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OBJECT INFORMATION ACQUIRING
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an object informa-
tion acquiring apparatus.

[0003] 2. Description of the Related Art

[0004] Conventionally, ultrasound diagnostic apparatuses
have been used for medical image diagnosis. The ultrasonic
diagnostic apparatus transmits an ultrasonic wave to an
object using a probe including a plurality of acoustic detec-
tion elements, and receives an echo reflected from a tissue
boundary inside an object. As a result, morphological infor-
mation on the inside of the object is acquired and can be
utilized to discover a diseased segment such as a tumor. In
recent years, in order to improve discovery efliciency for the
diseased segment, attention has been paid to imaging of
physiological information on the object, in other words,
functional information on the object. As imaging means for
the functional information, photoacoustic tomography (PAT)
using pulsed light and ultrasonic waves has been proposed.

[0005] The photoacoustic tomography is a technique that
utilizes a photoacoustic effect in which, upon absorbing
light, a light absorber in the object expands and contracts to
generate a photoacoustic wave, to image an internal tissue
that is a source of the photoacoustic wave. A photoacoustic
tomography apparatus irradiates the object with pulsed light
to detect, at a plurality of positions, temporal changes in a
photoacoustic wave generated by the object, using acoustic
detection elements. The photoacoustic tomography appara-
tus then executes a reconstruction process that is a math-
ematic analysis process on reception signals to visualize
information related to optical characteristic values for the
inside of the object, thus obtaining three-dimensional
images.

[0006] An apparatus in Japanese Patent Application Laid-
open No. 2012-179348 includes an acoustic array detector
provided such that reception surfaces of a plurality of
acoustic detection elements each receiving a photoacoustic
wave from the object are arranged at different angles. The
apparatus further includes a scanner that moves the acoustic
array detector in an X-axis direction, a Y-axis direction, and
a Z-axis direction in order to move the relative position of
a high-resolution region determined by the arrangement of
the object and the acoustic array detector. The apparatus in
Japanese Patent Application Laid-open No. 2012-179348
also uses a matching layer containing water or castor oil in
order to acoustically couple the object and the acoustic array
detector together.

[0007] Patent Literature 1: Japanese Patent Application
Laid-open No. 2012-179348

SUMMARY OF THE INVENTION

[0008] When the acoustic array detector is moved in the
X-, Y-, and Z-axis directions as in the apparatus in Japanese
Patent Application Laid-open No. 2012-179348, a scanner
including a servo motor is needed. A circulator including a
pump motor may also be provided in order to circulate the
solution in the matching layer and to manage the liquid
temperature of the solution. A temperature controller for
liquid temperature management may be separately provided.
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[0009] When the scanner or the circulator is powered on to
start operation, an instantaneous flow of a current much
larger than a current flowing in a steady state may be caused
by an inductance component of the servo motor or the pump
motor, leading to a transient current referred to as an inrush
current and lasting only a short time. Furthermore, when a
high-output pulse laser apparatus is used for a light irradiator
that generates pulsed light, a power source has an increased
capacity and thus an increased capacitance component. As a
result, the inrush current at the time of power-on is
increased.

[0010] When an allowable current value for a power
source component such as a transformer or a circuit breaker
is calculated, addition of all inrush currents flowing through
the scanner, the circulator, the light irradiator, and the like
results in a very large allowable current value. To achieve
the large allowable current value, the power source compo-
nent needs to be made larger, leading to the shortage of space
and increased costs.

[0011] The present invention has been developed in view
of the above-described problems. An object of the present
invention is to provide an apparatus that acquires charac-
teristics information on the inside of an object using pho-
toacoustic waves and that adjusts inrush currents at the time
of power-on to enable a reduction in ampacity of a power
source.

[0012] The present invention provides an object informa-
tion acquiring apparatus comprising:

[0013] alight source controller that controls radiation of
light from a light source;

[0014] a detector that detects an acoustic wave generated
by an object irradiated with the light;

[0015] an information processor that acquires characteris-
tics information on an inside of the object using the acoustic
wave;

[0016] a scan controller that changes a relative position
between the detector and the object,

[0017] a power source that supplies electricity for use by
the object information acquiring apparatus; and

a power source controller that controls activation timings for
the light source controller and the scan controller so as to
prevent a current value of a current flowing through the
object information acquiring apparatus from exceeding an
ampacity of the power source.

[0018] According the present invention, an apparatus can
be provided, which acquires characteristics information on
the inside of an object using photoacoustic waves and that
adjusts inrush currents at the time of power-on to enable a
reduction in ampacity of a power source.

[0019] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a diagram depicting a general configura-
tion of the present invention;

[0021] FIG. 2 is a diagram depicting a connection con-
figuration of a power source in the present invention,
[0022] FIG. 3 is a diagram illustrating a flow of operations
at the time of power-on;

[0023] FIG. 4 is a diagram illustrating state transitions
occurring at the time of power-on;

[0024] FIG. 5 is a timing diagram illustrating current
values obtained at the time of power-on in conventional art;
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[0025] FIG. 6 is a timing diagram illustrating current
values obtained at the time of power-on in Embodiment 1;
[0026] FIG. 7 is a comparative diagram illustrating prepa-
ration times in a normal state in Embodiment 2;

[0027] FIG. 8 is a comparative diagram illustrating prepa-
ration times in a reactivation state in Embodiment 2; and
[0028] FIG. 9 is a timing diagram illustrating current
values obtained at the time of power-on in Embodiment 3.

DESCRIPTION OF THE EMBODIMENTS

[0029] Preferred embodiments of the present invention
will be described below with reference to the drawings.
However, dimensions, materials, shapes, relative arrange-
ments, and the like of components described below should
be changed as needed according to a configuration of an
apparatus to which the present invention is applied and
various conditions. Hence, the dimensions, materials,
shapes, relative arrangements, and the like of the compo-
nents described below are not intended to limit the scope of
the present invention to the following description.

[0030] The present invention relates to a technique for
detecting an acoustic wave propagating from an object to
generate and acquire characteristics information on the
interior of the object. Hence, the present invention is con-
sidered to be an object information acquiring apparatus or a
method for controlling the object information acquiring
apparatus, or an object information acquiring method or a
signal processing method. The present invention is also
considered as a program that allows an information process-
ing apparatus including hardware resources, such as a CPU,
to execute these methods, or a storage medium storing such
a program.

[0031] The object information acquiring apparatus in the
present invention includes an apparatus utilizing an acoustic
tomography technique that involves irradiating an object
with light (electromagnetic wave) and receiving (detecting)
an acoustic wave propagating after being generated at a
particular position inside the object or on a surface of the
object. Such an object information acquiring apparatus may
also be referred to as an imaging apparatus because the
apparatus obtains characteristics information on the inside of
the object in form of image data based on photoacoustic
measurement.

[0032] The characteristics information in photoacoustic
apparatuses indicates a source distribution for an acoustic
wave resulting from light irradiation, an initial sound pres-
sure distribution in the object, or an optical energy absorp-
tion density distribution or an absorption coefficient distri-
bution derived from the initial sound pressure distribution,
or a concentration distribution for substances forming a
tissue. Specifically, the characteristics information is an
oxidized and reduced hemoglobin concentration distribu-
tion, a blood component distribution such as an oxygen
saturation distribution which is determined based on the
oxidized and reduced hemoglobin concentration distribu-
tion, or a distribution of fat, collagen, or moisture. The
characteristics information obtained may be distribution
information on positions in the object instead of numerical
data. That is, the object information may be distribution
information such as an absorption coeflicient distribution or
an oxygen concentration distribution.

[0033] The term “acoustic wave” as used herein typically
refers to an ultrasonic wave and includes an elastic wave
referred to as a sound wave or an acoustic wave. An acoustic

Nov. 24,2016

wave resulting from the photoacoustic effect is referred to as
a photoacoustic wave or a photo-ultrasound wave. An elec-
tric signal into which the acoustic wave is converted by a
probe or the like is referred to as an acoustic signal or a
reception signal. However, the description of the ultrasonic
wave or the acoustic wave herein is not intended to limit the
wavelengths of these elastic waves. An electric signal (re-
ception signal) derived from the photoacoustic wave is also
referred to as a photoacoustic signal.

Embodiment 1

Apparatus Configuration

[0034] FIG. 1 is a diagram depicting a general configura-
tion of the object information acquiring apparatus. A system
controller serving to perform main control on the whole
apparatus is denoted by reference numeral 1. A scan con-
troller serving to control a scanning mechanism is denoted
by reference numeral 2. A scanner that moves an acoustic
array detector 10 to a predetermined position is denoted by
reference numeral 3. A circulator that circulates a solution
with which a space between the object and the acoustic array
detector 10 is filled is denoted by reference numeral 4.
Alight source controller that controls irradiation with pulsed
light is denoted by reference numeral 5. A light irradiator
that irradiates the object with pulsed light is denoted by
reference numeral 6. The pulsed light is denoted by refer-
ence numeral 7. A photoacoustic wave is denoted by refer-
ence numeral 8. An acoustic detection element that detects
the photoacoustic wave is denoted by reference numeral 9.
The acoustic array detector to which a plurality of acoustic
detection elements is attached is denoted by reference
numeral 10. A receiver that loads reception signals detected
by the acoustic detection elements is denoted by reference
numeral 11. An image processor that calculates image data
using reception signals of photoacoustic waves is denoted by
reference numeral 12. A display controller that controls scan
conversion and superimposed display of images is denoted
by reference numeral 13. A display that displays image data
is denoted by reference numeral 14. Various controllers can
be implemented using a programmed computer or CPU.
[0035] First, the light source controller 5 irradiates the
object with pulsed light 7 using the light irradiator 6.
Subsequently, the acoustic array detector 10 including a
plurality of acoustic detection elements 9 detects a photoa-
coustic wave 8 resulting from absorption, by a living tissue,
of the energy of the pulsed light propagating and diffusing
through the object, to output an electric signal. The receiver
11 executes signal processing on the electric signal. The
image processor 12 then reconstructs the electric signal into
image data to acquire characteristics information. Conse-
quently, functional image data indicative of a substance
distribution for the living tissue is obtained. The display
controller 13 displays an image based on the image data on
the display 14.

[0036] The scanner 3 may change the relative positional
relation between the acoustic array detector 10 and the
object and may move either the detector or the object. The
present invention is also applicable to such a handheld
apparatus as is gripped by a technician with the technician’s
hand and pressed against the object for measurement.
[0037] (Power Supply Connection Configuration)

[0038] FIG. 2 is a diagram depicting a connection con-
figuration of a power source in the present invention. A
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power source 21 includes a circuit breaker 22 connected to
a primary side of an input power source line, a circuit
breaker 23 connected to a secondary side of the input power
source line, and a power transformer 24 providing a trans-
formation function and an insulation function between the
primary power source line and the secondary power source
line. The transformation function of the power transformer
24 needs to keep the voltage of the secondary side connected
to the apparatus constant even when the primary side has a
different power source voltage due to a power source con-
dition in a country or a district where the apparatus is
installed. For example, in Japan, a single-phase 100 V/200
V power source is used on the primary side, whereas, in
Europe, a single-phase 220 V-240 V power source is used on
the primary side, with the secondary side fixed to, for
example, 200 V. On the other hand, the insulation function
of the power transformer 24 needs to be at a level that
conforms with electrical safety standards for medical equip-
ment. The safety standards specify, for example, the value of
leakage current for means of operator protection (MOOP)
and means of patient protection (MOPP).

[0039] A power switch 25 is a main switch for the whole
apparatus. The power switch 25 performs direct ON/OFF
control on electromagnetic relays 26, 27, and 31 to start
supplying power to each of the system controller 1, the scan
controller 2, and the light source controller 5, thus activating
each of these units. The scan controller 2 can perform
ON/OFF control on electromagnetic relays 28, 29, and 30.
The light source controller 5 can perform ON/OFF control
on electromagnetic relays 32 and 33. The power switch 25
is a manual switch but may be operated using an ON/OFF
signal output from another control device. A method for
controlling the switch and the relays is not limited to this.
Any method may be used as long as the method allows
power supply timings and activation timings for respective
units to be controlled.

[0040] The scan controller 2 controls activation of the
scanner 3 and the circulator 4. The electromagnetic relay 28
turns on and off a power source for a motor controller 281
and a servo motor 282 used to scan the acoustic array
detector 10 included in the scanner 3 to a specified position.
The electromagnetic relay 29 turns on and off a power
source for a motor controller 291 and a pump motor 292
included in the circulator 4. The electromagnetic relay 30
turns on and off a power source for a heater 302 and a
temperature controller 301.

[0041] A heater 302 used for the circulator 4 controls the
liquid temperature of the solution in the matching layer so as
to make the temperature of the solution equivalent to the
temperature of the object. When the object is a living
organism, the heater 302 adjusts the liquid temperature to a
vicinity of the body temperature (for example, the tempera-
ture during bathing). The speed of sound in the solution
varies with temperature, and thus, the liquid temperature is
preferably uniformized as much as possible. The control of
the heater 302 used for the circulator 4 may be adapted for
a portion coming into contact with the object aside from the
solution. Although the circulator 4 in this specification is
described using the pump motor 292 and the motor control-
ler 291, the circulator 4 may be implemented using any other
type of pumps.

[0042] Activation of the light irradiator 6 is controlled by
the light source controller 5. The light source controller 5
controls activation of a light source power source 321
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supplying power to a light source 322 that generates pulsed
light and a heat exchange controller 331 supplying power to
a heat exchanger 332 that adjusts the ambient temperature of
the light source 322. When the light source controller 5 is
provided with a separate laser switch 34, the light irradiator
6 waits to be activated until the laser switch 34 is turned on
after the power switch 25 is turned on. On the other hand, an
apparatus configuration with the laser switch 34 not set
therein need not be subjected to such a restraint.

[0043] The electromagnetic relay 32 turns on and off a
power source for the light source 322 and the light source
power source 321 included in the light irradiator 6. The
electromagnetic relay 33 turns on and off' a power source for
the heat exchanger 332 and the temperature controller 301.
In order to uniformize the amount of light and to make
operations more stable, the heat exchanger 332 used for the
light irradiator 6 is utilized to control the ambient tempera-
ture of the light source 322 so as to optimize light emission
efficiency. The circulator 4 mainly performs heating control
using the heater 302. On the other hand, for a crystal and a
glass material used as working substances for a solid laser,
a temperature needed for stable operation of the solid laser
varies according to the types of the crystal and the glass
material. Thus, both heating and cooling need to be con-
trolled with the temperature of the solid laser compared with
the ambient temperature.

[0044] (Process Flow)

[0045] FIG. 3 is an operation flow of operations performed
when the apparatus is powered on. First, in step S1001, the
power switch 25 is turned on. Then, in steps S1002a to
S1002¢, the system controller 1, the scan controller 2, and
the light source controller 5, respectively, are activated.
[0046] The devices in the scanner 3 have activation tim-
ings therefor controlled in accordance with instructions from
the scan controller 2. In step S1003, the servo motor is
activated. In step S1004, the pump motor is activated. In step
S1005, the heater is activated. Activation timings for the
scanner 3 are managed by the scan controller 2.

[0047] The devices in the light irradiator 6 have activation
timings therefor controlled in accordance with instructions
from the light source controller 5. In step S1006, when the
laser switch is determined to have been turned on, the light
source is activated in step S1007, and the heat exchanger is
activated in step S1008. Activation timings for the light
irradiator 6 are managed by the light source controller 5.
[0048] FIG. 4 is a diagram illustrating state transitions
occurring at the time of power-on. First, the power switch is
turned on to turn on the electromagnetic relays 26, 27, and
31 to start-up the system controller 1, the scan controller 2,
and the light source controller 5. Although not depicted in
the drawings, the system controller 1 has communication
means for both the scan controller 2 and the light source
controller 5 and can thus obtain state notifications from and
give activation instructions to both the scan controller 2 and
the light source controller 5. That is, the system controller 1
is a main controller that can adjust an activation order and
activation timings for the whole apparatus.

[0049] The scan controller 2 adjusts activation timings for
the scanner 3 and the circulator 4 in accordance with
instructions from the system controller 1. The light source
controller 5 monitors the state of the laser switch 34 to give
state notification and adjusts an activation timing for the
light irradiator 6 in accordance with an instruction from the
system controller 1.
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[0050]

[0051] FIG. 5 is a timing diagram illustrating current
values obtained at the time of power-on in the related art.
FIG. § illustrates current values obtained when all blocks are
simultaneously started up with activation timings for inrush
currents not adjusted. In this case, the sum of inrush currents
flowing to the secondary side of the power source is 180 A,
resulting in a large current flowing in a short time of 10 ms.
Thus, the power source needs to include power source
components adapted for this current value. Consequently,
the power source needs to have a capacity of 180 A.

[0052] If the actually flowing current is larger than the
rated capacity of the power transformer, when inrush cur-
rents flow, a voltage drop occurs to make the power source
voltage equal to or smaller than a specified value. Then, the
connected devices are precluded from being correctly acti-
vated. On the other hand, if the capacity of the power
transformer is increased so as to be adapted for the sum of
the inrush currents, the voltage drop problem can be sup-
pressed, whereas the power transformer has an increased
external size and an increased weight. This is disadvanta-
geous in installation space and apparatus manufacturing
Costs.

[0053] FIG. 6 is a timing diagram illustrating current
values obtained at the time of power-on in the present
embodiment, in other words, the values of currents flowing
through the devices at the time of power-on. First, the power
switch 1s used to activate the controllers. The current value
obtained at this time is 20 A. Subsequently, in a first step, the
pump motor and the heater in the circulator and the servo
motor 282 in the scanner 3 are activated by the scan
controller 2 with the activation timings for the pump motor
and the heater, and the servo motor 282 adjusted. For all of
these devices, the current value is 40 A, and thus, only up to
40 A of inrush currents flow through the power source 21. A
steady current value for each of the controllers, the circu-
lator, and the scanner is much smaller than a peak value
during activation. Given that the steady current value of each
device is estimated to be 10% of the peak value during
activation, the maximum current obtained when the inrush
current flows through the scanner is only 46 A.

[0054] At a second step, the activation timing for the light
irradiator 6 following turn-on of the laser switch 34 is
illustrated. At this time, the activation timings for the light
source 322 and the heat exchanger 332 are adjusted to set the
maximum value of the inrush current flowing through the
power source to 60 A. In the first step and the second step
as described above, the maximum value of the cumulative
current value of the power source is 60 A. Thus, the
activation timing for the inrush current is adjusted to allow
the ampacity of the power source to be reduced from 180 A
to 60 A. As a result, the external size and weight of the power
source can be significantly reduced. When the light irradia-
tor is started up without stopping already activated devices,
the steady current flowing through each of the devices needs
to be taken into account. In that case, the ampacity is equal
to 60 A plus the value of the steady current.

[0055] The order of the activation timings in FIG. 6 is an
example. The object of the present invention can be accom-
plished as long as the activation timings for the devices can
be controlled so as to prevent the current peaks from
concentrating within a short time. For example, the order of
the first and second steps may be changed.

(Control Timings)
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Effects

[0056] As described above, in the photoacoustic imaging
apparatus in the present embodiment, the ampacity of the
power source can be reduced by adjusting the activation
timings for the devices at the time of power-on. This in turn
enables a reduction in the ampacity of a distribution board
at an installation site and in the capacity of the power
transformer 24 in the power source 21, that is, a reduction in
size and weight.

Preferred Configuration Example

[0057] Examples of the components of the apparatus will
be described. The system controller 1, the scan controller 2,
the light source controller 5, the image processor 12, the
display controller 13, and the like can be implemented using
an information processing apparatus (a PC, a workstation, or
the like) including a processor operating in accordance with
programs, a memory, and an I/O interface. The functions
may be implemented by respective individual process cir-
cuits. Alternatively, a single information processing appara-
tuses may be used or a number of information processing
apparatuses may be used which are connected to a network
to operate in cooperation with one another. For the image
reconstructing process executed by the image processor 12,
various known techniques (phasing addition, back projec-
tion, Fourier transform, and the like) may be utilized.
Information on preferred activation control can be saved in
the memory. Examples of the information on preferred
activation control include fixed values for priorities for
activation and information on power consumption needed to
actively set the activation order.

[0058] As the light source, a laser apparatus capable of
providing a large capacity output is preferably used. How-
ever, a light-emitting diode or a flash lamp may be used as
the light source. The use of a wavelength-variable light
source enables measurement utilizing a variation in absor-
bance according to wavelength (for example, enables oxy-
gen saturation to be acquired). For an optical system that
guides light to the object, optical members such as optical
fibers, mirrors, prisms, lenses, and the like may be utilized.
[0059] Each of the acoustic detection elements 9 converts
a received acoustic wave into an electric signal and outputs
the electric signal. For example, piezoelectric elements,
capacitive elements, or a Fabry-Perot interferometer may be
used as the acoustic detection elements 9. For the acoustic
array detector 10, a metal or a resin having a predetermined
strength may be suitably utilized in order to stably support
the elements. The elements are arranged in a linear form, a
planar form, a sparse array form, or the like according to a
measurement requirement. Preferably, the elements are
arranged on an inner surface of a bowl-shaped acoustic array
detector 10 so as to provide a high-sensitivity region in
which directions of the elements in which the elements
exhibit high reception sensitivity (directional axes) concen-
trate. The receiver 11 includes a circuit that executes an
amplification process, a digital conversion process, or a
correction process on an analog electric signal output by
each of the elements, as needed. Alternatively, the elements
may be arranged on a highly portable handheld probe.
[0060] The scanner 3 includes a stage, a stepping motor, or
the like and two- or three-dimensionally moves at least one
of the object and the acoustic array detector 10 to change the
relative positional relation between the object and the acous-
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tic array detector 10. This operation of the scanner 3 is
effective for allowing a large area of interest of the object to
be measured and receiving acoustic waves in various direc-
tions to improve reconstruction accuracy and an SN ratio.
The scan controller 2 acquires the position of the scanner
and transmits a control signal to the scanner to allow the
scanner to move on a predetermined trajectory. For example,
when the object is held under pressure by a plate-like
holding member, two-dimensional scanning is suitable in
which the main scanning and sub-scanning are performed
along the plate. When a cup-shaped holding member is used
to hold the object and a bowl-shaped detector is used, spiral
scanning is used. The circulator 4 includes a container in
which a matching liquid such as water or castor oil is stored,
a pipe through the matching liquid is circulated, and a
temperature adjusting mechanism.

[0061] As the display 14, any display such as a liquid
crystal apparatus or an organic EL apparatus may be used.
The display 14 may be a part of the apparatus in the present
invention or an external apparatus that receives and displays
image data via an interface. The image processor 12 or the
image processor 12 and the receiver 11 correspond to an
information processor in the present invention. The system
controller 1 corresponds to a power source controller in the
present invention. The acoustic detection elements 9 or the
acoustic detection elements 9 and the acoustic array detector
10 correspond to a detector in the present invention.

Embodiment 2

[0062] In Embodiment 1, fixed values are set for the
priorities for activation of the devices. In the present
embodiment, the priorities for activation are changed
according to an apparatus status.

[0063] First, a case will be described where a high priority
is given to activation of the controller with a long prepara-
tion time. FIG. 7 illustrates, for each of the devices included
in the apparatus, that is, the scanner 3, the circulator 4, and
the light irradiator 6, a general preparation time after the
device is powered on to start operation and before the device
actually gets prepared for measurement.

[0064] The preparation time for the servomotor 282 in the
scanner 3 includes a time needed to move the position of the
acoustic array detector 10 to a home position during acti-
vation of the apparatus. Thus, the preparation time varies
according to the position of the acoustic array detector 10 at
the time of power-off. That is, given that it is possible to
determine the position in which the detector is placed at the
time of activation or the position where the detector is
stopped after the last measurement, the preparation time can
be set to be the time [ needed to move to the home position.
The detector position can be acquired by the scan controller
2 by referencing apparatus parameters or referencing a
memory in which the position where the detector is stopped
after the last measurement is recorded.

[0065] The pump motor 292 in the circulator 4 needs await
time until the matching layer is filled with a desired amount
of solution. The wait time varies according to the amount of
solution remaining between the object and the acoustic array
detector 10 at the time of power-off. That is, given that the
amount of solution remaining at the time of power-off can be
determined, the preparation time can be set to be a time M
needed to fill the matching layer with the desired amount of
solution based on the amount of solution remaining at the
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time of power-off. The amount of solution can be acquired
using a water level sensor or the like.

[0066] The heater 302 in the circulator 4 needs a wait time
until the temperature of the solution is elevated to a specified
value (set value). This preparation time varies according to
the temperature at the time of activation of the apparatus, the
temperature at the time of power-off, an elapsed time after
power-off, and the like. Given that the temperature can be
monitored at the time of activation, a time needed to elevate
the temperature of the solution to a set value can be
estimated. Thus, the estimated time is set to be a preparation
time N.

[0067] The light irradiator 6 needs a wait time for which
the heat exchanger 332 is operated to adjust the ambient
temperature of the light source to a set value. This prepa-
ration time varies according to the temperature of the heat
exchanger 332 at the time of power-off. Given that the
temperature of the heat exchanger 332 can be monitored at
the time of activation, a time needed to elevate the ambient
temperature to a set value can be estimated. Thus, the
estimated time is set to be a preparation time O.

[0068] As depicted in a state transition diagram in FIG. 4
illustrating state transitions occurring at the time of activa-
tion, the scan controller 2 and the light source controller 5
give state notifications to the system controller 1. The state
notifications include information on the preparation times L
to O. The notification from the servo motor 282 to the
system controller 1 is indicative of the time L. The notifi-
cation from the pump motor 292 to the system controller 1
is indicative of the time M. The notification from the heater
302 to the system controller 1 is indicative of the time N.
The notification from the heat exchanger 332 to the system
controller 1 is indicative of the time O.

[0069] The system controller 1 compares the preparation
times [ to O with one another and starts activation by giving
a top priority to the longest preparation time. As a result, the
wait time until measurement can be started is reduced. In a
comparison of wait times in a normal state illustrated in FIG.
7, the length of the preparation time is in the order of
O>N>M>L, and thus, the heat exchanger 332, the heater
302, the pump motor 292, and the servo motor 282 may start
to be activated in this order.

Variations

[0070] In actuality, each of the wait times varies according
to an initial state, and the priorities are preferably changed
according to status. FIG. 8 is a diagram illustrating wait
times in a state where the apparatus power source is reac-
tivated. In this case, the power-off period is short, and thus,
the preparation times N and O for the temperature control
performed by the heater 302 and the heat exchanger 332 are
very short. On the other hand, the servo motor 282 and the
pump motor 292 need relatively long preparation times
depending on the position where the detector is stopped and
the height of the surface of the solution. In FIG. 8, the length
of the preparation time is in the order of L>M>N>O, the
servo motor 282, the pump motor 292, the heater 302, and
the heat exchanger 332 start to be activated in this order.

[0071] As described above, in the photoacoustic imaging
apparatus in the present embodiment, the priorities for
activation are flexibly changed in view of changes in the
preparation time for each device according to the state
thereof. That is, devices needing longer preparation times
are activated earlier, with activation of the other devices
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delayed. As a result, inrush current peaks in the respective
devices at the time of device start-up are shifted from one
another, enabling a reduction in the ampacity of the power
source. This in turn enables a reduction in the ampacity of
the distribution board at the installation site and in the
capacity of the power transformer 24 in the power source 21,
that is, a reduction in size and weight.

[0072] Compared to Embodiment 1, the present embodi-
ment enables a reduction in preparation time. The present
embodiment is also effective for enabling a further reduction
in preparation time by actively controlling the activation
start time of each device according to the state of the device
at the time of power-on. In the present embodiment, the
priorities are determined based on the length of the prepa-
ration time. However, the priorities may alternatively be
determined based on the method described in Embodiment
1. This enables time intervals between a plurality of mea-
surements to be reduced to make the measurement more
efficient even when the scanning photoacoustic apparatus
includes a laser in order to achieve a high output.

[0073] Alternatively, the priorities of device activation
may be determined using the values of times that are needed,
for example, to elevate and stabilize the temperature, to raise
the solution level, and to move the position of the detector,
and that are estimated based on information obtained from
sensors corresponding to the devices (a temperature sensor,
a water gauge, a position sensor, and the like). At the end of
the last measurement, the solution level and the position
information may be saved to the memory. Moreover, for the
temperature, the degree of a decrease in temperature may be
estimated based on a time having elapsed since the end of
the last measurement.

Embodiment 3

[0074] In Embodiment 1, the timing control is performed
in association with the inrush currents at the time of power-
on. However, for devices with power consumption thereof
fluctuating significantly during operation, control of an
operating current needs to be performed in conjunction with
the timing control for the inrush currents.

[0075] FIG. 9 is a timing diagram for Embodiment 3
illustrating the values of currents flowing through the
devices after turn-on of the power switch 25, in addition to
the values of the currents flowing at the time of power-on.
At a first step, the activation timing for the scan controller
2 after turn-on of the power switch 25 is illustrated. At a
second step, the activation timing for the light irradiator 6
after turn-on of the laser switch 34 is illustrated.

[0076] For the pump motor 292 in the circulator 4, the wait
time until measurement is started can be reduced by increas-
ing a speed at which the solution is fed at an initial stage of
activation. Thus, the amount of solution fed is increased,
leading to a steady flow of a consumption current of 10 A
even after activation of the device.

[0077] For the servomotor 282 in the scanner 3, the
position of the acoustic array detector 10 needs to be moved
to the home position at the initial stage of activation.
Therefore, an attempt to perform a quick moving scan in
order to reduce the wait time results in a steady flow of a
current of 10 A even after activation of the device.

[0078] The device in the light irradiator 6 is activated by
the laser switch 34. An inrush current of 60 A flows through
the light source. Since a steady operating current of 20 A
flows through the circulator 4 and the scanner 3 as described
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above, the power source 21 needs to have a capacity large
enough to allow for a current of 60 A+20 A=80 A.

[0079] Thus, in the present embodiment, at the timing to
start activate the light source 322, the operation of the pump
motor 292 and the servo motor 282 is stopped to allow an
inrush current to flow only through the light source 322. This
enables the maximum current to be limited to 60 A. An
inrush current of 20 A flows through the heat exchanger 332
when the heat exchanger 332 is activated, and the operating
current flowing through the heat exchanger 332 is 10 A.
Thus, the pump motor 292 and the servo motor 282 can be
concurrently operated while the heat exchanger 332 is in
operation.

[0080] On the other hand, the operating current is the total
value of currents steadily flowing though the power source.
The circuit breaker in the power source 21 is used to prevent
the operating current from becoming excessive. The circuit
breaker has operational characteristics designed to prevent
unwanted tripping of the circuit breaker resulting from a
short-time flow of an excess current such as an inrush
current flowing at the time of power-on or a motor starting
current. Thus, the ampacity of the circuit breaker is calcu-
lated from the total value of the actual operating currents.
[0081] The maximum current value of the operating cur-
rent is 10 A for each of the pump motor 292, the servo motor
282, the light source 322, and the heat exchanger 332.
Hence, when these devices are fully operated, the maximum
value of the steady currents is 40 A. However, when the total
value of the operating currents, for which the maximum
value is 40 A, is reduced to 20 A or less by controlling the
operation of the devices, the secondary circuit breaker 23
can be selected to have a rated ampacity of 20 A.

[0082] As described above, in the photoacoustic imaging
apparatus in the present embodiment, devices other than
those which are preferentially operated are reduced in oper-
ating current to enable a reduction in the ampacity of the
power source. This in turn enables a reduction in the
ampacity of the distribution board at the installation site and
in the capacity of the power transformer 24 in the power
source 21, that is, a reduction in size and weight. Further-
more, in the present embodiment, the activation start time
for each device is controlled in view of the magnitude of the
operating current flowing through the device. This serves to
further reduce the capacity of the transformer.

[0083] In the present embodiment, the priorities for acti-
vation of the devices may be determined in accordance with
the method described in Embodiment 1 and in which the
devices are activated in the order preset using fixed values.
Alternatively, the priorities for activation of the devices may
be determined in accordance with the method described in
Embodiment 2 and in which the priorities for the activation
are changed according to the apparatus status.

OTHER EMBODIMENTS

[0084] Embodiments of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions recorded
on a storage medium (e.g., non-transitory computer-readable
storage medium) to perform the functions of one or more of
the above-described embodiment (s) of the present inven-
tion, and by a method performed by the computer of the
system or apparatus by, for example, reading out and execut-
ing the computer executable instructions from the storage
medium to perform the functions of one or more of the
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above-described embodiment (s). The computer may com-
prise one or more of a central processing unit (CPU), micro
processing unit (MPU), or other circuitry, and may include
a network of separate computers or separate computer
processors. The computer executable instructions may be
provided to the computer, for example, from a network or
the storage medium. The storage medium may include, for
example, one or more of a hard disk, a random-access
memory (RAM), a read only memory (ROM), a storage of
distributed computing systems, an optical disk (such as a
compact disc (CD), digital versatile disc (DVD), or Blu-ray
Disc (BD)™), a flash memory device, a memory card, and
the like.
[0085] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood 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 encom-
pass all such modifications and equivalent structures and
functions.
[0086] This application claims the benefit of Japanese
Patent Application No. 2015-101931, filed on May 19, 2015,
which is hereby incorporated by reference herein in its
entirety.
What is claimed is:
1. An object information acquiring apparatus comprising:
alight source controller that controls radiation of light
from a light source;
a detector that detects an acoustic wave generated by an
object irradiated with the light;
an information processor that acquires characteristics
information on an inside of the object using the acous-
tic wave;
a scan controller that changes a relative position between
the detector and the object,
a power source that supplies electricity for use by the
object information acquiring apparatus; and
a power source controller that controls activation timings
for the light source controller and the scan controller so
as to prevent a current value of a current flowing
through the object information acquiring apparatus
from exceeding an ampacity of the power source.
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2. The object information acquiring apparatus according
to claim 1, further comprising a circulator that controls a
temperature of a matching liquid that acoustically couples
the object and the detector together,

wherein the power source controller further controls an

activation timing for the circulator.

3. The object information acquiring apparatus according
to claim 1, wherein the power source controller has priorities
for activation of the light source controller and the scan
controller as fixed values.

4. The object information acquiring apparatus according
to claim 2, wherein the power source controller has priorities
for activation of the light source controller, the scan con-
troller, and the circulator as fixed values.

5. The object information acquiring apparatus according
to claim 1, wherein the power source controller activates
devices in an order of the circulator, the scan controller, and
the light source controller.

6. The object information acquiring apparatus according
to claim 1, wherein the power source controller preferen-
tially activates whichever one of the light source controller
and the scan controller that has a longer preparation time.

7. The object information acquiring apparatus according
to claim 2, wherein the power source controller activates the
light source controller, the scan controller, and the circulator
in order of decreasing preparation time.

8. The object information acquiring apparatus according
to claim 7, wherein the power source controller acquires a
temperature of the light source, a temperature of the match-
ing liquid, a level of the matching liquid, and a position of
the detector in use of sensors and estimates the preparation
times in accordance with outputs from the sensors.

9. The object information acquiring apparatus according
to claim 1, wherein the power source controller reduces
operating currents flowing through devices that are not a
device to be activated.

10. The object information acquiring apparatus according
to claim 1, further comprising a display controller that
controls display of the characteristics information on the
object on a display,

wherein the power source controller further controls an

activation timing for the display controller.
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