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(57) Abstract: An object information acquiring apparatus is used, with this apparatus including: a light source unit having a light
source and a drive circuit driving the light source; a probe converting an acoustic wave generated from an object irradiated with light
emitted from the light source into an electrical signal; a light detector detecting the light emitted from the light source and generating
a trigger signal; a controller receiving the trigger signal from the light detector and the electrical signal from the probe and generat -
ing property information on the inside of the object; and a housing implementing shielding of electromagnetic noise generated from
the light source unit. The housing accommodates the light detector such so as to separate the light detector from the light source unit.
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Description

Title of Invention: OBJECT INFORMATION ACQUIRING
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[0005]

APPARATUS
Technical Field

The present invention relates to an object information acquiring apparatus.
Background Art

In medical fields, photoacoustic apparatuses that generate images of internal shapes
and functions of an object with the use of the photoacoustic effect have been re-
searched in the past. In a conventional photoacoustic apparatus, upon receiving an in-
struction from the user, a controller inside the apparatus sends a signal to the drive
circuit of a light source to emit light pulses. When an object is irradiated with laser
pulses via a light guide, the object generates photoacoustic waves. The photoacoustic
waves are received by a probe that is in contact with the object, and converted to an
electrical signal called a photoacoustic signal. The controller performs signal
processing and image reconstruction to this photoacoustic signal and presents an image
for diagnosis to the user.

With the conventional photoacoustic apparatus, it is necessary to project light pulses
to the object with a sufficient amount of light in order to increase the contrast of the di-
agnostic image. For this reason, high power lasers are used as the light source. Driving
a flash lamp or Q switch in such laser systems requires high voltage and high current.

There is variation in time between the input of a drive signal from the controller and
the actual emission of light pulses due to the individual variability or changes over
time of the light sources, because of which the emission timing of light pulses is not
constant. Accordingly, a photoacoustic apparatus including an optical sensor for
detecting the emission timing of light pulses has been proposed (PTL 1: Patent
Literature 1). In the photoacoustic apparatus of Patent Literature 1, part of light
delivered in pulses is guided to the optical sensor to detect the emission timing. A
receiving circuit controls when to start and stop receiving the photoacoustic signal in
synchronism with the emission timing detected by the optical sensor. The position of a
light absorbing segment inside the object is estimated based on a time difference
between the emission timing and the received signal, to reconstruct an image.

When high power laser such as the one mentioned above is used as the light source,
generally, the light source, the light guide, and the optical sensor are accommodated in
one housing so that no light pulse leaks to the outside of the housing, for securing
safety of the apparatus. An optical component such as a beam splitter or mirror is used

as the light guide, to branch and guide the pulsed light beam to the optical sensor.
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Meanwhile, an apparatus that uses a fiber bundle as a light guide has been proposed
in the field of illumination devices (PTL 2: Patent Literature 2).
Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-open No. 2011-229556
PTL 2: Japanese Patent Application Laid-open No. 2001-174410

Summary of Invention

Technical Problem

In the conventional photoacoustic apparatus, when driving the light source, electro-
magnetic noise from the drive circuit of the high voltage, high current light source
sometimes diffracts to the optical sensor. This may result in malfunctioning of the
optical sensor, which adversely affects the synchronization of the emission timing and
the photoacoustic wave reception, because of which the image reflecting the condition
inside the object may not be generated correctly. To prevent this, the optical sensor
could be covered by a shield member or the like to block the noise. However, the
influence of electromagnetic noise can be reduced only to a limited extent because of
the high intensity of electromagnetic noise from the light source and of the difficulties
in providing electromagnetic shields to apertures and connector parts.

The present invention was made in view of the above problem and its object is to
reduce the influence of electromagnetic noise from a light source on an optical sensor
during photoacoustic measurements.

Solution to Problem

The present invention provides an object information acquiring apparatus,
comprising:

a light source unit including a light source and a drive circuit driving the light source;

a probe configured to convert an acoustic wave generated from an object irradiated
with light emitted from the light source into an electrical signal;

a light detector configured to detect the light emitted from the light source and
generate a trigger signal;

a controller configured to receive the trigger signal from the light detector and the
electrical signal from the probe, and generate property information from the inside of
the object; and

a housing configured to implemente shielding of electromagnetic noise generated
from the light source unit, wherein

the housing accommodates the light detector so as to separate the light detector from

the light source unit.

Advantageous Effects of Invention
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According to the present invention, the influence of electromagnetic noise from a
light source on the optical sensor during photoacoustic measurements can be reduced.

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

Brief Description of Drawings

[fig. 1]FIG. 1 is a block diagram of Embodiment 1 of the present invention;
[fig.2]FIG. 2 is an operation flowchart of Embodiment 1 of the present invention;
[fig.3]FIG. 3 is a diagram illustrating the internal structure of a controller in Em-
bodiment 1 of the present invention;

[fig.4]FIG. 4 is a configuration diagram of a fiber bundle in Embodiment 1 of the
present invention;

[fig.5]FIG. 5 is a block diagram of Embodiment 2 of the present invention;
[fig.6]FIG. 6 is a configuration diagram of a probe in Embodiment 2 of the present
invention; and

[fig.7]FIG. 7 is a timing diagram of Embodiment 1 of the present invention.
Description of Embodiments

Preferred embodiments of the present invention will be hereinafter described with
reference to the drawings. Note, it is not intended to limit the scope of this invention to
the specifics given below, and the sizes, materials, shapes, and relative arrangements or
the like of constituent components described below should be changed as required in
accordance with the configurations and various conditions of the apparatus to which
the invention is applied.

The photoacoustic apparatus of the present invention is an apparatus for obtaining
property information on the inside of an object as image data by utilizing the pho-
toacoustic effect, wherein light (electromagnetic wave) is projected to the object and
an acoustic wave thereby generated inside the object is received. The property in-
formation thus acquired includes source distributions of acoustic waves generated by
the irradiation with light, initial sound pressure distributions inside the object, or, light
energy absorption density distributions, absorption coefficient distributions, or density
distributions of tissue-forming substances, which are deduced from the initial sound
pressure distributions. The density distribution of substance may be, for example, an
oxygen saturation distribution, or a density distribution of oxidized hemoglobin or
reduced hemoglobin. As these properties are also referred to as object information, the
photoacoustic apparatus of the present invention can also be called an object in-
formation acquiring apparatus.

The acoustic waves, when referred to in the present invention, are typically ul-

trasound waves, and include elastic waves that are called sound waves, ultrasound
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waves, or acoustic waves. An acoustic wave generated by the photoacoustic effect is
referred to as a "photoacoustic wave", or a "light-induced ultrasound wave". A probe
of the object information acquiring apparatus receives the acoustic waves generated
inside an object.

<Embodiment 1>

In this embodiment, part of light emitted from a light source is guided into an optical
sensor disposed inside a housing of a receiving circuit.

FIG. 1 is a block diagram illustrating a photoacoustic apparatus according to this em-
bodiment. In FIG. 1, reference numeral 101 denotes a holding unit that retains an
object, projects light pulses to the object, receives a photoacoustic wave from the
object, and converts it into a photoacoustic signal. Reference numeral 102 denotes a
light source unit including a light source, a drive circuit for the light source, and an
optical system. Reference numeral 103 denotes a controller that receives the pho-
toacoustic signal, performs signal processing and image processing, presents a di-
agnostic image to the user, and controls the overall operation of the apparatus.
Reference numeral 104 denotes the object in the photoacoustic apparatus, which is a
body part of a subject. Here it will be described as a human breast, as one example.

Reference numerals 105 and 106 denote light paths for guiding the light pulses to the
vicinity of the object, which are configured by fiber bundles made of a large number of
optical fibers bundled together. In this embodiment, an example will be described in
which the object 104 is irradiated with light pulses from two directions. Reference
numerals 107 and 108 denote some of the optical fibers of the fiber bundles 105 and
106, respectively, for branching the pulsed light beam emitted to the object 104 and
guiding part of the light to the controller 103. Reference numeral 109 denotes a
segment inside the object where the amount of light absorption is large (light absorbing
segment), which may be, for example, a new blood vessel resulting from a breast
cancer. When the light absorbing segment 109 is irradiated with light pulses, a pho-
toacoustic wave 110 is generated by the photoacoustic effect. The fiber bundles
correspond to the "light guiding unit", and some of the optical fibers thereof
correspond to the "input unit", of the present invention.

Reference numeral 111 denotes a probe, which includes a transducer inside for
receiving the photoacoustic wave 110. The transducer is an array of ultrasonic sensor
elements such as PZT or CMUT, and converts the photoacoustic wave 110 into a pho-
toacoustic signal, which is an electrical signal. The fiber bundle 105 is connected to the
probe 111 so that the probe can project light pulses to the object 104. Reference
numeral 112 denotes a light projection unit for projecting light pulses to a portion
being measured of the object from an opposite direction from the probe 111. The unit

includes an optical system for enlarging the light emitted from the fiber bundle 106 to
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a predetermined magnification and for adjusting the density and range of the light
being irradiated. Z-axis represents the direction of light from the light projection unit
112 toward the object 104, X-axis represents the horizontal direction of a plane vertical
to this direction (perpendicular to the paper plane), and Y-axis represents the vertical
direction of the plane (up and down direction of the paper plane).

Reference numeral 113 denotes a plate-like member for retaining the object 104
under pressure, which is positioned between the object 104 and the probe 111, secured
in contact with the probe 111. The plate-like member 113 is made of a material having
an acoustic impedance similar to that of the object 104 so that it can transmit pho-
toacoustic waves 110 to the probe 111 efficiently. Reference numeral 114 denotes a
plate-like member for retaining the object 104 under pressure, which can be moved in
the Z direction by the user between the light projection unit 112 and the object 104.
This allows the object 104 to be retained under pressure in various thicknesses in ac-
cordance with the size of the object 104. The plate-like member 114 is made of a
material having high light transmissivity so that light can be projected in pulses ef-
ficiently to the object 104.

Reference numeral 115 denotes a holding mechanism drive unit including a drive
circuit for moving the plate-like member 114 in the Z direction in response to in-
structions from the user, and a motor. The holding mechanism drive unit 115 also
includes a sensor for determining the thickness of the object 104 from the distance
between the plate-like member 113 and the plate-like member 114. The unit also
includes a proximity sensor that detects whether or not the object 104 is retained
between the plate-like member 113 and the plate-like member 114. Reference numeral
116 denotes a stage drive unit made up of a drive circuit for moving the light
projection unit 112 and the probe 111 in the X-Y plane for two dimensional scanning,
and a motor. The object 104 is entirely scanned by the light projection unit 112 and the
probe 111, so that a diagnostic image of a wide area can be obtained.

Reference numeral 117 denotes a light input unit configured by an optical fiber
connector, to which the optical fibers 107 and 108 can be connected. When the optical
fibers 107 and 108 are connected to the light input unit 117, the emission ends of the
optical fibers are positioned to face photodiodes, so that light pulses enter the pho-
todiodes. Reference numeral 118 denotes an optical sensor circuit configured to rectify
the electric current converted by the photodiodes and to convert it into a digital pulse
signal. The optical sensor circuit 118 is made up of a current/voltage converting
circuit, comparator, and a schmitt trigger circuit. The light input unit and the optical
sensor circuit correspond to the "light detector" of the present invention.

Reference numeral 119 denotes a probe connector for receiving the photoacoustic

signal converted by the probe 111, configured as a multi-channel ZIF connector.
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Reference numeral 120 denotes a receiving circuit that performs signal processing such
as amplification, A/D conversion, noise removal, and the like, to the photoacoustic
signal input via the probe connector 119. The receiving circuit 120 determines the start
and stop timing of A/D conversion in synchronism with the rising edge of the digital
pulse signal from the optical sensor circuit 118. The circuit obtains the photoacoustic
signal for a certain period of time and stores it in an internal memory 121.

A control unit 122 is a section that sends instructions to the receiving circuit 120, the
holding mechanism drive unit 115, the stage drive unit 116, and the light source drive
circuit 132 and controls the overall operation, and is configured by a CPU and
software. Reference numeral 123 denotes an image processing circuit, which reads out
the photoacoustic signal data stored in the memory 121, performs image recon-
struction, and generates diagnostic image data indicating an absorption coefficient dis-
tribution inside the object 104.

Reference numeral 124 denotes a user interface, i.e., an operation unit, for the user to
set operation conditions of the photoacoustic apparatus or to input operation start in-
structions, and it is configured by a keyboard, a mouse, button switches, and the like.
Operation conditions include the measurement range of the object 104, or mea-
surement time of the photoacoustic signal. Operation instructions include commands to
start or stop the imaging of an object. Reference numeral 125 denotes a display for
displaying a diagnostic image to the user, or for notifying the user of the condition of
the photoacoustic apparatus.

Reference numerals 126 and 127 denote pulsed laser light sources for generating
light pulses, which are formed by YAG lasers, titanium-sapphire lasers, and the like.
The pulsed laser light source includes a flush lamp and a Q switch as the means of
exciting the laser medium inside, and is configured such that the light emission timing
is externally and electrically controllable. The pulse laser light source includes an
interface for setting the level of energy to be delivered, so that the energy level of the
light pulses can be externally and electrically controlled.

Reference numerals 128 and 129 denote respective shutters for shutting pulsed light
beams from the light sources 126 and 127. The shutters can be closed in response to an
instruction from the user, to stop projection of light to the object. Optical fiber input
units 130 and 131 are units that input light pulses that have passed through the shutters
128 and 129 to the respective fiber bundles 105 and 106. The units include components
for aligning the optical axes to the input ends of the fiber bundles 105 and 106, and a
magnifying optical system that adjusts irradiation density and beam diameter.

Reference numeral 132 denotes a drive circuit for the light sources 126 and 127, and
the shutters 128 and 129, i.e., it is a light source drive circuit. The light source drive

circuit 132 turns on the flash lamp at a constant frequency to accumulate exciting
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energy in the laser medium, after which it turns on the Q switch to output light pulses
with high power called giant pulse. A temperature adjusting unit 133 is an air con-
ditioner or a chiller for maintaining the inside temperature within a constant range for
achieving stable laser oscillation at the light sources 126 and 127. The temperature
range is from 25 to 30 degrees Celsius.

The light source unit 102 is shut from the outside by a housing so that no laser light
leaks to the outside and that the inside temperature stays constant. Light pulses are
projected to the object 104 from the light projection unit 112 and the probe 111 inside
the holding unit. As the light projection unit 112 and the probe 111 move on the X-Y
plane, the flexible fiber bundles 105 and 106 transmit the light pulses from the light
source unit 102 to the holding unit 101. Fiber bundles consist of several hundred
optical fibers bundled together. Several fibers are selected from the fiber bundles 105
and 106 such as to be evenly distributed as the optical fibers 107 and 108, for
transmitting the light pulses to the controller 103. The controller 103 starts acquiring
the photoacoustic signal from the probe 111 in synchronism with the timing at which
the light pulses are received.

FIG. 2 shows the operation flow of an in-vivo examination apparatus carried out by
the controller 103. FIG. 7 is a timing diagram of control signals from the output of
light pulses by the controller to the reception of the photoacoustic signals.

At Step S201, the control unit 122 checks whether or not it is ready to start a mea-
surement, based on a signal from the proximity sensor in the holding mechanism drive
unit 115. If the object 104 is retained between the plate-like members 113 and 114
(S201 = Yes), it is determined to be ready to start the measurement, and the process
goes to step S203. If it is not ready to start measurement (S201 = No), the process goes
to step S202, and after a certain period of waiting, the process returns to step S201.

At step S203, the control unit 122 reads in setting information specified by the user
through the operation unit 124 and records it in the internal memory 121. The setting
information may include the number of irradiation to be repeated at the same mea-
surement point, measurement range, wavelength of the light pulses, and so on.

At step S204, the control unit 122 drives the X-Y stage by means of the stage drive
unit 116 to move the light projection unit 112 and the probe 111 to a measurement
position of the object 104.

At step S205, the control unit 122 outputs a control signal through the light source
drive circuit 132 to open the shutters 128 and 129. This allows the light pulses from the
light sources 126 and 127 to be delivered to the object 104 through the fiber bundles
105 and 106, and to the light input unit 117 through the optical fibers 107 and 108.

At step S206, the control unit 122 sends a control signal to the light sources 126 and
127 through the light source drive circuit 132 to emit light pulses. The processing in
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this procedure will be described in more detail with reference to the timing diagram of
FIG. 7.

In FIG. 7, reference numeral 701 represents a reference pulse signal output in the
control unit 122 and having periodic rising edges. Let us assume that the reference
pulse signal 701 has rising edges at 100 ms intervals. First, by the rising edges of an
excitation start signal 702 sent to the light source 126 at time T722, and an excitation
start signal 706 sent to the light source 127 at time T726, the flash lamps are turned on
to excite the laser medium inside the light sources.

When the laser medium has been sufficiently excited, the Q switches are activated by
the rising edges of an oscillation start signal 703 sent to the light source 126 at time
T723, and an oscillation start signal sent to the light source 127 at time T727. This
brings about rapid oscillation inside the laser medium, whereby light pulses with
extremely high energy are emitted. The light source drive circuit 132 adjusts the timing
of the excitation start signals and the oscillation start signals to the light sources 126
and 127 such that light pulses 704 and 708 are projected to the object 104 substantially
at the same time (T724 and T728), irrespective of the individual variability of the
plurality of light sources. As the duration of a laser pulse is about 10 ns, the adjustment
is made so that there is only a time difference of less than 10 ns between time T724
and time T728.

At this time, the light pulses are input not only to the object 104 but also to the light
input unit 117, where it is converted to electrical pulse signals 705 and 709 by the
optical sensor circuit 118 and sent to the receiving circuit 120 substantially at the same
time (T725 and T729). There is a delay of several hundred nanosecond to several mi-
crosecond between time T723 and time T724 and between time T727 and time T728,
which varies depending on the individual variability or changes over time of the flash
lamps inside the light sources. Therefore, the receiving circuit 120 uses a trigger signal
from the optical sensor circuit to detect the timing at which the light pulses are
projected to the object.

The photoacoustic wave generated inside the object 104 is then converted into a pho-
toacoustic signal 711 in the probe 111 and transmitted to the receiving circuit 120 at
time T731. This processing corresponds to step S207 in FIG. 2. At step S207, the
receiving circuit 120 converts the analog photoacoustic signal 711 into a digital signal
for a certain period of time after the rising edge of the electrical pulse signal from the
optical sensor circuit 118, and stores the signal in the internal memory. For this
purpose, the receiving circuit 120 outputs a conversion start signal 710 to the A/D
converter with a rising edge (at T730) before the time T731 at which the photoacoustic
signal 711 from the object 104 reaches the receiving circuit 120. The convention start
signal 710 falls down at time T733 after the time T732 at which the photoacoustic
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signal 711 from the object has completely reached the receiving circuit (T733). Signal
averaging is done in this processing to the signals originating from the same point on
the object to reduce the effect of noise.

Next, how time T730 and time T733 are determined will be explained. The thickness
of the plate-like member 113, the distance between the plate-like members 113 and
114, and the average sound velocity inside the living body are represented by d1[m],
d2[m], and v[m/s], respectively. The values d1 and v are calculated beforehand and
stored inside the memory 121. The value d2 is measured by the distance sensor in the
holding mechanism drive unit 115. The delay from the projection of light pulses to the
object 104 until the trigger signal reaches the receiving circuit is represented by t1[s].

The time required for the photoacoustic wave 110 to reach the probe 111 is suf-
ficiently longer than the time required for the light pulses to reach the light absorbing
segment 109. Therefore, the interval between time T725 and time T731 can be
assumed to be d1/v[s], in consideration of the time required for the photoacoustic
signal from the object 104 to pass through the plate-like member 113. The interval
between time T725 and time T732 can be assumed to be (d2 + d1)/v[s], in con-
sideration of the time required for the photoacoustic signal from the entire object 104
to reach the probe. Therefore, a signal processing unit 315 asserts the conversion start
signal 710 before time elapses by d1/v - t1[s] from the time T725 at which the trigger
signal was input (time T730). The unit negates the conversion start signal 710 after
time has elapsed by (d2 + d1)/v - t1[s] from time T725 (time T733).

Thus the photoacoustic signal from the object 104 can all be stored as digital data in
the memory 121. The digital data is read out by a CPU in the control unit 122, and the
digital data obtained from the same point on the object 104 is averaged. The data is
then input to the image processing circuit 123 for image reconstruction. A high-level
photoacoustic signal received at an early time is considered to indicate a light
absorbing segment located in the object 104 near the probe 111. A high-level pho-
toacoustic signal received at a late time is considered to indicate a light absorbing
segment located in the object 104 away from the probe 111.

If image reconstruction is made from data acquired based on wrong trigger signals,
the time-photoacoustic signal correspondence will be lost, as a result of which an
artifact may be drawn at a wrong position on the diagnostic image.

With the present invention, the optical sensor circuit is accommodated in a different
housing from that of the light source unit 102, and information is sent as light pulses,
so as to prevent false trigger signals from being generated due to the electromagnetic
noise from the light sources 126 and 127.

Referring back to FIG. 2, the operation flow will further be described. At step S208,

it is determined whether or not the number of times of storing the photoacoustic signal
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in the internal memory has reached the number of times of irradiation to be repeated
that has been read in at step S203. If the number has reached the read-in value (S208 =
Yes), the process proceeds to step S209, and if not (S208 = No), the process goes back
to step S206. If, for example, number 3 has been read in at step S203 as the number of
times of irradiation to be repeated, the processes of steps S206 and S207 are repeated
three times, before the process proceeds to step S209.

At step S209, it is determined whether or not the entire measurement range of the
object 104 has been measured. The range to be measured has been read in at step S203.
If the measurement has been completed in the entire measurement range (S209 = Yes),
the process goes to step S210. If there is still a portion that has not been measured yet
(5209 = No), the process goes back to step S204, from where the process is continued.

At step S210, the control unit 122 sends an instruction to the image processing circuit
123, to perform image reconstruction based on photoacoustic signal data of respective
measurement points stored in the internal memory of the receiving circuit. A di-
agnostic image indicating the spectral characteristics of the interior of the living body
is then output to the display 125.

FIG. 3 shows the configuration of a substrate inside the controller.

Reference numeral 301 denotes a fiber connector for connecting the optical fibers
107. Reference numeral 302 denotes a fiber connector for connecting the optical fibers
108. The fiber connectors 301 and 302 correspond to the "light input unit 117".

Reference numerals 303 and 304 denote photodiodes that have their light receiving
surfaces arranged on the optical axes of the fiber connectors 301 and 302, respectively.
Reference numerals 305 and 306 denote current-voltage conversion circuits formed by
passive devices such as op-amps and resistances. Light pulses entering the photodiodes
cause a photocurrent to flow, and a voltage in proportion to the photocurrent is output
by the current-voltage conversion circuits 305 and 306.

Reference numerals 307 and 308 denote comparators formed by comparison circuits.
The comparator compares the output voltage from the current-voltage conversion
circuit 305 or 306 with a constant threshold and increases the voltage to a higher level
only when the voltage exceeds the threshold. It keeps the voltage level low if the
output voltage equals to or lower than the threshold. The pulse width of the light pulses
from the light sources 126 and 127 is about 10 ns. Therefore, the pulse width of the
output voltage from the current-voltage conversion circuit 305 or 306, or the
comparator 307 or 308, is also about 10 ns.

Reference numerals 309 and 310 denote waveform rectifiers formed by waveform
rectification circuits. The waveform rectifier increases the pulse width from 10
nanosecond to about 1 microsecond, so that the receiving circuit 120 can more readily

detect the light emission timing. The waveform rectifier is formed by a monostable
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multivibrator circuit and a buffer circuit. The output pulses from the waveform
rectifiers 309 and 310 are called the trigger signal. The trigger signal is input to a
trigger branch substrate 311.

Generally, the receiving circuit 120 is formed by a plurality of substrates. In this em-
bodiment, the probe 111 has six hundred ultrasonic sensor elements, so that a cable
consisting of six hundred signal lines from the probe 111 is connected to the probe
connector 119 for signal input. The receiving circuit 120 is formed by four substrates,
each being capable of digitizing 150 channels of signals.

The trigger branch substrate 311 distributes the output signals from the waveform
rectifiers 309 and 310 to the four receiving circuit substrates so that the respective
substrates operate at the same timing. The trigger branch substrate is formed by a high
precision buffer circuit. The photoacoustic signal input to the probe connector 119, on
the other hand, is input to a photoacoustic signal branch substrate 312. The pho-
toacoustic signal branch substrate 312 is provided for splitting the 600 channels of
photoacoustic signals so that 150 each channels of signals are input to each of the four
receiving substrates.

Reference numeral 313 denotes an amplifier unit formed by a pre-amp for amplifying
the photoacoustic signals. The amplifier unit 313 amplifies the photoacoustic signals
that are as small as about several ten microV to about several mV. Reference numeral
314 denotes an A/D conversion unit formed by an A/D conversion circuit for digitizing
the amplified photoacoustic signals. The timing for starting and stopping A/D
conversion is determined based on a control signal from a signal processing unit to be
described later. Reference numeral 315 denotes a circuit that performs processing to
the photoacoustic signals digitized by the A/D conversion unit 314, and is formed by
an FPGA. The signal processing unit 315 receives trigger signals distributed by the
trigger branch substrate 311. These signals correspond to 705 and 709 in FIG. 7.

When the signal processing unit 315 detects rising edges of the trigger signals, it
asserts an A/D conversion start signal to the A/D conversion unit 314, to start receiving
the photoacoustic signals. The data output from the A/D conversion unit is stored con-
secutively in a memory 316. The signal processing unit 315 negates the conversion
start signal for the A/D conversion unit to stop the A/D conversion after data has been
stored in the memory 316 for a time period that is sufficiently longer than the time
required for the photoacoustic waves from the object 104 to be transmitted to the probe
I11.

Reference numeral 317 denotes a conductive housing that is grounded, for accom-
modating the probe connectors, the fiber connectors, and the optical sensor circuit.
Copper, iron, aluminum, conductive plastics or the like are used for the material of the

housing. Gaps inside the housing 317 are minimized except for a connector portion for
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connection with external devices, so as to function as an electromagnetic shield. Elec-
tromagnetic noise diffraction from the light source unit 102 or the holding unit 101 can
thereby be reduced. As a result, the optical sensor circuit can be prevented from
emitting false trigger signals when no light pulse is emitted. This can in turn reduce the
possibility of an artifact caused by the signal failure being contained in the diagnostic
image. The housing need not necessarily take the form shown in FIG. 3 but may be
configured otherwise, as long as it accommodates the optical sensor circuit such as to
be separated from the light source unit 102. Preferably, the controller 103, which is
sensitive to electromagnetic noise, should entirely be accommodated in the housing, to
be separated from the light source unit 102.

The outer coverings of the probe connector 119 and the fiber connectors 301 and 302
are insulated from the housing 317. This prevents noise currents from the holding unit
101 or the light source unit 102 from propagating to the controller 103 via the outer
shield of the probe connector or the outer coverings of the fiber connectors, whereby
the SN ratio of the photoacoustic signals can be improved.

In this embodiment, the light input unit and the optical sensor circuit are ac-
commodated in the electromagnetically shielded housing so as not to be affected by
external devices (in particular, high-power light sources). The influence of electro-
magnetic noise can be reduced by disposing the light detecting components in a
housing different from the housing containing the light sources.

In this embodiment, further, the light input unit and the optical sensor, and the
controller are accommodated in the common housing. Thereby, the signal output upon
detection of light, even though it is a small electrical signal, is less likely to be affected
by noise from an external source before being input to the control unit. Note, the effect
of the present invention can be achieved as long as the light detecting component is
shielded from noises originating from light sources. For example, the light input unit
and the optical sensor may also be shielded from noises originating from light sources
if they are accommodated in a housing that is different from the housing containing the
light sources, or the housing containing the controller, with the electrical signal upon
detection of light being sent to the controller.

FIG. 4 shows a diagram of the enlarged input end of the fiber bundle in the optical
fiber input unit 130. Reference numeral 401 denotes a frame for bundling a multiplicity
of optical fibers in a cylindrical form. White circles denoted by reference numeral 402
represent optical fibers that guide light pulses from the light source unit to the object
104. The optical fibers 402 are bundled into the fiber bundle 105. Black circles denoted
by reference numeral 403 represent optical fibers that guide light pulses from the light
source unit to the controller 103. The optical fibers 403 are bundled as the optical
fibers 107, which are part of the fiber bundle. The optical fibers 403 that connect to the
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controller 103 are selected such as to be dispersed in the frame 401. The number of
optical fibers 403 is selected such as to be able to emit a sufficient amount of light to
generate a trigger signal to the photodiodes 303.

By using part of the optical fibers from the light source unit 102 to the holding unit
101 as a branch to the controller 103, the pulsed light beam can be branched without
using an additional component such as a beam splitter. As signals are sent between the
light source unit 102, the holding unit 101, and the controller 103 via optical fibers, the
light source unit can be disposed away from the controller 103 and the holding unit
without requiring strict adjustment of optical paths, so that an easily assemblable
apparatus can be realized.

As has been described above, according to Embodiment 1 of the present invention,
the optical sensor for generating an A/D conversion start timing signal for the
receiving circuit is disposed inside the controller that is placed away from the light
source unit. Electromagnetic noise diffracting from the light source is thereby
prevented, so that a highly reliable photoacoustic apparatus can be realized.

While one example was described in this embodiment wherein two light sources
were provided and the object was irradiated with light pulses from two directions, the
numbers of light sources or directions is not limited to this. For example, a pulsed light
beam from one light source may be branched inside the light source unit 102 to
irradiate the object from two directions. The present invention can also be applied to a
case where the object is irradiated with light pulses only from one direction. The
present invention can also be applied to a case where two light sources are provided
but light pulses are projected either from the direction of the probe 111 or the direction
of the light projection unit 112.

While one example was described in this embodiment in which signals were sent
from the light sources to the holding unit and the controller via the optical fibers, the
present invention can also be applied to a case where part or all of the light guiding
unit is replaced by signal transmission through space. A photoacoustic apparatus that is
more inexpensive than the one using optical fibers can be realized by an appropriate ar-
rangement of positioning means for aligning optical axes and mirrors, prisms and the
like for bending the light paths.

In the processing at step S207 of this embodiment, the A/D conversion is started after
a certain time period after the signal processing unit 315 received the trigger signal
from the optical sensor circuit 118. The processing performed in synchronism with the
trigger signal is not limited to this. For example, the A/D conversion unit 314 may be
operated all the time, while the signal processing unit 315 may be controlled to store
the signals only in the range where the photoacoustic signals exist, after the reception

of the trigger signal, in the memory 316.
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While some optical fibers of the fiber bundles from the light source unit to the
holding unit are connected to the controller thereby to branch the pulsed light beam in
this embodiment, the method of branching the light is not limited to this. For example,
a beam splitter may be provided before the optical fiber input unit 130 inside the light
source unit to branch the pulsed light beam, which may be guided to the controller 103
with the use of optical fibers different from the optical fibers 105 and 106.

While the signal from the photodiode 303 is used to determine the reception timing
of the photoacoustic signal in this embodiment, the present invention can also be
applied to a case where the photodiode 303 is used to measure the light amount or
wavelength.

<Embodiment 2>

Next, Embodiment 2 will be described. This embodiment is different from Em-
bodiment 1 in that a reflected light beam from the object irradiated with light in pulses
is input to the controller. In Embodiment 1, one example of an apparatus was described
in which the object was fixedly sandwiched between plate-like members and auto-
matically scanned with the light projection unit and the probe. In this embodiment, an
example of an apparatus will be described, in which a probe is directly contacted to an
object and moved manually by the user to scan the object along its surface.

FIG. 5 is a block diagram illustrating the configuration of a photoacoustic apparatus
according to this embodiment.

Reference numeral 501 denotes a light source unit. The unit differs from the light
source unit 102 of Embodiment 1 in that it has one laser system inside instead of two.
Reference numeral 502 denotes a controller similar to that of Embodiment 1. The
object 503, light absorbing segment 504, photoacoustic wave 505, and probe 506 are
the same as the object 104, light absorbing segment 109, photoacoustic wave 110, and
probe 111 of Embodiment 1, respectively, and will not be described again.

Reference numeral 507 denotes part of a fiber bundle, which is used for guiding light
pulses from the light source unit 501 to the object 503 via the probe 506. Reference
numeral 508 denotes another part of a fiber bundle, which is connected to the
controller 502 for signal input to detect light emission timing. In this embodiment, the
fiber bundle connected to the probe 506 is branched into optical fibers 507 connected
to the light source unit and optical fibers 508 connected to the controller. Reference
numeral 509 denotes a cable for transmitting a photoacoustic signal output from the
probe 506 to the controller 502. The cable 509 and the optical fibers 508 may be
bundled into one cable.

The light input unit 510, optical sensor circuit 511, and light source drive circuit 522
are similar to the light input unit 117, optical sensor circuit 118, and light source drive

circuit 132 of Embodiment 1, respectively, except that laser light is generated from one
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system instead of two.

The probe connector 512, receiving circuit 513, and memory 514 are the same as
those of Embodiment 1 and will not be described again. The control unit 515 is a part
(unit) that sends instructions to the receiving circuit 513 and the light source drive
circuit 522 and controls the overall operation, and is configured by a CPU and
software.

The image processing circuit 516, operation unit 517, and display 518 are the same
as the image processing circuit 123, operation unit 124, and display 125 of Em-
bodiment 1, and will not be described again. The light source 519, shutter 520, optical
fiber input unit 521, and temperature adjusting unit 523 are the same as the light source
126, shutter 128, optical fiber input unit 130, and temperature adjusting unit 133 of
Embodiment 1, and will not be described again.

The operation in this embodiment is different from that of Embodiment 1 in that the
probe is moved manually by the user at step S204 of the flowchart in FIG. 2. The
operation flow other than that, from projection of light to the photoacoustic signal ac-
quisition, is the same as that of Embodiment 1.

FIG. 6 is a diagram illustrating the arrangement inside the probe 506. Reference
numeral 601 denotes an emission end part, or emission ends of the fiber bundles 507
and 508, from which light pulses from the light source unit 501 are projected to the
object 503. Reference numeral 602 denotes a concave lens arranged opposite the
emission end part 601 for adjusting the irradiation density and irradiation pattern of the
light emitted from the emission end part 601. The pulsed light beam is reduced in ir-
radiation density as it passes through the concave lens 602 so that it can be projected to
the object 503. Reference numeral 603 denotes a transducer, which receives a pho-
toacoustic wave and converts it to a photoacoustic signal, and includes arrayed ul-
trasonic transducer elements forming several hundred channels.

A fiber bundle similar to the one denoted at reference numeral 401 in FIG. 4 is
encased in the emission end part 601. A large part of the fiber bundle 402 corresponds
to the optical fibers 507 in FIG. 5, which are connected to the optical fiber input unit
521 of the light source unit 501. The dispersedly selected optical fibers 403 correspond
to the optical fibers 508 in FIG. 5, which are connected to the light input unit 510
inside the controller 502.

Light pulses from the light source 519 are guided into the probe 506 via the fiber
bundle 507 and emitted from the emission end part 601 toward the concave lens 602.
Light is magnified by the concave lens 601 and projected to the object 503 in pulses,
whereupon a photoacoustic wave 505 is generated from a light absorbing segment 504.
The photoacoustic wave is converted into a photoacoustic signal by the transducer 603,

which is transmitted by the cable 509 to the receiving circuit 513 inside the controller.
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In this process, part of pulsed light beam emitted from the emission end part 601 is
reflected by the surface of the concave lens 602, returns to the emission end part 601,
and enters the optical fibers 403. The optical fibers 403 are bundled together as the
optical fiber member 508 and connected to the controller 502. Therefore, the returned
light enters the light input unit 510 and the optical sensor circuit 511, so that a trigger
signal is input to the signal processing unit 315 of the receiving circuit 513.

When the signal processing unit 315 detects a rising edge of the trigger signal, it
asserts an A/D conversion start signal to the A/D conversion unit 314, to start receiving
the photoacoustic signal. The data output from the A/D conversion unit is stored con-
secutively in the memory 316. The signal processing unit 315 stores data in the
memory 316 for a time period that is sufficiently longer than the time required for the
photoacoustic wave from the object 503 to reach the probe 506. After that, the
conversion start signal for the A/D conversion unit is negated to stop the A/D
conversion.

How time T730 and time T733 are determined in this embodiment will be explained.
The distance between the transducer 603 and the object 503, the thickness of the
object, and the average sound velocity of the interior of the living body will be rep-
resented by d3, d4[m], and v[m/s], respectively. The delay from the projection of light
pulses to the object 503 until the trigger signal reaches the receiving circuit is rep-
resented by t1[s]. The values d3, d4, and v are calculated beforehand and stored inside
the memory 514.

The time required for the photoacoustic wave 505 to reach the probe 506 is suf-
ficiently longer than the time required for the light pulses to reach the light absorbing
segment 504. Therefore, the interval between time T725 and time T731 can be
assumed to be d3/v[s], in consideration of the time required for the photoacoustic
signal from the object 503 to propagate. The interval between time T725 and time
T732 can be assumed to be (d3 + d4)/v[s], in consideration of the time required for the
photoacoustic signal from the entire object 503 to propagate. The signal processing
unit 315 asserts the conversion start signal 710 before time elapses by d3/v - t1[s] from
the time T725 at which the trigger signal was input (time T730). The unit negates the
conversion start signal 710 after time has elapsed by (d3 + d4)/v - t1[s] from time T725
(time T733). Thus the photoacoustic signals from the object 503 can all be stored as
digital data in the memory 316. The digital data is read out by a CPU in the control
unit 515, and the digital data originating from the same point on the object 503 is
averaged.

In this embodiment, too, the reception timing of the photoacoustic wave is de-
termined by guiding light into a shielded housing, whereby the advantageous effect of

the present invention, which is to obtain a favorable diagnostic image with reduced
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influence of the high voltage, high current laser light source, can be achieved.

In this embodiment, moreover, by inputting part of the light returning from the probe
506 to the controller 502, it is also possible to detect whether or not the light pulses are
actually being delivered to the object 503, in addition to the detection of the light
emission timing.

There can be a failure in which light pulses are not correctly delivered to the object,
even though the control unit 515 is driving the light source 519 via the light source
drive circuit 522 to emit light and opening the shutter 520, due to a disconnection
failure of the fiber bundle 507 or other failures in the emission end part 601. Even in
such a case, a photoacoustic apparatus having the configuration of this embodiment is
more reliable, as it can detect such a failure in which light pulses are not correctly
being delivered to the object.

In the processing at step S207 of this embodiment, the A/D conversion is started after
a certain time period after the signal processing unit 315 received the trigger signal
from the optical sensor circuit 511. The processing performed in synchronism with the
trigger signal is not limited to this.

For example, the signal processing unit 315 may start A/D conversion at the same
time at time T723 when the control unit 515 drives the Q switch of the laser light
source 519 via the light source drive circuit 522. The signal processing unit may then
store the signals only in the range where the photoacoustic signals exist (from time
T731 to time T732), after the reception of the trigger signal, in the memory 316. By
starting A/D conversion before the projection of laser pulses in this way, the pho-
toacoustic signal from the optical sensor circuit can reliably be acquired, even in a case
where the photoacoustic signal reaches the probe before the trigger signal due to a long
delay in the optical sensor circuit.

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. 2012-69673,
filed on March 26, 2012, which is hereby incorporated by reference herein in its

entirety.
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Claims

An object information acquiring apparatus, comprising:

a light source unit including a light source and a drive circuit driving
the light source;

a probe configured to convert an acoustic wave generated from an
object irradiated with light emitted from the light source into an
electrical signal;

a light detector configured to detect the light emitted from the light
source and generate a trigger signal;

a controller configured to receive the trigger signal from the light
detector and the electrical signal from the probe, and generate property
information from the inside of the object; and

a housing configured to implemente shielding of electromagnetic noise
generated from the light source unit, wherein

the housing accommodates the light detector so as to separate the light
detector from the light source unit.

The object information acquiring apparatus according to claim 1,
further comprising:

a light guiding unit configured to guide the light emitted from the light
source to the object; and

an input unit configured to input the light emitted from the light source
into the housing, wherein

the light guiding unit is a fiber bundle, and

the input unit is a portion of fibers forming the fiber bundle.

The object information acquiring apparatus according to claim 2,
wherein the input unit branches the light projected from the light source
to the object in order to input part of the light into the housing.

The object information acquiring apparatus according to claim 2,
wherein the input unit inputs a reflected light beam from the object ir-
radiated with light from the light guiding unit into the housing.

The object information acquiring apparatus according to any one of
claims 1 to 4, wherein the housing accommodating the light detector
also accommodates the controller.

The object information acquiring apparatus according to any one of
claims 1 to 5, wherein the controller determines, based on the trigger
signal, a portion of the electrical signal as a component based on the

acoustic wave generated from the object and generates property in-
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formation on the inside of the object by using the electrical signal

component based on the acoustic wave generated from the object.



1/7

PCT/JP2013/001931

WO 2013/145659

[Fig. 1]

T Dl

g0l Yo gz
AR €€ 1 ~—
. [ ez 201
/ON— Nm—/
_ 8s! j.||._
oct
611~ m e /f L0\ \ |
80} ozl
101 ||
901 Mgl /mw— /ZP




2/7

WO 2013/145659 PCT/JP2013/001931

[Fig. 2]
( START )
S202
N \
WAIT FOR A CERTAIN TIME
S201
READY FOR MEASUREMENT
No
Yes
/ S203
READ IN MEASUREMENT INFORMATION
-
S204
MOVE PROBE AND OPTICAL SYSTEM

‘ S205

OPEN SHUTTER

P
) S206
EMIT LIGHT PULSES
i /5207
RECEIVE PHOTOACOUSTIC SIGNAL
MEASUREMENT S208
REPEATED A SET NUMBER
OF TIMES
MEASUREMENT / S209
COMPLETE FOR ENTIRE
No RANGE

S210

OUTPUT IMAGE DATA

\

END )

FIG. 2 ¢



WO 2013/145659

3/7

PCT/JP2013/001931

[Fig. 3]
|
[
313 314 | ‘315
316 iy
119 V314
312
120 18 122
301\
N 305 \307 309
202 303
\ ~N
304 N\ 306 308 310 | 403 /]
1 \317

FIG. 3




4/7

WO 2013/145659 PCT/JP2013/001931

[Fig. 4]




57

PCT/JP2013/001931

WO 2013/145659

[Fig. 5]

205
/ L1 N
B BT
916~ 76
g | N ™
- €16
-
228
_ N
|| 4
S 126\ =
Nas us” ) 0l
e — -
qll..l.l\\\ /
mom/
806 A
4 ’L




WO 2013/145659

[Fig. 6]

-

603

/

I ~602

<

601 |

506

6/7

509

508
507

FIG. 6

PCT/JP2013/001931



777

WO 2013/145659 PCT/JP2013/001931
[Fig. 7]
701 ' |
N 1
702 ! |
N ] ]
703 L N2 |
\ ! H :
704 NS
\ ; A ;
N17oa |
705 : |
N | —
- Nt
N []
o I\T726 5
N I |
5 \1727 ‘
708 : |
N L :
709 | T728 l
N | s
1 ’y\ |
\T721 V1729 \ T734
N T733
: : -—
m/ T730 / 17317732 R
TIME

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2013/001931

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00 A61B5/145
ADD. GOIN21/17 GOIN29/24

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B GOIN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2010/285518 Al (VIATOR JOHN A [US] ET 1-6
AL) 11 November 2010 (2010-11-11)

Y paragraphs [0018] - [0021], [0030]; 1-6
claims; figures

X US 20117217762 Al (VIATOR JOHN A [US] ET 1-6
AL) 8 September 2011 (2011-09-08)

Y paragraphs [0055] - [0071], [0082], 1-6
[0130]

Y US 20117112382 Al (LI YOUZHI [US] ET AL) 1-6
12 May 2011 (2011-05-12)
paragraphs [0003] - [0004], [0009] -
[0012], [0019] - [0030], [0033]; claims;
figures

_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 July 2013

Date of mailing of the international search report

02/08/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Crisan, Carmen-Clara

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2013/001931

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

25 February 2010 (2010-02-25)
paragraphs [0026] - [0052]; claims;
figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y DE 20 2006 016617 Ul (SCHRAMM WERNER [DE]) 1-6
4 January 2007 (2007-01-04)
the whole document
Y US 6 184 521 B1 (COFFIN IV JAMES P [US] ET 1-6
AL) 6 February 2001 (2001-02-06)
column 1, Tines 25-32
column 7, line 20 - column 13, Tine 32;
claims; figures
Y US 2010/049018 Al (DUFFY KAREN [US] ET AL) 1-6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2013/001931
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010285518 Al 11-11-2010 AU 2010239360 Al 24-11-2011
CA 2759722 Al 28-10-2010
CN 102460117 A 16-05-2012
EP 2422185 A2 29-02-2012
JP 2012524285 A 11-10-2012
US 2010285518 Al 11-11-2010
WO 2010123883 A2 28-10-2010

US 2011217762 Al 08-09-2011 AU 2007272919 Al 17-01-2008
CA 2656504 Al 17-01-2008
CA 2756209 Al 17-01-2008
EP 2047250 A2 15-04-2009
US 2008014574 Al 17-01-2008
US 2011217762 Al 08-09-2011
WO 2008008402 A2 17-01-2008

US 2011112382 Al 12-05-2011 AU 2010319403 Al 10-05-2012
CA 2780005 Al 19-05-2011
EP 2498675 Al 19-09-2012
JP 2013510678 A 28-03-2013
US 2011112382 Al 12-05-2011
WO 2011060220 Al 19-05-2011

DE 202006016617 Ul 04-01-2007  NONE

US 6184521 Bl 06-02-2001  NONE

US 2010049018 Al 25-02-2010 US 2010049018 Al 25-02-2010
WO 2008118216 Al 02-10-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

