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Description

Technical Field

[0001] The present invention relates to a measurement apparatus that receives, using an acoustic wave receiver, an
acoustic wave produced from a subject being examined or imaged, which is irradiated with light, and that generates
image data, a movement control method for controlling movement of the acoustic wave receiver, and a program therefor.

Background Art

[0002] Photoacoustic tomography (PAT) is an imaging technology that uses light, in which an acoustic wave produced
by irradiating a subject being examined or imaged with pulsed laser light to thermally expand an object being measured
in the subject is received and is converted into an image. PAT allows imaging of the in-vivo distribution of hemoglobin,
glucose, or the like of which the absorption band lies in the wavelength of the pulsed laser light to be radiated. PTL 1
describes a method for creating a three-dimensional image of a large examination region using PAT, in which acoustic
waves are received at a plurality of positions by a mechanically moving acoustic wave receiver while being sequentially
positioned.
[0003] One of effective imaging methods for the internal structures of a relatively large subject being examined or
imaged, such as a breast, using PAT is to, as disclosed in PTL 1, mechanically scan the surface of the subject with an
acoustic wave receiver composed of electroacoustic transducers arranged in a one-dimensional or two-dimensional
array. It is desirable that the time required for such mechanical scanning be as short as possible in terms of reduced
load on the examinee.

Citation List

Patent Literature

[0004] PTL 1 PCT Japanese Translation Patent Publication No. 2001-507952
[0005] The document: "Noninvasive photoacoustic imaging of the thoracic cavity and the kidney in small and large
animals" by Kwang Hyun Song and Lihong. V. Wang, in Medical Physics, volume 35, number 10, pages 4524-4529,
DOI:10.1118/1.2977534, published on the 17th September 2008, discloses the subject-matter of the preamble of claims
1 and 8.

Summary of Invention

[0006] The present invention provides a measurement apparatus capable of causing an acoustic wave receiver to
move for a short period of time, and a method for controlling movement of the acoustic wave receiver.
[0007] In an aspect of the present invention, a measurement apparatus includes an acoustic wave receiver configured
to receive an acoustic wave produced by irradiating a subject being examined with pulsed light and to convert the acoustic
wave into an electrical signal, and a movement control unit configured to cause the acoustic wave receiver to move
relatively to the subject being examined. The movement control unit calculates a target speed at which the acoustic
wave receiver is caused to move for measurement of an acoustic wave, using data of an emission period of the pulsed
light and data of an interval between target measurement positions in the subject being examined. The movement control
unit causes the acoustic wave receiver to move so as to reach an initial target measurement position at the target speed
at a time when initial pulsed light for measuring an acoustic wave is emitted. After the target speed has been reached,
the movement control unit causes the acoustic wave receiver to move at a uniform speed which is equal to the target speed.
[0008] In another aspect of the present invention, a movement control method for causing an acoustic wave receiver
to move relatively to a subject being examined, the acoustic wave receiver being configured to receive an acoustic wave
produced by irradiating the subject being examined with pulsed light and to convert the acoustic wave into an electrical
signal. The movement control method includes a step of calculating a target speed at which the acoustic wave receiver
is caused to move to measure an acoustic wave, using data of an emission period of the pulsed light and data of an
interval between target measurement positions in the subject being examined; a first moving step of causing the acoustic
wave receiver to move so as to reach an initial target measurement position at the target speed at a time when initial
pulsed light for measuring an acoustic wave is emitted; and a second moving step of, after the target speed has been
reached, causing the acoustic wave receiver to perform uniform speed movement at the target speed.
[0009] According to the present invention, it is possible to cause an acoustic wave receiver to move for a short period
of time, resulting in reduced load on an examinee.
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Brief Description of Drawings

[0010]

Fig. 1 is a schematic diagram illustrating an overall configuration of a measurement apparatus according to the
present invention.
Fig. 2 is a schematic diagram illustrating a path along which an acoustic wave receiver is moved.
Fig. 3 is a schematic diagram illustrating an example of the waveform of a light emission timing instruction signal,
a light emission signal, and a light emission synchronization control signal.
Fig. 4 is a schematic diagram illustrating the operation of the acoustic wave receiver.
Fig. 5 is a flowchart illustrating a control procedure of a movement control unit.
Fig. 6 is a schematic diagram illustrating the configuration of the movement control unit.
Fig. 7 is a schematic diagram illustrating a drive pulse train when a stepping motor is used.
Fig. 8 is a schematic diagram illustrating the operation of the acoustic wave receiver for correcting a position shift.
Fig. 9 is a flowchart illustrating a control procedure of the movement control unit for correcting a position shift.
Fig. 10 is a schematic diagram illustrating a case where coverage areas of the acoustic wave receiver overlap.
Fig. 11 is a schematic diagram illustrating integral movement of an acoustic wave receiver and an acoustic wave
transmitter and receiver.
Fig. 12 is a schematic diagram illustrating slice images generated using an electrical signal from the acoustic wave
transmitter and receiver.
Fig. 13 is a schematic diagram illustrating an operation when the acoustic wave receiver and the integrated acoustic
wave transmitter and receiver are integrated.
Fig. 14 is a receiving time chart when an acoustic wave and a reflected acoustic wave are simultaneously obtained.

Description of Embodiments

[0011] One of the most effective methods to reduce a movement time when an acoustic wave receiver is mechanically
moved is to receive acoustic waves while moving the acoustic wave receiver at a uniform speed. Uniform speed movement
of the acoustic wave receiver enables a reduction in the time required for start and stop operations at each reception
position (target measurement position) of the acoustic wave receiver. In this case, the radiation time of laser light is as
short as 10 nsec to 20 nsec, and the time required to receive an acoustic wave is also as short as approximately 50
msec to 100 msec. Therefore, even if an acoustic wave is received by a moving receiver, there may be no problem with
the quality of a received signal.
[0012] Here, a specific method for moving an acoustic wave receiver at a uniform speed may be to constantly monitor
the position of the acoustic wave receiver that is moving at a uniform speed and to emit laser light each time the acoustic
wave receiver reaches a target measurement position. However, there is a limitation that a high-power pulse laser
apparatus suitable for PAT constantly emit light in a certain period to provide a stable amount of light emission. Therefore,
it is difficult to control the light emission period of laser light or control the light emission start time in accordance with
the movement of the acoustic wave receiver. Accordingly, an effective method to receive acoustic waves while moving
an acoustic wave receiver at a uniform speed is to move the acoustic wave receiver in accordance with the light emission
period of laser light. However, even such a method of movement may require some technique to reach a target meas-
urement position in accordance with the emission of laser light. In the following embodiments, a specific movement
control apparatus and control method for implementing uniform-speed movement will be described.
[0013] The term "acoustic wave", as used herein, includes what is called a sound wave, an ultrasonic wave, and a
photoacoustic wave, and refers to an elastic wave produced inside a subject being examined or imaged that is irradiated
with light (electromagnetic wave) such as near infrared radiation.

First Embodiment

[0014] Fig. 1 illustrates an overall configuration of a measurement apparatus according to an embodiment of the
present invention. In this embodiment, a subject being examined or imaged 1 (hereinafter referred to as the "subject 1")
may be fixed by press plates 2a and 2b. Pulsed laser light generated from a light source 3 is radiated onto the subject
1 through the press plate 2a and is absorbed into an object to be measured 4 (hereinafter referred to as the "measurement
object 4") inside the subject 1. An acoustic wave is produced from the measurement object 4 (which may be a light
absorbing material such as new blood vessels), and is received by an acoustic wave receiver 5 placed along the outer
surface of the press plate 2b. The acoustic wave receiver 5 converts the received acoustic wave into an electrical signal
("received signal s1"), and outputs the received signal s1 to a received signal processing unit 10. The received signal
s1 is digitally converted by the received signal processing unit 10, and a resulting signal is sent to a central processing
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unit (CPU) 60. The acoustic wave receiver 5 is mounted on a stage 6, and is allowed to move along the surface of the
press plate 2b by using the stage 6. The stage 6 is controlled to move in accordance with a drive signal s4 output from
a movement control unit 7. In other words, the movement of the acoustic wave receiver 5 is controlled by the movement
control unit 7.
[0015] The light source 3 emits pulsed laser light in accordance with a pulse signal transmitted from a light emission
control unit 9. The pulse signal transmitted from the light emission control unit 9 is generated based on a light emission
timing instruction signal s2 output from a timing generation circuit 8. The timing generation circuit 8 also outputs a light
emission synchronization control signal s3 to the movement control unit 7 in synchronization with the light emission
timing instruction signal s2 to be supplied to the light emission control unit 9.
[0016] In order to measure an acoustic wave, the CPU 60 transmits one or a plurality of pieces of target measurement
position data s8 to the movement control unit 7 to activate the movement control unit 7. The movement control unit 7
generates the drive signal s4 based on the target measurement position data s8 transferred in advance from the CPU
60 and the light emission synchronization control signal s3. The stage 6 is controlled by the drive signal s4, and the
acoustic wave receiver 5 mounted on the stage 6 is moved at a uniform speed so that the acoustic wave receiver 5 can
pass through each target measurement position at the corresponding light emission time of pulsed laser light. A position
signal s5 is output from the stage 6 to the movement control unit 7.
[0017] The received signal processing unit 10 is activated by an activation signal s6 output from the movement control
unit 7 at the time when the acoustic wave receiver 5 mounted on the stage 6 passes through the initial target measurement
position. The received signal processing unit 10 digitally converts the received signal s1, and stores the resulting signal.
The digitally converted received signal (digital received signal) is transmitted to the CPU 60. The CPU 60 integrates
digital received signals at the individual target measurement positions, and generates two-dimensional or three-dimen-
sional image data of a measurement range on the basis of an integrated digital signal. The generated image data is
transmitted to a monitor 11 serving as a display unit, as necessary, and is displayed as an image. In this manner, the
acoustic wave receiver 5 can be caused to move relatively to the subject 1 to receive an acoustic wave, and information
about the inside of the subject 1 can be obtained as a two-dimensional or three-dimensional image on the basis of a
received signal.
[0018] In the present invention, the acoustic wave receiver 5 includes a plurality of transducers configured to receive
an acoustic wave and convert the acoustic wave into an electrical signal. Each of the transducers may be implemented
using any transducer capable of receiving an acoustic wave and converting the acoustic wave into an electrical signal,
such as a transducer that utilizes a piezoelectric phenomenon, a transducer that utilizes optical resonance, or a transducer
that utilizes a change in capacitance. Further, a plurality of transducers that receive acoustic waves are arranged in a
one-dimensional or two-dimensional array, thus allowing acoustic waves to be simultaneously received at a plurality of
locations, leading to a reduction in receiving time. In addition, the influence of oscillation or the like of the subject 1 can
be reduced. A material for acoustic matching, such as a gel, may be applied between the acoustic wave receiver 5 and
the subject 1 to provide acoustic matching.
[0019] The light source 3 is designed to emit light with a specific wavelength that is absorbed into a specific component
(for example, hemoglobin) among in-vivo components. The light source 3 includes at least one pulse light source capable
of generating a light pulse of 5 nsec to 50 nsec. As provided in this embodiment, a high-power laser may be used as
the light source 3. However, any source other than a laser, such as a light-emitting diode, may be used. The laser may
be any of various lasers such as a solid laser, a gas laser, a dye laser, and a semiconductor laser. Further, light may
be emitted from the acoustic wave receiver 5 side, or may be emitted from the side opposite to the acoustic wave receiver
5. Alternatively, the subject 1 may be irradiated with light from both sides thereof. Furthermore, light emitted from a light
source may also be directed to the subject 1 using an optical device such as a mirror that reflects light or a lens that
condenses light or that enlarges or changes the shape of the image of an object, and may be radiated onto the subject
1. Light may be scattered with a lens to increase the area of the region irradiated with light to some extent. In addition,
a portion of the subject 1 irradiated with light may be made movable over the subject 1. In other words, the light emitted
from the light source 3 may be made movable over the subject 1. Making the light movable allows a wider area to be
irradiated with light. A portion of the subject 1 irradiated with light (light impinging on the subject 1) may be made movable
in synchronization with the movement of the acoustic wave receiver 5. A portion of the subject 1 irradiated with light may
be made movable using a movable mirror or the like, by mechanically moving the light source 3, or using any other
suitable method.
[0020] In this embodiment, furthermore, the subject 1 is fixed using the press plates 2a and 2b. However, instead of
a pressing mechanism, a shape maintaining member configured to maintain constant the shape of the measurement
object 4 of the subject 1 may be used. The shape maintaining member may be a flat plate or a bowl-shaped member
provided between the subject 1 and the acoustic wave receiver 5. The shape maintaining member may be implemented
by press plates, as in this embodiment, thus allowing light to reach deep inside the subject 1. The material of the shape
maintaining member may be selected from those having acoustic impedance similar to that of the subject 1 to efficiently
receive acoustic waves. If the subject 1 is a breast or the like, a shape maintaining member made of polymethylpentene
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may be used. If the shape maintaining member is a flat plate, the thinner the shape maintaining member, the better in
terms of the attenuation.or the like of acoustic waves. However, the thickness of the shape maintaining member is
increased to the extent that its shape does not deform. The thickness may be typically approximately 5 mm to 10 mm.
Further, a gap between the shape maintaining member and the subject 1 may be filled with an acoustic gel having
substantially the same acoustic impedance as the shape maintaining member (for example, if the subject 1 is a breast,
1.35 3 106 kg/m2·s) or a liquid such as water (not illustrated) to eliminate the gap.
[0021] Fig. 2 is a diagram illustrating an example of mechanical scanning of the acoustic wave receiver 5 over a surface
21 of the press plate 2b (hereinafter referred to as the "press plate surface 21"). The acoustic wave receiver 5 includes
a plurality of transducers arranged in a two-dimensional array. The acoustic wave receiver 5 receives an acoustic wave
at each target measurement position while moving at a uniform speed in the transverse direction (one of transducer
array directions) along a path 22 illustrated in Fig. 2 over the press plate surface 21. After the completion of reception
at the end in the transverse direction, the acoustic wave receiver 5 moves in the longitudinal direction (the direction
perpendicular to the above one direction). Then, the acoustic wave receiver 5 receives an acoustic wave at each target
measurement position while moving at a uniform speed in the transverse direction again. This allows reception of acoustic
waves with high-speed scanning over the entirety of a measurement region on the press plate surface 21.
[0022] Fig. 3 illustrates a specific waveform of a light emission synchronization control signal s3 suitably used in an
embodiment of the present invention. In Fig. 3, s2 represents an example of a light emission timing instruction signal,
which may be generally a pulse train signal of approximately 10 Hz for continuous emission of high-power laser pulses
suitably used in the embodiment. When the light emission timing instruction signal s2 is input to the light emission control
unit 9, as indicated by a light emission signal s7, laser pulses are periodically emitted with a delay of approximately 100
ns to 500 ns. The period of light emission is as short as approximately 10 ns to 20 ns, and there is a limitation that light
emission be driven in a certain period of approximately 10 Hz in order to provide a substantially equivalent intensity for
every emission of laser light. As illustrated in Fig. 3, the light emission synchronization control signal s3 may be a pulse
train signal that rises slightly earlier (by, for example, approximately 10 ms) than the light emission timing instruction
signal s2 and that has a time width sufficient for the movement control unit 7 to receive. In this case, the target measurement
position data s8 set by the CPU 60 is also corrected so as to indicate a slightly preceding position (a position preceding
by, for example, approximately 1 mm) because the light emission synchronization control signal s3 is made to rise slightly
early. Thus, even if the received signal processing unit 10 starts a received signal process such as analog-to-digital
(A/D) conversion upon detection of the movement control unit 7 that has passed through a target measurement position,
a received signal of an acoustic wave immediately after emission of laser light can be processed.
[0023] Fig. 4 is a schematic diagram illustrating the operation of the stage 6 (that is, the operation of the acoustic wave
receiver 5). In Fig. 4, the abscissa represents time, where t1, t2, t3, ... denote laser light emission times with equal time
intervals. The ordinate represents stage position, where x1, x2, x3, ... denote target measurement positions at equal
intervals. The stage 6 may be made to pass through the target measurement positions x1, x2, x3, ... at the laser light
emission times t1, t2, t3, .... by moving the stage 6 at a uniform speed along a measurement line 31 illustrated in Fig.
4. In this case, a target speed Vmes of the acoustic wave receiver 5 for the measurement of an acoustic wave may be
a value obtained by dividing the interval between target measurement positions by the time interval between the laser
light emission times. If the target speed Vmes exceeds a maximum speed that allows the stage 6 to move, as indicated
by a measurement line 32, every other laser light emission may be used. Here, the time required until the stage 6 that
has stopped operating is accelerated with a constant acceleration A and reaches the target speed Vmes is represented
by ΔTa, and a moving distance is represented by ΔXa. If ΔTa and ΔXa are known, the stage 6 can be moved along the
measurement line 31 by sequentially executing the following steps:

1. The stage 6 is moved to a start position Xs ahead of x1 by the distance ΔXa, and is stopped.
2. Movement with a uniform acceleration that is equal to the acceleration A is started at a time Ts that is ΔTa ahead
of the initial measurement time t1 at which an acoustic wave is to be measured (first moving step).
3. At time t1, the operation is switched to uniform speed movement at the target speed Vmes (second moving step).

[0024] Here, since ΔTa may be known, acceleration of the stage 6 may be started at the time Ts that is delayed by
ΔTs = (t1 - t0 - ΔTa) with respect to a reference time t0 of laser light emission. In this case, the delay time ΔTs needs to
have a positive value. However, the light emission times t1, t2, ... may be advanced or delayed by an integer multiple
of the light emission period. Therefore, the light emission time for which the delay time ΔTs = (t1 - t0 - ΔTa) has a minimum
positive value may be determined as t1.
[0025] Fig. 5 is a flowchart illustrating the above operation, which will be described in detail below. The movement
control unit 7 monitors the light emission synchronization control signal s3. When a rising edge of the light emission
synchronization control signal s3 is detected, after waiting for the given time ΔTs, the stage 6 starts moving with a uniform
acceleration that is equal to the certain acceleration A. When the target speed Vmes is reached after the lapse of the
given time ΔTa, the stage 6 then moves at a uniform speed that is equal to the target speed Vmes. After the stage 6
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passes through the last target measurement position, the movement of the stage 6 ends.
[0026] Fig. 6 illustrates a specific example configuration of the movement control unit 7. In the example configuration,
the stage 6 is configured to be driven by a stepping motor 41, and a pulse signal used for the driving operation is
calculated and generated at a required time by a built-in calculator digital signal processor (DSP) 45. Specifically, when
the DSP 45 outputs a forward pulse signal, the forward pulse signal is converted into a drive signal s4 by a stage driver
circuit 42, and the stepping motor 41 rotates in the forward direction by the rotation angle corresponding to one pulse.
When the DSP 45 outputs a negative pulse signal, the stepping motor 41 rotates in the negative direction by the rotation
angle corresponding to one pulse. The position of the stage 6 driven by the stepping motor 41 (that is, the position of
the acoustic wave receiver 5) can be read by counting, using a position counter 44, the pulse s5 output from an encoder
43 serving as a position detection unit provided in the stage 6.
[0027] The process of the DSP 45 will now be specifically described. When the target measurement position data s8
is transferred from the CPU 60, first, the DSP 45 calculates the operation schedule of the stage 6 in accordance with
the following calculation steps:

1. The target speed Vmes is calculated.

[0028] If the interval between target measurement positions is represented by Xp and the emission period (emission
time interval) of pulsed laser light is represented by Tl, the target speed Vmes can be calculated by 

When the target speed Vmes exceeds a maximum speed that allows the stage 6 to move, measurement is performed
once for k emissions of laser light, and the target speed Vmes may be changed to one k-th. However, for the ease of
description, it is assumed here that the target speed Vmes does not exceed the maximum speed.

2. The time ΔTa required for acceleration up to the target speed Vmes, and the distance ΔXa are calculated.

[0029] The time ΔTa and the distance ΔXa are calculated using the equations below, assuming that the maximum
allowable acceleration of the stage 6 is represented by Am: 

[0030] The acceleration Am may not necessarily be the maximum allowable acceleration. However, setting the ac-
celeration Am to the maximum allowable acceleration can minimize the measurement time.

3. The start position Xs of the stage 6 and the delay time ΔTs are calculated.

[0031] If the initial target measurement position is represented by x1, the start position Xs of the stage 6 can be
calculated by 

[0032] Further, the delay time ΔTs can be calculated as a minimum value for which ΔTs + ΔTa is set as an integer
multiple of the laser light emission period Tl. If the reference time of single laser light emission is represented by t0 and
the calculated delay time ΔTs is used, the measurement times (that is, light emission times of laser light) t1, t2, t3, ...
can be calculated by: 
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[0033] All the position parameters and time parameters required for the movement of the stage 6 can be calculated
using the above calculations. Therefore, the scheduling of the specific operation in accordance with the flowchart of Fig.
5 described above can be performed.
[0034] Next, a specific process of the DSP 45 during measurement will be described with reference to the flowchart
of Fig. 5. Upon receipt of a start instruction from the CPU 60, first, the DSP 45 moves the stage 6 to the start position
Xs, and waits (S1-1). Then, the DSP 45 monitors a rising edge of the light emission synchronization control signal s3
(S1-2). When the light emission synchronization control signal s3 rises, the DSP 45 sets the rising time of the light
emission synchronization control signal s3 as the reference time t0, and waits for the delay time ΔTs (S1-3). Then, the
stage 6 is caused to start moving with a uniform acceleration that is equal to the acceleration Am (S1-4).
[0035] If the current time is represented by t and the amount of movement of the stage 6 per pulse of the stepping
motor 41 is represented by dX, the speed V of the stage 6 at time t in the acceleration time zone (t0 + ΔTs < t < t1) is given by 

In order to cause the stage 6 to move at the speed V, the DSP 45 calculates a time interval dT given by 

and outputs one pulse to the stage driver circuit 42 each time the time interval dT has elapsed. Since the time interval
dT decreases as time passes, the speed of the stage 6 is accelerated accordingly. At time t1 at which an acoustic wave
is first measured, the speed of the stage 6 matches the target speed Vmes.
[0036] If the time t has reached the measurement time t1, the DSP 45 switches the movement of the stage 6 to uniform
speed movement at the target speed Vmes (S1-5). In order to cause the stage 6 to move at a uniform speed that is
equal to the target speed Vmes, the DSP 45 calculates a time interval dT given by 

and outputs one pulse to the stage driver circuit 42 each time the time interval dT has elapsed. After that, the DSP 45
determines whether or not the measurement end time has been reached (S1-6). If the end time has been reached (that
is, if the stage 6 has passed through the last target measurement position), the movement of the stage 6 ends.
[0037] Fig. 7 illustrates the timing of pulses generated by the DSP 45. Thus, the acoustic wave receiver 5 can pass
through all the target measurement positions at the laser light emission times at a uniform speed, and the flowchart of
Fig. 5 can be implemented in a specific manner.
[0038] Here, the receiving position of an acoustic wave may match a target measurement position with an accuracy
of at least approximately 5% to 10% of the size of the transducers. Matching with the above accuracy can reduce phase
variation of received signals when, as in a third embodiment described below, acoustic waves generated from the same
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position in the subject 1 are received, and can improve the resolution of image data. If the size of the electroacoustic
transducers is 2 mm, matching with an accuracy of approximately 650 mm to 6100 mm may be desirable.
[0039] Further, the light emission synchronization control signal s3 according to the present invention can be easily
generated using the timing generation circuit 8 that generates the light emission timing instruction signal s2 in the manner
described above. Further, since laser light is emitted regularly in a constant period, the light emission synchronization
control signal s3 can also be generated by directly detecting the emission of laser light if the period is known. Furthermore,
if the light emission period of laser light is known, a light emission time may be detected once using some method, and
a light emission synchronization control signal having a constant period can be generated with reference to the light
emission time within the timing generation circuit 8. The above configurations may be modifications of an embodiment
of the present invention, and may also fall within the scope of the present invention.

Second Embodiment

[0040] With the first embodiment described above, the DSP can control the stage 6 to pass through all the target
measurement positions at the laser light emission times at a uniform speed. In a second embodiment, the movement
control unit 7 monitors the light emission synchronization control signal s3, and reads the value of the position counter
44 at a rising edge of the light emission synchronization control signal s3. If there is an error from the target measurement
position at this time, the moving speed of the stage 6, that is, the time interval of pulse outputs of the drive signal s4, is
adjusted so as to eliminate or reduce the error by the next laser light emission time. With this control, if a slight calculation
error occurs in the calculation of the time interval dT of generation of pulses or the amount of movement of the stage 6
per pulse using the DSP 45, a non-negligible position error due to the accumulation of errors can be prevented from
occurring between the position of the stage 6 at the emission time of laser light and a target measurement position.
Further, in case of open control without detection of the position of the stepping motor 41, an error caused by a mechanical
distortion or the like can also be prevented from being added to the position error.
[0041] Fig. 8 is a schematic diagram illustrating the movement of the stage 6 in this embodiment. If the value of the
position counter 44 indicates a position x1d at the laser light emission time t1, the stage 6 is moved so that the target
speed Vmes until the next laser light emission time t2 has been reached is changed to 

so as to reduce the difference from a target measurement position x1 by the next laser light emission time t2. Fig. 9 is
a flowchart illustrating the operation of the stage 6 in this case. The processing of steps S2-1 to S2-5 is the same as or
similar to the procedure of steps S1-1 to S1-5 in the first embodiment. In step S2-6, the current position x1d is measured
at the time when a rising edge of the light emission synchronization control signal s3 is detected. Then, a position error
is detected (S2-7), and the speed of the stage 6 is corrected (S2-8). In step S2-9, similarly to step S1-6, it is determined
whether or not the measurement end time has been reached. If the end time has been reached (that is, if the stage 6
has passed through the last target measurement position), the movement of the stage 6 ends. With this control, speed
correction can be performed so that a position error can be reduced in accordance with the above equation at each
rising time of the light emission synchronization control signal s3. According to this embodiment, a position error is
directly measured and is corrected at a laser light emission time. Thus, a position error can be corrected using a simple
method regardless of the cause of the position error, and accurate movement control can be performed without using
an expensive apparatus.
[0042] An embodiment in which a stepping motor is used has been described. However, a direct current (DC) servo
motor or the like may also be used.

Third Embodiment

[0043] In a third embodiment, there is an overlapping region where coverage areas of an acoustic wave receiver at
adjacent target measurement positions (a first target measurement position and a second target measurement position)
overlap. Fig. 10 is a schematic diagram illustrating the position of an acoustic wave receiver 5 at each measurement
time. In this embodiment, as illustrated in Fig. 10, an adding circuit that calculates the sum of electrical signals output
from transducers located at a position P in the overlapping region is used. A specific description will now be given.
[0044] The acoustic wave receiver 5 passes through the first target measurement position at laser light emission time
t = 1, and passes through the second target measurement position at laser light emission time t = 2. The adding circuit
61 averages a received signal obtained by a transducer that has received an acoustic wave at the position P at time t
= 1, which is stored in a temporary storage memory, and a received signal obtained by a transducer that has received
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an acoustic wave at the same position, that is, the position P, at the second target measurement position. This enables
the generation of a received signal with less noise. In this case, the received signals to be summed are digitally converted
signals. Further, the sum of the received signals obtained by the adding circuit 61 is transmitted to the CPU 60 illustrated
in Fig. 1, and is converted into image data through image reconstruction processing such as phasing addition.
[0045] Overlapping of coverage areas of the acoustic wave receiver 5 in the longitudinal direction in addition to the
transverse direction can further reduce the noise of a received signal. The use of the first or second embodiment may
enable accurate reception of an acoustic wave at a target measurement position even while moving the stage 6 at a
uniform speed, thus facilitating the implementation of averaging as in the third embodiment and ensuring the reception
of a high-speed photoacoustic signal with less noise.

Fourth Embodiment

[0046] In a fourth embodiment, an acoustic wave receiver 5 configured to receive an acoustic wave produced by
radiation of light, and an acoustic wave transmitter and receiver 51 configured to transmit an acoustic wave (typically,
an ultrasonic wave) and to receive a reflected acoustic wave reflected from an object being measured are integrated.
In the following description, an acoustic wave produced by radiation of light is referred to as a "photoacoustic wave",
and a reflected acoustic wave obtained by reflecting and returning an acoustic wave transmitted from the acoustic wave
transmitter and receiver 51 from an object being measured is referred to as an "ultrasonic echo".
[0047] As illustrated in Fig. 11, in this embodiment, the acoustic wave receiver 5 configured to receive a photoacoustic
wave and the acoustic wave transmitter and receiver 51 configured to receive an ultrasonic echo are integrally placed
on a stage, and are caused to move over a press plate surface 21. The acoustic wave transmitter and receiver 51 may
be composed of transducers arranged in a one-dimensional array, and may be capable of creating slice in-plane ultrasonic
echo images using ultrasonic beam scanning in the one-dimensional array direction. Therefore, three-dimensional image
data of the inside of the subject being examined or imaged can be easily created by moving the acoustic wave transmitter
and receiver 51 for ultrasonic echoes at a uniform speed and, as illustrated in Fig. 12, repeatedly creating slice images
at individual positions x10, x11, x12, ... in the moving direction.
[0048] When ultrasonic echo image data is created, slice images are created at equal intervals with a smaller pitch
than the intervals during which photoacoustic waves are received in order to increase resolution in the moving direction
of the stage. Fig. 13 illustrates an embodiment of the above measurement operation. An ultrasonic transmission/reception
operation for creating individual pieces of slice image data may be started at time points indicated by circular marks on
a photoacoustic signal measurement line 31 and at time points indicated by rectangular marks located at the positions
equally divided between the circular marks.
[0049] The time points indicated by the circular marks also represent the measurement points of photoacoustic waves.
However, as illustrated in Fig. 14, a photoacoustic signal input period for receiving a photoacoustic wave is provided
during a period from the start of the ultrasonic transmission/reception operation to the start of transmission and reception
of an ultrasonic beam, and emission of laser light and reception of a photoacoustic wave are performed during the input
period. This enables correct signals to be received without interference between a photoacoustic wave and an ultrasonic
echo.
[0050] Even at the time of the start of the ultrasonic transmission/reception operation without performing the emission
of laser light, the operation of receiving an ultrasonic echo may be performed at the same timing as that with performing
the emission of laser light. In this case, slice images can be created at completely equal intervals in terms of time and
position. The creation of an individual slice image requires multiple transmissions and receptions of ultrasonic beams.
Since the photoacoustic signal input period is shorter than the time required for the transmissions and receptions; even
making the echo signal input periods of all the slice planes equal has substantially no influence on the overall throughput.
[0051] In the present invention, a stage passes through target measurement positions at the laser light emission times
at a uniform speed, and therefore, the start time or start position of ultrasonic transmission/reception can be calculated
as the operation schedule so as not to cause interference between photoacoustic signals and ultrasonic echo signals.
Therefore, a DSP is configured to start the ultrasonic transmission/reception operation each time the calculated start
time or start position has been reached, thus enabling a photoacoustic wave and an ultrasonic echo to be obtained even
in a method in which a stage is moved at a uniform speed.
[0052] The present invention may also be implemented by executing the following processing. Software (program)
implementing the functions of the first to fourth embodiments described above may be supplied to a system or an
apparatus via a network or various storage media, and a computer (or any other suitable device such as a CPU or a
microprocessing unit (MPU)) of the system or the apparatus may read and execute the program.
[0053] 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.
[0054] This application claims the benefit of Japanese Patent Application No. 2009-288458, filed December 18, 2009.
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Reference Signs List

[0055]

1 Subject being examined or imaged

2a Press plate

2b Press plate

3 Light source

4 Object being measured

5 Acoustic wave receiver

6 Stage

7 Movement control unit

8 Timing generation circuit

9 Light emission control unit

10 Received signal processing unit

11 Monitor

s1 Received signal

s2 Light emission timing instruction signal

s3 Light emission synchronization control signal

s4 Drive signal

s5 Position signal

s6 Activation signal

s7 Light emission signal

21 Press plate surface

22 Path (along which an acoustic wave receiver moves on a press plate surface)

31 Measurement line

32 Measurement line

41 Stepping motor

42 Stage driver circuit

43 Encoder

44 Position counter
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45 DSP

51 Acoustic wave transmitter and receiver

60 CPU

Claims

1. A measurement apparatus comprising:

an acoustic wave receiver configured to receive an acoustic wave produced by irradiating a subject being
examined with pulsed light and to convert the acoustic wave into an electrical signal; and
a movement control unit configured to cause the acoustic wave receiver to move relatively to the subject being
examined, characterised in that
the movement control unit is adapted to calculate a target speed at which the acoustic wave receiver is caused
to move for measurement of an acoustic wave, using data of an emission period of the pulsed light and data of
an interval between target measurement positions in the subject being examined,
and further characterised in that the movement control unit is adapted to cause the acoustic wave receiver to
move so as to reach an initial target measurement position at the target speed at a time when initial pulsed light
for measuring an acoustic wave is emitted, and further characterised in that the apparatus is adapted such that
after the target speed has been reached, the movement control unit causes the acoustic wave receiver to move
at a uniform speed which is equal to the target speed.

2. The measurement apparatus according to Claim 1, wherein the movement control unit is adapted to cause the
acoustic wave receiver to move with a uniform acceleration so as to reach the initial target measurement position
at the target speed at the time when the initial pulsed light for measuring an acoustic wave is emitted.

3. The measurement apparatus according to Claim 2, further comprising a timing generation circuit configured to give
an instruction on an emission time of the pulsed light,
wherein the timing generation circuit is adapted to output a signal synchronized with the emission time of the pulsed
light to the movement control unit, and
wherein the movement control unit is adapted to determine a time during which the acoustic wave receiver is caused
to move with a uniform acceleration, using the signal synchronized with the emission time of the pulsed light.

4. The measurement apparatus according to Claim 1 or 2, further comprising a position detection unit configured to
detect a position of the acoustic wave receiver,
wherein when an error occurs between the position of the acoustic wave receiver detected by the position detection
unit and a target measurement position, the movement control unit is adapted to adjust the moving speed of the
acoustic wave receiver so that the error is corrected.

5. The measurement apparatus according to any of Claims 1 to 4, further comprising an adding circuit,
wherein the acoustic wave receiver includes a plurality of transducers each configured to convert an acoustic wave
into an electrical signal,
wherein there is an overlapping region where a coverage area of the acoustic wave receiver at a first target meas-
urement position and a coverage area of the acoustic wave receiver at a second target measurement position
overlap, and
wherein the adding circuit is adapted to calculate a sum of electrical signals output from transducers that have
received acoustic waves at the same position in the overlapping region.

6. The measurement apparatus according to any of Claims 1 to 5, further comprising an acoustic wave transmitter
and receiver configured to transmit an acoustic wave to the subject being examined and to receive a reflected
acoustic wave reflected from an object being measured in the subject being examined,
wherein the movement control unit is adapted to cause the acoustic wave receiver and the acoustic wave transmitter
and receiver to move integrally, and
wherein the apparatus is adapted such that first image data is generated using an electrical signal output from the
acoustic wave receiver, and adapted such that second image data is generated using an electrical signal output
from the acoustic wave transmitter and receiver.
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7. The measurement apparatus according to any of Claims 1 to 6, further comprising a signal processing unit configured
to digitally convert the electrical signal obtained through conversion by the acoustic wave receiver,
wherein the apparatus is adapted such that image data is generated using the digitally converted electrical signal.

8. A movement control method for causing an acoustic wave receiver to move relatively to a subject being examined,
the acoustic wave receiver being configured to receive an acoustic wave produced by irradiating the subject being
examined with pulsed light and to convert the acoustic wave into an electrical signal, the movement control method
characterised by comprising:

a step of calculating a target speed at which the acoustic wave receiver is caused to move for measurement of
an acoustic wave, using data of an emission period of the pulsed light and data of an interval between target
measurement positions in the subject being examined;
a first moving step of causing the acoustic wave receiver to move so as to reach an initial target measurement
position at the target speed at a time when initial pulsed light for measuring an acoustic wave is emitted; and
a second moving step of, after the target speed has been reached, causing the acoustic wave receiver to perform
uniform speed movement at the target speed.

9. The movement control method according to Claim 8, wherein in the first moving step, the acoustic wave receiver is
caused to move with a uniform acceleration.

10. A program adapted to causing a computer to cause the device of claim 1 to execute the movement control method
according to Claim 8 or 9.

Patentansprüche

1. Messvorrichtung, mit
einer Akustikwellenempfangseinrichtung, die dazu eingerichtet ist, um eine durch Bestrahlung eines geprüften Pro-
banden mit gepulstem Licht hervorgerufenen Akustikwelle zu empfangen und um die Akustikwelle in ein elektrisches
Signal umzuwandeln, und
einer Bewegungssteuereinheit, die dazu eingerichtet ist, um die Akustikwellenempfangseinrichtung zu veranlassen,
sich relativ zu dem geprüften Probanden zu bewegen,
dadurch gekennzeichnet, dass
die Bewegungssteuereinheit dazu eingerichtet ist, um eine Zielgeschwindigkeit, gemäß der die Akustikwellenemp-
fangseinrichtung dazu veranlasst wird, sich für eine Messung einer Akustikwelle zu bewegen, unter Verwendung
von Daten einer Ausstrahlungsdauer des gepulsten Lichts und Daten eines Abstands zwischen Zielmesspositionen
in dem geprüften Probanden zu berechnen,
und ferner dadurch gekennzeichnet, dass die Bewegungssteuereinheit dazu eingerichtet ist, um die Akustikwel-
lenempfangseinrichtung zu veranlassen, sich derart zu bewegen, um eine Ausgangszielmessposition mit der Ziel-
geschwindigkeit zu einer Zeit zu erreichen, zu der erstes gepulstes Licht zur Messung einer Akustikwelle ausgestrahlt
ist, und
ferner dadurch gekennzeichnet, dass die Vorrichtung derart eingerichtet ist, dass, nachdem die Zielgeschwindig-
keit erreicht ist, die Bewegungssteuereinheit die Akustikwellenempfangseinrichtung veranlasst, sich mit einer gleich-
mäßigen Geschwindigkeit zu bewegen, die gleich der Zielgeschwindigkeit ist.

2. Messvorrichtung nach Anspruch 1, wobei die Bewegungssteuereinheit dazu eingerichtet ist, um die Akustikwellen-
empfangseinrichtung zu veranlassen, sich derart mit einer gleichmäßigen Beschleunigung zu bewegen, um die
Ausgangszielmessposition mit der Zielgeschwindigkeit zu der Zeit zu erreichen, zu der das erste gepulste Licht zur
Messung einer Akustikwelle ausgestrahlt ist.

3. Messvorrichtung nach Anspruch 2, ferner mit einem Zeitablauferzeugungsschaltkreis, der dazu eingerichtet ist, um
eine Anweisung bei einer Ausstrahlzeit des gepulsten Lichts zu geben,
wobei der Zeitablauferzeugungsschaltkreis dazu eingerichtet ist, um ein Signal synchronisiert mit der Ausstrah-
lungszeit des gepulsten Lichts an die Bewegungssteuereinheit auszugeben, und
wobei die Bewegungssteuereinheit dazu eingerichtet ist, um unter Verwendung des mit der Ausstrahlungszeit des
gepulsten Lichts synchronisierten Signals eine Zeit zu bestimmen, während der die Akustikwellenempfangseinrich-
tung veranlasst ist, sich mit einer gleichmäßigen Beschleunigung zu bewegen.
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4. Messvorrichtung nach Anspruch 1 oder 2, ferner mit einer Positionserfassungseinheit, die dazu eingerichtet ist, um
eine Position der Akustikwellenempfangseinrichtung zu erfassen,
wobei, wenn ein Fehler zwischen der durch die Positionserfassungseinheit erfassten Position der Akustikwellen-
empfangseinrichtung und einer Zielmessposition auftritt, die Bewegungssteuereinheit dazu eingerichtet ist, um die
Bewegungsgeschwindigkeit der Akustikwellenempfangseinrichtung derart anzupassen, dass der Fehler korrigiert
wird.

5. Messvorrichtung nach einem der Ansprüche 1 bis 4, ferner mit einem Hinzufügeschaltkreis,
wobei die Akustikwellenempfangseinrichtung eine Vielzahl von Wandlern aufweist, von denen jeder dazu eingerichtet
ist, um eine Akustikwelle in ein elektrisches Signal zu wandeln,
wobei es einen Überlappungsbereich gibt, in dem sich ein Abdeckungsgebiet der Akustikwellenempfangseinrichtung
bei einer ersten Zielmessposition und ein Abdeckungsgebiet der Akustikwellenempfangseinrichtung bei einer zwei-
ten Zielmessposition überlappen, und
wobei der Hinzufügeschaltkreis dazu eingerichtet ist, um eine Summe von durch Wandler, die Akustikwellen bei
der gleichen Position in dem Überlappungsbereich empfangen haben, ausgegebenen elektrischen Signalen zu
berechnen.

6. Messvorrichtung nach einem der Ansprüche 1 bis 5, ferner mit einer Akustikwellenübertragungs- und -empfangs-
einrichtung, die dazu eingerichtet ist, um eine Akustikwelle zu dem geprüften Probanden zu übertragen und um
eine von einem gemessenen Objekt in dem geprüften Probanden reflektierte Reflektionsakustikwelle zu empfangen,
wobei die Bewegungssteuereinheit dazu eingerichtet ist, um die Akustikwellenempfangseinrichtung und die Aku-
stikwellenübertragungs- und -empfangseinrichtung ganzheitlich zu bewegen, und
wobei die Vorrichtung derart eingerichtet ist, dass erste Bilddaten unter Verwendung eines von der Akustikwellen-
empfangseinrichtung ausgegebenen elektrischen Signals erzeugt sind, und derart eingerichtet ist, dass zweite
Bilddaten unter Verwendung eines von der Akustikwellenübertragungs- und -empfangseinrichtung ausgegebenen
elektrischen Signals erzeigt ist.

7. Messvorrichtung nach einem der Ansprüche 1 bis 6, ferner mit einer Signalverarbeitungseinheit, die dazu eingerichtet
ist, um das durch Umwandlung mittels der Akustikwellenempfangseinrichtung erhaltene elektrische Signal digital
umzuwandeln,
wobei die Vorrichtung derart eingerichtet ist, dass Bilddaten unter Verwendung des digital umgewandelten elektri-
schen Signals erzeugt sind.

8. Bewegungssteuerverfahren zum Veranlassen einer Akustikwellenempfangseinrichtung, sich relativ zu einem ge-
prüften Probanden zu bewegen, wobei die Akustikwellenempfangseinrichtung dazu eingerichtet ist, um eine durch
Bestrahlen des geprüften Probanden mit gepulstem Licht hervorgerufenen Akustikwelle zu empfangen und um die
Akustikwelle in ein elektrisches Signal umzuwandeln, wobei das Bewegungssteuerverfahren gekennzeichnet ist
durch
einen Schritt eines Berechnens einer Zielgeschwindigkeit unter Verwendung von Daten einer Ausstrahlungsdauer
des gepulsten Lichts und Daten eines Abstands zwischen Zielmesspositionen in dem geprüften Probanden, gemäß
der die Akustikwellenempfangseinrichtung veranlasst wird, sich für eine Messung einer Akustikwelle zu bewegen,
einen ersten Bewegungsschritt eines Veranlassens der Akustikwellenempfangseinrichtung, sich derart zu bewegen,
um eine Ausgangszielmessposition mit der Zielgeschwindigkeit zu einer Zeit zu erreichen, zu der erstes gepulstes
Licht zum Messen einer Akustikwelle ausgestrahlt wird, und
einen zweiten Bewegungsschritt eines Veranlassens der Akustikwellenempfangseinrichtung, nachdem die Zielge-
schwindigkeit erreicht worden ist, eine Bewegung gleichmäßiger Geschwindigkeit bei der Zielgeschwindigkeit durch-
zuführen.

9. Bewegungssteuerverfahren nach Anspruch 8, wobei in dem ersten Bewegungsschritt die Akustikwellenempfangs-
einrichtung dazu veranlasst wird, sich mit einer gleichmäßigen Beschleunigung zu bewegen.

10. Programm, das derart eingerichtet ist, um einen Computer zu veranlassen, das Gerät aus Anspruch 1 dazu zu
bringen, das Bewegungssteuerverfahren nach Anspruch 8 oder 9 auszuführen.

Revendications

1. Dispositif de mesure comprenant :



EP 2 512 328 B1

14

5

10

15

20

25

30

35

40

45

50

55

un récepteur d’onde acoustique constitué pour recevoir une onde acoustique produite en éclairant un sujet en
cours d’examen avec de la lumière pulsée et pour convertir l’onde acoustique en un signal électrique ;
une unité de commande de déplacement constituée pour faire que le récepteur d’onde acoustique se déplace
par rapport au sujet en cours d’examen,
caractérisé en ce que l’unité de commande de déplacement est apte à calculer une vitesse cible à laquelle le
récepteur d’onde acoustique est amené à se déplacer pour mesure d’une onde acoustique, en utilisant des
données d’une période d’émission de la lumière pulsée et des données d’un intervalle entre des positions cibles
de mesure dans le sujet en cours d’examen,
et caractérisé en outre en ce que l’unité de commande de déplacement est apte à faire que le récepteur
d’onde acoustique se déplace de façon à atteindre une position cible initiale de mesure à la vitesse cible au
moment où est émise de la lumière pulsée initiale pour mesure d’une onde acoustique,
et caractérisé en outre en ce que le dispositif est apte à ce que, après que la vitesse cible a été atteinte, l’unité
de commande de déplacement fasse que le récepteur d’onde acoustique se déplace à une vitesse uniforme
qui est égale à la vitesse cible.

2. Dispositif de mesure selon la revendication 1, dans lequel l’unité de commande de déplacement est apte à faire
que le récepteur d’onde acoustique se déplace avec une accélération uniforme de façon à atteindre la position cible
initiale de mesure à la vitesse cible au moment où est émise la lumière pulsée initiale pour mesure d’une onde
acoustique.

3. Dispositif de mesure selon la revendication 2, comprenant en outre un circuit générateur de cadencement constitué
pour donner une instruction à un moment d’émission de la lumière pulsée,
dans lequel le circuit générateur de cadencement est apte à sortir, vers l’unité de commande de déplacement, un
signal synchronisé avec le moment d’émission de la lumière pulsée, et
dans lequel l’unité de commande de déplacement est apte à déterminer un temps durant lequel le récepteur d’onde
acoustique est amené à se déplacer avec une accélération uniforme, en utilisant le signal synchronisé avec le
moment d’émission de la lumière pulsée.

4. Dispositif de mesure selon la revendication 1 ou 2, comprenant en outre une unité de détection de position constituée
pour détecter la position du récepteur d’onde acoustique,
dans lequel, lorsqu’une erreur se produit entre la position du récepteur d’onde acoustique détectée par l’unité de
détection de position et une position cible de mesure, l’unité de commande de déplacement est apte à ajuster la
vitesse de déplacement du récepteur d’onde acoustique de façon que l’erreur soit corrigée.

5. Dispositif de mesure selon l’une quelconque des revendications 1 à 4, comprenant en outre un circuit d’addition,
dans lequel le récepteur d’onde acoustique inclut une pluralité de transducteurs chacun constitué pour convertir
une onde acoustique en un signal électrique,
dans lequel il y a une région de chevauchement où la zone de couverture du récepteur d’onde acoustique à une
première position cible de mesure et la zone de couverture du récepteur d’onde acoustique à une seconde position
cible de mesure se chevauchent, et
dans lequel le circuit d’addition est apte à calculer la somme de signaux électriques sortis de transducteurs qui ont
reçu des ondes acoustiques à la même position dans la région en chevauchement.

6. Dispositif de mesure selon l’une quelconque des revendications 1 à 5, comprenant en outre un émetteur et récepteur
d’onde acoustique constitué pour émettre une onde acoustique vers le sujet en cours d’examen et pour recevoir
une onde acoustique réfléchie, réfléchie par un objet qui est mesuré dans le sujet en cours d’examen,
dans lequel l’unité de commande de déplacement est apte à faire que le récepteur d’onde acoustique et l’émetteur
et récepteur d’onde acoustique se déplacent d’un seul bloc, et
dans lequel le dispositif est apte à ce que des premières données d’image soient engendrées en utilisant un signal
électrique sorti du récepteur d’onde acoustique, et apte à ce que des secondes données d’image soient engendrées
en utilisant un signal électrique sorti de l’émetteur et récepteur d’onde acoustique.

7. Dispositif de mesure selon l’une quelconque des revendications 1 à 6, comprenant en outre une unité de traitement
de signal constituée pour convertir en numérique le signal électrique obtenu par conversion au moyen du récepteur
d’onde acoustique,
dans lequel le dispositif est apte à ce que des données d’image soient engendrées en utilisant le signal électrique
converti en numérique.
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8. Procédé de commande de déplacement destiné à faire qu’un récepteur d’onde acoustique se déplace par rapport
à un sujet en cours d’examen, le récepteur d’onde acoustique étant constitué pour recevoir une onde acoustique
produite en éclairant le sujet en cours d’examen avec de la lumière pulsée et pour convertir l’onde acoustique en
un signal électrique, le procédé de commande de déplacement étant caractérisé en ce qu’il comprend :

une étape consistant à calculer une vitesse cible à laquelle le récepteur d’onde acoustique est amené à se
déplacer pour mesure d’une onde acoustique, en utilisant des données d’une période d’émission de la lumière
pulsée et des données d’un intervalle entre des positions cibles de mesure dans le sujet en cours d’examen ;
une première étape de déplacement consistant à faire que le récepteur d’onde acoustique se déplace de façon
à atteindre une position cible initiale de mesure à la vitesse cible au moment où est émise de la lumière pulsée
initiale pour mesure d’une onde acoustique ; et
une seconde étape de déplacement consistant, après que la vitesse cible a été atteinte, à faire que le récepteur
d’onde acoustique effectue un déplacement à vitesse uniforme à la vitesse cible.

9. Procédé de commande de déplacement selon la revendication 8, dans lequel, à la première étape de déplacement,
le récepteur d’onde acoustique est amené à se déplacer avec une accélération uniforme.

10. Programme apte à faire qu’un processeur fasse que le dispositif selon la revendication 1 mette en oeuvre le procédé
de commande de déplacement selon la revendication 8 ou 9.
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摘要(译)

通常，随着声波接收器的机械扫描时间增加，受检者的负荷也增加。本
发明提供了使用脉冲光的发射周期的数据和对象中的目标测量位置之间
的间隔的数据来计算使得声波接收器移动以用于测量声波的目标速度。
检查。另外，使声波接收器移动，以便在发射用于测量声波的初始脉冲
光时达到目标速度的初始目标测量位置。在达到目标速度之后，使声波
接收器以等于目标速度的均匀速度移动。
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