the two light sensors 28 (in pairs), and the aforementioned
components in pairs are arranged to sandwich the ultrasonic
vibrating element 24a therebetween. In the detecting portion
20, the light source drive circuit 22 and the drive power supply
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portion 23 are arranged between the two light source portions
21. Inthe detecting portion 20, the light source drive circuit 22
is arranged in the vicinity of the light source portions 21. The
detecting portion 20 is configured such that the two light
source portions 21, the light source drive circuit 22, and the
drive power supply portion 23 are electrically connected to
each other by electrical wires 70 (shown by broken lines)
therein. Furthermore, the detecting portion 20 is configured
such that the light source drive circuit 22 receives a signal
from the signal processing portion 30 through a wire 71
(shown by a broken line).

[0055] The detecting portion 20 is configured to perform
detection in a state where a transparent gel layer 60 (shown by
hatching) transmitting light intervenes between a surface of
the detecting portion 20 closer to the test object 10 (on the 72
side), on which the ultrasonic vibrating element 24a is
arranged and the test object 10. This gel layer 60 has a refrac-
tive index substantially equal to that of a surface of the test
object 10 and is configured to suppress reflection of the light
emitted from the light source portions 21 to the test object 10
by the surface of the test object 10. The gel layer 60 also
serves as a propagating substance for efficiently propagating
the acoustic wave 80 generated by the light absorber 104 of
the test object 10 and the ultrasonic wave 90 reflected by the
test object 10 to the ultrasonic vibrating element 24a.

[0056] According to the first embodiment, the ultrasonic
vibrating element 24a as a whole is arranged to extend along
a direction Y, as shown in FIG. 4. The ultrasonic vibrating
element 24a is configured such that a plurality of ultrasonic
vibrating elements that are unshown are arranged along the
direction Y. Furthermore, the ultrasonic vibrating element
24ais arranged in a substantially central portion of the detect-
ing portion 20. The direction Y is an example of the “first
direction” in the present invention.

[0057] The two light source portions 21 are arranged to
sandwich the ultrasonic vibrating element 24¢ from a first
side (X1 side) of a direction X orthogonal to the direction Y
and a second side (X2 side) thereof, as shown in FIG. 3. The
two light source portions 21 are arranged such that mounting
surfaces 21¢ mounted with the LED elements 21a and the
LED elements 215 (see FIG. 2) are inclined toward the ultra-
sonic vibrating element 24qa. The light source portions 21 are
configured to emit the light from the LED elements 21a and
the LED elements 215 to the test object 10 in the vicinity of
the ultrasonic vibrating element 24a. The light source por-
tions 21 are arranged in the vicinity of the ultrasonic vibrating
element 24a to extend along the direction Y, as shown in FIG.
4. The direction X is an example of the “second direction” in
the present invention.

[0058] The condensing lenses 25 are arranged between the
light source portions 21 and the light guide portions 26 to
cover the mounting surfaces 21¢ of the light source portions
21, as shown in FIG. 3. The condensing lenses 25 are config-
ured to condense light onto the central sides of the condensing
lenses 25 by refracting light incident from the light source
portions 21 and emit the condensed light to the light guide
portions 26.

[0059] The light guide portions 26 each are in the form of a
substantially flat plate extending along the direction Y, as
shown in FIGS. 3 and 4. The light guide portions 26 are made
of transparent resin such as acrylic resin or polycarbonate
resin. Incidence ends of the light guide portions 26 on a 71
side on which light is incident are arranged in the vicinity of
the condensing lenses 25, and emission ends of the light guide
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portions 26 on the Z2 side from which light is emitted are
arranged in the vicinity ofthe end face ofthe detecting portion
20 closer to the test object 10 (on the 72 side).

[0060] The light sensors 28 are configured to detect the
light emitted from the light source portions 21 and reflected
by the test object 10. The light sensors 28 are configured to be
directly connected to the light source drive circuit 22. The
light source drive circuit 22 is configured to stop emission of
light from the light source portions 21 when the amount of
reflection of light detected by the light sensors 28 is smaller
than a prescribed amount. In other words, the light source
drive circuit 22 is configured to stop the mission of light from
the light source portions 21 when the detecting portion 20 is
separated from the test object 10 and a detectable amount of
reflection of light is reduced.

[0061] According to the first embodiment, the light source
portions 21 are configured such that the plurality of LED
elements 21a (shown by hatching) and the plurality of LED
elements 215 are alternately lined, as shown in FIG. 5. Spe-
cifically, a line of the LED elements 21a formed of 3x6 LED
elements 21a and a line of the LED elements 215 formed of
3x6 LED elements 215 similarly are alternately arranged on
the mounting surfaces 21¢ of the light source portions 21.

[0062] The arrangement of the LED elements 21a and the
LED elements 215 according to the first embodiment is not
restricted to this, so far as the plurality of LED elements 21a
and the plurality of LED elements 215 are alternately
arranged on the mounting surfaces 21¢. Arrangement shown
in FIG. 6 may alternatively be employed, for example. Spe-
cifically, a group formed of 2x2 LED elements 21a and a
group formed of 2x2 LED elements 215 may be alternately
arranged in a lattice pattern. Furthermore, in the aforemen-
tioned arrangement of a group of NxNLED elements 21a and
a group of NxN LED elements 215, N may be a number other
than 2. For the convenience of illustration, the middle of the
light source portions 21 is omitted in FIGS. 5 and 6. The
arrangement of the LED elements 21a and the LED elements
215 of the two light source portions 21 is preferably substan-
tially the same.

[0063] The detection operation of the photoacoustic imag-
ing apparatus 100 according to the first embodiment of the
present invention is now described with reference to FIGS. 2
and 3.

[0064] First, a wavelength control signal is transmitted
from the control portion 31 of the signal processing portion 30
to the light source drive circuit 22. The light source drive
circuit 22 receiving the wavelength control signal selects
either the LED elements 21« or the LED elements 215 on the
basis of the received wavelength control signal. Then, the
control portion 31 transmits a light trigger signal, and the light
source drive circuit 22 receiving the light trigger signal trans-
mits the drive signal to the selected LED elements 21a or LED
elements 215. The LED elements 21¢ or LED elements 215
receiving the drive signal emit the light to the test object 10
through the condensing lenses 25 and the light guide portions
26. The light emitted to the test object 10 propagates inside
the test object 10 and is absorbed by the light absorber 10a.
The light absorber 10a absorbs the light thereby generating
the acoustic wave 80 (see FIG. 3) as the ultrasonic wave.
Thereafter, the acoustic wave 80 (80a) propagating inside the
test object 10 reaches the ultrasonic vibrating element 24a
and is detected as the acoustic wave signal. Following the
aforementioned operations, the non-selected LED elements
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21aor LED elements 215 emit the light in the same order, and
the acoustic wave 80 (805) is detected.

[0065] After the acoustic waves 80a and 805 are detected,
the control portion 31 transmits the ultrasonic trigger signal to
the ultrasonic probe 24 through the transmission control cir-
cuit 32, as shown in FIG. 2. The ultrasonic probe 24 receiving
the ultrasonic trigger signal generates the ultrasonic wave 90
from the ultrasonic vibrating element 24a to the test object 10,
as shown in FIG. 3. Thereafter, the ultrasonic wave 90
reflected inside the test object 10 reaches the ultrasonic
vibrating element 24q and is detected as an ultrasonic signal.
[0066] When the first light rigger signal is transmitted and
the light is emitted from the light source portions 21, the
control portion 31 starts to transmit a sampling trigger signal
to the A/D converter 35, as shown in FIG. 2. The A/D con-
verter 35 receiving the sampling trigger signal samples a
detection signal of the ultrasonic probe 24 received by the
receiving circuit 33. This sampling operation is continuously
performed also on the signal of the ultrasonic wave 90
reflected inside the test object 10 after the signals of the
acoustic waves 80a and 805 are sampled. Furthermore, this
sampling operation may be performed with a prescribed sam-
pling period in synchronization with an A/D clock signal
externally input, for example.

[0067] The aforementioned detection operation is sequen-
tially performed while the detecting portion 20 scans the
surface of the test object 10. Consequently, the signal pro-
cessing portion 30 synthesizes an image in the test object 10
on the basis of the sampled signals of the acoustic waves 80a
and 804 and the signal of the ultrasonic wave 90, and the
image in the test object 10 synthesized by the image display
portion 40 is displayed.

[0068] According to the first embodiment, the following
effects can be obtained.

[0069] According to the first embodiment, as hereinabove
described, the photoacoustic imaging apparatus 100 is pro-
vided with the light source portions 21 having the plurality of
LED elements 21a and the plurality of LED elements 215
emitting the light to the test object 10, whereby no optical
surface plate for suppressing property fluctuation resulting
from vibration of an optical system (device peripheral to a
solid-state laser beam source) or strong housing is necessary
unlike the case where a solid-state laser is employed as a light
source, and hence the light source portions 21 can be down-
sized. Furthermore, the light source portions 21 are provided
in the detecting portion 20 arranged close to the test object 10,
whereby the light source portions 21 and the detecting portion
20 are integrated, so that the simple structure can be achieved.
Thus, the photoacoustic imaging apparatus 100 can be down-
sized and simplified (compactified). In addition, the light
source drive circuit 22 is arranged in the vicinity of the light
source portions 21 in the detecting portion 20, whereby the
light source drive circuit 22 is close to the light source por-
tions, so that generation of noise resulting from the drive
signal of the light source drive circuit 22 can be suppressed.
Thus, a bad influence (disturbance of the signal or the like) of
the noise generated by the drive signal on a device such as the
ultrasonic probe 24 can be suppressed.

[0070] According to the first embodiment, as hereinabove
described, the ultrasonic probe 24 is provided with the ultra-
sonic vibrating element 24a detecting the acoustic wave 80 as
the ultrasonic wave. Furthermore, in a plan view, the ultra-
sonic vibrating element 24q is arranged in the substantially
central portion of the detecting portion 20, and the light
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source portions 21 are arranged adjacent to the ultrasonic
vibrating element 24a. Thus, the light source portions 21 can
be easily arranged at positions in the vicinity of the ultrasonic
probe 24 having the ultrasonic vibrating element 24a.
[0071] According to the first embodiment, as hereinabove
described, the ultrasonic vibrating element 24a of the ultra-
sonic probe 24 is arranged to extend along the directionY, and
the light source portions 21 having the LED elements 21a and
the LED elements 215 are arranged in the vicinity of the
ultrasonic probe 24 to extend along the direction Y. Thus, both
the ultrasonic vibrating element 244 detecting the acoustic
wave 80 as the ultrasonic wave and the light source portions
21 having the LED elements 21g and the LED elements 215
are arranged along the direction Y, and hence the light can be
emitted from the light source portions 21 to the test object 10
along the arrangement of the ultrasonic vibrating element
24a. Consequently, the acoustic wave 80 along the direction Y
can be generated, and hence the ultrasonic vibrating element
24a along the directionY can efficiently detect the generated
acoustic wave 80.

[0072] According to the first embodiment, as hereinabove
described, the light source portions 21 are arranged in the
vicinity of the ultrasonic probe 24 to sandwich the ultrasonic
vibrating element 24a from the first side (X1 side) of the
direction X orthogonal to the direction Y and the second side
(X2 side) thereof. Thus, the light along the arrangement of the
ultrasonic vibrating element 24a can be emitted to the test
object 10 from the first side and the second side of the ultra-
sonic vibrating element 24a detecting the acoustic wave 80,
and hence the amount of light emitted to the test object 10 can
be easily increased. Consequently, the larger acoustic wave
80 along the direction Y can be generated, and hence the
acoustic wave 80 generated by the ultrasonic vibrating ele-
ment 24a along the direction Y can be more efficiently
detected.

[0073] According to the first embodiment, as hereinabove
described, the light source portions 21 are arranged such that
the mounting surfaces 21¢ mounted with the LED elements
21a and the LED elements 215 are inclined toward the ultra-
sonic vibrating element 24a. Thus, the light from the light
source portions 21 can be emitted in a direction in which the
ultrasonic vibrating element 24aq is arranged, and hence the
light canbe reliably emitted to the test object 10 in the vicinity
of the ultrasonic vibrating element 24a. Consequently, the
detectable acoustic wave 80 can be more efficiently genet-
ated.

[0074] According to the first embodiment, as hereinabove
described, the light guide portions 26 guiding the light from
the light source portions 21 included in the detecting portion
20 to the test object 10 are further provided in the detecting
portion 20. Thus, a loss of the light between the light source
portions 21 and the test object 10 can be reduced, and hence
the loss of the light is reduced, so that the use efficiency of the
light emitted from the light source portions 21 can be
improved.

[0075] According to the first embodiment, as hereinabove
described, the light guide portions 26 are formed to extend
along the direction Y in which the light source portions 21
extend. Thus, both the light source portions 21 emitting the
light and the light guide portions 26 guiding the light from the
light source portions 21 to the test object 10 are arranged
along the direction Y, and hence the light can be reliably
emitted from the light source portions 21 to the light guide
portions 26. Consequently, the loss of the light between the
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light source portions 21 and the test object 10 can be reduced,
and hence the loss of the light is reduced, so that the use
efficiency of the light emitted from the light source portions
21 can be improved.

[0076] According to the first embodiment, as hereinabove
described, the drive power supply portion 23 arranged in the
vicinity of the light source portions 21 of the detecting portion
20, supplying power to the light source portions 21 is further
provided in the detecting portion 20. Thus, the drive power
supply portion 23 is arranged in the vicinity of the light source
portions 21, and hence the drive power supply portion 23 is
close to the light source portions 21, so that generation of
noise can be suppressed when the drive power supply portion
23 supplies power to the light source portions 21. Conse-
quently, a bad influence (disturbance of the signal or the like)
of the noise generated when the power is supplied on a device
such as the ultrasonic probe 24 can be further suppressed.
[0077] According to the first embodiment, as hereinabove
described, the condensing lenses 25 arranged between the
light source portions 21 and the light guide portions 26,
condensing the light from the light source portions 21 onto the
light guide portions 26 are provided in the detecting portion
20. Thus, the light from the light source portions 21 can be
reliably condensed onto the light guide portions 26, and hence
the use efficiency of the light is increased, and the amount of
light emitted to the test object 10 can be easily ensured.
[0078] According to the first embodiment, as hereinabove
described, the photoacoustic imaging apparatus 100 is pro-
vided with the LED elements 21a arranged in the vicinity of
the ultrasonic probe 24, emitting the light having the first
wavelength and the LED elements 215 arranged in the vicin-
ity of the ultrasonic probe 24, emitting the light having the
second wavelength. Furthermore, the ultrasonic probe 24 is
configured to detect the first acoustic wave 80a and the second
acoustic wave 805 generated by the absorption of the light
having the first wavelength and the light having the second
wavelength by the light absorber 104 in the test object 10.
Thus, two types of wavelengths are employed, whereby the
amount of detected information can be increased (two types
of acoustic waves 80a and 805 can be obtained), and hence
more various image information (detection signals) can be
obtained, as compared with the case where one wavelength is
employed.

[0079] According to the first embodiment, as hereinabove
described, the LED drive circuit 22q driving the LED ele-
ments 21a and the LED drive circuit 225 driving the LED
elements 215 are provided in the light source drive circuit 22.
Furthermore, the LED drive circuit 22a and the LED drive
circuit 225 are configured to drive the LED elements 21a and
the LED elements 215 such that the output of the light having
the first wavelength and the output of the light having the
second wavelength are substantially equal to each other.
Thus, even when the conversion efficiency of the light output
with respect to the power of the LED elements 21a and the
conversion efficiency of the light output with respect to the
power of the LED elements 215 are different from each other,
the LED drive circuit 22a and the LED drive circuit 225 drive
the LED elements 21a and the LED elements 215 separately,
whereby the outputs of the light having two types of wave-
lengths can be substantially equal to each other, and hence the
intensity of the light having two types of wavelengths emitted
to the test object 10 can be matched.

[0080] According to the first embodiment, as hereinabove
described, the LED elements 21a and the LED elements 215
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are arranged in the light source portions 21 such that the
distribution shapes of the light emitted from the plurality of
the LED elements 21a and the plurality of LED elements 215
are substantially identical to each other. Thus, variations in
emission of the light having the first and second wavelengths
to the light absorber 10a of the test object 10 resulting from
the distribution shapes of the light from the LED elements
21a and the LED elements 215 can be suppressed.

[0081] According to the first embodiment, as hereinabove
described, the distribution shapes of the light having the first
wavelength and the second wavelength emitted from the plu-
rality of LED elements 21a and the plurality of LED elements
215 are substantially identical to each other by alternately
arranging the LED elements 214 formed of a plurality of
groups and the LED elements 215 formed of a plurality of
groups. Thus, not only the distribution shapes of the light
from the LED elements 21a and the LED elements 215 but
also the distribution positions of the light having the first
wavelength and the second wavelength with respect to the
light source portions 21 can be substantially identical to each
other, and hence the variations in the emission of the light
having the first and second wavelengths to the light absorber
10a of the test object 10 resulting from the distribution shapes
and the distribution positions of the light from the LED ele-
ments 21a and the LED elements 215 can be reliably sup-
pressed.

[0082] According to the first embodiment, as hereinabove
described, the light source portions 21 are arranged along the
directionY, and the LED elements 21a formed of the plurality
of groups and the LED elements 215 formed of the plurality
of groups are alternately arranged along the directionY. Thus,
the distribution shapes of the light having the first wavelength
and the second wavelength emitted from the plurality of LED
elements 21a and the plurality of LED elements 215 can be
substantially identical to each other along the direction Y.

[0083] According to the first embodiment, as hereinabove
described, the ultrasonic probe 24 is configured to generate
the ultrasonic wave to the test object 10 and detect the ultra-
sonic wave reflected by the test object 10. Furthermore, the
signal processing portion 30 is configured to process and
image the signal on the basis of the detection results of both
the acoustic wave 80 generated by the absorption of the light
by the light absorber 10 in the test object 10 and the ultra-
sonic wave 90 reflected by the test object 10. Thus, the signal
processing portion 30 can image the detection signals of not
only the acoustic wave 80 generated by the absorption of the
light by the light absorber 10a in the test object 10 but also the
ultrasonic wave 90 reflected by the test object 10, and hence
the image in the test object 10 can be more accurately
obtained.

[0084] According to the first embodiment, as hereinabove
described, the signal processing portion 30 is configured to
correct the detection result of the ultrasonic probe 24 by the
temperature correcting portion 51 and image the detection
result on the basis of the temperature information acquired by
the temperature sensors 27. Thus, even when the wavelengths
of the light emitted from the plurality of LED elements 21a
and the plurality of LED elements 215 are varied according to
the temperature, the temperature correcting portion 51 can
correct the detection result on the basis of the temperature
information acquired by the temperature sensors 27, and
hence the acoustic wave image can be more accurately
obtained.

Feb. 5, 2015

[0085] According to the first embodiment, as hereinabove
described, the light sensors 28 are directly connected to the
light source drive circuit 22 in the detecting portion 20, and
the light source drive circuit 22 is configured to stop the light
emission from the light source portions 21 to the test object 10
when the amount of reflection of the light is smaller than the
prescribed amount on the basis of the light detection results of
the light sensors 28. Thus, the light source drive circuit 22
provided in the detecting portion 20 can promptly turn off
(stop) the light emission from the light source portions 21 to
the test object 10 when the detecting portion 20 arranged
close to the test object 10 is separated from the test object 10
and the amount of reflection of the light is reduced, for
example.

Second Embodiment

[0086] A second embodiment is now described with refer-
ence to FIGS. 7to 10. In this second embodiment, a detecting
portion 120 is constituted by an ultrasonic probe 124 and a
light source unit 129, unlike the aforementioned first embodi-
ment in which the detecting portion 20 is formed by arranging
each component such as the light source portions 21 in the
ultrasonic probe 24. The ultrasonic probe 124 is an example
of the “ultrasonic detector” in the present invention.

[0087] The detecting portion 120 of a photoacoustic imag-
ing apparatus 200 according to the second embodiment of the
present invention includes the ultrasonic probe 124 and the
light source unit 129 capable of being coupled to the ultra-
sonic probe 124, as shown in FIG. 7. The light source unit 129
includes a light source portion 21 having a plurality of LED
elements 21a and a plurality of LED elements 215, a light
source drive circuit 22 transmitting a drive signal to the light
source portion 21, a drive power supply portion 23 supplying
power, a condensing lens 25 condensing light, a light guide
portion 26 guiding light to the vicinity of a test object 10, a
temperature sensor 27 detecting the temperature of the light
source portion 21, and a light sensor 28 detecting light
reflected by the test object 10. In FIG. 7, the detecting portion
120 includes only a set of the light source portion 21, the
condensing lens 25, the light guide portion 26, the tempera-
ture sensor 27, and the light sensor 28 for the convenience of
illustration, but two sets of the aforementioned components
are actually included in the detecting portion 120, as shown in
FIG. 8.

[0088] According to the second embodiment, the light
source drive circuit 22 is configured to supply power to both
the LED elements 21a and the LED elements 215 and drive
the same. The light source drive circuit 22 is configured to
receive a wavelength control signal and a light trigger signal
from a control portion 31 of a signal processing portion 30
and drive the LED elements 214 and the LED elements 215 on
the basis of the received signals.

[0089] According to the second embodiment, the detecting
portion 120 is constituted by the ultrasonic probe 124 (an
ultrasonic vibrating element 24a detachably provided) sepa-
rately provided and the light source unit 129, as shown in FIG.
8. FIG. 8 shows a state before the ultrasonic probe 124 and the
light source unit 129 are coupled to each other. The ultrasonic
probe 124 and the light source unit 129 can be coupled to each
other in any manner. For example, the ultrasonic probe 124
and the light source unit 129 may have coupling portions and
be coupled to each other by coupling the coupling portions to
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each other, or the ultrasonic probe 124 and the light source
unit 129 may be coupled (fixed) to each other by a member
such as a screw.

[0090] The ultrasonic probe 124 has the ultrasonic vibrat-
ing element 24a configured to detect an acoustic wave 80 and
an ultrasonic wave 90 in the vicinity of an end face on a 72
side. The ultrasonic probe 124 is connected to the signal
processing portion 30 by a wire 124b. Furthermore, the ultra-
sonic probe 124 is configured to receive an ultrasonic trigger
signal from the signal processing portion 30 through the wire
124) and transmit a detected acoustic wave signal and a
detected ultrasonic signal to the signal processing portion 30.
[0091] As shown in FIG. 9, in a state where the ultrasonic
probe 124 and the light source unit 129 are coupled to each
other, the ultrasonic probe 124 is arranged in the vicinity of
the center of the light source unit 129 in a direction X. The
ultrasonic vibrating element 24a of the ultrasonic probe 124
is arranged in the vicinity of the end face closer to the test
object 10 (on the Z2 side) in the detecting portion 120. In the
detecting portion 120, the ultrasonic probe 124 is arranged to
be sandwiched between the two light source portions 21, the
two condensing lenses 25, and the two light guide portions 26.
The detecting portion 120 is configured to emit light from the
light source portions 21 to the test object 10 in the state where
the ultrasonic probe 124 and the light source unit 129 are
coupled to each other.

[0092] In the light source portions 21, the LED elements
21a having a first wavelength and the LED elements 215
having a second wavelength are arranged in a prescribed
arrangement pattern 1214 on a mounting surface 21c, as
shown in FIG. 10. In the prescribed arrangement pattern
1214, the number of the arranged LED elements 21« and the
number of the arranged LED elements 215 are determined
according to the maximum output ratio of the light emitted
from the LED elements 21a and the LED elements 215 such
that the total output of the light from the plurality of LED
elements 21a and the total output of the light from the plural-
ity of LED elements 215 are substantially equal to each other.
As an example, the case where the LED elements 21q have a
maximum output 2W and the LED elements 214 have a
maximum output 3W is described. In this case, the ratio of the
number of the arranged LED elements 21a and the number of
the arranged LED elements 215 is equal to the ratio of the
maximum output of the LED elements 21a and the maximum
output of the LED elements 215. In other words, the number
of the arranged LED elements 21a and the number of the
arranged LED elements 215 are adjusted such that the ratio of
the number of the arranged LED elements 21a to the number
of the arranged LED elements 215 is 3:2 in the arrangement
pattern 121d. For the convenience of illustration, only one
arrangement pattern 1214 is shown in FIG. 10, but a pre-
scribed number of the arrangement patterns 121d is actually
arranged on the mounting surface 21¢ sequentially.

[0093] The remaining structure of the photoacoustic imag-
ing apparatus 200 according to the second embodiment is
similar to that of the photoacoustic imaging apparatus 100
according to the aforementioned first embodiment.

[0094] According to the second embodiment, the following
effects can be obtained.

[0095] According to the second embodiment, as herein-
above described, the light source portions 21 each are pro-
vided with the plurality of LED elements 21a and the plurality
of LED elements 215, the numbers of which are adjusted
according to the ratio of the maximum output of the light
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emitted from the LED elements 21a and the maximum output
of the light emitted from the LED elements 215 such that the
total output of the light from the plurality of LED elements
21a and the total output of the light from the plurality of LED
elements 215 are substantially equal to each other. Thus, even
when the conversion efficiency of the light output with
respect to the power of the LED elements 21a and the con-
version efficiency of the light output with respect to the power
of the LED elements 214 are different from each other, the
number of the plurality of LED elements 21a and the number
of the plurality of LED elements 215 are adjusted according
to the ratio of the maximum outputs, whereby the outputs of
the light having two types of wavelengths can be substantially
equal to each other, and hence the intensity of the light having
two types of wavelengths emitted to the test object 10 can be
matched.

[0096] According to the second embodiment, as herein-
above described, the ultrasonic vibrating element 24a is
detachably provided in the detecting portion 120. Thus, even
when the ultrasonic vibrating element 24a is broken, the
entire detecting portion 120 may not be replaced, and hence
the detecting portion 120 can be easily repaired.

[0097] The remaining effects of the second embodiment
are similar to those of the aforementioned first embodiment.

Third Embodiment

[0098] A third embodiment is now described with refer-
ence to FIG. 11. In this third embodiment, auxiliary emitting
portions 220a each including a light source portion 21 are
provided separately from a detecting portion 20, unlike each
of the aforementioned first and second embodiments in which
the light source portions 21 are provided in the detecting
portion 20 (120).

[0099] A photoacoustic imaging apparatus 300 (see FIG. 1)
according to the third embodiment of the present invention
includes the detecting portion 20 and the two auxiliary light
emitting portions 220a provided separately from the detect-
ing portion 20, as shown in FIG. 11.

[0100] According to the third embodiment, the auxiliary
light emitting portions 220a each include the light source
portion 21 having LED elements 21a and LED elements 215,
alight source drive circuit 22 transmitting a drive signal to the
light source portion 21, a drive power supply portion 23
supplying power, a temperature sensor 27 detecting the tem-
perature of the light source portion 21, and a light sensor 28
detecting light reflected by a test object 10.

[0101] According to the third embodiment, the auxiliary
light emitting portions 220a are opposed to the detecting
portion 20 to sandwich the test object 10 between the auxil-
iary light emitting portions 220a and the detecting portion 20.
The auxiliary light emitting portions 220a are configured to
emit light to the test object 10 in a state where transparent gel
layers 60 transmitting light intervene between the auxiliary
light emitting portions 220a and the test objet 10. Further-
more, the auxiliary light emitting portions 220a are config-
ured to emit the light from the light source portions 21 to the
test object 10 through the gel layers 60. The auxiliary light
emitting portions 220q are configured to emit the light in
synchronization with the timing of light emission from the
detecting portion 20.

[0102] The remaining structure of the photoacoustic imag-
ing apparatus 300 according to the third embodiment is simi-
lar to that of the photoacoustic imaging apparatus 100 accord-
ing to the aforementioned first embodiment.
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[0103] According to the third embodiment, the following
effects can be obtained.

[0104] According to the third embodiment, as hereinabove
described, the photoacoustic imaging apparatus 300 is pro-
vided with light source portions 21 having a plurality of LED
elements 21a and a plurality of LED elements 215 emitting
the light to the test object 10, whereby no optical surface plate
for suppressing property fluctuation resulting from vibration
of an optical system (device peripheral to a solid-state laser
beam source) or strong housing is necessary unlike the case
where a solid-state laser is employed as a light source, and
hence the light source portions 21 can be downsized. Further-
more, the light source portions 21 are provided in the detect-
ing portion 20 arranged close to the test object 10, whereby
the light source portions 21 and the detecting portion 20 are
integrated, so that the simple structure can be achieved. Thus,
the photoacoustic imaging apparatus 300 can be downsized
and simplified. In addition, the photoacoustic imaging appa-
ratus 300 is provided with the auxiliary light emitting portions
220a, whereby not only the light from the detecting portion
20 but also the light from the auxiliary light emitting portions
220a can be emitted to the test object 10, and hence an
acoustic wave 80 can be obtained at a prescribed intensity
even when the light is easily attenuated in the test object 10 or
even when the thickness of the test object 10 is large. Conse-
quently, this photoacoustic imaging apparatus 300 can be
applied to more various test objects.

[0105] The remaining effects of the third embodiment are
similar to those of the aforementioned first embodiment.

[0106] The embodiments disclosed this time must be con-
sidered as illustrative in all points and not restrictive. The
range of the present invention is shown not by the above
description of the embodiments but by the scope of claims for
patent, and all modifications within the meaning and range
equivalent to the scope of claims for patent are further
included.

[0107] Forexample, while the light is emitted from the light
source portions 21 to the test object 10 through the light guide
portions 26 in each of the aforementioned first to third
embodiments, the present invention is not restricted to this.
According to the present invention, the light may alterna-
tively be emitted from the light source portions 21 to the test
object 10 without providing the light guide portions 26. As in
a modification shown in FIG. 12, for example, light source
portions 21 and condensing lenses 25 of a detecting portion
320 may be arranged in the vicinity of a test object 10, and
light condensed by the condensing lenses 25 may be emitted
to the test object 10.

[0108] While the light source drive circuit 22 and the drive
power supply portion 23 are arranged in the detecting portion
20 (120) in order to suppress the generation of noise in each
of the aforementioned first to third embodiments, the light
source drive circuit 22 and the drive power supply portion 23
are preferably shielded and arranged in the detecting portion
20 (120) according to the present invention. Furthermore, the
wires of the light source drive circuit 22 and the drive power
supply portion 23 are more preferably shielded.

[0109] While the drive power supply portion 23 is arranged
in the detecting portion 20 (120) in each of the aforemen-
tioned first to third embodiments, the present invention is not
restricted to this. According to the present invention, the drive
power supply portion 23 may alternatively be arranged in a
place other than the detecting portion 20 (120).
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[0110] While one condensing lens is provided with respect
to one light source portion 21 in each of the aforementioned
first to third embodiments, the present invention is not
restricted to this. According to the present invention, a plu-
rality of condensing lenses may alternatively be provided
with respect to one light source portion 21. According to this
structure, the thickness of one lens can be reduced.

[0111] While the light sensors 28 are arranged on the light
guide portions 26 in each of the aforementioned first to third
embodiments, the present invention is not restricted to this.
According to the present invention, the light sensors 28 may
alternatively be arranged in any place, so far as the same can
detect the light reflected by the test object 10. For example,
the light sensors 28 may be provided on ahousing forming the
outer shape of the detecting portion 20 (120).

[0112] While the light source drive circuit 22 has the two
LED drive circuits 22a and 225 with different drive power in
the aforementioned first embodiment, the present invention is
not restricted to this. According to the present invention, one
LED drive circuit may alternatively supply drive power to the
LED elements 21a and the LED elements 215, and the drive
power supplied to the LED elements 21a and the LED ele-
ments 215 may alternatively be made different by the wave-
length control signal.

[0113] While the ultrasonic probe 24 (124) detects the
acoustic wave 80 and the ultrasonic wave 90 reflected inside
the test object 10 and generates the ultrasonic wave 90 to the
test object 10 in each of the aforementioned first to third
embodiments, the present invention is not restricted to this.
According to the present invention, a device other than the
ultrasonic probe may alternatively generate the ultrasonic
wave.

[0114] While the ultrasonic probe 24 (124) generates the
ultrasonic wave 90 in each of the aforementioned first to third
embodiments, the present invention is not restricted to this.
According to the present invention, the ultrasonic probe 24
(124) may alternatively detect the acoustic wave 80 without
generating the ultrasonic wave 90.

What is claimed is:

1. A photoacoustic imaging apparatus comprising:

a detecting portion configured to be capable of emitting
light to a test object, detecting an acoustic wave gener-
ated by absorption of the light that is emitted by a target
in the test object; and

a signal processing portion processing and imaging a sig-
nal detected by the detecting portion,

the detecting portion arranged close to the test object,
including a light source portion having a plurality of
LED elements emitting the light to the test object, an
ultrasonic detector arranged in a vicinity of the light
source portion, configured to detect the acoustic wave as
an ultrasonic wave generated by the absorption of the
light emitted from the light source portion to the test
object, and a light source drive circuit arranged in the
vicinity of the light source portion, driving the light
source portion.

2. The photoacoustic imaging apparatus according to claim

1, wherein

the ultrasonic detector has an ultrasonic vibrating element
detecting the acoustic wave as the ultrasonic wave, and

in a plan view, the ultrasonic vibrating element is arranged
in asubstantially central portion ofthe detecting portion,
and the light source portion is arranged adjacent to the
ultrasonic vibrating element.
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3. The photoacoustic imaging apparatus according to claim
2, wherein
the ultrasonic vibrating element of the ultrasonic detector
is arranged to extend along a first direction, and
the light source portion having the LED elements is
arranged in a vicinity of the ultrasonic detector to extend
along the first direction.
4. The photoacoustic imaging apparatus according to claim
3, wherein
the light source portion is arranged in the vicinity of the
ultrasonic detector to sandwich the ultrasonic vibrating
element from a first side of a second direction orthogo-
nal to the first direction and a second side thereof.
5. The photoacoustic imaging apparatus according to claim
2, wherein
the light source portion is arranged such that a mounting
surface mounted with the LED elements is inclined
toward the ultrasonic vibrating element.
6. The photoacoustic imaging apparatus according to claim
1, wherein
the detecting portion further includes a light guide portion
guiding the light from the light source portion included
in the detecting portion to the test object.
7. The photoacoustic imaging apparatus according to claim
6, wherein
the light source portion is arranged to extend along a first
direction, and
the light guide portion is formed to extend along the first
direction in which the light source portion extends.
8. The photoacoustic imaging apparatus according to claim
1, wherein
the detecting portion further includes a drive power supply
portion arranged in the vicinity of the light source por-
tion of the detecting portion, supplying power to the
light source portion.
9. The photoacoustic imaging apparatus according to claim
6, wherein
the detecting portion further includes a condensing portion
arranged between the light source portion and the light
guide portion, condensing the light from the light source
portion onto the light guide portion.
10. The photoacoustic imaging apparatus according to
claim 1, wherein
the plurality of LED elements of the light source portion
include a first LED element arranged in a vicinity of the
ultrasonic detector, emitting the light having a first
wavelength and a second LED element arranged in the
vicinity of the ultrasonic detector, emitting the light
having a second wavelength.
11. The photoacoustic imaging apparatus according to
claim 10, wherein
the light source drive circuit is configured to drive the first
LED element and the second LED element such that an
output of the light having the first wavelength and an
output of the light having the second wavelength are
substantially equal to each other.
12. The photoacoustic imaging apparatus according to
claim 10, wherein
the light source portion has a plurality of first LED ele-
ments and a plurality of second LED elements, numbers
of which are adjusted according to a ratio of a maximum
output of the light emitted from the first LED elements
and a maximum output of the light emitted from the
second LED elements such that a total output of the light
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from the plurality of first LED elements and a total
output of the light from the plurality of second LED
elements are substantially equal to each other.
13. The photoacoustic imaging apparatus according to
claim 10, wherein
the first LED element and the second LED element are
arranged in the light source portion such that distribution
shapes of the light emitted from a plurality of first LED
elements and a plurality of second LED elements are
substantially identical to each other.
14. The photoacoustic imaging apparatus according to
claim 13, wherein
the light source portion is configured such that the distri-
bution shapes of the light having the first wavelength and
the second wavelength emitted from the plurality of
LED elements are substantially identical to each other
by alternately arranging the plurality of first LED ele-
ments formed of a single group or a plurality of groups
and the plurality of second LED elements formed of a
single group or a plurality of groups.
15. The photoacoustic imaging apparatus according to
claim 14, wherein
the light source portion is arranged to extend along a first
direction, and
the plurality of first LED elements formed of the single
group or the plurality of groups and the plurality of
second LED elements formed of the single group or the
plurality of groups are alternately arranged along the
first direction.
16. The photoacoustic imaging apparatus according to
claim 1, wherein
the ultrasonic detector is configured to generate the ultra-
sonic wave to the test object and detect the ultrasonic
wave reflected by the test object, and
the signal processing portion is configured to process and
image the signal on the basis of detection results of both
the acoustic wave generated by the absorption of the
light by the target in the test object and the ultrasonic
wave reflected by the test object.
17. The photoacoustic imaging apparatus according to
claim 1, wherein
the detecting portion arranged close to the test object fur-
ther includes a temperature sensor detecting a tempera-
ture of the light source portion, and
the signal processing portion is configured to correct and
image a detection result of the ultrasonic detector on the
basis of temperature information acquired by the tem-
perature sensor.
18. The photoacoustic imaging apparatus according to
claim 1, wherein
the detecting portion arranged close to the test object fur-
ther includes a light sensor configured to detect the light
emitted from the light source portion and reflected by the
test object,
the light sensor is directly connected to the light source
drive circuit in the detecting portion, and
the light source drive circuit is configured to suppress an
amount of the light emitted from the light source portion
to the test object or stop light emission from the light
source portion to the test object when an amount of
reflection of the light is smaller than a prescribed amount
on the basis of a light detection result of the light sensor.
19. The photoacoustic imaging apparatus according to
claim 1, wherein
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the ultrasonic detector has an ultrasonic vibrating element
detecting the acoustic wave as the ultrasonic wave, and

the ultrasonic vibrating element is detachably provided in
the detecting portion.

20. The photoacoustic imaging apparatus according to
claim 1, further comprising an auxiliary light emitting portion
provided to be opposed to the detecting portion through the
test object, emitting light to the test object.
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