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An object information acquiring apparatus has: a resonator
including at least a laser medium, a flash lamp that excites the
laser medium, and an output mirror that outputs laser light; an
oscillator that oscillates the laser light; a controller that con-
trols a timing at which the oscillator oscillates the laser light
after excitation performed by the flash lamp is started; a
selector that selects a wavelength of the laser light; a probe
that detects an acoustic wave generated in an object; and a
processor that acquires characteristic information on the
object, wherein the controller determines the timing, at which
the laserlight is oscillated, for each of the wavelengths in such
a manner that a difference in output energy of the laser light
falls within a predetermined range.
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OBJECT INFORMATION ACQUIRING
APPARATUS AND LASER APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

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

[0003] 2. Description of the Related Art

[0004] A technique known as photoacoustic tomography
(PAT) is being developed. PAT is a technique for irradiating a
measurement segment with pulsed laser light of the order of
nanoseconds, receiving a photoacoustic wave generated in
the measurement segment using a probe, and processing the
resulting receive signal to form an image. PAT enables bio-
logical function analysis using spectral measurement based
on the absorption coefficient of the biological tissue. For
example, the oxidation state of hemoglobin in the blood is
considered to be important biological function information.
[0005] S.Manohar et al. Proc. of SPIE vol. 6437 643702-1
reports a photoacoustic biological diagnosis apparatus in
which a PAT apparatus is applied to observation of a tumor
inside the breast. Peripheries of the tumor contain many new
blood vessels extending from existing blood vessels. Thus, a
method has been proposed which involves observing the state
of the tumor by measuring the amount of hemoglobin con-
tained in the new blood vessels and oxygen saturation corre-
sponding to the oxidation state of the hemoglobin.

[0006] Laserlight entering the living body diffuses and thus
decays inside the living body. Thus, laser light with high laser
power per pulse is needed to measure a photoacoustic wave
generated in a relatively deep biological segment in a thick
object such as the breast. A candidate for a light source for the
photoacoustic biological diagnosis apparatus is a tunable
laser using a titanium sapphire crystal or an alexandrite crys-
tal as a laser medium. In particular, the alexandrite laser is
suitable for the photoacoustic biological diagnosis apparatus
because the alexandrite crystal, which is a laser medium, has
a long fluorescence life and enables direct excitation using a
flash lamp.

[0007] On the other hand, the flash lamp excited laser is
disadvantageous in that output from the laser is likely to
fluctuate as a result of degradation of the flash lamp or a
change in environment such as the temperature around the
laser. Japanese patent publication No. 4191539 discloses a
method of controlling the output intensity of flash lamp out-
put, which is an excitation source, by modifying laser output.
[0008] Patent Literature 1: Japanese Patent No. 4191539
[0009] Non Patent Literature 1: S. Manohar et al. Proc. of
SPIE vol. 6437 643702-1

SUMMARY OF THE INVENTION

[0010] For the photoacoustic biological diagnosis appara-
tus, it is important to make a comparison of the process of
proliferation of tumor cells of the breast cancer or the like and
transitional changes in the tumor state before and after che-
motherapy. Thus, preferably, the photoacoustic biological
diagnosis apparatus constantly and stably provides a photoa-
coustic signal that is dependent only on a change in the
internal state of the living body.

[0011] In particular, photoacoustic signals resulting from
laser light at two or more wavelengths are utilized in deter-
mining the oxygen saturation of the hemoglobin. Thus, keep-
ing output intensity at each wavelength stable facilitates a
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comparison of the signal intensity and also enables a com-
parison of the oxygen saturation at a constantly stable detec-
tion accuracy.

[0012] Theflashlamp excited laser has difficulty inkeeping
the laser output in a constant state. Japanese Patent No.
4191539 proposes a technique for stabilizing the output
intensity by changing a voltage (or current) applied to the
flash lamp. However, a change in thermal energy generated by
the flash lamp changes the distribution of refractive index
(thermal lens effect) in the laser medium. That is, a change in
the voltage applied to the flash lamp fluctuates the thermal
lens to make the output intensity unstable.

[0013] For the photoacoustic biological diagnosis appara-
tus, it is important to keep the output at two different wave-
lengths constant to maintain output stability. That is, a new
challenge is to control the output so as to keep the thermal lens
of the resonator constant at two different wavelengths.
[0014] The present invention has been made in view of the
above-described problems. An object of the present invention
is to provide a laser apparatus that keeps the laser output at
two different wavelengths stable with thermal stability main-
tained.

[0015] The present invention provides an object informa-
tion acquiring apparatus comprising:

[0016] aresonator including at least a laser medium, a flash
lamp configured to excite the laser medium, and an output
mirror configured to output laser light;

[0017] an oscillator configured to oscillate the laser light;

[0018] a controller configured to control a timing at which
the oscillator oscillates the laser light after excitation per-
formed by the flash lamp is started,

[0019] a selector configured to select a wavelength of the
laser light from a plurality of wavelengths;

[0020] a probe configured to detect an acoustic wave gen-
erated in an object irradiated with the laser light; and

[0021] a processor configured to acquire characteristic
information on the object by using the acoustic wave,
[0022] wherein the controller determines the timing, at
which the laser light is oscillated. for each of the wavelengths
in such a manner that a difference in output energy of the laser
light between the plurality of wavelengths falls within a pre-
determined range.

[0023] The present invention also provides a laser appara-
tus comprising:
[0024] aresonator including at least a laser medium, a flash

lamp configured to excite the laser medium, and an output
mirror configured to output laser light;

[0025] an oscillator configured to oscillate the laser light
from the resonator;

[0026] a controller configured to control a timing at which
the oscillator oscillates the laser light after excitation per-
formed by the flash lamp is started; and

[0027] a selector configured to select a wavelength of the
laser light from a plurality of wavelengths, wherein

[0028] the controller determines the timing, at which the
laser light is oscillated, for each of the wavelengths in such a
manner that a difference in output energy of the laser light
between the plurality of wavelengths falls within a predeter-
mined range.

[0029] The present invention can provide a laser apparatus
that keeps the laser output at two different wavelengths stable
with thermal stability maintained.
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[0030] 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

[0031] FIG. 1 is a diagram showing a configuration of an
embodiment of a photoacoustic biological diagnosis appara-
tus;

[0032] FIG. 2 is a diagram showing a configuration of an
embodiment of a laser apparatus;

[0033] FIGS. 3A to 3C are diagrams illustrating control
timings for the laser apparatus;

[0034] FIG. 4 is a diagram showing a configuration of an
embodiment of the laser apparatus;

[0035] FIG. 5 is a diagram showing a configuration of an
embodiment of the photoacoustic biological diagnosis appa-
ratus;

[0036] FIG. 6 is a flowchart showing processing in a prepa-
ration step; and

[0037] FIG. 7is a flowchart showing processing in photoa-
coustic measurement.

DESCRIPTION OF THE EMBODIMENTS

[0038] Preferred embodiments of the present invention will
be described below with reference to the drawings. The
dimensions, materials, shapes, relative locations, and the like
of components described below should be appropriately
changed in accordance with the configuration of an apparatus
to which the invention is applied and various conditions, and
are not intended to limit the scope of the present invention to
the description below.

[0039] An object information acquiring apparatus accord-
ing to the present invention includes an apparatus that
receives an acoustic wave generated, under a photoacoustic
effect, in an object irradiated with light (electromagnetic
wave) to acquire characteristic information as object infor-
mation in the form of image data. The characteristic informa-
tion acquired is indicative of the distribution of sources of the
acoustic wave resulting from the light irradiation, the distri-
bution of initial sound pressure in the object, or the distribu-
tion of optical energy absorption density or absorption coef-
ficient derived from the distribution of initial sound pressure,
or the distribution of concentrations of substances providing
the tissue. Examples of the distribution of concentrations of
substances include the distribution of oxygen saturation and
the distribution of deoxyhemoglobin concentration.

[0040] The scope of the present invention is not limited to
this, and the present invention is applicable to any apparatus
using a mechanism that generates laser light as described
below. For example, the present invention may be considered
to be a laser apparatus that delivers light at different wave-
lengths (at least two wavelengths). A photoacoustic biologi-
cal diagnosis apparatus will be described below as a typical
example of an object information acquiring apparatus using a
laser apparatus.

[0041] The present invention may further be considered as
a method for controlling an object information acquiring
apparatus using a photoacoustic effect or a method for con-
trolling a laser apparatus.

[0042] The acoustic wave as referred to herein is typically
an ultrasound wave and includes an elastic wave known as a
sound wave, an ultrasound wave, or an acoustic wave. An
acoustic wave generated under the photoacoustic effect in
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photoacoustic tomography is referred to as a photoacoustic
wave or a photoacoustic ultrasound wave.

[0043] Furthermore, the following is referred to as a pho-
toacoustic signal: an electric signal into which a photoacous-
tic wave is converted using a conversion element or a signal
resulting from execution of signal processing (amplification
or AD conversion) or information processing on the electric
signal.

[0044]

[0045] FIG. 1 is a schematic diagram of a photoacoustic
biological diagnosis apparatus according to the present inven-
tion. The apparatus has an ultrasound probe 106 for detection
of a photoacoustic wave and a laser apparatus 101 serving as
a light source. A living body irradiation unit 105 and the
ultrasound probe 106 are scanned over the living body to
acquire a photoacoustic signal. A laser luminous flux result-
ing from oscillation of the light source is transmitted to the
living body irradiation unit 105 via an optical transmission
path 104 such as fibers. FIG. 1 shows a bundle fiber input end
103. In the figure, fiber transmission is illustrated, but space
transmission utilizing an articulated arm or the like may be
used.

[0046] A photoacoustic wave is detected by the ultrasound
probe 106, and signal processing is executed on the photoa-
coustic wave by a processing apparatus 108 via a signal line
107. The processed photoacoustic wave is output to a monitor
111 as image information and biological information. Wave-
length conversion and output control for the laser apparatus
101 are performed in accordance with a control signal 110
from a control apparatus 109. The control apparatus corre-
sponds to a controller according to the present invention. The
processing apparatus corresponds to a processor according to
the present invention. The monitor corresponds to a display
according to the present invention.

[0047] A tunable laser allowing wavelength to be varied is
used as the laser apparatus. FIG. 2 is a diagram showing a
configuration of the tunable laser. An output mirror 203 and a
reflection mirror 204 provide a resonator. An excitation
chamber 200, a Q switch 205, and a wavelength selection
mechanism 206 are arranged inside the resonator. Inside the
excitation chamber 200, a rod-like laser medium 201 and a
flash lamp 202 exciting the laser medium 201 are arranged
adjacently to each other. A portion of light emission energy of
the flash lamp 202 is absorbed by the laser medium 201 to
form an inverted distribution state. A loss in the resonator is
reduced by the Q switch 205 at a desired timing to achieve
laser oscillation. The laser medium 201 is a laser crystal with
a high gain band. An oscillation wavelength for the laser
medium 201 is selected by the wavelength selection mecha-
nism 206.

[0048] (Thermal Lens Effect)

[0049] Foralaserusinga flash lamp as an excitation source,
the thermal lens needs to be kept constant to stabilize oscil-
lation. The thermal lens will be described below in detail.
Light emitted from the flash lamp mostly changes into heat to
raise the temperature of the laser medium. As a result, a
temperature distribution is generated inside the laser medium
to change a local refractive index. The temperature of the laser
medium depends on the temperature of circulating water
around the laser medium and thermal energy resulting from
light emission from the flash lamp. In general, the tempera-
ture varies between a central portion and a peripheral portion
of the laser medium, and thus, the refractive index varies

(Configuration of the Apparatus)
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between the central portion and peripheral portion of the laser
medium, causing a lens effect to be exerted. The lens effect is
referred to as a thermal lens.

[0050] When a voltage (or a current) applied to the flash
lamp—an excitation source—is changed to keep oscillation
output at different wavelengths constant, the amount of heat
changes, which causes a change in a thermal lens. This leads
to variation in stable oscillation conditions. That is, when
laser light with two different wavelengths is utilized for pho-
toacoustic biological diagnosis, varying stability conditions
are a problem.

[0051] (Q Switch Control)

[0052] An embodiment of a method for laser control
according to the present invention will be described.

[0053] A method will be described in which a Q switch
operation timing is controlled in order to oscillate laser light
with two different wavelengths constantly at a predetermined
output level. The Q switch operation timing refers to the
amount of time until a giant pulse oscillation is achieved by
increasing the Q value of the resonator, based on light emis-
sion from the flash lamp. The Q switch corresponds to an
oscillator according to the present invention.

[0054] FIG. 3 shows relations between the flash lamp and Q
value control using the Q switch and laser oscillation. FIG.
3A shows an output from the flash lamp. FIG. 3B shows
timings for Q value control. FIG. 3C shows a laser output
according to the Q value. In all graphs, the axis of abscissas
indicates time.

[0055] The shape of a light emission pulse from the flash
lamp, an excitation source, as shown in FIG. 3A depends on
a pulse forming network (PFN) including a coil and a capaci-
tor. When the pulse width of the flash lamp is equivalent to a
fluorescence life at a high energy level in the laser crystal, the
resultant laser system provides high output energy relative to
input power and achieves oscillation efficiency. The Q switch
is used to generate a giant pulse with high oscillation energy
per pulse. Excitation starts, and then, with a sufficient high-
energy-level inverted distribution density obtained, the loss in
the resonator is reduced to increase the Q value of the reso-
natorat a timing (T1) as shown in FIG. 3B. Thus, a giant pulse
1s oscillated as shown in FIG. 3C.

[0056] During this process, the high-energy-level inverted
distribution density can be increased or reduced by changing
the Q switch operation timing, that is, shifting the timing
earlier or later with respect to T1. As a result, the laser oscil-
lation output can be changed. The laser output control based
on the operation timing control using the Q switch involves no
change in thermal lens. Thus, for oscillation at two wave-
lengths with different gains, the oscillation output can be
changed with the thermal lens kept constant.

[0057] A significant shift in the operation timing for the Q
switch reduces oscillation efficiency, degrading laser charac-
teristics in general. Furthermore, fluorescent oscillation mak-
ing no contribution to laser oscillation increases the amount
of spontaneous emission, which is subjected to stimulated
amplification to become amplified spontaneous emission
(ASE). This makes the laser output unstable. Additionally,
when the operation timing for the Q switch is excessively
early, high-energy-level inverted distribution and accumula-
tion may occur again after the laser oscillation, resulting in
double pulse oscillation.

[0058] Thus, when the output value is adjusted by changing
the operation timing for the Q switch, it is important to avoid
a significant reduction in efficiency with a margin for adjust-
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ment of an increase in output provided. Specifically, a laser
output control range is preferably 80% to 100% of the maxi-
mum oscillation output. Furthermore, the adjustment of the
output value is facilitated by setting an initialization value for
the operation timing such that the value allows 90% of the
maximum oscillation output to be achieved.

[0059] (Thermal Equilibrium State)

[0060] The laser apparatus aligns the resonator so as to
maximize the output in a thermal equilibrium state. However,
ausage environment such as an external temperature and heat
generation in the flash lamp affect the thermal state of the
resonator, possibly making perfect maintenance of the ther-
mal equilibrium state difficult in terms of practicality.
[0061] Furthermore, to keep the resonator thermally stable,
the flash lamp preferably continues irradiation so as to bring
the laser apparatus into a constant thermal state before mea-
surement. However, when performing excessive irradiation
before measurement, the flash lamp may be degraded and
have its life shortened. [0032]

[0062] Furthermore, it is meaningful in a practical sense to
utilize the laser apparatus in a quasi-equilibrium state similar
to the thermal equilibrium state. An effective control method
is operation timing control for the Q switch in which the laser
output from the laser apparatus in the quasi-equilibrium state
is kept constant.

[0063] (Voltage Adjustment for the Flash Lamp)

[0064] When the use of the photoacoustic biological diag-
nosis apparatus in a constant state over a long period is taken
into account, reduced laser output resulting from degradation
of the flash lamp needs to be dealt with. When the flash lamp
1s exhausted and degraded, the output intensity may decrease
by 30% or more. The exhaustion of the flash lamp changes the
thermal state in the resonator. Dealing with such a significant
fluctuation in output needs not only the output adjustment
based on the operation timing for the Q switch but also adjust-
ment of a voltage applied to the flash lamp by a power supply.
A regulator that adjusts the voltage may be a controller for the
laser apparatus or a dedicated circuit or information process-
ing apparatus.

[0065] Anembodimentincluding a process of adjusting the
voltage applied to the flash lamp will be described. In this
case, the voltage applied to the flash lamp is determined
during a preparation step before biological measurement and
not changed during the biological measurement.

[0066] First, the wavelength selection mechanism selects
one of the wavelengths. The wavelength selection mechanism
corresponds to a selector according to the present invention.
[0067] Then, the flash lamp is warmed up until the resona-
tor is brought into the thermal equilibrium state, and output
energy is measured. If a predetermined output fails to be
obtained at the voltage applied to the flash lamp for initial-
ization, that is, if the flash lamp is degraded, the applied
voltage is increased so as to compensate for a decrease in
energy, to provide predetermined output energy. The wave-
lengths used are not limited, but the applied voltage is deter-
mined by constantly using the same wavelengths.

[0068] The life of the flash lamp depends on the configu-
ration of the laser resonator and generally corresponds to
approximately 10 million shots. According to the present
invention, the end of the life of the flash lamp is defined to be
a state where, with the same voltage kept applied to the flash
lamp, the output from the flash lamp has decreased by 30%
compared to the initial output. When the photoacoustic bio-
logical diagnosis apparatus is utilized, the flash lamp is basi-
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cally not significantly degraded in a short period of time such
as several days. However, the life of the flash lamp varies
among individual flash lamps, and thus, the flash lamp is
preferably constantly checked for its state during the prepa-
ration step before biological measurement.

[0069] (Characteristics of the Laser Medium)

[0070] A titanium sapphire laser and an alexandrite laser
are examples of a tunable pulse laser that excites the flash
lamp, a light source for the photoacoustic biological diagno-
sis apparatus. The tunable pulse laser has an oscillation wave-
length band matching an absorption band for oxyhemoglobin
and deoxyhemoglobin and is thus a preferable light source for
detection of blood oxygen saturation.

[0071] To allow the oxygen saturation to be constantly
measured under the same conditions, energy output at two
different wavelengths needs to be constantly kept stable. The
quantity of output energy need not be the same for the differ-
ent outputs. However, the resultant photoacoustic signal out-
put and thus the accuracy of the resultant oxygen saturation
decrease consistently with the laser output. On the other hand,
the irradiation energy intensity of the laser output is prefer-
ably maximized within a possible range, with irradiation
safety for the living body maintained. Hence, preferably,
approximately the same output is provided at the two wave-
lengths, and the respective quantities of output energy are
kept stable.

[0072] The alexandrite laser has the advantages of being
easily excited by the flash lamp, needing only low costs, and
enabling oscillation output with high output energy per pulse.
On the other hand, the gain of the alexandrite laser crystal
depends on the wavelength, and differs greatly between a
wavelength of 750 nm and a wavelength of 800 nm, which are
appropriate for measurement of the oxidation state of hemo-
globin. When the laser crystal has a high gain, the resonator
needs to be designed such that a loss in the resonator is
controlled, with the balance between the gain and loss being
taken into account, in order to maintain the oscillation output
at two different wavelengths stably.

[0073] As such design of the resonator, the design of the
refractive index of the output mirror is particularly effective.
When the refractive index is changed in accordance with the
wavelength, the loss changes. This enables the laser output to
be made more constant without changing the voltage applied
to the flash lamp for each wavelength. Such design of the
resonator enables the difference in output between the wave-
lengths to be reduced to about 15%. On the other hand, the
refractive index of the output mirror undergoes a manufac-
turing variation among lots. Thus, completely eliminating the
difference in output between the wavelengths is difficult.
Moreover, the gain of the laser crystal also undergoes a manu-
facturing variation. Thus, the characteristics of the laser appa-
ratus vary among individual laser apparatuses within the
range of design.

[0074] The state where the output at two different wave-
lengths is stabilized as described herein refers to the ratio of
outputs at two different wavelengths being maintained con-
stant. Furthermore, the ratio of the quantities of output energy
at the respective wavelengths is preferably 90% or more and
more preferably 95% or more. In other words, control is
performed such that the value of the output energy at one of a
plurality of wavelengths which involves the smallest output
energy value is 90% or more of the value of output energy at
one of the plurality of wavelengths which involves the largest
output energy value.
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[0075] 1In this case, the output of the laser varies in accor-
dance with the pulse, and thus, the output value is preferably
the average value for a given pulse train determined with an
output variation according to the pulse taken into account.

Example 1

[0076] An example of the present invention will be illus-
trated. In this case, an example of a method for controlling a
flash lamp excited pulse laser will be illustrated.

[0077] (Apparatus Configuration)

[0078] In Example 1, an alexandrite laser was used as a
light source. However, the light source used in the present
invention is not limited to the alexandrite.

[0079] The laser apparatus is configured such that a wave-
length of 795 nm and a wavelength of 755 mm oscillate.
Repetition frequency is 20 Hz.

[0080] FIG. 4 shows a configuration of a resonator includ-
ing an alexandrite laser. A flash lamp 402 that excites alex-
andrite and an alexandrite crystal 401 are arranged in an
excitation chamber 400. The alexandrite crystal is immersed
in circulating water at 75° C. An optical thin film is applied to
an output mirror 403 so that reflectance is 72% for the wave-
length of 795 nm and 42% for the wavelength of 755 nm. A
dielectric reflection film that significantly reflects a center
wavelength of 750 nm to 800 nm is applied to a reflection film
404. A Q switch 405 including a Pockels cell is located on an
optical axis between the output mirror 403 and the excitation
chamber 400. A wavelength selection mechanism 406 is a
birefringence filter.

[0081] (Process Flow)

[0082] Now, a control method will be described in which
characteristic information on an object are acquired using the
laser apparatus in FIG. 4. In Example 1, particularly the
preparation step will be described in detail with reference to
a flowchart in FIG. 6.

[0083] For the initialization value for the laser apparatus,
the resonator was aligned in a thermally stable state (S601).
[0084] Subsequently. the oscillation output was measured
to determine a set value. A warm-up step was executed by
allowing the flash lamp to emit light for a predetermined
period of time until thermal stability is achieved so as to
stabilize the oscillation output at two wavelengths of 755 nm
and 795 nm (S602). A condition for the state with stable
oscillation outputs is that the average output of a pulse train is
constant for the voltage applied to the flash lamp. A smaller
number of laser pulses contained in the pulse train increases
the output variation among pulses, and an excessively large
number of pulses need much measurement time. Hence, the
number of measurements of the average output is preferably
about 100 to 1,000. In Example 1, the number of pulses is 200.
[0085] Once the oscillation output 1is stabilized
(S603=YES), the output value is measured (S604). The maxi-
mum output resulting from an applied voltage of 1 kV was
215 mJ atawavelength of 755 nm and 190 mJ ata wavelength
of 795 nm.

[0086] The thermal state of the resonator depends on the
applied voltage. Then, a change in laser output was measured
with the voltage applied to the flash lamp fixed to 1 kV and
with the operation timing for the Q switch varied (S605). The
resonator used in Example 1 provides the maximum output
when the operation timing for the Q switch is 160 us. Fur-
thermore, the output energy decreases from the maximum
output when the operation timing corresponds to a length of
time of approximately 160 us. When the operation timing
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corresponds to a length oftime equal to or shorter than 160 us,
the laser output intensity is low because the high-energy-level
inverted distribution density of the alexandrite crystal is in an
unsaturated state. On the other hand, when the operation
timing corresponds to a length of time equal to or longer than
160 us, the laser output intensity deceases because the tem-
porarily accumulated high-energy-level inverted distribution
density is likely to decrease due to fluorescent spontaneous
emission.

[0087] With these characteristics taken into account, the
operation timing for the Q switch was controlled without
significantly reducing efficiency, to determine the value of
laser output as an initialization value (S606). That is, the
oscillation output values for the photoacoustic biological
diagnosis apparatus were determined to be an output energy
of 188 mJ at the wavelength of 755 nm and an output energy
of 180 mJ at the wavelength of 795 nm. In this case, the ratio
of the quantities of output energy at the respective wave-
lengths is approximately 96%, which is indicative of a suit-
able range.

[0088] The range of the operation timing for the Q switch
resulting in output energy equal to 80% to 100% of the maxi-
mum output was 130 us to 190 us. Thus, in Example 1, the
operation timing for the Q switch used for output control was
set to 130 us to 160 us (S607).

[0089] Such settings as in Example 1 enables the thermal
state based on the lamp emission energy to be maintained
constant regardless of the wavelength because the lamp
energy is constant at 1 kV. Furthermore, the present invention
changes the operation timing for the Q switch in accordance
with the exhaustion of the lamp energy or a change in the
thermal state in the resonator. This enables the maintenance
of the initialization values, that s, the output energy of 188 mJ
at the wavelength of 755 nm and the output energy of 180 mJ
at the wavelength of 795 nm, allowing the output energy to be
kept stable. When the oxygen saturation was measured using
a biological simulation sample (phantom) with an absorbent
imbedded therein and simulating a blood vessel equivalent to
an oxygen saturation of 80%, the oxygen saturation was able
to be constantly stably calculated at a high accuracy.

Example 2

[0090] In Example 2. a photoacoustic measurement proce-
dure will be illustrated which uses a flash lamp excited laser
apparatus. In Example 2, particularly the measurement step
will be described in detail with reference to a flowchart in
FIG. 7.

[0091] (Apparatus Configuration)

[0092] An apparatus in FIG. 5 was used as a photoacoustic
biological diagnosis apparatus. This apparatus can measures
a relatively large biological segment such as the breast. In
Example 2, instead of the living body, a phantom 501 was
measured which included an absorbent embedded therein and
simulating a blood vessel equivalent to an oxygen saturation
of 80%.

[0093] The phantom 501 is lightly pressed between
approximately parallel flat plates 502, to fix a measurement
segment. [llumination units 504 are provided at the respective
opposite sides of an ultrasound probe 503 so as to serve as
output ends for laser light. Measurement is performed with a
scanner, not shown in figures, by simultaneously scanning the
ultrasound probe 503 and the illumination unit 504 with
respect to the flat plates 502. The illumination units 504 may
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be arranged opposite the probe across the object. The illumi-
nation units correspond to an illuminator according to the
present invention.

[0094] The scanning of the ultrasound probe was based on
one-stripe reciprocating scanning. Depending on a size of a
measurement segment, stripe scanning was performed along
a plurality of lines to measure the entire measurement seg-
ment. In the one-stripe reciprocating scanning, photoacoustic
measurement was performed by delivering laser light with a
wavelength of 755 nm during a forward scan, while delivering
laser light with a wavelength of 795 run during a backward
scan. That is, the measurement was preformed with one ofthe
two wavelengths alternately selected. The number of laser
irradiations in one direction onone line corresponds to a pulse
train according to Example 2.

[0095] The stripe refers to an area from which data is
acquired when the object is linearly scanned using the ultra-
sound probe. An ultrasound probe with a plurality of conver-
sion elements arranged in at least one direction is preferably
scanned orthogonally to the direction in which the conversion
elements are arranged because this operation allows a large
area to be measured at a time.

[0096] Laser output was measured by branching a lumi-
nous flux not having impinged on the phantom yet into two
luminous fluxes using a luminous flux branch member 505
and measuring the resultant branching luminous flux 506
using an energy detector 507. The branching luminous flux,
which was equal to approximately 2% of the total luminous
flux, was monitored using the energy detector. The amount of
light delivered to the phantom was converted using the branch
ratio.

[0097] In the preparation step, the set initialization values
are such that a voltage of 1 kV is applied to the flash lamp and
that an energy of 188 mJ and an energy of 180 mJ are output
at a wavelength of 755 nm and at a wavelength of 795 nm,
respectively, based on the operation timing control for the Q
switch.

[0098]

[0099] Inthe preparation step before measurement, the out-
put at each wavelength was measured with irradiation of the
phantom 501 shiclded by a shield 508. The average value for
a pulse train needed for one stripe for the photoacoustic
measurement was determined as the output value obtained in
a measurement start state (before the phantom was irradi-
ated). The output obtained in the measurement start state
depends on the thermally stable state of the resonator. How-
ever, in Example 2, the output was 180 mJ at 755 nm and 170
mJ at 795 nm. At the beginning of the scan for the first stripe,
the operation timing for the Q switch started to be controlled
so as to obtain an output of 188 mJ at a wavelength of 755 nm
and an output of 180 mJ at a wavelength of 795 nm. This
process may be executed in accordance with a procedure
similar to the procedure described above in Example 1.

[0100] The set values acquired in the preparation step were
stored in a memory (not shown in the drawings), and then,
measurement of the phantom was started. This process will be
described with reference to a flowchart in FIG. 7.

[0101] Before detection of a photoacoustic wave, the flash
lamp may be checked for exhaustion and the voltage may be
adjusted in accordance with the degree of the exhaustion as
described above (S701). This allows the accuracy of the mea-
surement to be increased with degradation of the flash lamp
taken into account.

(Process Flow)
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[0102] Subsequently, the average output of a pulse train at
each wavelength for each stripe was calculated, and the
operation timing for the Q switch was controlled for each
pulse train so as to make the average output value of the pulse
train at each wavelength constant.
[0103] In specific measurements, the wavelength is
selected (S702), and light is emitted at the selected wave-
length ata specified operation timing for the Q switch (§703).
Then, a predetermined quantity of output energy is obtained.
Then, a photoacoustic wave generated in the object is
detected using the probe (S704).
[0104] Until the entire measurement target area is mea-
sured (S705=YES), the probe is scanned (8706) to continue
detection of a photoacoustic wave. This process is executed
with the wavelength and the operation timing for the Q switch
changed (S707). The scanning may be performed by chang-
ing the wavelength between the forward scan and the back-
ward scan on the stripe instead of measuring the entire area at
each wavelength.
[0105] Then, the distribution of the absorption coefficient is
calculated based on the resultant photoacoustic signal (S708).
The distribution of the oxygen saturation can then be calcu-
lated and displayed by executing a known calculation process
(S709).
[0106] InExample 2, the output energy at each wavelength
was stable all over the area on which the phantom was
scanned. Thus, the irradiation conditions were maintained to
allow a stable photoacoustic signal to be obtained. The oxy-
gen saturation calculated from the resultant photoacoustic
signal was accurate and was restrained from varying all over
the measurement area.
[0107] When the above-described measurement was
repeatedly performed during several days, the photoacoustic
signal and a variation in the accuracy of the oxygen saturation
were found to be constant.
[0108] As described above, the preset invention can keep
the laser output at two different wavelengths stable with ther-
mal stability maintained, regardless of a loss in the resonator,
the gain of the laser medium, and a change in laser oscillation
efficiency resulting from a change in the efficiency of excita-
tion performed by the flash lamp.
[0109] That is, the present invention can provide a method
for controlling a laser apparatus for use in a photoacoustic
biological diagnosis apparatus so that the oscillation output at
two different wavelengths can be stabilized.
[0110] While the present invention has been described with
reference to exemplary embodiments, 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.
[0111] This application claims the benefit of Japanese
Patent Application No. 2013-143658, filed on Jul. 9, 2013,
which is hereby incorporated by reference herein in its
entirety.
What is claimed is:
1. An object information acquiring apparatus comprising:
a resonator including at least a laser medium, a flash lamp
configured to excite the laser medium, and an output
mirror configured to output laser light;
an oscillator configured to oscillate the laser light;
a controller configured to control a timing at which the
oscillator oscillates the laser light after excitation per-
formed by the flash lamp is started,
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a selector configured to select a wavelength of the laser

light from a plurality of wavelengths:

a probe configured to detect an acoustic wave generated in

an object irradiated with the laser light; and

a processor configured to acquire characteristic informa-

tion on the object by using the acoustic wave,

wherein the controller determines the timing, at which the

laser light is oscillated, for each of the wavelengths in
such a manner that a difference in output energy of the
laser light between the plurality of wavelengths falls
within a predetermined range.

2. The object information acquiring apparatus according to
claim 1, wherein the controller performs control in such a
manner that, at each wavelength, the output energy of the
laser light is 80% to 100% of a maximum output at a wave-
length.

3. The object information acquiring apparatus according to
claim 2, wherein the controller performs control such a man-
ner that, at each wavelength, the output energy of the laser
light is 90% of a maximum output at a wavelength.

4. The object information acquiring apparatus according to
claim 1, wherein the controller performs control in such a
manner that an output energy value at a wavelength that, from
among the plurality of wavelengths, exhibits a smallest output
energy value is 90% or more of an output energy value at a
wavelength that, from among the plurality of wavelengths,
exhibits a largest output energy value.

5. The object information acquiring apparatus according to
claim 4, wherein the controller performs control in such a
manner that the output energy value at the wavelength that,
from among the plurality of wavelengths, exhibits the small-
est output energy value is 95% or more of the output energy
value at the wavelength that, from among the plurality of
wavelengths, exhibits the largest output energy value.

6. The object information acquiring apparatus according to
claim 1, wherein the resonator is aligned so as to provide a
highest output in a thermal equilibrium state.

7. The object information acquiring apparatus according to
claim 1, further comprising a regulator configured to adjust
and maintain at a predetermined level a voltage applied to the
flash lamp while the object is being irradiated with the laser
light.

8. The object information acquiring apparatus according to
claim 7, wherein the regulator measures the output energy of
the flash lamp before the object is irradiated with the laser
light, and increases the applied voltage when predetermined
output energy fails to be obtained.

9. The object information acquiring apparatus according to
claim 1, wherein

the selector selects the wavelength of the laser light from

two wavelengths, and

the processor calculates an oxygen saturation of the object

by using the characteristic information obtained at each
of the two wavelengths.

10. The object information acquiring apparatus according
to claim 9, wherein the two wavelengths are 750 nm and 800
nm.

11. The object information acquiring apparatus according
to claim 1, wherein the output mirror has alight reflectance
varying in accordance with the wavelength of the laser light.

12. The object information acquiring apparatus according
to claim 1, wherein the oscillator is a Q switch.

13. The object information acquiring apparatus according
to claim 1, further comprising:
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an illuminator that irradiates the object with the laser light;
and

a scanner that reciprocates the illuminator over a stripe on
the object,

wherein the selector selects different wavelengths for a
forward scan and for a backward scan within the stripe.

14. The object information acquiring apparatus according

to claim 1, further comprising a display that displays charac-
teristic information on the object.

15. A laser apparatus comprising:

a resonator including at least a laser medium, a flash lamp
configured to excite the laser medium, and an output
mirror configured to output laser light;

an oscillator configured to oscillate the laser light from the
resonator;

a controller configured to control a timing at which the
oscillator oscillates the laser light after excitation per-
formed by the flash lamp is started; and

a selector configured to select a wavelength of the laser
light from a plurality of wavelengths, wherein

the controller determines the timing, at which the laser
light is oscillated, for each of the wavelengths in such a
manner that a difference in output energy of the laser
light between the plurality of wavelengths falls within a
predetermined range.

I I T T
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