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(57) Abstract: It is sometimes difficult for an operator who is not well familiar with an apparatus to acquire a desired image. An ob -
ject-information acquisition apparatus includes a light source configured to emit light, a photoacoustic-wave detecting unit con-
figured to detect photoacoustic waves generated when the light is applied an object, a measurement-mode selecting unit, and a meas -
urement-condition determination unit configured to determine at least one of measurement conditions including a wavelength of the
light to be emitted by the light source and a central reception frequency of the photoacoustic-wave detecting unit on the basis of the
measurement mode selected by the measurement-mode selecting unit.
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Description
Title of Invention: OBJECT-INFORMATION ACQUISITION

APPARATUS
Technical Field

[0001]  The present invention relates to an object-information acquisition apparatus.
Background Art

[0002]  One of optical imaging techniques, photoacoustic tomography (PAT), has recently
been proposed. In PAT, pulsed light is delivered into an object, and photoacoustic
waves generated from the biological tissue of the object that has absorbed the energy
of the light transmitted and spread in the object are detected. Signals generated on the
basis of the detected photoacoustic waves are processed to visualize information on the
optical characteristic values of the internal part of the object.

[0003]  PTL 1 discloses a PAT apparatus that allows selecting a process for acquiring an

image generated on the basis of the detected photoacoustic waves.
Citation List
Patent Literature
[0004] PTL 1: Japanese Patent Laid-Open No. 2014-140717
Summary of Invention

Technical Problem

[0005] However, PTL 1 does not describe a method for setting measurement parameters in
detecting the photoacoustic waves.

[0006]  With the PAT apparatus disclosed in PTL 1, when an operator who is not well
familiar with the operation of the apparatus sets measurement parameters, such as the
wavelength of pulsed light emitted to an object and the reception frequency of a
transducer for detecting photoacoustic waves, it is sometimes difficult to acquire a
desired image.

[0007]  The present invention provides an object-information acquisition apparatus that
allows even an operator who is not well familiar with the apparatus to easily acquire a
desired image.

Solution to Problem

[0008]  An object-information acquisition apparatus according to a first aspect of the present
invention includes a light source configured to emit light, a photoacoustic-wave
detecting unit configured to detect photoacoustic waves generated by irradiation of an
object with the light, a measurement-mode selecting unit configured to select a mea-

surement mode, and a measurement-condition determination unit configured to
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

determine at least one of measurement conditions including a wavelength of the light
to be emitted by the light source and a central reception frequency of the pho-
toacoustic-wave detecting unit on the basis of the measurement mode selected by the

measurement-mode selecting unit.
An object-information acquisition apparatus according to a second aspect of the

present invention includes a light source configured to emit light to an object, an
acoustic-wave detecting unit configured to detect acoustic waves generated by ir-
radiation of the object with the light, a storage unit configured to store a first parameter
on a light source and a second parameter on an acoustic-wave detecting unit in ac-
cordance with a measurement mode, and a control unit configured to cause a selection
window for an operator to select a measurement mode from a plurality of measurement
modes stored in the storage unit. The control unit controls emission of the light from
the light source and detection of the acoustic waves with the acoustic-wave detecting
unit using the first and second parameters determined in accordance with a mea-
surement mode selected by the operator.

Further features of the present invention will become apparent from the following de-
scription of exemplary embodiments with reference to the attached drawings.
Advantageous Effects of Invention

According to some embodiments of the present invention, even an operator who is
not well familiar with the apparatus can easily acquire a desired image.

Brief Description of Drawings

[fig.1]Fig. 1 is a diagram showing the configuration of a photoacoustic tomography
apparatus according to a first embodiment of the present invention.

[fig.2]Fig. 2 is a diagram showing a measurement-mode selection window according to
the first embodiment of the present invention.

[fig.3]Fig. 3 is a flowchart of a measuring sequence according to the first embodiment
of the present invention.

[fig.4]Fig. 4 is a diagram showing a measurement-mode selection window according to

a second embodiment of the present invention.

Description of Embodiments

First Embodiment

In this embodiment, a hand-held PAT apparatus in which an operator can manually
operate a probe for detecting photoacoustic waves will be described by way of
example.
System Configuration

Fig. 1 shows the configuration of a PAT apparatus, which is an object-information
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acquisition apparatus according to this embodiment. This PAT apparatus incudes a
light-emitting unit 101 serving as a light source, an ultrasonic probe 102 serving as a
photoacoustic-wave detecting unit, a light-emission control unit 105, a probe control
unit 106, and an apparatus control unit 107.

Light-Emitting Unit

The light-emitting unit 101 is a device that emits pulsed light to an object. The light-
emitting unit 101 may be a laser light source capable of outputting high power, such as
a solid-state laser, a gas laser, a dye laser, or a semiconductor laser. The light-emitting
unit 101 is not limited to the laser light source but may be a light-emitting diode or a
flash lamp. The emission timing, pulse width, intensity, and so on of the pulsed light
are controlled by the light-emission control unit 105. The number of the light-emitting
unit 101 does not need to be one; a plurality of light-emitting units may be used to
irradiate the object from a plurality of directions to eliminate blind spots.

Applying light to the object for an adequately shorter time than thermal diffusion
time and acoustic wave transmission time allows photoacoustic waves to be effectively
generated. If the object is a living organism, the pulse width of the pulsed light
generated from the light-emitting unit 101 may be about 10 to 50 nanoseconds. The
wavelength of the pulsed light may be a wavelength at which the pulsed light is
propagated to a region to be visualized in the object. Specifically, for a living
organism, 700 nm or more and 1,100 nm or less are preferably. More specifically, the
wavelength can be varied in the range of 720-880 nm using a titanium-sapphire laser,
which is a solid-state laser. A dye laser with a wavelength of 580 nm is used as needed.

The light-emitting unit 101 may not include a light source; for example, light output
from a light source provided outside the light-emitting unit 101 may be introduced.
Ultrasonic Probe

When light 103 transmitted through a living organism is absorbed by an absorber
111, such as red blood cells, in the object, photoacoustic waves 104 are generated from
the absorber 111. The generated photoacoustic waves 104 are received by the ul-
trasonic probe 102 including devices capable of detecting ultrasonic waves. The
received signal is converted to an analog electrical signal. Thereafter, the analog
electrical signal is transmitted to the probe control unit 106, where it is amplified by an
amplifier of the probe control unit 106, and is then converted to a digital signal by an
analog-to-digital converter. The obtained digital signal is transmitted to the apparatus
control unit 107. The timing of reception of the ultrasonic waves is controlled by the
apparatus control unit 107 so as to synchronize with the light emission of the light-
emitting unit 101. The ultrasonic probe 102 serving as a photoacoustic-wave detecting

unit is a single probe.
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The ultrasonic probe 102 may be highly sensitive and have a wide frequency band.
Examples of devices mounted to the ultrasonic probe 102 that meet the requirements
include piezoelectric ceramics, such as lead zirconate titanate (PZT), a capacitive mi-
cromachined ultrasonic transducer (CMUT), and other transducers.

A photoacoustic wave receiving surface of the ultrasonic probe 102 may be either flat
or curved along the external form of the object. In an example, 256 devices may be
arrayed in a straight line at 2-mm pitch. The devices is not limited to be arrayed in a
straight line but may be arrayed in two-dimensions or concentrically. Furthermore, the
photoacoustic-wave receiving surface of the ultrasonic probe 102 may have a hemi-
spherical form around which a plurality of devices are arrayed in a concentric form or
a spiral form. The hemispherical receiving surface is suitable when the object is a
breast of a living organism. The photoacoustic-wave receiving surface may have a
cylindrical form or a semicylindrical form on which a plurality of devices are arrayed.
The cylindrical or semicylindrical receiving surface is suitable when the object is an
arm or a leg of a living organism.

In this embodiment, the central reception frequency of the ultrasonic probe 102 can
be varied, for example, within 2-20 MHz. The central reception frequency of the pho-
toacoustic waves detected by the ultrasonic probe 102 can be changed by changing the
central reception frequency. In this specification, the central reception frequency of the
ultrasonic probe 102 is a frequency at which the ultrasonic probe 102 has high sen-
sitivity, typically, the highest sensitivity. A plurality of devices having different central
reception frequencies may be disposed on the receiving surface of the ultrasonic probe
102, so that the central reception frequency of the ultrasonic probe 102 can be changed
by switching between devices that use an obtained electrical signal. The central
reception frequency may be switched on the receiving surface of the ultrasonic probe
102 on which devices with low reception frequencies and devices with high reception
frequencies are disposed. The electrical signal obtained from the photoacoustic waves
is sampled at a sampling frequency of 50 MHz, and 1,024 samples are obtained. The
digital signal obtained using the analog-to-digital converter has signed 12 bits.
Apparatus Control Unit

The apparatus control unit 107 serves as a measurement-mode selecting unit that
selects a measurement mode: controls the light-emitting unit 101 and the ultrasonic
probe 102; and reconstructs an image based on the photoacoustic waves detected by
the ultrasonic probe 102, that is, generates image data. In this embodiment, the
apparatus control unit 107 also serves as a measurement-condition determination unit
and an image processing unit. Furthermore, the apparatus control unit also serves as a
display control unit that causes a display device 108 to display an image based on the

generated image data. The apparatus control unit 107 includes a user interface,
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allowing change of measurement parameters, start and termination of the mea-
surement, selection of a method of image processing, storage of object information and
an image, analysis of data, and so on to be selected in accordance with an instruction
from the operator. The apparatus control unit 107 may include a display as a user
interface, so that the operator can perform the above selection with an operation menu
on the display. The display of the apparatus control unit 107 may be a touch panel.

An image is displayed on the display device 108 on the basis of the image data
generated by the apparatus control unit 107. The unit for reconstructing an image may
be either a computer independent of the apparatus control unit 107 and including a
CPU, a main storage unit, and an auxiliary storage unit, or specifically designed
hardware.

The apparatus control unit 107 may include a display control unit that controls
display on a display device, a light-source control unit that controls the light source,
and a detecting-unit control unit that controls the acoustic-wave detecting unit.
Selection Window 1

Fig. 2 shows a measurement-mode selection window 201 according to this em-
bodiment. The selection window 201 may be displayed on the display device 108 or
may be displayed on the display of the apparatus control unit 107 if provided. In this
embodiment, two choices "Basic Menu" and "Option" are displayed on a measurement
menu from which the operator can select. The "Basic Menu" field allows the operator
to select "Surface of Body" or "Inside of Body". The "Option" field allows the operator
to select at least one of "Oxygen Saturation”, "Contrast Medium", and "Ultrasonic
Waves".

The reason why one of "Surface of Body" and "Inside of Body" can be selected in
"Basic Menu" is that the wavelength of pulsed light applied to the object and the
reception frequency of the photoacoustic waves can be roughly classified depending on
whether the measurement is for the surface of body or the inside of body. In this em-
bodiment, the operator selects measurement of the surface of body or measurement of
the inside of body on the "Basic Menu" using a radio button 202. The operator further
selects options, such as "Oxygen Saturation”, "Contrast Medium", and "Ultrasonic
Waves" as necessary. The "Oxygen Saturation” is an option item for calculating and
displaying oxygen saturation in a image reconstruction region of the object. The
"Contrast Medium" is an option item that is selected when an object given a contrast
medium is to be measured. The "Ultrasonic Waves" is an option item for acquiring an
ultrasonic echo image by applying ultrasonic waves to an object and detecting reflected
ultrasonic waves. The source of the ultrasonic waves applied to the object when "Ul-
trasonic Waves" is selected may be disposed on the ultrasonic probe 102. When a

"Run" button 204 is pressed after "Basic Menu" and "Option" are selected, a source
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wavelength and a central reception frequency of photoacoustic waves suitable for the
measurement mode are automatically determined by the apparatus control unit 107.
Among the choices displayed on the selection window 201, "Basic Menu" is an
exclusive or, while "Option" allows the operator to select a plurality of choices at the
same time.

Suppose measurement of the oxygen saturation of a breast of a living organism using
the PAT apparatus according to this embodiment. The operator selects "Inside of
Body" and "Oxygen Saturation" on the selection window 201 and presses the "Run”
button 204. To measure the oxygen saturation, pulsed lights with two different
wavelengths need to be applied to the object. In this embodiment, the apparatus control
unit 107 automatically sets the source wavelengths of the pulsed lights to 756 nm and
797 nm, and the central reception frequency of the ultrasonic probe 102 to 3 MHz.
Since a breast needs to be measured to a depth of about 4 cm, near-infrared light
having a long light penetration depth is used for source pulsed light. The central
reception frequency of the ultrasonic probe 102 is set to a low frequency of about 3
MHz to draw a relatively large structure, such as a tumor or a thick blood vessel in a
breast. In an example of a method for displaying an image acquired by this mea-
surement, oxygen saturation is superimposed on a sound level distribution for display.
Another method of display is displaying an image showing a sound level distribution
and an image showing oxygen saturation side by side. A method of display may either
be automatically determined by the apparatus control unit 107 in response to selection
of a measurement mode or be selected by the operator.

Suppose measurement on a skin of a living organism using the PAT apparatus
according to this embodiment. In a case where the measurement is executed with only
"Surface of Body" selected and all the items of "Option" unselected by the operator on
the selection window 201, the apparatus control unit 107 automatically sets the source
wavelength of the pulsed light to 580 nm, and the central reception frequency of the ul-
trasonic probe 102 to 20 MHz. This is because observation in the range of around 5
mm is enough to perform measurement on a skin or the like. This allows visible light
with a wavelength shorter than that selected for measurement on "Inside of Body", that
is, visible light with a short penetration length, to be used for the source wavelength. In
contrast, the photoacoustic waves needs to be set to a high central frequency because
photoacoustic waves have to be detected at high resolution. Since the central reception
frequency differs between measurement on "Surface of Body" and measurement on
"Inside of Body", the resolution of measurement differs. This results in different pixel
resolutions of the images. Therefore, for measurement on "Surface of Body", inter-
polation may be performed to prevent the difference in resolution from being viewed

in the displayed images. In this specification, "Surface of Body" is a relatively shallow
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region from the surface of the object to a depth of about 1 cm.

When "Contrast Medium" in "Option" is selected, and the contrast medium is in-
docyanine green (ICG), the source wavelength is 780 nm. When "Contrast Medium" is
selected on the selection window 201, a menu that prompts the operator to select the
kind of contrast medium may be further displayed. Thus, the apparatus control unit 107
selects a source wavelength suitable for the contrast medium given to the object. To
measure a change with time, time-series images are displayed as a method of
displaying images. An image displayed on the display device 108 may be switched in
sequence in a slide show format, or alternatively, a plurality of images may be
displayed side by side in one window. A difference from the first image may be
displayed to make it easy to know a change with time.

When "Ultrasonic Waves" and "Oxygen Saturation” in "Option" are selected, an
image showing oxygen saturation may be interposed on an image acquired by
measuring ultrasonic waves, of ultrasonic waves applied by the ultrasonic probe 102,
reflected by the object. In this case, the ultrasonic probe 102 switches between
reception of photoacoustic waves and transmission and reception of ultrasonic waves
for usage.

For more detailed setting, an item button 203 can be used. For example, when a
"Surface of Body" button is pressed, setting for a part, such as a face, an arm, or a
neck, and an observation target, such as a melanoma or a tumor, can be performed.
Although the setting in this case is classified into "Surface of Body" and "Inside of
Body", a selection window for measurement parts, such as a face, an arm, a neck, and a
breast, may be displayed. For each of the parts, "Option" as shown in Fig. 2 may be
set.

A plurality of ultrasonic probes 102 with different central reception frequencies may
be provided so that an ultrasonic probe 102 to be used can be changed depending on
the details of "Basic Menu" and "Option" selected by the operator. The ultrasonic
probe 102 may be detachable so that an ultrasonic probe 102 to be used can be
replaced depending on the details of "Basic Menu" and "Option" selected by the
operator. In such cases, a message that tells an ultrasonic probe 102 to be used to the
operator may be displayed on at least one of the display of the apparatus control unit
107 and the display device 108. In the case where the PAT apparatus includes the
plurality of ultrasonic probes 102 or is configured to replace the ultrasonic probe 102,
the individual ultrasonic probes 102 may be differently shaped in the form of the
receiving surface to the measurement target to make a good contact therewith.

The above example has been described on the assumption that the object is a living
organism. In using the PAT apparatus for measurement of an object other than a living

organism, a window for selecting the kind of the object may be displayed before the
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selection window 201 is displayed. When a living organism is selected as the object,
the selection window 201 shown in Fig. 2 is displayed.
Measuring Process 1

Fig. 3 is a flowchart of a measuring sequence of this embodiment. Suppose a case
where both of oxygen saturation and an ultrasonic echo image are acquired for a breast
to be observed. The object measuring sequence is started from Step S1. The apparatus
control unit 107 causes the selection window 201 to be displayed on its display or the
display device 108.

Step S2 is the process of selecting a measurement mode. At step S2, the apparatus
control unit 107 displays the selection window 201 on the display of the apparatus
control unit 107 or the display device 108 to prompt the operator to select a mea-
surement mode. In response, the operator selects a measurement mode. In this em-
bodiment, the operator selects "Inside of Body" in "Basic Menu" and selects "Oxygen
Saturation" and "Ultrasonic Waves" in "Option".

Step S3 is the process of determining measurement conditions corresponding to the
measurement mode selected at step S2. Since "Inside of Body", "Oxygen Saturation”,
and "Ultrasonic Waves" are selected at step S2, the apparatus control unit 107 sets two
source wavelengths 756 nm and 797 nm for the pulsed light and sets the central
reception frequency of the photoacoustic waves detected by the ultrasonic probe 102 to
3 MHz. When a plurality of light sources are used, the optical path of light emitted
from a light source corresponding to a wavelength selected as necessary is switched so
that the light is applied to a target region of the object. At this step, the ultrasonic wave
circuit is switched between transmission and reception of ultrasonic waves. After
completion of the setting, the process goes to step S4.

The measurement is started from step S4. Before the measurement, the operator
applies gel for acoustic coupling to the target region and brings the ultrasonic probe
102 of the PAT apparatus into contact therewith. The measurement is started with the
ultrasonic probe 102 in contact. First, ultrasonic echo measurement is performed using
the ultrasonic probe 102 to search for a desired measurement region from which pho-
toacoustic waves are to be obtained. The ultrasonic echo measurement is performed on
the desired region, and then photoacoustic measurement is performed. The switching
from the ultrasonic echo measurement to the photoacoustic measurement may be
performed in accordance with an instruction from the operator using an operation
button. The ultrasonic echo measurement and the photoacoustic measurement may be
automatically switched therebetween. For the ultrasonic echo measurement, the probe
control unit 106 transmits and receives ultrasonic waves and sets the central reception
frequency to 12 MHz, and for photoacoustic waves, the probe control unit 106 sets the

central reception frequency to 3 MHz. In other words, the ultrasonic probe 102 can
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operate also as an ultrasonic-wave generating unit. The photoacoustic measurement is
performed for both of a wavelength of 756 nm and a wavelength of 797 nm of the
pulsed light. In this case, the ultrasonic waves probe 102 switches the central reception
frequency between 3 MHz and 12 MHz using an electrical filter.

At step S5, an image is displayed. Data obtained until step S4 is an ultrasonic echo
image and photoacoustic images acquired from pulsed light with a frequency of 756
nm and pulsed light with a frequency of 797 nm. An image of oxygen saturation can be
calculated from image data on which the photoacoustic images of 756 nm and 797 nm
are based. As a method of displaying an image, the image of the oxygen saturation is
superimposed on the ultrasonic echo image and is displayed on the display device 108.

At step S6, the operator determines whether a repetition of the measurement is
required. If the operator determines that a desired image is acquired by checking the
image, the operator inputs an instruction to terminate the measurement to complete the
measurement. The completion of the measurement can be input via, for example, the
user interface of the apparatus control unit 107. If the target object is a breast, the same
measurement is performed on the other breast of the identical object as needed. If the
operator determines that repeated measurement is necessary, or the same measurement
is to be performed on the other breast, the process returns to step S4 for measurement.

At step S7, the operator determines whether the measurement conditions need to be
changed. If measurement on, not the internal part of the breast, but another part, such
as a skin, is needed, the process returns to step S2 for selecting a measurement mode.
Also for a case where measurement is performed on the same part under conditions
suitable for, for example, an object given a contrast medium, the process returns to step
S2 for selecting a measurement mode. If there is no need to change the measurement
conditions, the process goes to step S8.

At step S8, the measuring sequence is completed.

In this embodiment, since measurement conditions can be automatically determined
when a measurement mode is selected, as described above, a desired image can easily
be acquired.

Second Embodiment

A second embodiment is an object-information acquisition apparatus in which mea-
surement parameters can be set using a tab-format selection window. Differences from
the first embodiment will be mainly described hereinbelow.

Selection Window 2

Fig. 4 shows a measurement-mode selection window 400 according to this em-

bodiment. Tabs 401 are used to select the details of setting. In this case, an "Addition"

tab is provided in addition to a "Surface of Body" tab and an "Inside of Body" tab for a
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measurement mode, allowing the operator to set desired measurement parameters.

The operator first selects one of the "Surface of Body" tab, the "Inside of Body" tab,
and the "Addition" tab in the selection window 400. When the operator selects the
"Surface of Body" tab, "580 nm" is displayed in a "Source Wavelength" field as the
source wavelength of the pulsed light, and "20 MHz" is displayed in a "Central
Reception Frequency" field as the central reception frequency of the ultrasonic probe
102. These two values are preset values that are automatically determined by selecting
the "Surface of Body" tab. When the operator further selects "Melanoma" as a mea-
surement mode from "Detection Item", "760 nm" is further displayed in the "Source
Wavelength" field. Since Fig. 4 shows a selection window when "Melanoma" is
selected, "580 nm, 760 nm" are displayed in the "Source Wavelength" field. When the
operator selects "Contrast Medium", a different wavelength is displayed in the "Source
Wavelength" field. For example, when indocyanine green, described above, is used as
a contrast medium, "780 nm" is further displayed in the "Source Wavelength" field.

Also when the operator selects the "Inside of Body" tab, preset values are displayed
in the "Source Wavelength" field and the "Central Reception Frequency" field as for
the "Surface of Body", and when the operator further selects "Detection Item", a source
wavelength is added in the "Source Wavelength" field.

When the operator selects the "Addition" tab, another measurement, for example,
execution of ultrasonic echo measurement can be selected in addition to measurement
of photoacoustic waves for "Surface of Body" or "Inside of Body".

Measuring Process 2

An example of a measuring sequence for measurement on melanoma will be
described with reference to the flowchart in Fig. 3.

The object measuring sequence is started from step S1. The apparatus control unit
107 causes the selection window 400 to be displayed on its display or the display
device 108.

At step S2, a measurement mode is selected on the selection window 400 in Fig. 4. In
this embodiment, the operator selects the "Surface of Body" tab and selects
"Melanoma" in "Detection Item" as an option.

Step S3 is the process of determining measurement conditions corresponding to the
measurement mode selected at step S2. Since "Surface of Body" and "Melanoma" are
selected at step S2, the apparatus control unit 107 sets two source wavelengths, 580 nm
and 760 nm, for the pulsed light and sets the central reception frequency of the pho-
toacoustic waves detected by the ultrasonic probe 102 to 20 MHz.

The measurement is started from step S4. Before the measurement, the operator
applies gel for acoustic coupling to the target region and brings the ultrasonic probe

102 into contact with a desired position. The photoacoustic measurement is performed
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for each of the source wavelengths 580 nm and 760 nm of the pulsed light. The
switching between the source wavelengths is achieved by switching between the
optical paths of a dye laser and a titanium-sapphire laser, for example.

At step S5, an image is displayed. A method for displaying an image is selected
which allows the relationship between melanoma and its peripheral blood vessels to be
viewed from measurement images acquired at the source wavelengths of 580 nm and
760 nm of the pulsed light, and the images are displayed in a superimposed manner.

At step S6, the operator determines whether a repetition of the measurement is
required. If the operator determines that a desired image is acquired by checking the
image, the measurement is completed. If the operator determines that repeated mea-
surement is necessary, or the same measurement is to be performed on another part, the
process returns to step S4 for measurement.

At step S7, the operator determines whether the measurement conditions need to be
changed. If measurement on another par is needed, the process returns to step S2 for
selecting a measurement mode. If there is no need to perform measurement on another
part, the process goes to step S8.

At step S8, the measuring sequence is completed.

Also in this embodiment, since measurement conditions can be automatically de-
termined when a measurement mode is selected, as described above, a desired image
can easily be acquired.

In the above embodiments, the hand-held PAT apparatus in which an operator can
move with the ultrasonic probe 102 in hand has been described as an example.
However, the configuration of the PAT apparatus is given for mere illustration and is
not intended to limit the invention. A floor-mounted object-information acquisition
apparatus or an ultrasonic probe that can be moved on a predetermined path or within a
predetermined range may be employed.

In the above embodiments, the central reception frequency of the ultrasonic probe
102 is switched depending on a selected measurement mode. A conceivable method
for achieving the switching is providing a plurality of probes with different central
reception frequencies and using a probe corresponding to a selected measurement
mode. In the case where a plurality of probes are provided, the apparatus control unit
107 may activate only a probe to be used in a selected measurement mode. In this case,
the activated probe may be displayed on the display device 108 to increase the con-
venience of the operator.

The ultrasonic probe 102 may be interchangeable so that an ultrasonic probe 102
having a central reception {requency for a selected measurement mode can be used.

In the above embodiments, the apparatus control unit 107 may be configured to

determine the pulse width of the light emitted by the light-emitting unit 101 depending
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on a selected measurement mode.
It will be appreciated that the above embodiments are given for mere illustration, and

the elements of the embodiments can be combined without departing from the spirit of
the present invention.

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

This application claims the benefit of Japanese Patent Application No. 2014-199183,
filed September 29, 2014, which is hereby incorporated by reference herein in its
entirety.

Industrial Applicability

The above object-information acquisition apparatus can be used as a medical di-
agnostic imaging apparatus when the object is a biological substance. Specifically, the
apparatus can image the distribution of optical characteristic values in a living
organism and the density distribution of substances constituting the biological tissue
acquired from the information to make a diagnosis of a tumor or a vascular disease or
monitor a chemical treatment over time.

The apparatus can also be applied o a nondestructive examination on a nonliving
substance.

The above embodiments show a case where the wavelength of pulsed light output
from the light-emitting unit 101 serving as a light source and the central reception
frequency of acoustic waves detected by the ultrasonic probe 102 serving as an
acoustic-wave detecting unit are determined in advance.

Instead of or in addition to the wavelength output from the light source, another
condition on the light source may be determined in advance. Instead of or in addition
to the central reception frequency detected by the ultrasonic probe 102, another
condition on the ultrasonic probe 102 may be determined in advance. Specifically, a
storage unit that stores first parameters on the light source (for example, a wavelength,
a pulse width, an amplitude, and a pulse interval) and second parameters on the ul-
trasonic probe 102 (for example, a central reception frequency, a sampling frequency,
and a sampling interval) may be provided. For example, the storage unit may store a
table in which the first and second parameters are associated with measurement modes.
If conditions on the light source ad the acoustic-wave detecting unit are determined in
advance for each measurement mode, various conditions can be automatically set when

the operator selects a measurement mode.



13

WO 2016/051734 PCT/JP2015/004844

[0070]

[0071]

The present invention can also be implemented by supplying a program for im-
plementing one or more functions of the above embodiments to a system or apparatus
via a network or a storage medium and by reading and executing the program with one
or more processors of a computer of the system or apparatus. The present invention
can also be implemented by a circuit that implements one or more functions, for
example, an application specific integrated circuit (ASIC).

Reference Signs List

101 Light-emitting unit

102 Ultrasonic probe

105 Light-emission control unit

106 Probe control unit

107 Apparatus control unit

108 Display device

110 Object
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Claims

An object-information acquisition apparatus comprising:

a light source configured to emit light;

a photoacoustic-wave detecting unit configured to detect photoacoustic
waves generated by irradiation of an object with the light;

a measurement-mode selecting unit configured to select a measurement
mode; and

a measurement-condition determination unit configured to determine at
least one of measurement conditions including a wavelength of the
light to be emitted by the light source and a central reception frequency
of the photoacoustic-wave detecting unit on the basis of the mea-
surement mode selected by the measurement-mode selecting unit.

The object-information acquisition apparatus according to Claim 1,
wherein as the measurement mode, a part of the object can be selected.
The object-information acquisition apparatus according to Claim 2,
wherein the part of the object includes a body surface or an inside of
the object.

The object-information acquisition apparatus according to Claim 2 or 3,
wherein the part of the object includes at least one of a face, a neck, an
abdomen, a breast, and an arm.

The object-information acquisition apparatus according to one of
Claims 2 to 4, wherein in the measurement mode, at least one of
oxygen saturation of the object, an ultrasonic echo image of the object,
and an image of the object given a contrast medium can be further
selected.

The object-information acquisition apparatus according to one of
Claims 1 to 5, wherein the measurement-condition determination unit
further determines a pulse width of the light to be emitted by the light
source in accordance with the selected measurement mode.

The object-information acquisition apparatus according to one of
Claims 1 to 6, wherein the photoacoustic-wave detecting unit includes a
plurality of probes having different central reception frequencies from
one another.

The object-information acquisition apparatus according to Claim 7,
wherein the measurement-condition determination unit selects a probe
to be activated from the plurality of probes in accordance with the

selected measurement mode.
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The object-information acquisition apparatus according to one of
Claims 1 to 8, wherein the measurement-mode selecting unit selects the
measurement mode in accordance with an operator's operation.

The object-information acquisition apparatus according to Claim 8,
wherein the probe to be activated is displayed on a display device.
The object-information acquisition apparatus according to one of
Claims 1 to 7, wherein the photoacoustic-wave detecting unit includes
an interchangeable probe.

The object-information acquisition apparatus according to one of
Claims 1 to 11, further comprising:

an ultrasonic-wave generating unit configured to generate ultrasonic
waves,

wherein in the measurement mode, detection of ultrasonic waves
reflected from the object with the photoacoustic-wave detecting unit
can be selected.

The object-information acquisition apparatus according to one of
Claims 1 to 12,

wherein the light source includes a plurality of light-emitting devices
that emits light having different wavelengths from one another; and
wherein the measurement-condition determination unit determines a
light-emitting device that emits light to the object from the plurality of
light-emitting devices in accordance with the selected measurement
mode.

The object-information acquisition apparatus according to one of
Claims 1 to 13, wherein

the measurement-mode selecting unit includes a display control unit
that causes a selection window that prompts an operator to select the
measurement mode to be displayed on a display device,

wherein when the measurement mode is selected, the display control
unit causes the display device to display the wavelength of the light to
be emitted by the light source and the central reception frequency of the
photoacoustic-wave detecting unit according to the selected mea-
surement mode.

The object-information acquisition apparatus according to Claim 14,
further comprising:

an image processing unit configured to generate image data based on
the detected photoacoustic waves,

wherein the display control unit determines a method for displaying an
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image based on the image data on the display device in accordance
with the selected measurement mode.

The object-information acquisition apparatus according to Claim 14 or
15, further comprising the display device.

An object-information acquisition apparatus comprising:

a light source configured to emit light to an object;

an acoustic-wave detecting unit configured to detect acoustic waves
generated by irradiation of the object with the light;

a storage unit configured to store a first parameter on a light source and
a second parameter on an acoustic-wave detecting unit in accordance
with a measurement mode; and

a control unit configured to cause a selection window for an operator to
select a measurement mode from a plurality of measurement modes
stored in the storage unit,

wherein the control unit controls emission of the light from the light
source and detection of the acoustic waves with the acoustic-wave
detecting unit using the first and second parameters determined in ac-

cordance with a measurement mode selected by the operator.
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