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Description

[Technical Field]

[0001] One or more embodiments of the present in-
vention relate to a photoacoustic probe and a photoa-
coustic diagnostic apparatus including the same for use
in diagnosis from photoacoustic images.

[Background Art]

[0002] A photoacoustic imaging technology uses a
photoacoustic effect to noninvasively image biological
tissues. When a biological tissue is irradiated with a short
electromagnetic laser pulse for photoacoustic imaging,
some of the optical energy from the laser pulse is ab-
sorbed by the biological tissue and subsequently con-
verted into heat, thereby causing transient thermo-elastic
expansion. The thermo-elastic expansion leads to emis-
sion of wideband ultrasound waves, and the emitted ul-
trasound waves are detected by ultrasound transducers
from different directions and reconstructed into images.
[0003] Since photoacoustic imaging is based on the
conversion of optical energy into ultrasound waves for
detection, this method has advantages of combining
properties of optical imaging with those of ultrasound im-
aging. Pure optical imaging has much higher contrast
ratio than ultrasound imaging, but permits only limited
imaging up to a predetermined depth from a surface of
a living tissue due to strong optical scattering inside soft
tissues. On the other hand, ultrasound imaging provides
a sufficiently high spatial resolution so as to examine a
fetus. Photoacoustic imaging overcomes the drawback
of optical imaging such as low imaging depths with con-
version of optical energy into ultrasound waves due to a
photoacoustic effect, thereby achieving both a high op-
tical contrast ratio and a high spatial resolution.
[0004] Photoacoustic imaging techniques have al-
ready been developed significantly to conduct research
on tumors, brains, hearts, and eyeballs of small animals.
A photoacoustic imaging system may easily be integrat-
ed with a conventional ultrasound imaging system after
undergoing only a slight modification such as removal of
an ultrasound transmission function. Due to its sharing
of an acoustic detector, the integrated system may pro-
vide advantages of a traditional ultrasound imaging sys-
tem such as portability and real-time imaging capability.
[0005] Here, the state of the art is acknowledged, as
disclosed in US-2013/331681, WO-2004/042382; and
US-2013/060122, relative to which publications the
present disclosure is distinguished in at least the features
of the appended independent claim.

[Disclosure]

[Technical Solution]

[0006] One or more embodiments of the present in-

vention include a photoacoustic probe and a photoacous-
tic diagnostic apparatus configured to provide informa-
tion as to whether light is irradiated.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.
[0008] According to one or more embodiments of the
present invention, a photoacoustic probe includes a light
irradiation unit for irradiating first light that is used for
photoacoustic imaging on an object and an indicator for
providing information about whether the first light is irra-
diated by using the first light.
[0009] The photoacoustic probe further includes a
wavelength converter for converting the first light to sec-
ond light having a different wavelength than the first light.
The indicator may output the second light.
[0010] The photoacoustic probe may further include a
transducer that receives acoustic waves generated from
the object by absorbing the first light and converts the
acoustic waves into electrical signals,
[0011] According to one or more embodiments of the
present invention, a photoacoustic diagnostic apparatus
includes: a photoacoustic probe including a light irradia-
tion unit for irradiating first light that is used for photoa-
coustic imaging on an object and a transducer for receiv-
ing acoustic waves corresponding to the first light and
converting the acoustic waves into electrical signals; a
signal processor that processes the electrical signals re-
ceived from the photoacoustic probe and generates a
photoacoustic image; and an indicator for providing in-
formation about whether the first light is irradiated by us-
ing the first light.
[0012] The indicator may emit second light having a
different wavelength than the first light.
[0013] The apparatus may further include a wave-
length converter for converting the first light to the second
light.
[0014] The wavelength converter may include at least
one of a fluorescent material and a nonlinear crystal ma-
terial.

Brief Description of Drawings

[0015] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram of a photoacoustic probe;
FIG. 2a is a block diagram of an optical module ac-
cording to an exemplary embodiment of the present
invention;
FIG. 2b is a block diagram of an optical module ac-
cording to another exemplary embodiment of the
present invention;
FIG. 3 is a block diagram of an ultrasound module
according to an exemplary embodiment of the
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present invention;
FIG. 4 is a block diagram of a photoacoustic diag-
nostic apparatus according to an exemplary embod-
iment of the present invention;
FIG. 5 schematically illustrates a photoacoustic
probe according to an exemplary embodiment of the
present invention;
FIG. 6 illustrates a photoacoustic probe according
to another exemplary embodiment of the present in-
vention;
FIG. 7 illustrates a photoacoustic probe according
to another exemplary embodiment of the present in-
vention; and
FIGS. 8 through 10 schematically illustrate arrange-
ment of an indicator.

Mode for the Invention

[0016] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings. In the drawings, reference numerals refer
to like elements throughout, and repeated descriptions
thereof are omitted here.
[0017] In the present specification, an "object" may in-
clude a person or an animal, or a part of a person or an
animal. For example, the object may include the liver,
the heart, the womb, the brain, a breast, the abdomen,
or a blood vessel. Furthermore, a "user" refers to a med-
ical professional, such as a doctor, a nurse, a medical
laboratory technician, and an engineer who repairs a
medical apparatus, but the user is not limited thereto.
Expressions such as "at least one of", when preceding
a list of elements, modify the entire list of elements and
do not modify the individual elements of the list.
[0018] FIG. 1 is a block diagram of a photoacoustic
probe 110. The photoacoustic probe 110 is configured
to irradiate light on an object 10 and receive acoustic
waves (e.g., ultrasound waves) generated from the ob-
ject 10 by absorbing energy from the light. To do so, the
photoacoustic probe 110 includes an optical module 200
for irradiating light on the object 10 and an ultrasound
module 300 for receiving acoustic waves (e.g., ultra-
sound waves) and converting them into electrical signals.
The photoacoustic probe 110 may irradiate light on the
object 10 and receive acoustic waves therefrom while
moving along the object 10 with its surface being in con-
tact with the object 10.
[0019] During manufacturing of the photoacoustic
probe 110, the optical module 200 may be integrated with
the ultrasound module 300, but the present invention is
not limited thereto. The optical module 200 and the ul-
trasound module 300 may be fabricated separately and
then combined together. The optical module 200 and the
ultrasound module 300 may be detached from each oth-
er. Due to this configuration, the ultrasound module 300
may operate for ultrasound imaging independently, and
for photoacoustic imaging only when being combined
with the optical module 200. Alternatively, even when the

optical module 200 is assembled with the ultrasound
module 300, the photoacoustic probe 110 may operate
for ultrasound imaging according to a user command as
well as for photoacoustic imaging.
[0020] The photoacoustic probe 110 necessitates the
use of light for photoacoustic imaging. In general, light
that is used in photoacoustic imaging is classified as crit-
ically dangerous to a human body, and may cause irrev-
ocable accidents such as blindness, burning, and fires.
Thus, a lot of care and attention is required when using
the photoacoustic probe 110. It is also desirable for a
user to recognize actual irradiation of light because this
may allow the user to intentionally take special care in
using the photoacoustic probe 110. To achieve this, the
photoacoustic probe 110 according to an embodiment of
the present invention may be configured to output infor-
mation about irradiation of light.
[0021] FIG. 2a is a block diagram of an optical module
200a according to an exemplary embodiment of the
present invention. Referring to FIG. 2a, the optical mod-
ule 200a according to the present embodiment includes
a light source 210 for providing first light that is used for
photoacoustic imaging, a light irradiation unit 220 for ir-
radiating the first light on the object (10 in FIG. 1), and
an indicator 230 for providing information as to whether
the light irradiation unit 220 irradiates the first light by
using the first light. The optical module 200a may further
include a wavelength converter 240 for converting the
first light into second light having a different wavelength
than the first light.
[0022] The light source 210 may provide light so as to
induce acoustic waves from the object 10. The light
source 210 may include a laser diode for generating laser
light. The laser may be a pulse laser, and have a nano-
sized or pico-sized pulse width. The laser may be a con-
tinuous laser. For example, light provided by the light
source 210 may have a wavelength range of about 500
nm to about 1500 nm. The light source 210 may provide
light having a single central wavelength or a plurality of
central wavelengths.
[0023] The light irradiation unit 220 may receive first
light from the light source 210 and irradiate the first light
on the object 10. The light irradiation unit 220 may receive
the first light from the light source 210 via an optical fiber
(not shown), and the light source 210 may or may not
provide the first light to the light irradiation unit 220. In
other words, the light irradiation unit 220 may or may not
irradiate the first light on the object 10. Furthermore, the
light irradiation unit 220 may incorporate a structure for
diffusing the first light. When being irradiated with the first
light, the object undergoes a temperature increase and
a thermal expansion by absorbing the first light and gen-
erates acoustic waves (e. g, ultrasound waves).
[0024] The indicator 230 may provide information on
whether the light irradiation unit 220 irradiates the first
light by using the first light. Light having different wave-
length ranges according to the object 10 may be used in
photoacoustic imaging. The first light may include differ-
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ent wavelength ranges such as visible light that can be
seen by a user’s eyes and infrared light that cannot be
seen directly by the user’s eyes. Since light that is used
in photoacoustic imaging is so dangerous, the user may
wear safety goggles. In general, safety goggles may in-
clude a filter for blocking emitted light. For this reason, a
user wearing safety goggles may have difficulty in rec-
ognizing whether the light irradiation unit 220 actually
irradiates the light. To solve this problem, the indicator
230 may output light whose irradiation can be identified
even by a user who wears safety goggles. Furthermore,
the light output by the indicator 230 may be visible light
that is visible to the user’s eyes.
[0025] Thus, the optical module 200a may include the
wavelength converter 240 for converting first light into
second light having a different wavelength than the first
light. The second light may have a wavelength range that
can pass through a filter for blocking the first light, e. g,
a filter that is used for safety goggles. Furthermore, the
second light may have a wavelength range of visible light
that can be seen by the user.
[0026] The wavelength converter 240 may convert first
light into second light having a longer wavelength than
the first light. The wavelength converter 240 may include
a fluorescent material that absorbs the first light and then
emits the second light having a longer wavelength than
the first light. For example, if the light irradiation unit 220
irradiates near-green light having a wavelength of about
500 nm, the user may wear safety goggles that block the
light with a wavelength of about 500 nm. The wavelength
converter 240 may include a fluorescent material that
absorbs the light with a wavelength of about 500 nm and
then emits light with a wavelength of about 600 nm that
is longer than the light with a wavelength of 500 nm. Thus,
the light with a wavelength of about 600 nm may then be
output through the indicator 230, so that the user may
identify whether the light irradiation unit 220 irradiates
light even while wearing the safety goggles that block the
near-green light of about 500 nm.
[0027] Alternatively, the wavelength converter 240
may convert first light into second light having a shorter
wavelength than the first light. The wavelength converter
240 may contain a nonlinear crystal material that absorbs
the first light and emits the second light. In detail, the
nonlinear crystal material may be lithium niobate
(LiNbO3), potassium titanyl phosphate (KTP =
KTiOPO4), or lithium triborate (LBO = LiB3O5).
[0028] For example, if the light irradiation unit 220 ir-
radiates infrared light having a wavelength of about 1064
nm that cannot be seen directly by a user’s eyes, the
user may wear safety goggles that block the wavelength
of about 1064 nm. The wavelength converter 240 may
convert the infrared light into green light having a wave-
length of about 532 nm that is half the wavelength of the
infrared light. Thus, the green light with the wavelength
of about 532 nm may then be output through the indicator
230, so that the user may identify whether the light irra-
diation unit 220 irradiates light even while wearing the

safety goggles that block the infrared light of about 1064
nm.
[0029] Furthermore, the wavelength converter 240
may also be designed as a combination of a device for
converting incident light into light having a shorter wave-
length than the incident light and a device for converting
the resulting light into light having a longer wavelength
than the resulting light. For example, if the light irradiation
unit 220 irradiates light having a wavelength of about 700
nm, the wavelength converter 240 may have a nonlinear
crystal material and a fluorescent material sequentially
arranged. The nonlinear crystal material is used for con-
verting the wavelength of light that is incident in a light
propagation direction to a shorter wavelength, and the
fluorescent material is used for converting the wave-
length of incident light to a longer wavelength. In detail,
the light having a wavelength of about 700 nm may be
converted to light having a wavelength of about 350 nm
as it passes through the nonlinear crystal material. The
light having a wavelength of about 350 nm may be con-
verted again to light having a wavelength of about 400
nm to about 500 nm as it passes through the fluorescent
material. Thus, the light having a wavelength of about
400 nm to about 500 nm may be output through the in-
dicator 230 so that the user may identify whether the light
irradiation unit 220 irradiates light even while wearing the
safety goggles that block the light having a wavelength
of about 700 nm.
[0030] FIG. 2b is a block diagram of an optical module
200b according to another exemplary embodiment of the
present invention. The optical module 200b according to
the present embodiment is different from the optical mod-
ule 200a of FIG. 2a in that the optical module 200b in-
cludes an optical sensor 250 for detecting first light and
converting the first light into an electrical signal instead
of the wavelength converter 240, and that the indicator
230 may output information based on the electrical signal
(the result detected by the optical sensor 250) received
from the optical sensor 250. The indicator 230 may be
an image or text that can be perceived by a user s eyes
or an acoustic sound that can be detected by a user s
ear. The optical sensor 250 may be disposed along a
path that light travels, e.g., within the light irradiation unit
220. When the optical sensor 250 is used to detect irra-
diation of light, the indicator 230 may be implemented in
various ways.
[0031] FIG. 3 is a block diagram of an ultrasound mod-
ule 300 according to an exemplary embodiment of the
present invention. Referring to FIG. 3, the ultrasound
module 300 according to the present embodiment in-
cludes a transmitter 320, a transducer 340, and a receiver
360.
[0032] The transmitter 320 supplies a driving signal to
the transducer 340. The transmitter 320 may include a
pulse generator 322, a transmission delay unit 324, and
a pulser 326. The pulse generator 322 generates rate
pulses for forming transmission ultrasound waves based
on a predetermined pulse repetition frequency (PRF).
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The transmission delay unit 324 applies a delay time for
determining transmission directionality to the rate pulses.
The rate pulses to which the delay time is applied corre-
spond to a plurality of elements included in the transducer
340, respectively. The pulser 326 applies a driving signal
(or a driving pulse) to the transducer 340 in a timing cor-
responding to each rate pulse to which a delay time is
applied. The plurality of elements may be arranged in a
one-dimensional (1D) or two-dimensional (2D) array.
[0033] The transducer 340 transmits ultrasound waves
to the object (10 in FIG. 1) in response to a driving signal
that is supplied by the transmitter 320 and receives ul-
trasound echo signals reflected from the object 10. The
transducer 340 includes the plurality of elements for con-
verting electrical signals into acoustic energy (or vice ver-
sa).
[0034] The transducer 340 may be realized as a pie-
zoelectric micromachined ultrasonic transducer (pMUT),
a capacitive micromachined ultrasonic transducer
(cMUT), a magnetic micromachined ultrasonic transduc-
er (mMUT), or an optical ultrasonic detector. The pMUT
and the cMUT convert ultrasound waves into electrical
signals and electrical signals back into ultrasound waves
due to a change in pressure caused by vibration and a
change in capacitance, respectively. The mMUT and the
optical ultrasonic detector convert ultrasound waves into
electrical signals and electrical signals back into ultra-
sound waves due to a change in magnetic field and a
change in optical properties, respectively.
[0035] The receiver 360 processes signals received
from the transducer 340 to generate ultrasound data and
includes an amplifier 362, an analog-to-digital converter
(ADC) 364, a reception delay unit 366, and a summing
unit 368.
[0036] The amplifier 362 amplifies signals received
from the transducer 340, and the ADC 364 performs an-
alog-to-digital conversion on the amplified signals. The
reception delay unit 366 applies a delay time for deter-
mining reception directionality to the digital signals output
from the ADC 364, and the summing unit 368 generates
ultrasound data by summing the signals processed by
the reception delay unit 366.
[0037] While the ultrasound module 300 necessarily
includes the transducer 340, at least some of the com-
ponents in the transmitter 320 and the receiver 360 may
be included in another device. For example, the ultra-
sound module 300 may not include the summing unit 368
of the receiver 360. Furthermore, in generating photoa-
coustic images, the transmitter 320 of the ultrasound
module 300 may not operate, or the ultrasound module
300 may not include the transmitter 320 itself.
[0038] When ultrasound waves are generated from the
object 10 by absorbing light, the transducer 340 receives
the ultrasound waves, converts the ultrasound waves into
electrical signals, and applies the electrical signals to the
receiver 360. The receiver 360 may generate image data
based on the electrical signals, and the image data is
reconstructed to form a photoacoustic image.

[0039] FIG. 4 is a block diagram of a photoacoustic
diagnostic apparatus 400 according to an exemplary em-
bodiment of the present invention. Referring to FIG. 4,
the photoacoustic diagnostic apparatus 400 according
to the present embodiment includes a photoacoustic
probe 110 for irradiating light on the object (10 in FIG. 1)
and receiving ultrasound waves from the object 10, a
signal processor 120 for processing signals applied by
the photoacoustic probe 110 and generating an image,
a display unit 130 for displaying the image, a user input
unit 140 for receiving a user command, a storage unit
150 for storing various types of information, and a control
unit 160 for controlling overall operations of the photoa-
coustic diagnostic apparatus 400.
[0040] As described above, the photoacoustic probe
110 is configured to irradiate light on the object 10 and
receive ultrasound waves generated from the object 10.
The same descriptions as already presented are omitted.
[0041] The signal processor 120 may process ultra-
sound data generated by the photoacoustic probe 110
and generate a photoacoustic image. Since the photoa-
coustic image is generated by using a currently imple-
mentable method, a detailed description thereof is omit-
ted here. The signal processor 120 may also produce an
ultrasound image by using a currently implementable
method, so a detailed description thereof is omitted.
[0042] The display unit 130 displays information that
is processed by the photoacoustic diagnostic apparatus
400. For example, the display unit 130 may display a
photoacoustic image generated by the signal processor
120 as well as a graphical user interface (GUI) that ap-
pears in order to request a user input.
[0043] The display unit 130 may include at least one
of a liquid crystal display (LCD), a thin film transistor-LCD
(TFT-LCD), an organic light-emitting diode (OLED), a
flexible display, a three-dimensional (3D) display, and an
electrophoretic display. The photoacoustic diagnostic
apparatus 400 may include two or more display units 130
according to embodiments of the present invention.
[0044] The user input unit 140 refers to a means via
which a user inputs data for controlling the photoacoustic
diagnostic apparatus 400. The user input unit 140 may
include a keypad, a mouse, a touch panel, and a track
ball. The user input unit 140 is not limited thereto, and
may further include various other input elements such as
a jog wheel and a jog switch.
[0045] The touch panel may be constructed to detect
both a real touch where a pointer actually touches a
screen and a proximity touch where the pointer ap-
proaches the screen while being separated from the
screen by less than a predetermined distance. In the
present specification, the term ’pointer’ means a tool for
touching a particular portion on or near the touch panel.
Examples of the pointer may include a stylus pen and a
portion of a user s body such as fingers.
[0046] In addition, the touch panel may be realized as
a touch screen that forms a layer structure with the dis-
play unit 130. In this case, the touch screen may be im-
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plemented as various types such as capacitive overlay,
resistive overlay, infrared beam, surface acoustic wave,
integral strain gauge, and piezoelectric touch screens.
The touch screen is very useful because it functions as
both the display unit 130 and the user input unit 140.
[0047] Although not shown in FIG. 4, various sensors
may be disposed within or near the touch panel so as to
sense a touch. A tactile sensor is an example of the sen-
sors for sensing a touch. The tactile sensor is used to
sense a touch of a particular object to the same or greater
degree than the degree to which a human can sense the
touch. The tactile sensor may detect various information
including the toughness of a contact surface, the hard-
ness of an object to be touched, and the temperature of
a point to be touched.
[0048] A proximity sensor is another example of the
sensors for sensing a touch. The proximity sensor means
a sensor that senses the presence of an object that is
approaching or is located near a predetermined detection
surface by using the force of an electromagnetic field or
infrared light without any mechanical contact. Examples
of the proximity sensor include a transmissive photoe-
lectric sensor, a direct reflective photoelectric sensor, a
mirror reflective photoelectric sensor, a high-frequency
oscillation proximity sensor, a capacitive proximity sen-
sor, a magnetic proximity sensor, and an infrared prox-
imity sensor.
[0049] The storage unit 150 stores various types of in-
formation that are processed by the photoacoustic diag-
nostic apparatus 400. For example, the storage unit 150
may store medical data related to diagnosis of the object
10, such as images, and algorithms or programs that are
executed in the photoacoustic diagnostic apparatus 400.
[0050] The storage unit 150 may include at least one
storage medium from among a flash memory-type stor-
age medium, a hard disk-type storage medium, a multi-
media card micro-type storage medium, card-type mem-
ories (e.g., an SD card, an XD memory, and the like), a
Random Access Memory (RAM), a Static Random Ac-
cess Memory (SRAM), a Read-Only Memory (ROM), an
Electrically Erasable Programmable ROM (EEPROM), a
PROM, a magnetic memory, a magnetic disc, and an
optical disc. The photoacoustic diagnostic apparatus 400
may utilize a web storage or a cloud server that functions
as the storage unit 150 online.
[0051] The control unit 160 controls the overall opera-
tions of the photoacoustic diagnostic apparatus 400. In
detail, the control unit 160 may control operations of the
photoacoustic probe 110, the signal processor 120, and
the display unit 130. For example, the control unit 160
may control the signal processor 120 to generate an im-
age by using a user command received via the user input
unit 140 or programs stored in the storage unit 150. The
control unit 160 may also control the display unit 130 to
display the image generated by the signal processor 120.
[0052] FIG. 5 schematically illustrates a photoacoustic
probe 110 according to an exemplary embodiment of the
present invention. Referring to FIG. 5, two light irradiation

units 220 are disposed around the ultrasound module
300, i.e., on either side of an ultrasound module 300.
However, the present invention is not limited thereto, and
the photoacoustic probe 110 may include a single or three
or more light irradiation units 220. First light emitted by
a light source 210 may be transmitted to the light irradi-
ation units 220 and an indicator 230 through a light de-
livery unit 260. The light delivery unit 260 may include at
least one optical fiber. For example, the light delivery unit
260 may include a first light delivery unit 262 for delivering
a portion of the first light to the light irradiation unit 220
and a second light delivery unit 264 for delivering the
remaining portion of the first light to the indicator 230. In
detail, the first light delivery unit 262 has one end con-
nected to the light source 210 and the other end connect-
ed to the light irradiation units 220. The second light de-
livery unit 264 has one end connected to the light source
210 and the other end connected to the indicator 230.
Furthermore, a wavelength converter 240 may be dis-
posed in the second light delivery unit 264 so as to convert
the first light to second light that will be emitted to the
outside through the indicator 230.
[0053] FIG. 6 illustrates a photoacoustic probe 110 ac-
cording to another exemplary embodiment of the present
invention. The photoacoustic probe 110 according to the
present embodiment differs from the photoacoustic
probe 110 of FIG. 5 in that it does not include a separate
second light delivery unit for delivering a portion of the
first light to an indicator 230 and that the indicator 230 is
disposed in a light irradiation unit 220. For example, the
light irradiation unit 220 has one end connected to a light
delivery unit 260 and the other end connected to a first
opening 222. The light irradiation unit 220 may irradiate
light on the object 10 through the first opening 222. The
indicator 230 may be formed as a second opening 224
in a side of the light irradiation unit 220. At least a part of
a wavelength converter 240 may overlap with the second
opening 224. Thus, a portion of first light applied to the
light irradiation unit 220 may undergo wavelength con-
version as it enters the wavelength converter 240 and
then be output through the second opening 224 that func-
tions as the indicator 230.
[0054] FIG. 7 illustrates a photoacoustic probe 110 ac-
cording to another exemplary embodiment of the present
invention. Referring to FIG. 7, a mirror 271 and a beam
splitter 273 may also be disposed in a light delivery unit
260 so as to control a path along which light propagates.
In addition, at least one optical sensor 250 may be dis-
posed on the light delivery unit 260 and the light irradia-
tion unit 220 so as to detect light. Although the optical
sensor 250 is disposed on a side of the light delivery unit
260, the present invention is not limited thereto, and the
optical sensor 250 may be disposed within the light irra-
diation unit 220 or the light delivery unit 260.
[0055] An indicator 230 that has received the result of
detection by the optical sensor 250 as an electrical signal
may display information about whether the light irradia-
tion unit 220 irradiates light by using various methods.
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The indicator 230 may be realized as a laser diode. Thus,
as the light irradiation unit 220 irradiates light, the indi-
cator 230 may also emit light. In this case, the indicator
230 may emit light in a wavelength range that can be
visually perceived even when a user wears safety gog-
gles. In other words, the emitted light may be visible light
having a wavelength that does not overlap that of first
light. Since the indictor 230 is configured to receive an
electrical signal from the optical sensor 250 as described
above, it may have less spatial limitations than the indi-
cator (230 in FIG. 5) that emits second light.
[0056] FIGS. 8 through 10 schematically illustrate ar-
rangement of an indicator 230. The indicator 230 as a
laser diode may be disposed on the photoacoustic probe
110 as shown in FIG. 8, on a display device 130a includ-
ing a display unit 130 as shown in FIG.9, and on a ma-
nipulation device 140a including a user input unit 140 as
shown in FIG. 10.
[0057] Although not shown in FIGS. 8 through 10, the
indicator 230 may also be displayed on a screen of the
display unit 130 as a user interface in the form of a text
or image. Furthermore, information about irradiation of
light may be provided by using a visual output or sounds
as an auditory output.
[0058] While it is described above that irradiation of
light by the light irradiation unit 220 is determined accord-
ing to whether the light source 210 emits light in response
to a user command, the description is provided for con-
venience of explanation only and not for purposes of lim-
itation. The light source 210 may continuously provide
light to the light irradiation unit 220, and the light irradia-
tion unit 220 may selectively irradiate light. In this case,
the indicator 230 may be disposed within the light irradi-
ation unit 220.
[0059] As described above, according to the one or
more of the above embodiments of the present invention,
the photoacoustic probe and the photoacoustic diagnos-
tic apparatus are configured to provide information about
irradiation of light, thereby allowing user to easily recog-
nize irradiation of light. This configuration may also allow
the user to easily verify whether a failure to normally pro-
duce a photoacoustic image is caused by irradiation of
light. Furthermore, the photoacoustic probe and the pho-
toacoustic diagnostic apparatus may easily provide in-
formation about irradiation of light by converting a wave-
length of emitted light. In addition, the photoacoustic
probe and the photoacoustic diagnostic apparatus may
convert information about irradiation of light into an elec-
trical signal for provision, thereby allowing various imple-
mentations.
[0060] While one or more embodiments of the present
invention have been described with reference to the fig-
ures, it should be understood that the exemplary embod-
iments described therein should be considered in a de-
scriptive sense only and not for purposes of limitation.
Thus, it will be understood by those of ordinary skill in
the art that various changes in form and details may be
made therein without departing from the scope of the

present invention as defined by the following claims. All
modifications and substitutions within the scope of the
appended claims and their equivalents will be construed
as being included in the present invention.

Claims

1. A photoacoustic probe comprising:

a light irradiation unit (220) for irradiating first
light that is used for photoacoustic imaging on
an object;
a transducer (340) that receives acoustic waves
generated from the object by absorbing the first
light and converts the acoustic waves into elec-
trical signals; and
an indicator (230) for providing information
about whether the first light is irradiated,
CHARACTERIZED BY
a wavelength converter (240) for converting the
first light to second light having a different wave-
length than the first light,
wherein the indicator (230) is configured to out-
put the second light to provide the information
about whether the first light is irradiated.

2. The photoacoustic probe of claim 1, wherein the sec-
ond light has a wavelength range including a wave-
length range that can pass through a filter that blocks
the first light.

3. The photoacoustic probe of claim 1 or 2, wherein the
second light has a longer wavelength than the first
light.

4. The photoacoustic probe of claim 3 wherein the
wavelength converter (240) comprises a fluorescent
material.

5. The photoacoustic probe of claim 1 or 2, wherein the
second light has a shorter wavelength than the first
light.

6. The photoacoustic probe of claim 5, wherein the
wavelength converter (240) comprises a nonlinear
crystal material.

7. The photoacoustic probe of any one of claims 1 to
6, further comprising:

a light source (210) for providing the first light;
and
a light delivery unit for delivering the first light
from the light source (210) to the light irradiation
unit (220) and the indicator (230).

8. The photoacoustic probe of claim 7, wherein the light
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delivery unit comprises at least one optical fiber.

9. The photoacoustic probe of claim 7 or 8, wherein the
light delivery unit has one end connected to the light
source (210) and the other end connected to the light
irradiation unit (220), and
wherein the indicator (230) is disposed on a side of
the light irradiation unit (220).

10. The photoacoustic probe of any one of claims 1 to
9, further comprising an optical sensor (250) for de-
tecting the first light,
wherein the indicator (230) outputs the information
about whether the first light is irradiated based on
the result of detection output from the optical sensor
(250).

11. A photoacoustic diagnostic apparatus comprising:

a photoacoustic probe (110) according to any
preceding claim; and
a signal processor (120) that processes the elec-
trical signals received from the photoacoustic
probe (110) and generates a photoacoustic im-
age.

Patentansprüche

1. Fotoakustische Sonde, die Folgendes umfasst:

eine Lichtausstrahlungseinheit (220) zum Aus-
strahlen eines ersten Lichtes, das für eine foto-
akustische Bildgebung an einem Objekt ver-
wendet wird;
einen Wandler (340), der von dem Objekt durch
Absorbieren des ersten Lichts erzeugte Schall-
wellen empfängt und die Schallwellen in elektri-
sche Signale umwandelt; und
einen Anzeiger (230) zur Bereitstellung von In-
formationen darüber, ob das erste Licht ausge-
strahlt wird,
GEKENNZEICHNET DURCH
einen Wellenlängenwandler (240) zum Umwan-
deln des ersten Lichtes in zweites Licht mit einer
Wellenlänge, die sich von der des ersten Lichtes
unterscheidet,
wobei der Anzeiger (230) dazu konfiguriert ist,
das zweite Licht auszugeben, um die Informati-
onen darüber, ob das erste Licht ausgestrahlt
wird, bereitzustellen.

2. Fotoakustische Sonde nach Anspruch 1, wobei das
zweite Licht einen Wellenlängebereich aufweist,
dessen Wellenlängenbereich durch einen Filter pas-
sieren kann, der das erste Licht blockiert.

3. Fotoakustische Sonde nach Anspruch 1 oder 2, wo-

bei das zweite Licht eine längere Wellenlänge als
das erste Licht aufweist.

4. Fotoakustische Sonde nach Anspruch 3, wobei der
Wellenlängenwandler (240) ein fluoreszierendes
Material umfasst.

5. Fotoakustische Sonde nach Anspruch 1 oder 2, wo-
bei das zweite Licht eine kürzere Wellenlänge als
das erste Licht aufweist.

6. Fotoakustische Sonde nach Anspruch 5, wobei der
Wellenlängenwandler (240) ein nichtlineares Kris-
tallmaterial umfasst.

7. Fotoakustische Sonde nach einem der Ansprüche 1
bis 6, die weiterhin Folgendes umfasst:

eine Lichtquelle (210) zur Bereitstellung des ers-
ten Lichtes; und
eine Lichtzufuhreinheit zur Zufuhr des ersten
Lichtes aus der Lichtquelle (210) an die Licht-
ausstralungseinheit (220) und den Anzeiger
(230).

8. Fotoakustische Sonde nach Anspruch 7, wobei die
Lichtzufuhreinheit wenigstens eine Glasfaser um-
fasst.

9. Fotoakustische Sonde nach Anspruch 7 oder 8, wo-
bei ein Ende der Lichtzufuhreinheit mit der Lichtquel-
le (210) verbunden ist und das andere Ende mit der
Lichtausstrahlungseinheit (220) verbunden ist, und
wobei der Anzeiger (230) an einer Seite der Licht-
ausstrahlungseinheit (220) vorgesehen ist.

10. Fotoakustische Sonde nach einem der Ansprüche 1
bis 9, die weiterhin einen optischen Sensor (250) zur
Erfassung des ersten Lichtes umfasst,
wobei der Anzeiger (230) die Informationen darüber,
ob das erste Licht ausgestrahlt wird, basierend auf
dem von dem optischen Sensor (250) ausgegebe-
nen Ergebnis der Erfassung ausgibt.

11. Fotoakustische Diagnosevorrichtung, die Folgen-
des umfasst:

eine fotoakustische Sonde (110) nach einem
der vorangegangenen Ansprüche; und
eine Signalverarbeitungseinrichtung (120), die
die empfangenen, von der fotoakustischen Son-
de (110) stammenden elektrischen Signale ver-
arbeitet und ein fotoakustisches Bild erzeugt.

Revendications

1. Sonde photo-acoustique comprenant :
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une unité de rayonnement de lumière (220) des-
tinée à rayonner une première lumière destinée
à un processus d’imagerie photo-acoustique
d’un objet,
un transducteur (340) qui reçoit les ondes
acoustiques produites par l’objet par absorption
de la première lumière et qui transforme les on-
des acoustiques en signaux électriques, et
un indicateur (230) destiné à fournir une infor-
mation indiquant si la première lumière est
rayonnée ;
CARACTÉRISÉ PAR
un convertisseur de longueur d’onde (240) des-
tiné à transformer la première lumière en une
deuxième lumière présentant une longueur
d’onde différente de celle de la première lumiè-
re,
ledit indicateur (230) étant conçu pour émettre
la deuxième lumière pour fournir l’information
indiquant si la première lumière est rayonnée.

2. Sonde photo-acoustique selon la revendication 1,
dans laquelle la deuxième lumière a une gamme de
longueurs d’onde comprenant une gamme de lon-
gueurs d’onde susceptible de traverser un filtre blo-
quant la première lumière.

3. Sonde photo-acoustique selon la revendication 1 ou
2, dans laquelle la deuxième lumière a une longueur
d’onde plus longue que celle de la première lumière.

4. Sonde photo-acoustique selon la revendication 3,
dans laquelle le convertisseur de longueur d’onde
(240) comprend un matériau fluorescent.

5. Sonde photo-acoustique selon la revendication 1 ou
2, dans laquelle la deuxième lumière a une longueur
d’onde plus courte que celle de la première lumière.

6. Sonde photo-acoustique selon la revendication 5,
dans laquelle le convertisseur de longueur d’onde
(240) comprend un matériau cristallin non linéaire.

7. Sonde photo-acoustique selon l’une quelconque des
revendications 1 à 6, comprenant en outre :

une source de lumière (210) destinée à fournir
la première lumière, et
une unité d’apport de lumière destinée à fournir
la première lumière, produite par la source de
lumière (210), à l’unité de rayonnement de lu-
mière (220) et à l’indicateur (230).

8. Sonde photo-acoustique selon la revendication 7,
dans laquelle l’unité d’apport de lumière comprend
au moins une fibre optique.

9. Sonde photo-acoustique selon la revendication 7 ou

8, dans laquelle l’unité d’apport de lumière a une
extrémité reliée à la source de lumière (210) et l’autre
extrémité reliée à l’unité de rayonnement de lumière
(220), et
dans laquelle l’indicateur (230) est disposé sur un
côté de l’unité de rayonnement de lumière (220).

10. Sonde photo-acoustique selon l’une quelconque des
revendications 1 à 9, comprenant en outre un cap-
teur optique (250) destiné à détecter la première lu-
mière,
ledit indicateur (230) émettant l’information indiquant
si la première lumière est rayonnée compte tenu du
résultat de détection émis par le capteur optique
(250).

11. Appareil de diagnostic photo-acoustique,
comprenant :

une sonde photo-acoustique (110) selon l’une
quelconque des revendications précédentes, et
un processeur de signaux (120) qui traite les
signaux électriques reçus de la sonde photo-
acoustique (110) et qui produit une image photo-
acoustique.
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