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(57) ABSTRACT

The present invention relates to: a portable probe for pho-
toacoustic tomography, capable of performing line-by-line
scanning or area-by-area scanning by using a small number
of light inputs; and a real-time photoacoustic tomography
device. The probe for photoacoustic tomography includes: a
lens receiving light inputs from an optical fiber so as to make
the same proceed as small diameter parallel light; a Powell
lens receiving the small diameter parallel light and gener-
ating a line beam of a predetermined thickness, and allowing
energy dispersed on a line to be uniform on the entire line;
a lens making the line beam pass therethrough such that the
line beam has a predetermined width and a reduced thick-
ness so as to be line-focused at a target area; an acoustic
reflection glass for separating, from a light path, an acoustic
wave outputted from the target area; and an acoustic mea-
surement unit for measuring acoustic strength.
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PORTABLE PROBE FOR PHOTOACOUSTIC
TOMOGRAPHY AND REAL-TIME
PHOTOACOUSTIC TOMOGRAPHY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a portable probe
for photoacoustic tomography and a real-time photoacoustic
tomography device, and more particularly, to a portable
probe for photoacoustic tomography, which can produce an
image of an internal biological tissue of an object in vivo
using a photoacoustic effect, and a real-time photoacoustic
tomography device.

BACKGROUND ART

[0002] A photoacoustic tomography device images an
internal biological tissue of an object in vivo using photoa-
coustic imaging. The photoacoustic imaging enables bio-
logical tissues to be imaged in vivo (noninvasively) using a
photoacoustic effect. The photoacoustic effect refers to an
effect in which an acoustic wave is generated when an
absorptive material (in vivo or ex vivo) absorbs light or an
electromagnetic wave, such as a radio wave.

[0003] Here, if short electromagnetic pulses of laser are
incident to a biological tissue, some of the energy is
absorbed into the absorptive material of the tissue to then be
converted into heat, causing thermo-elastic expansion. As a
result, an ultrasonic wave having a broadband frequency is
emitted, and the emitted ultrasonic wave is measured in
many directions using an ultrasonic transducer to convert the
same into an image.

[0004] The photoacoustic tomography device is combined
medical imaging equipment including an ultrasonic imaging
device and optical equipment, which can offset the respec-
tive disadvantages of the ultrasonic imaging device and the
optical equipment. That is to say, the photoacoustic tomog-
raphy device is hybrid equipment combining optical equip-
ment with an ultrasonic imaging device to compensate for a
low image contrast, which is a disadvantage of the ultrasonic
imaging device, and a short transmission depth, which is a
disadvantage of the optical equipment, thereby providing a
higher image contrast than the ultrasonic imaging device and
a deeper transmission image than the optical equipment.
[0005] In conventional confocal photoacoustic tomogra-
phy devices, however, beams are collected at a point to be
irradiated into a scanning spot and an ultrasonic wave
outputted from the point is acquired. Therefore, in order to
obtain a three-dimensional image, scanning is performed by
moving a light source or using an array of multiple light
sources.

Technical Problems to be Solved

[0006] The present invention has been made in an effort to
solve the problems of the prior art, and it is an object of the
present invention to provide a portable probe for photoa-
coustic tomography, capable of performing line-by-line
scanning or area-by-area scanning by using a small number
of light inputs, and a real-time photoacoustic tomography
device. In addition, the present invention provides a pho-
toacoustic tomography device without a concentration mea-
surement distortion of an absorptive material due to a
non-uniform beam energy distribution in an imaging area,
by converting line beams emitted from a light source having
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a non-uniform energy distribution, into line beams having a
uniform energy distribution with a Gaussian distribution.

Technical Solutions

[0007] In accordance with an aspect of the present inven-
tion, the above and other objects can be accomplished by
providing a probe for photoacoustic tomography, the probe
including a lens receiving light inputs from an optical fiber
so as to make the same proceed as small diameter parallel
light, a Powell lens receiving the small diameter parallel
light so as to generate a line beam with uniform energy
distribution, a lens making the line beam pass therethrough
such that the line beam has a predetermined width and a
reduced thickness so as to be line-focused at a target area, an
acoustic reflection glass for separating, from a light path, an
acoustic wave outputted from the target area, and an acoustic
measurement unit receiving an acoustic wave outputted
from the target area.

[0008] The lens may include a collimator receiving the
light inputs so as to generate parallel light having a prede-
termined diameter.

[0009] The lens may include a condenser lens making the
line beam pass therethrough such that the line beam has a
uniform energy distribution, a predetermined width and a
reduced thickness so as to be line-focused at the target area.
[0010] The Powell lens may include a pair of Powell
lenses spaced a predetermined distance apart from each
other and receiving light inputs as parallel light beams so as
to generate line beams, respectively, and the lens may
include a first cylinder lens allowing the respective line
beams to pass therethrough so as to generate the respective
parallel light beams having a predetermined width and a
predetermined thickness, and a second cylinder lens allow-
ing the respective parallel light beams to pass therethrough
so as to be line-focused at the target area as a single line
beam.

[0011] The first cylinder lens and the second cylinder lens
may be arranged such that convex portions thercof are
rotated at 90 degrees with respect to the central axis of the
beam traveling direction and face each other.

[0012] The acoustic measurement unit may be placed on a
line bisecting a space between the respective parallel light
beams on center lines of the parallel light beams to provide
a dark field illumination structure.

[0013] The probe may further include a reflection plane
located at a side of the target area to allow the acoustic wave
outputted from the target area to be incident to the acoustic
measurement unit by allowing the incident light to pass
therethrough and changing a traveling path of the acoustic
wave.

[0014] The lens may include a variable focus lens and
mechanism capable of controlling a focusing depth within a
tissue, on which the line beam is focused, at the target area.
[0015] In accordance with another aspect of the present
invention, the above and other objects can be accomplished
by providing a probe for photoacoustic tomography, the
probe including a Powell lens receiving a light input from a
collimator as small diameter parallel light so as to generate
a line beam having a uniform energy distribution, a lens
allowing the line beam to pass therethrough so as to generate
parallel light having a predetermined width and a predeter-
mined thickness, a light path changing unit along the parallel
light to pass therethrough so as to be area-focused at a target
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area, and an acoustic measurement unit receiving an acoustic
wave outputted from the target area.

[0016] The lens may include a cylinder lens having a
convex portion positioned at a light emitting side.

[0017] The light path changing unit may include a beam
splitter member splitting one single parallel light beam into
a first parallel light beam and a second parallel light beam,
and a pair of light path changing members changing light
paths of the first parallel light beam and the second parallel
light beam so as to be area-focused at the target area.
[0018] The beam splitter member may include a pair of
prisms having acute angle portions adjoining each other.
[0019] Each of the light path changing members may
include a pair of prisms having right-angled faces facing
each other.

[0020] The acoustic measurement unit may be positioned
between the pair of light path changing members.

[0021] The beam splitter member may include a pair of
prisms having acute angle portions adjoining each other,
each of the light path changing members may include a pair
of prisms having right-angled faces facing each other, and
focusing positions may be controlled by adjusting positions
or angles of at least one of the prisms included in the beam
splitter member and the light path changing members.
[0022] In accordance with still another aspect of the
present invention, the above and other objects can be accom-
plished by providing a probe for photoacoustic tomography,
the probe including a pair of Powell lenses spaced a prede-
termined distance apart from each other and receiving light
inputs as parallel light beams so as to generate line beams,
respectively; a cylinder lens allowing the respective line
beams to pass therethrough so as to generate the respective
parallel light beams having a predetermined width and a
predetermined thickness; a pair of light path changing
members changing light paths of the parallel light beams to
then be area-focused at the target area; and an acoustic
measurement unit receiving an acoustic wave outputted
from the target area.

[0023] The acoustic measurement unit may be positioned
between the pair of light path changing members.

[0024] The pair of light path changing members may be
spaced apart from each other and include a pair of prisms
having right-angled faces facing each other.

[0025] Focusing positions may be controlled by adjusting
positions or angles of the prisms.

[0026] In accordance with still another aspect of the
present invention, the above and other objects can be accom-
plished by providing a probe for photoacoustic tomography,
the probe including a Powell lens receiving a light input
from a collimator as the small diameter parallel light so as
to generate a line beam having a uniform energy distribu-
tion, and allowing energy distributed on a line to be uniform
on the entire line, at least one lens irradiating the line beam
s0 as to be line-focused or area-focused at a target area, and
an acoustic measurement unit receiving an acoustic wave
outputted from the target area.

[0027] The acoustic measurement unit may be located so
as not to be interfered with the laser beam focused into the
target area.

[0028] The acoustic measurement unit may include an
array of a plurality of linear ultrasonic transducers arranged
linearly.

[0029] In accordance with still another aspect of the
present invention, the above and other objects can be accom-
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plished by providing a photoacoustic tomography device
including the probe for photoacoustic tomography.

Advantageous Effects

[0030] As described above, according to the present
invention, line-by-line scanning or area-by-area scanning
can be performed by using a small number of light inputs,
thereby quickly acquiring an image for a wide area using a
simple device. In addition, the energy can be uniformly
distributed into an area for line or area scanning, thereby
acquiring a uniform image in an imaging area.

BRIEF DESCRIPTION OF DRAWINGS

[0031] For a better understanding of the present disclo-
sure, preferred embodiments thereof are now described,
purely by way of non-limiting example and with reference
to the attached drawings, wherein:

[0032] FIG. 1 is a schematic diagram of a real-time
photoacoustic tomography device according to an embodi-
ment of the present invention.

[0033] FIG. 2 is a schematic diagram of a probe for
photoacoustic tomography according to an embodiment of
the present invention.

[0034] FIG. 3 is a schematic diagram illustrating an inter-
nal construction of a probe for photoacoustic tomography
according to another embodiment of the present invention.
[0035] FIG. 4 is a schematic diagram illustrating an inter-
nal construction of a probe for photoacoustic tomography
according to another embodiment of the present invention.
[0036] FIG. 5 is a schematic diagram illustrating an inter-
nal construction of a probe for photoacoustic tomography
according to another embodiment of the present invention.
[0037] FIG. 6 is a schematic diagram illustrating an inter-
nal construction of a probe for photoacoustic tomography
according to another embodiment of the present invention.
[0038] FIG. 7 shows an actual implementation example of
the probe for photoacoustic tomography according to an
embodiment of the present invention.

[0039] FIG. 8 shows an example of line focusing observed
through the actual implementation example of the probe for
photoacoustic tomography according to an embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0040] Hereinafter, a preferred embodiment of the present
invention will be described in detail. In the following
description, the present invention will be explained by way
of example with regard to a probe for photoacoustic tomog-
raphy and a real-time photoacoustic tomography device
shown in the drawings, but the invention is not limited to the
shown probe and device. In the following embodiments, like
numbers refer to like elements throughout, and cross refer-
ence will be made to descriptions of those elements.
[0041] FIG. 1 shows a real-time photoacoustic tomogra-
phy device 1 according to an embodiment of the present
invention. FIG. 2 shows a probe 10 for photoacoustic
tomography according to an embodiment of the present
invention. FIGS. 7 and 8 show actual implementation
examples of the probe 10 for photoacoustic tomography
according to an embodiment of the present invention.



US 2019/0320999 Al

[0042] Referring to FIG. 1, the photoacoustic tomography
device 1 may include a photoacoustic probe 10, a laser
generation unit 20, and a photoacoustic control unit 30.

[0043] The photoacoustic probe 10 irradiates laser beams
inputted from the laser generation unit 20 into a target object
2 and receives an acoustic wave outputted from the target
object 2 to then output the acoustic wave to the photoacous-
tic control unit 30. The photoacoustic probe 10 may be
implemented through an optical design having one of inter-
nal constructions shown in FIGS. 3 to 6.

[0044] The laser generation unit 20 may generate short-
wavelength laser, multi-wavelength laser, or tunable pulse
laser. The laser generation unit 20 may include a variety of
laser sources, including a semiconductor laser diode (LD)
generating a particular wavelength component or monochro-
matic light including the particular wavelength component,
a light emitting diode (LED), solid laser, or gas laser. Here,
laser generation unit 20 may include a plurality of laser
sources having different wavelengths.

[0045] The laser generation unit 20 may generate a laser
beam of a wavelength corresponding to the target object 2.
To this end, the laser generation unit 20 may be connected
to the photoacoustic control unit 30 to receive a user input
through the photoacoustic control unit 30 and may synchro-
nize a time of outputting the laser beam with an acoustic
measurement time. Alternatively, the laser generation unit
20 may receive a user input through the laser generation unit
20 and may synchronize an acoustic measurement time with
a time of outputting the laser beam.

[0046] The photoacoustic control unit 30 may receive a
photoacoustic signal collected through the photoacoustic
probe 10 to then convert the photoacoustic signal into a
photoacoustic image. The photoacoustic control unit 30 may
include a display unit 31 to display the photoacoustic image
converted from the photoacoustic signal. In addition, the
display unit 31 may display various kinds of information
including the operation and progress of a device associated
with generation of the photoacoustic image, and details
relevant to the user input.

[0047] In addition, the photoacoustic control unit 30 may
include various types of user input units receiving user
inputs. Here, user input details inputted through the user
inputs may be displayed on the display unit 31.

[0048] Meanwhile, the laser generation unit 20 may
include a laser source, an attenuator, and connection termi-
nals. The laser source may generate laser beams having
various wavelengths corresponding to a target object. The
attenuator may attenuate the strength of a laser beam gen-
erated from the laser source so as to be suitable for photoa-
coustic tomography. An optical fiber may be connected
through the connection terminals and then connected to the
photoacoustic probe through a collimator for producing a
flux of parallel light beams from the optical fiber.

[0049] Here, if short electromagnetic pulses of laser are
incident to a biological tissue that is a target object, some of
the energy is absorbed into an absorptive material of the
tissue to then be converted into heat, causing thermo-elastic
expansion. As a result, an ultrasonic wave having a broad-
band frequency is emitted, and the emitted ultrasonic wave
is measured using an acoustic measurement unit, such as an
ultrasonic transducer. The measured signal is transmitted to
a photoacoustic control unit to then be produced as an image
of the biological tissue as the target object.
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[0050] In a general optical imaging device, wavelengths of
laser may be increased for the purpose of increasing a
penetration depth. In this case, the degree of resolution may
be undesirably lowered. In the photoacoustic tomography
device 1 according to the present invention, however, since
an ultrasonic signal is measured after irradiating light
beams, the penetration depth can be increased without
lowering the resolution.

[0051] The laser generation unit 20 generates laser beams
having a wavelength range suited to an absorption coeffi-
cient of an absorptive material of the target object and then
irradiates the generated laser beams into a target area to
obtain a photoacoustic image of the target object. Here, in
order to obtain photoacoustic images for a plurality of target
objects, laser beams having a plurality of wavelength ranges
corresponding thereto may be sequentially irradiated. In
such a manner, the photoacoustic images for the respective
target objects can be obtained altogether.

[0052] The photoacoustic probe 10 may include a main
body 11, an acoustic measurement unit 12, and an optical
fiber connection unit 13. The main body 11 includes an
internal construction and arrangement based on an optical
design for converting a light beam radiated from an optical
fiber using a collimator into small diameter parallel light to
generate a line beam and then performing line focusing or
area focusing on a target area according to the present
invention. Specific embodiments of the construction and
arrangement based on the optical design are shown in FIGS.
3 to 6. Therefore, the photoacoustic tomography device may
have all of technical features and effects of the photoacoustic
probe 10 shown in FIGS. 3 to 6.

[0053] The main body 11 is connected to an optical fiber
through the optical fiber connection unit 13 to transmit the
laser beam generated from the laser generation unit 20. The
main body 11 converts the laser beam generated from the
laser generation unit 20 into parallel light through the optical
fiber and the optical fiber connection unit 13 to allow the
parallel light to be line-focused or area-focused at the target
area. The collimator is positioned at an end of the optical
fiber in the optical fiber connection unit 13 to make the laser
beam radiated from the optical fiber proceed as parallel light
so as not to be radiated unlimitedly, but aspects of the
present invention are not limited thereto. Rather, a variety of
members capable of performing such functions can be used.

[0054] The acoustic measurement unit 12 measures an
acoustic wave generated by the laser beam irradiated into the
target area, and an ultrasonic transducer may be used as the
acoustic measurement unit 12. Here, the acoustic measure-
ment unit 12 may be an array of a plurality of linear
ultrasonic transducers arranged linearly so as to effectively
measure the acoustic wave outputted from the line-focused
or area-focused laser beam. That is to say, since the acoustic
measurement unit 12 may linearly receive acoustic waves
outputted line by line or area by area through the linear
ultrasonic transducer array, an image for a wide area can be
quickly acquired.

[0055] According to the present invention, line-by-line
scanning or area-by-area scanning can be performed by
using a small number of light inputs, thereby quickly acquir-
ing an image for a wide area using a simple device.

[0056] To this end, the photoacoustic probe 10 may
include a collimator 13, a Powell lens 15, a lens 16, and an
acoustic measurement unit 12.
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[0057] The collimator 13 converts the laser beam radiated
from the optical fiber into a flux of parallel light beams
having a constant diameter so as to make the laser beam
proceed as parallel light. The Powell lens 15 receives small
diameter parallel light as an optical input so as to generate
a line beam of a predetermined thickness. The lens 16 may
irradiate the line beam so as to be line-focused or area-
focused at the target area. The acoustic measurement unit 12
may receive the acoustic wave outputted by irradiating the
line beam from the target area.

[0058] The collimator 13, which converts the laser beam
radiated from the optical fiber into a parallel light beam flux,
may prevent the laser beam from being radiated unlimitedly
and may allow beams entering the Powell lens 15 to have a
constant size, thereby maintaining the optical design.
[0059] The Powell lens 15 may receive the small diameter
parallel light so as to generate a line beam of a predeter-
mined thickness and uniform strength. In this case, the line
beam may be line-focused on a surface perpendicular to a
beam traveling direction with substantially uniform strength.
[0060] That is to say, the photoacoustic probe 10 employs
an optical design using the Powell lens 15, thereby irradi-
ating light into an imaging area with uniform energy
strength. Therefore, the photoacoustic probe 10 enables
quantitative image acquisition without a concentration mea-
surement distortion of an absorptive material, thereby accu-
rately obtaining a precise image for the target area.

[0061] The lens 16 is provided for allowing the line beam
to be line-focused or area-focused at the target area and may
include at least one lens having a variety of shapes, con-
structions and arrangements. Here, the lens is a member for
changing a light path of incident light, and a single member
or a combination of a plurality of members having a variety
of shapes may be used as the lens.

[0062] Meanwhile, the photoacoustic probe 10 may be
configured so as to control a depth of the line beam focused
at the target area in the biological tissue. Therefore, the
focusing depth or size of the target area can be freely
controlled, and a photoacoustic image for the target area can
be easily obtained while minimizing movement of the
photoacoustic probe 10.

[0063] In order to implement a structure capable of con-
trolling the focusing depth in the tissue, various embodi-
ments of the structure can be effected. In an embodiment, the
focusing depth may be controlled by changing positions of
the lens 16 while moving the lens 16 forward or backward
along the light path. In another embodiment, a variable focus
lens may be used as the lens 16. In this case, the tissue
focusing depth controlling structure can be easily imple-
mented using a general focus controlling mechanism,
including, for example, a liquid lens capable of controlling
refractive power of lens.

[0064] In still another embodiment, the tissue focusing
depth controlling structure can be implemented by adjusting
positions or angles of prisms used to change a light path.
[0065] Here, the focusing depth controlling structure may
be connected to the photoacoustic control unit 30 to then be
controlled by the photoacoustic control unit 30. A user input
may be received through the photoacoustic control unit 30
and the focusing depth within the tissue may be controlled
by the user input.

[0066] Meanwhile, the acoustic measurement unit 12 is
preferably located so as not to be interfered with the laser
beam irradiated into the target area. To this end, the acoustic
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measurement unit 12 may be positioned at 90 degrees or 180
degrees with respect to the light path of the laser beam
irradiated into the target area. In this case, a reflection plane
17 may be located at an end of the target area of the
photoacoustic probe 10 based on a property of the acoustic
wave propagating only in a medium, for example, water. The
reflection plane 17 allows the acoustic wave to be incident
to the acoustic measurement unit 12 by separating the
acoustic wave from the light path to change a traveling path
of the acoustic wave such that the incident light is allowed
to pass therethrough and only the acoustic wave outputted
from the reflection plane 17 is reflected.

[0067] FIG. 3 illustrates a first embodiment of an internal
construction of a probe 100 for photoacoustic tomography
according to the present invention. In the illustrated embodi-
ment, small diameter parallel light generated by a collimator
in an optical fiber input unit is converted into a line beam and
then line-focused at a target area. Here, a plan view of an
optical system is shown in the upper part of FIG. 3, and a
side view of the optical system rotated at 90 degrees with
respect to the plan view is shown in the lower part of FIG.
3.

[0068] Referring to FIG. 3, the photoacoustic probe 100
may include a Powell lens 110, a condenser lens 120, and an
acoustic measurement unit 130.

[0069] The Powell lens 110 may receive parallel light
from the collimator so as to generate a line beam of a
predetermined thickness. The condenser lens 120 allows the
line beam to pass therethrough such that the line beam has
a predetermined width and a reduced thickness in a beam
traveling direction so as to be line-focused at a target area.
The acoustic measurement unit 130 may receive an acoustic
wave outputted from the target area.

[0070] When the Powell lens 110 receives parallel light
from the collimator so as to generate a line beam of a
predetermined thickness, the line beam, which has a prede-
termined thickness and a width increased a predetermined
angle with respect to the center line of a plane, may be
incident to a surface perpendicular to the beam traveling
direction with substantially uniform strength.

[0071] The photoacoustic probe 100 may employ an opti-
cal design using the

[0072] Powell lens, thereby irradiating light into an imag-
ing area with uniform energy strength, thereby acquiring an
image from the target area without a concentration measure-
ment distortion of an absorptive material. Therefore, the
photoacoustic probe 100 enables quantitative image acqui-
sition, thereby accurately obtaining a precise image for the
target area.

[0073] The beam generated from the condenser lens 120
may have a constant width on a plane and a thickness
reduced at a predetermined rate in the beam traveling
direction and may be line-focused at the target area for
photoacoustic tomography.

[0074] Here, the condenser lens 120 may control a focus-
ing depth within a tissue by changing its positions while
moving forward or backward along the light path. In addi-
tion, the condenser lens 120 may include a variable focus
lens. In this case, the focusing depth controlling structure
can be easily implemented using a general focus controlling
mechanism.

[0075] Here, the photoacoustic probe 100 is configured
such that the focusing depth within the tissue, on which the
line beam is focused, can be controlled, thereby freely
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controlling focusing depths or sizes of the target area.
Accordingly, photoacoustic images for the respective depths
of the target area can be easily obtained while minimizing
movement of the photoacoustic probe 100.

[0076] As such, a three-dimensional image for the target
area can be obtained by performing line scanning while
minimizing movement of the photoacoustic probe 100.
[0077] Meanwhile, the acoustic measurement unit 130
may include an ultrasonic transducer receiving an acoustic
wave outputted from the target area. Here, the acoustic
measurement unit 130 may be an array of a plurality of
linear ultrasonic transducers arranged linearly so as to
effectively measure the acoustic wave outputted from the
line-focused or area-focused laser beam. That is to say, since
the acoustic measurement unit 130 may linearly receive
acoustic waves outputted line by line or area by area through
the linear ultrasonic transducer array, an image for a wide
area can be quickly acquired. Accordingly, the real-time
photoacoustic tomography device can be easily imple-
mented.

[0078] A reflection plane 140 may be located at a side of
the target area and may allow the acoustic wave to be
incident to the acoustic measurement unit 130 by allowing
incident parallel light to pass therethrough and changing a
traveling path of the acoustic wave outputted therefrom. In
this case, the acoustic measurement unit 130 is located so as
not to be interfered with the laser beam irradiated into the
target area. Here, the reflection plane 140 is used as means
for allowing the light entering in one direction to pass
therethrough and the acoustic wave inputted in the other
direction opposite to the one direction to be reflected, but
aspects of the present invention are not limited thereto.
Rather, a variety of members capable of performing such
functions, including, for example, an acoustic reflection
glass, can be used.

[0079] FIG. 4 illustrates a second embodiment of an
internal construction of a probe 200 for photoacoustic
tomography according to the present invention. In the illus-
trated embodiment, small diameter parallel light beams
input through a pair of optical fiber input units are converted
into line beams, respectively, and then line-focused on a line
at a target area. Here, a plan view of an optical system is
shown in the upper part of FIG. 4, and a side view of the
optical system rotated at 90 degrees with respect to the plan
view is shown in the lower part of FIG. 4.

[0080] Referring to FIG. 4, the photoacoustic probe 200
may include a pair of Powell lenses 210, a first condenser
lens 221, a second condenser lens 222, and an acoustic
measurement unit 230.

[0081] The pair of Powell lenses 210 spaced a predeter-
mined distance apart from each other may receive parallel
light beams so as to generate line beams, respectively. The
first cylinder lens 221 allows the respective line beams to
pass therethrough so as to generate the respective parallel
light beams having a predetermined width and a predeter-
mined thickness in a beam traveling direction. The second
condenser lens 222 allows the respective parallel light
beams to pass therethrough so as to be line-focused at a
target area as a single line beam. The acoustic measurement
unit 230 may receive an acoustic wave outputted from the
target area.

[0082] The pair of Powell lenses 210 may receive a pair of
small diameter parallel light beams from an optical fiber
through an optical fiber input unit so as to be converted into
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line beams, respectively. Here, each of the line beams, which
has a predetermined thickness and a width increased a
predetermined angle with respect to the center line of a
plane, may be a beam incident to a surface perpendicular to
the beam traveling direction with substantially uniform
strength.

[0083] The photoacoustic probe 200 may employ an opti-
cal design using the Powell lenses, thereby irradiating light
into an imaging area with uniform energy strength, thereby
acquiring an image from the target area without a concen-
tration measurement distortion of an absorptive material.
Therefore, the photoacoustic probe 200 enables quantitative
image acquisition, thereby accurately obtaining a precise
image for the target area.

[0084] The first cylinder lens 221 allows the respective
line beams to pass therethrough so as to generate the
respective parallel light beams, and the second cylinder lens
222 allows the respective parallel light beams to pass
therethrough so as to be line-focused at the target area as a
single line beam. To this end, the first cylinder lens 221 and
the second cylinder lens 222 may be arranged such that
convex portions thereof are rotated at 90 degrees with
respect to the central axis of the beam traveling direction
while facing each other.

[0085] Here, cylinder lenses each configured such that a
surface viewed from one side is convex may be used as the
first cylinder lens 221 and the second cylinder lens 222, but
aspects of the present invention are not limited thereto.
Rather, a variety of lenses capable of performing functions
of the first cylinder lens 221 and the second cylinder lens
222 can be employed as the first cylinder lens 221 and the
second cylinder lens 222.

[0086] In this case, two spaced-apart optical beams meet
each other through the optical system to then be line-focused
on a single line, thereby enabling dark field illumination by
a space between the two optical beams. During bright field
illumination, as shown in FIG. 3, beams may travel along the
optical axis to be irradiated into a tissue even before being
focused, so that ultrasonic waves are generated thereat,
acting as a noise, thereby obtaining an improved signal-to-
noise ratio (SNR) can be obtained using the dark field
illumination and acquiring a precise photoacoustic image for
the target area.

[0087] In addition, since the respective parallel light
beams are spaced apart from each other, the acoustic mea-
surement unit 230 may be positioned in a space between the
spaced-apart parallel light beams. In this case, since the
acoustic measurement unit 230 is positioned in an internal
space of the photoacoustic probe 200, the photoacoustic
probe 200 can be advantageously miniaturized.

[0088] Here, the acoustic measurement unit 230 may be
placed on a line bisecting the space between the respective
parallel light beams on center lines of the parallel light
beams.

[0089] Meanwhile, the second condenser lens 222 may
convert the spaced-apart parallel light beams so as to be
line-focused at the target area as a single line beam. Here, the
second cylinder lens 222 may control the focusing depth
within a tissue by changing its positions while moving
forward or backward along the light path. In addition, the
second cylinder lens 222 may include a variable focus lens.
In this case, the focusing depth controlling structure can be
easily implemented using a general focus controlling mecha-
nism.



US 2019/0320999 Al

[0090] Here, the photoacoustic probe 200 is configured
such that the focusing depth within the tissue, on which the
line beam is focused, can be controlled, thereby freely
controlling the focusing depth or size of the target area.
Accordingly, a photoacoustic image for the target area can
be easily obtained while minimizing movement of the
photoacoustic probe 200.

[0091] In addition, since the focusing depth within the
tissue, on which the line beam is focused, is controlled, a
three-dimensional image for the target area can be obtained
by performing line scanning while minimizing movement of
the photoacoustic probe 200.

[0092] The acoustic measurement unit 230, which
receives an acoustic wave outputted from the target area,
may be the same as the acoustic measurement unit shown in
the embodiment illustrated in FIG. 3. Therefore, the descrip-
tion of the acoustic measurement unit shown in the embodi-
ment illustrated in FIG. 3 may be referred to in describing
the acoustic measurement unit 230, and a detailed descrip-
tion thereof will not be given.

[0093] A reflection plane 240 may be located at a side of
the target area and may allow the acoustic wave to be
incident to the acoustic measurement unit 230 by allowing
incident parallel light to pass therethrough and changing a
traveling path of the acoustic wave outputted therefrom. In
this case, the acoustic measurement unit 230 is located so as
not to be interfered with the laser beam irradiated into the
target area. Here, the reflection plane 240 is used as means
for allowing the light entering in one direction to pass
therethrough and the acoustic wave inputted in the other
direction opposite to the one direction to be reflected, but
aspects of the present invention are not limited thereto.
Rather, a variety of members capable of performing such
functions can be used.

[0094] FIG. 5 illustrates a third embodiment of an internal
construction of a probe 300 for photoacoustic tomography
according to the present invention. In the illustrated embodi-
ment, small diameter parallel light input from an optical
fiber through an optical fiber input unit is converted into a
line beam, and one parallel light is split into two parallel
light beams to then be area-focused on a single area at a
target arca. Here, a plan view of an optical system is shown
in the upper part of FIG. 5, and a side view of the optical
system rotated at 90 degrees with respect to the plan view is
shown in the lower part of FIG. 5.

[0095] Referring to FIG. 5, the photoacoustic probe 300
may include a Powell lens 310, a cylinder lens 320, a light
path changing unit 340, and an acoustic measurement unit
330.

[0096] The Powell lens 310 may receive a light input as
small diameter parallel light so as to generate a line beam
having a predetermined thickness. The cylinder lens 320
may allow the line beam to pass therethrough so as to
generate parallel light having a predetermined width and a
constant thickness in a beam traveling direction. The light
path changing unit 340 may allow the parallel light to pass
therethrough so as to be area-focused at the target area. The
acoustic measurement unit 330 may receive an acoustic
wave outputted from the target area.

[0097] The Powell lens 310, which receives small diam-
eter parallel light so as to generate a line beam, may be the
same as the Powell lens shown in the embodiment illustrated
in FIG. 3. Therefore, the description of the Powell lens
shown in the embodiment illustrated in FIG. 3 may be
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referred to in describing the Powell lens 310, and a detailed
description thereof will not be given.

[0098] The cylinder lens 320 may have a convex portion
positioned at a light emitting side and may allow the line
beam to pass therethrough so as to generate parallel light
having a predetermined width and a predetermined thick-
ness. The cylinder lens 320 may also have a planar portion
positioned at a light emitting side.

[0099] The light path changing unit 340, which changes a
light path of incident parallel light so as to be area-focused
at the target area, may include a beam splitter member 341
and a pair of light path changing members 342 and 343. The
beam splitter member 341 may split one parallel light beam
into a first parallel light beam and a second parallel light
beam. The pair of light path changing members 342 and 343
may change light paths of the first and second parallel light
beams to then be area-focused at the target area, respec-
tively.

[0100] Here, a line bessel beam can be implemented by the
shown optical design, thereby increasing a depth of focus.
Accordingly, area scanning can be achieved, thereby greatly
increasing an image acquisition speed.

[0101] In this case, two spaced-apart optical beams (that
is, the first parallel light beam and the second parallel light
beam) meet each other through the optical system to then be
focused on a single area, thereby enabling dark field illu-
mination by a space between the two optical beams. There-
fore, since a noise generated during bright field illumination
is eliminated, an improved signal-to-noise ratio (SNR) can
be obtained, thereby acquiring a precise photoacoustic
image for the target area.

[0102] Here, the beam splitter member 341 may include a
pair of prisms having acute angle portions adjoining each
other, the acute angle portions corresponding to edges
having the smallest thickness. Each of the light path chang-
ing members 342 and 343 may include a pair of prisms
having right-angled faces facing each other. Here, the beam
splitter member 341 and/or the light path changing members
342 and 343 are implemented as prisms, thereby easily
implementing the optical system.

[0103] A structure capable of controlling the focusing
depth within a tissue can be implemented by adjusting
positions or angles of prisms used to change light paths of
the beam splitter 341 and/or the light path changing mem-
bers 342 and 343.

[0104] Here, the photoacoustic probe 300 is configured
such that the focusing depth within the tissue, on which the
line beam is focused, can be controlled, thereby freely
controlling the focusing depth of the target area. Accord-
ingly, a photoacoustic image for the target area can be easily
obtained while minimizing movement of the photoacoustic
probe 300.

[0105] In addition, since the focusing depth within the
tissue, on which the line beam is focused, is controlled, a
three-dimensional image for the target area can be obtained
by performing area scanning while minimizing movement of
the photoacoustic probe 300.

[0106] In addition, since the first and second parallel light
beams are spaced apart from each other, the acoustic mea-
surement unit 330 may be positioned in a space between the
spaced-apart parallel light beams. In this case, since the
acoustic measurement unit 330 is positioned in an internal
space of the photoacoustic probe 300, the photoacoustic
probe 300 can be advantageously miniaturized.
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[0107] Here, the acoustic measurement unit 330 may be
placed on a line bisecting the space between the respective
parallel light beams on center lines of the parallel light
beams.

[0108] Here, the acoustic measurement unit 330 may be
positioned between the pair of spaced-apart light path
changing members 342 and 343. In this case, the internal
space of the photoacoustic probe 300 can be more efficiently
utilized.

[0109] The acoustic measurement unit 330, which
receives an acoustic wave outputted from the target area,
may be the same as the acoustic measurement unit shown in
the embodiment illustrated in FIG. 3. Therefore, the descrip-
tion of the acoustic measurement unit shown in the embodi-
ment illustrated in FIG. 3 may be referred to in describing
the acoustic measurement unit 330, and a detailed descrip-
tion thereof will not be given.

[0110] FIG. 6 illustrates a fourth embodiment of an inter-
nal construction of a probe 400 for photoacoustic tomogra-
phy according to the present invention. In the illustrated
embodiment, a pair of small diameter parallel light beams
input from an optical fiber through an optical fiber input unit
are converted into line beams to then be area-focused on a
single area at a target area. Here, a plan view of an optical
system is shown in the upper part of FIG. 6, and a side view
of'the optical system rotated at 90 degrees with respect to the
plan view is shown in the lower part of FIG. 6.

[0111] Referring to FIG. 6, the photoacoustic probe 400
may include a pair of Powell lenses 410, a cylinder lens 420,
a pair of light path changing members 440, and an acoustic
measurement unit 430.

[0112] The pair of Powell lenses 410 spaced a predeter-
mined distance apart from each other may receive light
inputs as parallel light beams so as to generate line beams
having a predetermined thickness, respectively. The cylinder
lens 420 allows the respective line beams to pass there-
through so as to generate the respective parallel light beams
having a predetermined width and a predetermined thickness
in a beam traveling direction. The pair of light path changing
members 440 change light paths of the respective parallel
light beams so as to be area-focused at the target area. The
acoustic measurement unit 430 may receive an acoustic
wave outputted from the target area.

[0113] The pair of Powell lenses 410, which receive the
small diameter parallel light beams to generate line beams,
may be the same as the Powell lens shown in the embodi-
ment illustrated in FIG. 4. Therefore, the description of the
[0114] Powell lens shown in the embodiment illustrated in
FIG. 4 may be referred to in describing the Powell lenses
410, and a detailed description thereof will not be given.
[0115] The cylinder lens 420 may have a convex portion
positioned at a light emitting side and may allow the line
beams to pass therethrough so as to generate parallel light
beams having a predetermined width and a predetermined
thickness. The cylinder lens 420 may also have a planar
portion positioned at a light emitting side. The cylinder lens
420 allows two line beams to pass therethrough so as to
generate the to be generated as parallel light beams spaced
up and down a predetermined distance apart from each other.
[0116] The pair of light path changing members 440 may
include a pair of prisms spaced apart from each other and
having right-angled faces facing each other. Therefore, the
light path changing members 440 are implemented as
prisms, thereby easily implementing the an optical system.
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[0117] Here, a line bessel beam can be implemented by the
shown optical design, thereby increasing a depth of focus.
Accordingly, area scanning can be achieved, thereby greatly
increasing an image acquisition speed.

[0118] In this case, two spaced-apart optical beams meet
each other through the optical system to then be focused on
a single area, thereby enabling dark field illumination by a
space between the two optical beams. Therefore, since a
noise generated during bright field illumination is elimi-
nated, an improved signal-to-noise ratio (SNR) can be
obtained, thereby acquiring a precise photoacoustic image
for the target area.

[0119] A structure capable of controlling the focusing
depth within a tissue can be implemented by adjusting
positions or angles of prisms used to change light paths of
the light path changing members 440.

[0120] Here, the photoacoustic probe 400 is configured
such that the focusing depth within the tissue, on which the
line beam is focused, can be controlled, thereby freely
controlling the focusing depth of the target area. Accord-
ingly, a photoacoustic image for the target area can be easily
obtained while minimizing movement of the photoacoustic
probe 400.

[0121] In addition, since the focusing depth within the
tissue, on which the line beam is focused, is controlled, a
three-dimensional image for the target area can be obtained
by performing area scanning while minimizing movement of
the photoacoustic probe 400.

[0122] In addition, since the parallel light beams are
spaced apart from each other, the acoustic measurement unit
430 may be positioned in a space between the spaced-apart
parallel light beams. In this case, since the acoustic mea-
surement unit 430 is positioned in an internal space of the
photoacoustic probe 400, the photoacoustic probe 400 can
be advantageously miniaturized.

[0123] Here, the acoustic measurement unit 430 may be
placed on a line bisecting the space between the respective
parallel light beams on center lines of the parallel light
beams.

[0124] Here, the acoustic measurement unit 430 may be
positioned between the pair of spaced-apart prisms 440. In
this case, the internal space of the photoacoustic probe 400
can be more efficiently utilized.

[0125] The acoustic measurement unit 430, which
receives an acoustic wave outputted from the target area,
may be the same as the acoustic measurement unit shown in
the embodiment illustrated in FIG. 5. Therefore, the descrip-
tion of the acoustic measurement unit shown in the embodi-
ment illustrated in FIG. 5 may be referred to in describing
the acoustic measurement unit 430, and a detailed descrip-
tion thereof will not be given.

[0126] As described above, according to the present
invention, line-by-line scanning or area-by-area scanning
can be performed by using a small number of light inputs,
thereby quickly acquiring an image for a wide area using a
simple device.

[0127] While the invention has been described in detail
with particular reference to certain preferred embodiments
and application examples thereof, it is not intended to be
limited to the particular embodiments and application
examples disclosed, but rather to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of this disclosure, and various modifications can be
effected by a person of ordinary skill in the art within the
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spirit and scope of the invention. It will thus be appreciated
that those modifications should not be separately understood
from the technical spirit and prospect of the invention.

1. A probe for photoacoustic tomography comprising:

a Powell lens receiving the small diameter parallel light so
as to generate a line beam with uniform energy distri-
bution;

a lens making the line beam pass therethrough such that
the line beam has a predetermined width and a reduced
thickness so as to be line-focused at a target area; and

an acoustic measurement unit receiving an acoustic wave
outputted from the target area,

wherein the line beam outputted from the Powell lens is
a beam having a predetermined thickness and a width
increased by a predetermined angle with respect to the
center line of a plane, the lens has a cylinder lens
shaped of a cylinder having a rectangular cross-section
and having an output end having a rectangular shape
when viewed from one side and a convex shape when
viewed from the other side, and the cylinder lens allows
the line beam outputted from the Powell lens to pass
therethrough to generate parallel light having a prede-
termined width and a predetermined thickness in a
beam traveling direction.

2. (canceled)

3. The probe of claim 1, wherein the Powell lens includes

a pair of Powell lenses spaced a predetermined distance
apart from each other and receiving light inputs as parallel
light beams so as to generate line beams, respectively, and
the lens includes a first cylinder lens allowing the respective
line beams to pass therethrough so as to generate the
respective parallel light beams having a predetermined
width and a predetermined thickness, and a second cylinder
lens allowing the respective parallel light beams to pass
therethrough so as to be line-focused at the target area as a
single line beam,

wherein the first cylinder lens and the second cylinder
lens are arranged such that convex portions thereof are
rotated at 90 degrees with respect to the central axis of
the beam traveling direction and face each other.

4. The probe of claim 3, wherein the first cylinder lens and
the second cylinder lens are arranged such that convex
portions thereof are rotated at 90 degrees with respect to the
central axis of the beam traveling direction and face each
other.

5. The probe of claim 3, wherein the acoustic measure-
ment unit is placed on a line bisecting a space between the
respective parallel light beams on center lines of the parallel
light beams.

6. The probe of claim 1, further comprising a reflection
plane located at a side of the target area to allow the acoustic
wave outputted from the target area to be incident to the
acoustic measurement unit by allowing the incident light to
pass therethrough and changing a traveling path of the
acoustic wave.

7. The probe of claim 3, wherein the second lens includes
a variable focus lens capable of controlling a focusing depth
within a tissue, on which the line beam is focused, at the
target area.

8. A probe for photoacoustic tomography comprising:

a Powell lens receiving a light input as small diameter

parallel light so as to generate a line beam having a
uniform energy distribution;
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a lens allowing the line beam to pass therethrough so as
to generate parallel light having a predetermined width
and a predetermined thickness;

a light path changing unit along the parallel light to pass
therethrough so as to be area-focused at a target area;
and

an acoustic measurement unit receiving an acoustic wave
outputted from the target area,

wherein the line beam outputted from the Powell lens is
a beam having a predetermined thickness and a width
increased by a predetermined angle with respect to the
center line of a plane, the lens has a cylinder lens
shaped of a cylinder having a rectangular cross-section
and having an output end having a rectangular shape
when viewed from one side and a convex shape when
viewed from the other side, and the cylinder lens allows
the line beam outputted from the Powell lens to pass
therethrough to generate parallel light having a prede-
termined width and a predetermined thickness in a
beam traveling direction.

9. (canceled)

10. The probe of claim 8, wherein the light path changing
unit comprises: a beam splitter member splitting one single
parallel light beam into a first parallel light beam and a
second parallel light beam; and a pair of light path changing
members changing light paths of the first parallel light beam
and the second parallel light beam so as to be area-focused
at the target area.

11. The probe of claim 10, wherein the beam splitter
member includes a pair of prisms having acute angle por-
tions adjoining each other.

12. The probe of claim 10, wherein each of the light path
changing members includes a pair of prisms having right-
angled faces facing each other.

13. The probe of claim 10, wherein the acoustic measure-
ment unit is positioned between the pair of light path
changing members.

14. The probe of claim 10, wherein the beam splitter
member includes a pair of prisms having acute angle por-
tions adjoining each other, each of the light path changing
members includes a pair of prisms having right-angled faces
facing each other, and focusing depths in a tissue focused in
the target area are controlled by adjusting positions or angles
of at least one of the prisms included in the beam splitter
member and the light path changing members.

15. The probe of claim 10, wherein when the line beam
having a uniform energy distribution by the Powell lens is
split into beams of two light paths by the beam splitter
member and then area-focused, the split beams have a
uniform energy distribution on the entire focusing area.

16. A probe for photoacoustic tomography comprising:

a pair of Powell lenses spaced a predetermined distance
apart from each other and receiving light inputs as
parallel light beams so as to generate line beams,
respectively;

a cylinder lens allowing the respective line beams to pass
therethrough so as to generate the respective parallel
light beams having a predetermined width and a pre-
determined thickness;

a pair of light path changing members changing light
paths of the parallel light beams to then be area-focused
at the target area; and

an acoustic measurement unit receiving an acoustic wave
outputted from the target area,
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wherein the line beam outputted from the Powell lens is
a beam having a predetermined thickness and a width
increased by a predetermined angle with respect to the
center line of a plane, the lens has a cylinder lens
shaped of a cylinder having a rectangular cross-section
and having an output end having a rectangular shape
when viewed from one side and a convex shape when
viewed from the other side, and the cylinder lens allows
the line beam outputted from the Powell lens to pass
therethrough to generate parallel light having a prede-
termined width and a predetermined thickness in a
beam traveling direction.

17. The probe of claim 16, wherein the acoustic measure-
ment unit is positioned between the pair of light path
changing members.

18. The probe of claim 16, wherein the pair of light path
changing members are spaced apart from each other and
include a pair of prisms having right-angled faces facing
each other.
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19. The probe of claim 18, wherein focusing depths in a
tissue focused in the target area are controlled by adjusting
positions or angles of at least one of the prisms included in
the beam splitter member and the light path changing
members.

20-22. (canceled)

23. The probe of claim 1, wherein the acoustic measure-
ment unit includes an array of a plurality of linear ultrasonic
transducers arranged linearly.

24. (canceled)

25. The probe of claim 8, wherein the light path changing
unit allows the parallel light to pass therethrough to generate
a line bessel beam so as to be area-focused at the target area
shaped of a rectangle having a width formed by the cylinder
lens and a depth formed in an optical axis direction.
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