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Description
TECHNICAL FIELD

[0001] The present invention relates to a bioinforma-
tion acquisition apparatus to image an elastic wave emit-
ted from a test body.

BACKGROUND ART

[0002] A photoacoustic imaging method, which is a bi-
oinformation acquisition method, is a method of detecting
an acoustical wave induced in the internal portion of a
living body by radiating a pulsed laser light to the living
body, thereby imaging the three-dimensional structure
of the internal portion of the living body. The acoustical
wave is generated by the radiation of the pulsed laser
light to a test object in a living body to cause the thermal
expansion of the test object in the internal portion of the
living body. Moreover, by changing the wavelength of the
wavelength of the pulsed laser light, it is possible to vis-
ualize the distributions of specific substances, such as
hemoglobin and glucose in blood, having an absorption
band of the wavelength. Consequently, because a po-
tential tumor, such as the abnormal growth of new blood
vessels, can be non-invasively determined, the photoa-
coustic imaging method has been seen as a potential
device for screening for breast cancer or the early detec-
tion thereof in recent years.

[0003] A conventional concrete procedure of the pho-
toacoustic imaging method is disclosed in, for example,
Published Japanese Translation of a PCT Application
No. 2001-507952 as follows.

(1) Two-dimensionally arranged electromechanical
conversion elements (transducers) are located on
the surface of a test body, and single pulse electro-
magnetic energy is radiated to the test body.

(2) Just after the radiation of the electromagnetic en-
ergy, the signal received by each electromechanical
conversion element is sampled to be stored.

(3) As to a point r' in the test body to be visualized,
the delay time necessary for an acoustical wave to
reach the position r of each electromechanical con-
version element i from the point r is calculated, and
the signal of each electromechanical conversion el-
ement i corresponding to the calculated delay time
is added to one another to be set as the image value
at the point r’.

(4) The step (3) is repeated to each point r' to be
imaged.

[0004] Moreover, Japanese Patent Application Laid-
Open No. 2005-021380 discloses the method of recon-
structing both of a photoacoustic image and an ordinary
ultrasound echo image by using common one-dimen-
sionally arranged electromechanical conversion ele-
ments, and the configuration of arranging an illumination
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system using glass fibers between the one-dimensionally
arranged electromechanical conversion elements. Since
the method disclosed in this Japanese Patent Application
Laid-Open No. 2005-021380 uses the one-dimensionally
arranged electromechanical conversion elements, the
method is required to repeat the reconstruction by me-
chanically moving the one-dimensionally arranged elec-
tromechanical conversion elements into the direction
perpendicular to the arrangement direction of the trans-
ducers in order toreconstruct a three-dimensional image.
US Patent no. 5,713,356 discloses a bioinformation ac-
quisition apparatus, comprising: an electromechanical
conversion element group including a plurality of ar-
ranged electromechanical conversion elements, eachre-
ceiving an elastic wave emitted by irradiating an electro-
magnetic wave to a test object in a test body to convert
the received elastic wave into an electric signal and a
moving device moving the electromechanical conversion
element group into an arrangement direction of the elec-
tromechanical conversion elements. The apparatus
forms the closest prior art for the invention. In order to
reconstruct the three-dimensional image by using the
photoacoustic imaging method, it is desirable to use two-
dimensionally arranged electromechanical conversion
elements in order to reduce the direction dependency of
an image resolution. As the methods for obtaining a pho-
toacoustic image in a wide area on the premise of the
use of the two-dimensionally arranged electromechani-
cal conversion elements, the following methods can be
considered: (1) the method of arranging electromechan-
ical conversion elements on the whole wide area, and
(2) the method of locating a comparatively small-scale
electromechanical conversion element group (a group
composed of arranged electromechanical conversion el-
ements) in a step and repeat system to perform mechan-
ical scanning. However, the method (1) has the problem
of the difficulty of commercial viability in cost owing to
the scale enlargement of the receiving system of the
method. Moreover, the method (2) has the problem of
the occurrence of the unevenness of sensitivity between
the central part and the end parts of the two-dimension-
ally arranged electromechanical conversion elements.
Moreover, the method (2) has the problem of the waste
of time to locate the electromechanical conversion ele-
ment group to the next positions one by one in the step
and repeat system.

DISCLOSURE OF THE INVENTION

[0005] Accordingly the present invention is directed to
provide a bioinformation acquisition apparatus capable
of performing the mechanically scanning using an elec-
tromechanical conversion element group to receive elas-
tic waves in a wide inspection area, and capable of in-
putting a signal having uniform sensitivity and a high SN
ratio at a high speed.

[0006] An aspect of the present invention is a bioinfor-
mation acquisition apparatus according to claim 1. Ac-
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cording to the aspect of the present invention, the elastic
waves in a wide inspection area are received by the me-
chanically scanning using the electromechanical conver-
sion element group, and consequently the signals having
uniform sensitivity and high SN ratios can be input at a
high speed.

[0007] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a view illustrating the principle of a bioin-
formation acquisition apparatus according to a first
embodiment.

FIG. 2 is a view illustrating a method for inputting an
acoustical wave of a wide area according to the first
embodiment.

FIG. 3 is a view illustrating an X-Y moving mecha-
nism for mechanical scanning according to the first
embodiment.

FIG. 4 is a view illustrating the operation principle of
the bioinformation acquisition apparatus according
to the first embodiment (in the case of moving a light
source and an electromechanical conversion ele-
ment group integrally).

FIG. 5 is a view for describing an advantage of the
invention implemented as the first embodiment.
FIG. 6 is a view illustrating the operation principle of
the bioinformation acquisition apparatus according
to the first embodiment (in the case of fixing the light
source and moving the electromechanical conver-
sion element group).

FIG. 7 is aview llustrating the concrete configuration
of a received signal processing unit of the bioinfor-
mation acquisition apparatus according to the first
embodiment.

FIG. 8 is a diagram illustrating a flow chart of the
accumulation addition processing of the bioinforma-
tion acquisition apparatus according to the first em-
bodiment.

FIG. 9 is a diagram illustrating the time transitions of
the accumulation additions in the bioinformation ac-
quisition apparatus according to the first embodi-
ment (at the time of movements by one-element
width).

FIG. 10 is a diagram illustrating the time transitions
of the accumulation additions in the bioinformation
acquisition apparatus according to the first embodi-
ment (at the time of movements by two-element
width).

FIG. 11 is a view illustrating the scanning of an elec-
tromechanical conversion element group having
gaps according to a second embodiment.

FIG. 12 is a diagram illustrating the time transitions
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of the accumulation additions in a bioinformation ac-
quisition apparatus (having the gaps) according to
the second embodiment (at the time of movements
by six-element width).

FIG. 13 is a diagram illustrating the time transitions
of the accumulation additions in the bioinformation
acquisition apparatus (having the gaps) according
tothe second embodiment (at the time of movements
by two-element width).

FIG. 14 is a view illustrating the electromechanical
conversion element group according to the second
embodiment, which has light sources arranged in
the gap portions.

FIG. 15 is a view illustrating an electromechanical
conversion element group according to the second
embodiment, which uses a gap portion as a joining
portion.

FIG. 16 is a view illustrating a method for expressing
received signals arranged in two dimensions in a
stripe as a one-dimensional arrangement according
to a third embodiment.

FIG. 17 is a diagram illustrating the time transitions
at the time of performing accumulation additions
while moving the stripe according to the third em-
bodiment.

FIGS. 18A and 18B are diagramsiillustrating the time
transitions at the time of performing the accumulation
additions by using an electromechanical conversion
element group having gaps according to the third
embodiment.

FIG. 19 is a diagram illustrating another example of
the electromechanical conversion element group
having gaps according to the third embodiment.
FIG. 20 is a view illustrating an example of arrange-
ment elements configured by combining one-dimen-
sionally arranged transmitting and receiving ele-
ments for an ultrasound echo image and two-dimen-
sionally arranged electromechanical conversion el-
ements for a photoacoustic imaging method accord-
ing to a fourth embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0009] The elastic waves in the present invention in-
clude the waves called as an acoustic wave, an ultra-
sound, an acoustical wave, and a photoacoustic wave,
and include, for example, an acoustical wave generated
in the inner part of a test body when a light, which is an
electromagnetic wave, such as a near infrared ray, is
radiated to the inner part of the test body. Moreover, the
elastic waves emitted from a test body include an elastic
wave generated at some portion or at a certain portion
of the test body. That is, a bioinformation acquisition ap-
paratus of the presentinventionincludes a photoacoustic
imaging apparatus, which radiates a light, being an elec-
tromagnetic wave, to the inner part of a test body and
receives an acoustical wave generated in the inner part
of the test body with a probe to display a tissue image of
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the inner part of the test body.

[0010] Alasercanbe usedasanelectromagneticwave
source in the present invention, and even electromag-
netic waves emitted from a light emitting diode, a xenon
lamp, and the like can be generally used in the present
invention besides the laser light.

(First Embodiment)

[0011] In the following, a first embodiment of the
present invention will be described. A bioinformation ac-
quisition apparatus according to the presentembodiment
includes a light source, as an electromagnetic wave
source for generating a pulsed laser; and an electrome-
chanical conversion element group, which includes a plu-
rality of arranged electromechanical conversion ele-
ments, each receiving an acoustical wave, as an elastic
wave generated by radiating a pulsed laser from the light
source to a test object in a test body, and converting the
received acoustical wave into an electric signal. Further-
more, the bioinformation acquisition apparatus includes
a moving device for moving the electromechanical con-
version element group into the arrangement direction of
the electromechanical conversion elements, an adding
device for adding the electric signals transmitted from
the plurality of electromechanical conversion elements
to one another, and a processing device for obtaining
image information on the basis of the added signal added
by the adding device.

[0012] Inthe following, the embodiments of the present
invention will be described with reference to the attached
drawings. FIG. 1 is a view illustrating the principle of re-
ceiving an acoustic signal. In FIG. 1, a test body 6 is fixed
so as to be nipped by press plates 7a and 7b from both
the upper and lower sides thereof. A pulsed laser light is
radiated from a light source 8 as an electromagneticwave
source, which is situated on the press plate 7a, for gen-
erating a pulsed laser to the test body 6. As a result,
hemoglobin and the like in the test object in the inner part
of the test body 6 absorbs the energy of the laser light,
and the temperature of the test object rises according to
the absorbed energy quantity. The test object instanta-
neously swells due to the rise of the temperature to gen-
erate an acousticalwave. The generated acoustical wave
is converted into an electric signal 9 by an electrome-
chanical conversion element group 2 arranged to be in
contact with the lower side press plate 7b, and the con-
verted electric signal 9 is output to the subsequent stage.
Incidentally, the light source 8 may be the emission of a
light led from a light source situated at a distant position
with a mirror or a glass fiber. Moreover, the light source
8 may be provided integrally with the bioinformation ac-
quisition apparatus of the present invention, or may be
provided as separated from the bioinformation acquisi-
tion apparatus.

[0013] The light source 8 is desirably a pulsed laser
light source capable of generating a pulsed laser light in
the order of several nanoseconds to several hundred na-
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noseconds in order to efficiently generate an acoustical
wave from the test object. In this case, the wavelength
of the pulsed laser light can be within a range of from 400
nm to 1600 nm, both inclusive. Furthermore, the wave-
length can be more preferably within a region of from 700
nm to 1100 nm, in which the absorption of the laser light
in the living body is little. Various lasers, such as a solid
state laser, a gas laser, a dye laser, and a semiconductor
laser, can be used as the laser.

[0014] Next, the method of inputting an acoustic signal
in a wide area 3 in conformity with the receiving principle
will be described with reference to FIG. 2. In FIG. 2, the
electromechanical conversion element group 2 is an ar-
rangement of a plurality of electromechanical conversion
elements 1 in a two-dimensional grating. At the time of
receiving the acoustical wave in the wide inspection area
3, asillustrated in FIG. 2, the electromechanical conver-
sion element group 2 is moved in a direction (X direction)
to complete the reception of the acoustical waves in a
stripe region 4, and then the electromechanical conver-
sion element group 2 is moved in a direction (Y direction)
perpendicular to the first moving direction to be located.
Then, the electromechanical conversion element group
2 is moved again to perform the reception in the adjoining
stripe region 5, and thus the reception of the acoustical
waves can be executed by repeating the procedure men-
tioned above. As described above, the movement of the
electromechanical conversion element group 2 into the
arrangement direction of the electromechanical conver-
sion elements 1 in the present invention means to move
the electromechanical conversion elements 1 into the X
direction or the Y direction in the case where the electro-
mechanical conversion elements 1 are arranged in a two-
dimensional grating.

[0015] Moreover, the electromechanical conversion
elements 1 of the present embodiment are required to
detect the acoustical wave to be generated from a test
object 13 in the test body 6 that has absorbed a part of
the energy of the light radiated from the light source 8 to
the test body 6 to convert the detected acoustical wave
into the electric signal 9. Accordingly, it is desirable to
optimize the frequency band that the electromechanical
conversion elements 1 can receive according to the size
of the test object 13 in the test body 6.

[0016] Any detector, such as a transducer using a pi-
ezoelectric effect, a transducer using the resonance of
light, and a transducer using a change of a capacity, as
long as the detector can detect an acoustical wave, may
be used as the electromechanical conversion elements
1. For example, if the acoustical waves generated from
variously sized test objects are received, then a trans-
ducer using the changes of capacities of a wide detection
frequency band or a plurality of transducers having dif-
ferent detection bands can be used.

[0017] FIG. 3illustrates an X-Y moving mechanism for
the mechanical scanning of the electromechanical con-
version element group 2 and the light source 8 along the
test body 6. As illustrated in FIG. 3, the movements of
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the present embodiment can be easily realized by the
combination of X direction moving mechanisms 11a and
11b and Y direction moving mechanisms 12a and 12b,
which perform the step and repeat movements of the X
direction moving mechanisms 11a and 11b into the Y
direction. The light source 8 may be moved independent
of the electromechanical conversion element group 2,
but the light source 8 is preferably moved integrally with
the electromechanical conversion element group 2 since
therange thatthe light source 8 can illuminate is generally
limited.

[0018] FIG. 4 is a view illustrating the operation princi-
ple in the case where the light source 8 and the electro-
mechanical conversion element group 2 are integrally
moved into arrow directions. In FIG. 4, hemoglobin and
the like in blood, which are to be detected, exist in the
test object 13, and the light source 8 and the electrome-
chanical conversion element group 2 are situated as light
sources 8a, 8b, and 8c and the electromechanical con-
version element groups 2a, 2b, and 2c at respective time
points (t=1,t=3, and t=5) (thecasesoft=2and t =
4 are omitted for simplification).

[0019] At the time of t = 1, the test object 13 irradiated
by the light source 8a generates an acoustical wave, and
the acoustical wave reaching the position of a point P,
which is a specified position in the test body 6, is con-
verted into an electric signal 9a by a first electromechan-
ical conversion element to be stored in a temporary stor-
age memory 14a.

[0020] At the time of t = 3, the acoustical wave of the
test object 13 irradiated by the light source 8b is convert-
ed into an electric signal 9b at the point P, which is the
same specified position in the test body 6 as the point P
at the time of t = 1, by a third electromechanical conver-
sion element to be stored in atemporary storage memory
14b.

[0021] Similarly, atthe time point of t = 5, the acoustical
wave is converted into an electric signal 9c at the point
P, the specified position, by afifth electromechanical con-
version element to be stored in a temporary storage
memory 14c. At this time, the severally stored electric
signals 9 are signals for a certain period after the laser
radiation, and are stored by being converted into one-
dimensional digital waveform signal by an AD converter
(not illustrated).

[0022] In the present embodiment, the moving device
moves the electromechanical conversion element group
2 so that the electromechanical conversion element
group 2 may be situated as the electromechanical con-
version element groups 2a, 2b, and 2c at the time of the
time points t=1,t =3, and t = 5, respectively.

[0023] That is, the moving device moves the electro-
mechanical conversion element group 2 so that the
acoustical wave at the point P, the specified position in
the test body 6, may be received by the first, third, and
fifth electromechanical conversion elements at the time
of the time points t = 1, t = 3, and t = 5, respectively.
[0024] In the present embodiment, the moving device

10

15

20

25

30

35

40

45

50

55

typically moves the electromechanical conversion ele-
ment group 2 so that the acoustical waves reaching the
specified position in the test body 6 at the predetermined
time points can be received by the different electrome-
chanical conversion elements. By moving the electrome-
chanical conversion element group 2in this way, the mov-
ing device can add the electric signals 9 to one another,
which have been caused by the acoustical waves and
reach the specified position in the test body 6 at the pre-
determined time points.

[0025] The movement of the electromechanical con-
version element group 2 by the moving device of the
present embodiment is based on the following consider-
ation. That is, there is the problem that the receiving po-
sition of an acoustical wave moves during the reception
of the acoustical wave because the electromechanical
conversion element group 2 is being continuously moved
while the acoustical wave is received. However, the re-
ception time of the acoustical wave is as an extremely
short time here as in the extent of 50 s to 100 us at the
most after the radiation of a pulsed laser light. On the
other hand, the period of the radiation of the pulsed laser
light is generally limited to a slow period in the extent of
100 ms in order to avoid damaging the living body. Ac-
cordingly, the electromechanical conversion elements
should be moved at a low speed in accordance with the
slow radiation period, and consequently almost no differ-
ences in effect are produced between the case of receiv-
ing the acoustical wave while moving continuously and
the case of receiving the acoustical wave in the state of
being stopping. That is, the time points of light radiation,
acoustical wave generation, and acoustical wave recep-
tion can be regarded to be atthe same time. By receiving
the acoustical wave while being continuously moving in
such a way, the moving time of the electromechanical
conversion element group 2 and the time for locating the
electromechanical conversion element group 2 can be
omitted and high speed signal inputting can be per-
formed.

[0026] The stored one-dimensional digital waveform
signals are parallely read out at an appropriate time point,
and are added to one another as a one-dimensional
waveform signal by an addition circuit 15. By such a proc-
ess, a plurality of times of acoustic signals reaching the
same point P from the same test object 13 is added to
one another, and the SN ratio of the received signal at
the point P can be improved. Moreover, in view of the
same point P on the test body 6 at this time, the added
acoustic signals are the added acoustical wave signals
illustrated at relatively different positions as illustrated in
FIG. 5, and are equivalent to the acoustic signals emitted
from the three light sources 8a, 8b, and 8c at the different
positions at the same time. Consequently, the spatial il-
lumination unevenness of the light sources 8a, 8b, and
8c is thereby smoothed, and the further improvement of
the qualities of the received signals can be achieved. In
particular, in the case of the system of the present em-
bodiment, the smoothing of the illuminations like this is
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performed everywhere in a stripe, and consequently the
illumination unevenness at the boundary part of the elec-
tromechanical conversion element group 2, which espe-
cially becomes a problem, can be decreased.

[0027] Incidentally, this feature can be realized by the
movement into the arrangement direction in both of one-
dimensionally arranged electromechanical conversion
elements and two-dimensionally arranged electrome-
chanical conversion elements. In the case of the two-
dimensionally arranged electromechanical conversion
elements, a speeding-up effect can be obtained by the
parallel processing of a supposed plurality of one-dimen-
sionally arranged electromechanical conversion ele-
ments.

[0028] Moreover, the example of the movement of the
light source 8 as the light sources 8a to 8c as the changes
of the time points from t = 1 to t = 5 is illustrated in FIG.
4, but the light source 8 may be left to be fixed at a spec-
ified position as illustrated in FIG. 6. However, since the
range inwhich the pulsed laser lights from the light source
8 areradiated s limited, itis necessary for the light source
8 to be moved so that the pulsed laser lights may reach
at least the test object 13. That is, the light source 8 is
preferably moved so as to keep a certain relative position
to the electromechanical conversion element group 2 in
orderthatthe pulsed laser lights may reach the test object
13.

[0029] Incidentally, the acoustic waves reaching the
point P among the acoustic waves generated from the
test object 13 have been described with reference to FIG.
4 in order to simplify the description. However, since the
acoustical waves generated from the test object 13 ac-
tually propagate in each direction, the acoustical waves
are detected at the positions other than the point P, the
specified position.

[0030] The contents described above are summarized
as follows.

[0031] The moving device moves the electromechan-
ical conversion element group 2 so that the electrome-
chanical conversion element group 2a situated at the first
position at the first time point (e.g. t = 1) may move as
the electromechanical conversion element group 2b sit-
uated at the second position at the second time point
(e.g.t=23).

[0032] The light source 8a radiates a pulsed laser to
the test object 13 at the first time point (t = 1), and the
electromechanical conversion element group 2 receives
the acoustical wave from the test object 13 as the elec-
tromechanical conversion element group 2a at the first
position at the same first time point. Furthermore, the
light source 8b radiates a pulsed laser to the test object
13 at the second time point (t = 3), and the electrome-
chanical conversion element group 2 receives the acous-
tical wave generated from the test object 13 as the elec-
tromechanical conversion element group 2b at the sec-
ond position at the same second time point.

[0033] The addition circuit 15, which is the adding de-
vice, adds the following electric signals 9a and 9b to each
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other. That is, the electric signal 9a is an electric signal
generated by the first electromechanical conversion el-
ement (first transducer) corresponding to the specified
position (point P) in the test body 6 among the acoustical
waves received at the first time point (t = 1). The electric
signal 9b is the electric signal generated by the second
electromechanical conversion element (third transducer)
corresponding to the specified position (point P) among
the acoustical waves received at the second time point
(t=3).

[0034] Next, the concrete configuration of a received
signal processing unit will be described with reference to
FIG. 7. A processor 21 as a processing device for con-
trolling the whole and performing image reconstruction
from received signals is situated on the right end in FIG.
7, and a mechanical section for signal inputting, which
includes the test body 6, is situated on the left end in FIG.
7. The light source 8 and the electromechanical conver-
sion element group 2 are mounted on stages 23 and 24,
respectively, and are moved by a stage control circuit 22.
In this figure, the electromechanical conversion element
group 2 uses a four-by-four element arrangement as a
concrete example.

[0035] The light source 8 is controlled to emit a light
by a laser control circuit 25 in synchronization with the
position of the electromechanical conversion element
group 2, and acoustical wave signals within a certain time
after laser light emission are parallely input from the four-
by-four reception elements. Signals S00, S01, S02, and
S03 from the four elements (four elements situated at
the most inner part in the normal line direction of the
paper surface) arranged in the moving direction indicated
by an arrow in FIG. 7 are converted into one-dimensional
digital waveform signals by AD converters 27a, 27b, 27c,
and 27d, respectively, in a circuit block 40. Then, the
converted signals are subjected to accumulation addi-
tions into temporary storage memories Ma, Mb, Mc, and
Md selected by the rotation shift circuit 28 as waveform
signals by using adders 29a, 29b, 29¢, and 29d, respec-
tively. The one-dimensional digital waveform signals that
have been subjected to predetermined times of accumu-
lation additions in the temporary storage memories Ma,
Mb, Mc, and Md are transferred to the processor 21
through selection circuits 31 and 32. The signals of the
electromechanical conversion elements other than the
four elements arranged in the moving direction are also
parallely processed by similar circuit blocks 41, 42, and
43, and are transferred to the processor 21 by time-shar-
ing. These series of procedures are controlled by a time
point control circuit 26, which has received an instruction
from the processor 21. The processor 21 reconstructs a
three-dimensional image at a position corresponding to
a received stripe on the basis of the transferred digital
waveform signals.

[0036] FIG. 8 illustrates the concrete operations of the
rotation shift circuit 28 and accumulation addition circuits
(each of the couple of the adder 29a and the memory
Ma, the adder 29b and the memory Mb, the adder 29c
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and the memory Mc, and the adder 29d and the memory
Md) in a flow chart format. In this flow chart, the process-
ing corresponding to each of the temporary storage mem-
ories Ma, Mb, Mc, and Md is all parallely executed, the
processing that is parallely executed is notated in each
block side by side.

[0037] First, the processing corresponding to the tem-
porary storage memory Ma will be described in order.
Each block in the flow chart is processed one by one in
each period T for receiving an acoustical wave. At a time
pointt=4m * T, the temporary storage memory Ma trans-
fers the contents thereof to the processor 21, and inputs
and stores the signal S00 as it is without performing the
addition processing thereof. At a time point t = (4m + 1)
* T, the temporary storage memory Ma adds the signal
S01 to the contents of the temporary storage memory
Ma as a one-dimensional waveform and restores the
added contents. At a time point t = (4m + 2) * T, the
temporary storage memory Ma adds the signal S02 to
the contents of the temporary storage memory Ma as a
one-dimensional waveform and restores the added con-
tents. At a time point t = (4m + 3) * T, the temporary
storage memory Ma adds the signal S03 to the contents
of the temporary storage memory Ma as a one-dimen-
sional waveform and restore the added contents. After
the completion of the processing at a time point t = (4m
+ 3) * T, the temporary storage memory Ma increments
the letter m to return its processing to that at the time
point t = 4m * T again. The addition result of the four
transducer signals are stored in the temporary storage
memory Ma every four periods by performing the
processing described above, and the stored contents are
transferred to the processor 21.

[0038] The processing similar to that of the temporary
storage memory Ma is executed to the temporary storage
memory Mb at the time point that shifts from that of the
processing to the temporary storage memory Ma by the
period T as illustrated in the flow chart of FIG. 8. The
processing to the temporary storage memories Mc and
Md are the same. That s, the signals input from a specific
reception element are associated with the temporarily
storage memories Ma, Mb, Mc, and Md every period T,
which is a unit time, in the order of the temporarily storage
memories Ma, Mb, Mc, Md, Ma, ... Since the temporarily
storage memories Ma, Mb, Mc, and Ma of each signal
do not overlap with one another at the same time points
at this time, the assignment of received signals can be
realized by the rotation shift circuit 28 as described
above. Moreover, since the transfer time pointto the proc-
essor 21 is also processed in order by each of the tem-
porarily storage memories Ma, Mb, Mc, and Md, the
transfer by time-sharing can be easily performed.
[0039] FIG. 9 illustrates the time transitions of accu-
mulation additions by taking the positions of the moving
direction on the abscissa axis and input times on the or-
dinate axis. In FIG. 9, four transducers are moved in their
arrangement direction and the laser light source 8 emits
a light to input an acoustic signal every movement of the
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width of an element.

[0040] If the acoustic signals are input in this way and
the accumulation additions are performed to each posi-
tion of the test body 6, as illustrated by the numerals at
the lowermost step, signals can be added to one another
four times to each area except for the first portion. Since
about twofold improvement of SN ratios can be expected
by the four times of signal additions, a three-dimensional
image having an improved SN ratio can be produced by
inputting the portion in which four times of additions are
performed into the processor 21 as a usable input area
to use the area for image reconstruction.

[0041] FIG. 10is a diagram illustrating another exam-
ple of the time transitions of accumulation additions. FIG.
10 illustrates the situation at the time of inputting an
acoustic signal every movement of a two-element width.
Since signals are added to each other two times in every
area in this case, the improvement rate of the SN ratio
is slightly smaller than that of the preceding example, but
the stage speed of scanning a stripe is improved to be
twice. Generally, if an acoustical signal is set to be input
every movement of a d-element width, in which d is one
of the measures of M, in the case of moving arrangement
elements including M elements, then added signals of
M/d times can be obtained, and the stripe scanning speed
becomes faster in proportion to d. The maximum addition
times is M times at the time of d = 1, and the minimum
addition times is one time at the time of d = M. Moreover,
although the examples of FIGS. 9 and 10 have been de-
scribed by using an electromechanical conversion ele-
ment that is one-dimensionally arranged in the moving
direction thereof, in the case of a two-dimensionally ar-
ranged element group including N arranged elements in
the direction perpendicular to the moving direction of the
element group, N sets of processing is parallely per-
formed as described above.

[0042] According to the present embodiment of the
present invention, signals having uniform sensitivity and
high SN ratios can be input at high speeds in a bioinfor-
mation acquisition apparatus, which mechanically scans
an electromechanical conversion element group to input
an acoustic signal of a wide inspection area.

(Second Embodiment)

[0043] Next, a second embodiment of the present in-
vention will be described. The second embodiment uses
an electromechanical conversion element group different
from that of the first embodiment. The other respects of
the second embodiments are the same as those of the
first embodiment.

[0044] As illustrated in FIG. 11, an electromechanical
conversion element group 51 according to the present
embodiment arranges six electromechanical conversion
elements 52 in their moving directions with two gaps 53,
each being a two-element width, put between the elec-
tromechanical conversion elements 52. FIG. 12 illus-
trates temporal transitions at the time of inputting an
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acoustic signal every movement of a six-element width
by using the electromechanical conversion element
group 51. As illustrated in FIG. 12, the inputting of the
acoustic signals subjected to the addition of one time can
be performed in successive positions in spite of using
the electromechanical conversion element group 51 with
the gaps 53 in this case. The electromechanical conver-
sion element group 51 of the present embodiment is typ-
ically provided with the gaps 53 in the size of an integral
multiple of the arrangement pitch of the electromechan-
ical conversion elements 52.

[0045] FIG. 13illustrates the temporal transitions in the
case of inputting an acoustic signal every movement of
a two-element width by using the same electromechan-
ical conversion element group 51 as that of FIG. 11. In
this case, three times of acoustic signal additions can be
performed. In this way, even if the gaps 53 exist in the
electromechanical conversion element group 51, the
same signal inputting as that of the electromechanical
conversion element group having no gaps can be per-
formed. Accordingly, for example, by arranging a light
source unit 56 in a gap portion 55 between electrome-
chanical conversion elements 54 as illustrated in FIG.
14, the illumination of a pulsed laser light from the side
of the arranged electromechanical conversion elements
54 becomes easy. Since the attenuation of light intensity
in atestbody is large by the photoacousticimaging meth-
od, the illumination of a pulsed laser light from the side
of the arranged electromechanical conversion elements
54 is extremely effective for the improvement of the qual-
ity of a reconstructed image.

[0046] Furthermore, in the case of manufacturing an
electromechanical conversion element group having a
large number of elements, the method of forming the
large electromechanical conversion element group by
joining a plurality of small electromechanical conversion
element groups, which can be easily manufactured, to-
gether is adopted. Also in this case, if the boundary parts
57 of small electromechanical conversion element
groups are configured as the gap portion like the ones
mentioned above as illustrated in FIG. 15, then the ad-
vantage that the sizes of the boundary parts 57 can be
enlarged to make their manufacturing easy is obtained.
[0047] According to the present embodiment, as de-
scribed above, various inputting methods can be per-
formed by devising the arrangement of the electrome-
chanical conversion elements and the time point of the
inputting of acoustic signals. Generally, the repetition pe-
riod of acoustic signal inputting is frequently limited to be
a certain period or less in order to avoid damaging a test
body. Accordingly, inthe case where high speed inputting
is necessary, the method of enlarging the movement
speed to decrease the addition times is led to be selected,
and in the case where high quality signal inputting is nec-
essary, the method of reducing the movement speed to
increase the addition times is led to be selected.
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(Third Embodiment)

[0048] Next, a third embodiment of the present inven-
tion will be described. The third embodiment implements
the addition processing in the direction perpendicular to
the moving direction of an electromechanical conversion
element group besides the addition processing in the
moving direction of the electromechanical conversion el-
ement group. The other respects are the same as those
of the first and second embodiments.

[0049] Ifacousticsignalinputting is performed by using
an electromechanical conversion element group arrang-
ing M electromechanical conversion elements in the
moving direction and N electromechanical conversion el-
ements in the direction perpendicular to the moving di-
rection, then the number of signal waveforms corre-
sponding to the stripe length of the width of the N elec-
tromechanical conversion elements have been input into
the processor 21 at the time point when a time of move-
ment has been completed. Next, if an adjacent stripe is
set so that a part of the adjacent stripe may overlap with
the former stripe and an acoustical wave signal is taken
into the processor 21 by a similarly continuous move-
ment, then the addition of the data in the overlapping
region can be performed on the processor 21.

[0050] The situation will be described with reference
to FIG. 16. If each of input signal waveforms is expressed
by a smallrectangular region by arranging the input signal
waveforms into the moving direction as illustrated in FIG.
16, then acoustical wave data 58 in the stripe region 4
can be expressed by N (four in the case of FIG. 16) small
rectangles 59 continuing in a longitudinal direction. FIG.
17 illustrates temporal transitions of addition processing
by the use of this expression. FIG. 17 illustrates an ex-
ample of the case of performing signal inputting by using
the two-dimensionally arranged elements of N = 4 while
shifting the stripe position by the longitudinal width of an
element. Also in this case, the addition of four times of
movements can be performed by the use of the processor
21 similarly to the continuous movement described
above.

[0051] FIG. 18A illustrates an example of the case of
using an electromechanical conversion element group
60 having a gap region 62 in an electromechanical con-
version element region 61 in the direction (stripe moving
direction) perpendicular to the moving direction. Also in
this case, three times of accumulation additions can be
performed by shifting the stripe position by the longitudi-
nal width of two elements as illustrated in FIG. 18B sim-
ilarly to the case of the moving direction.

[0052] FIG. 19 illustrates an example of an electrome-
chanical conversion element group 65 provided with
gaps 64 in both of the moving direction and the direction
(stripe moving direction) perpendicular to the moving di-
rection of the electromechanical conversion element re-
gion 63. Even the electromechanical conversion element
group 65 like this can execute positionally dense signal
inputting and addition inputting owing to the reason de-



15 EP 2 303 132 B1 16

scribed above.

[0053] By performing accumulation additions not only
in the moving direction but also in the direction (stripe
moving direction) perpendicular to the moving direction
by the use of the two-dimensionally arranged electrome-
chanical conversion elements as described above, the
number of added signals becomes large, and conse-
quently the SN ratios of the added signals are improved.
Since also the illumination unevenness can be smoothed
in two dimensions, the image reconstruction having a
better quality can be performed.

[0054] Since the image reconstruction processing to
input signals is frequently linear processing or nearly lin-
earprocessing, an equivalentadvantage can be obtained
by adding three-dimensional voxel images after recon-
struction in place of adding input signals directly. In this
case, the image reconstruction in the stripe region 4 can
be performed while inputting the acoustic signals in the
stripe region 4, the waste time for waiting the inputting
of an adjacent stripe can be lessened.

(Fourth Embodiment)

[0055] Next, afourthembodiment of the presentinven-
tion will be described. The fourth embodiment integrates
an one-dimensionally arranged transmitting and receiv-
ing elements (second electromechanical conversion el-
ement group) for ultrasound echo signals and an elec-
tromechanical conversion element group (first electro-
mechanical conversion element group) receiving an
acoustical wave generated by radiating an electromag-
netic wave. The present embodiment is also effective for
diagnostic equipment generating an ultrasound echo im-
age and a photoacoustic image at the same time. The
other respects of the present embodiment are the same
as those of the other embodiments.

[0056] In the photoacoustic imaging method, it is de-
sirable to use two-dimensionally arranged electrome-
chanical conversion elements for realizing the isotropy
of photoacoustic image resolution. It is also desirable
against an ultrasound echo image to use a two-dimen-
sionally arranged ultrasound transmitting and receiving
elements, but, since the frequency of an ultrasound is
relatively high, it is necessary to use many small trans-
mitting and receiving elements, and consequently two-
dimensional arrangement causes the problems of the en-
largement in size of a signal processing circuit and the
enlargement of cost. Accordingly, many practical appa-
ratus input three-dimensional ultrasound echo signals
while continuously moving one-dimensionally arranged
transmitting and receiving elements. Accordingly, as il-
lustrated in FIG. 20, by forming an integrated structure
73 of one-dimensionally arranged transmitting and re-
ceiving elements 71 for ultrasound echo signals and an
electromechanical conversion element group 72 arrang-
ing electromechanical conversion elements in two di-
mensions and by continuously moving the integrated
structure 73, high quality photoacoustic images and ul-
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trasound echo images can be reconstructed at the same
time.

Claims
1. A bioinformation acquisition apparatus, comprising:

an electromechanical conversion element
group (2) including a plurality of arranged elec-
tromechanical conversion elements (1), each
receiving an elastic wave emitted by irradiating
an electromagnetic wave to a test object (6) in
a test body to convert the received elastic wave
into an electric signal; and

a moving device moving the electromechanical
conversion element group into an arrangement
direction of the electromechanical conversion
elements;

the apparatus characterized by further com-
prising:

an adding device adding electric signals
transmitted from at least two or more elec-
tromechanical conversion elements, and

a processing device obtaining image infor-
mation on the basis of added signals in
which the electric signals are added by the
adding device, wherein

the adding device adds an electric signal
transmitted from a first electromechanical
conversion element positioned at a position
corresponding to a specified position to the
testbody among electric signals transmitted
from the electromechanical conversion el-
ement group when the electromechanical
conversion element group receives the
elasticwaves at afirst position, and an elec-
tric signal transmitted from a second elec-
tromechanical conversion element posi-
tioned at the position corresponding to the
specified position among electric signals
transmitted from the electromechanical
conversion element group when the elec-
tromechanical conversion element group
receives the elastic waves at a second po-
sition.

2. The bioinformation acquisition apparatus according
to claim 1, wherein
the electric signals added by the adding device are
signals digitally converted into one-dimensional dig-
ital waveform signals.

3. The bioinformation acquisition apparatus according
to claim 1 or 2, wherein the electromechanical con-
version elements of the electromechanical conver-
sion element group are arranged in a two dimension-
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al grating.

The bioinformation acquisition apparatus according
to any one of claims 1 to 3, wherein the electrome-
chanical conversion element group includes a gap
of a size of an integral multiple of an arrangement
pitch of the electromechanical conversion elements
in an inner part of the arrangement.

The bioinformation acquisition apparatus according
to any one of claims 1 to 4, wherein the electrome-
chanical conversion element group is formed by join-
ing a plurality of electromechanical conversion ele-
ment groups.

The bioinformation acquisition apparatus according
to any one of claims 1 to 5, wherein each of the elec-
tromechanical conversion elements of the electro-
mechanical conversion element group are arranged
in a two-dimensional grating, and different electro-
mechanical conversion elements situated in a direc-
tion perpendicular to a moving direction of the elec-
tromechanical conversion element group receive
elastic waves at the position corresponding to the
specified position and convert the received elastic
waves to electric signals, and the adding device adds
the electric signals to one another.

The bioinformation acquisition apparatus according
to any one of claims 1 to 6, further comprising an
electromagnetic wave source generating the elec-
tromagnetic wave, wherein the electromagnetic
wave source moves, keeping a certain relative po-
sition to the electromechanical conversion element

group.

The bioinformation acquisition apparatus according
to claim 4, wherein an electromagnetic wave source
is arranged in the gap.

A bioinformation acquisition apparatus according to
any one of claims 1 to 8, further comprising:

a different electromechanical conversion ele-
ment group receiving a reflected ultrasound ra-
diated to the test object in the test body, wherein

both of the electromechanical conversion element
groups are integrally subjected to a continuous
movement.

The bioinformation acquisition apparatus according
toanyone ofclaims 1to 9, wherein the moving device
continuously moves the electromechanical conver-
sion element group to the arrangement direction so
that the electromechanical conversion element
group receives the elastic wave while continuously
moved.
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Patentanspriiche

Bioinformationsbeschaffungsvorrichtung mit

einer elektromechanischen Umwandlungselement-
gruppe (2) mit einer Vielzahl angeordneter elektro-
mechanischer Umwandlungselemente (1), die je-
weils eine elastische Welle empfangen, die durch
Abstrahlen einer elektromagnetischen Welle auf ein
Testobjekt (6) in einem Testkdrper emittiert wird, um
die empfangene elastische Welle in ein elektrisches
Signal umzuwandeln, und

einer Bewegungseinrichtung, die die elektromecha-
nische Umwandlungselementgruppe in einer Anord-
nungsrichtung der elektromechanischen Umwand-
lungselemente bewegt,

gekennzeichnet durch

eine Additionseinrichtung, die von zumindest zwei
oder mehr elektromechanischen Umwandlungsele-
menten Ubertragene elektrische Signale addiert, und
eine Verarbeitungseinrichtung, die Bildinformatio-
nen auf Grundlage addierter Signale erhalt, in denen
die elektrischen Signale durch die Additionseinrich-
tung addiert sind, wobei

die Additionseinrichtung ein elektrisches Signal, das
von einem ersten elektromechanischen Umwand-
lungselement, das an einer einer bestimmten Posi-
tion zu dem Testkorper entsprechenden Position po-
sitioniert ist, unter elektrischen Signalen Ubertragen
wird, die von der elektromechanischen Umwand-
lungselementgruppe Ubertragen werden, wenn die
elektromechanische Umwandlungselementgruppe
die elastischen Wellen an einer ersten Position emp-
fangt, und ein elektrisches Signal addiert, das von
einem zweiten elektromechanischen Umwand-
lungselement, das an der der bestimmten Position
entsprechenden Position positioniert ist, unter elek-
trischen Signalen Ubertragen wird, die von der elek-
tromechanischen Umwandlungselementgruppe
Ubertragen werden, wenn die elektromechanische
Umwandlungselementgruppe die elastischen Wel-
len an einer zweiten Position empfangt.

Bioinformationsbeschaffungsvorrichtung nach An-
spruch 1, wobei die durch die Additionseinrichtung
addierten elektrischen Signale Signale sind, die di-
gital in eindimensionale digitale Signalverlaufssig-
nale umgewandelt sind.

Bioinformationsbeschaffungsvorrichtung nach An-
spruch 1 oder 2, wobei die elektromechanischen
Umwandlungselemente der elektromechanischen
Umwandlungselementgruppe in einem zweidimen-
sionalen Gitter angeordnet sind.

Bioinformationsbeschaffungsvorrichtung nach ei-
nem der Anspriiche 1 bis 3, wobei die elektromecha-
nische Umwandlungselementgruppe einen Spalt ei-
ner Grof3e eines ganzzahligen Vielfachen eines An-
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ordnungsabstands der elektromechanischen Um-
wandlungselemente in einem inneren Teil der An-
ordnung enthalt.

Bioinformationsbeschaffungsvorrichtung nach ei-
nemder Anspriiche 1 bis 4, wobei die elektromecha-
nische Umwandlungselementgruppe durch Anein-
anderfigen einer Vielzahl elektromechanischer Um-
wandlungselementgruppen gebildet ist.

Bioinformationsbeschaffungsvorrichtung nach ei-
nem der Anspriiche 1 bis 5, wobei jedes der elektro-
mechanischen Umwandlungselemente der elekiro-
mechanischen Umwandlungselementgruppe in ei-
nem zweidimensionalen Gitter angeordnet ist, und
verschiedene elektromechanische Umwandlungse-
lemente, die sich in einer Richtung senkrecht zu ei-
ner Bewegungsrichtung der elektromechanischen
Umwandlungselementgruppe befinden, elastische
Wellen an der der bestimmten Position entsprechen-
den Position empfangen und die empfangenen elas-
tischen Wellen in elektrische Signale umwandeln,
und die Additionseinrichtung die elektrischen Signa-
le untereinander addiert.

Bioinformationsbeschaffungsvorrichtung nach ei-
nem der Anspriiche 1 bis 6, ferner mit einer elektro-
magnetischen Wellenquelle, die die elektromagne-
tische Welle erzeugt, wobei die elektromagnetische
Wellenquelle sich unter Beibehaltung einer gewis-
sen relativen Position zu der elektromechanischen
Umwandlungselementgruppe bewegt.

Bioinformationsbeschaffungsvorrichtung nach An-
spruch 4, wobei eine elektromagnetische Wellen-
quelle im Spalt angeordnet ist.

Bioinformationsbeschaffungsvorrichtung nach ei-
nem der Anspriiche 1 bis 8, ferner mit

einer anderen elektromechanischen Umwandlungs-
elementgruppe, die einen reflektierten Ultraschall
empfangt, der zu dem Testobjekt in dem Testkorper
ausgestrahlt wird, wobei

beide elektromechanische Umwandlungselement-
gruppen integral einer kontinuierlichen Bewegung
unterzogen sind.

Bioinformationsbeschaffungsvorrichtung nach ei-
nem der Anspriiche 1 bis 9, wobei die Bewegungs-
einrichtung die elektromechanische Umwandlungs-
elementgruppe kontinuierlich in der Anordnungs-
richtung bewegt, sodass die elektromechanische
Umwandlungselementgruppe die elastische Welle
wahrend ihrer kontinuierlichen Bewegung empfangt.
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Revendications

1.

Appareil d’acquisition de bioinformations,

comprenant :

un groupe d’éléments de conversion électromé-
canique (2) comprenant une pluralité d’élé-
ments de conversion électromécanique (1)
agenceés, recevant chacun une onde élastique
émise en rayonnant une onde électromagnéti-
que vers un objet de test (6) dans un corps de
test pour convertir 'onde élastique regue en un
signal électrique ; et

un dispositif de déplacement déplagant le grou-
pe d’éléments de conversion électromécanique
dans la direction d’agencement des éléments
de conversion électromécanique ;

I'appareil étant caractérisé en ce qu’il com-
prend en outre :

un dispositif d’ajout ajoutant les signaux
électriques transmis a partir d’au moins
deux éléments de conversion électroméca-
nique ou plus, et

un dispositif de traitement obtenant des in-
formations d’image sur la base des signaux
ajoutés, dans lequel les signaux électriques
sont ajoutés par le dispositif d’ajout, dans
lequel

le dispositif d’ajout ajoute un signal électrique
transmis par un premier élément de conversion
électromécanique positionné a une position cor-
respondant a une position spécifiée au corps de
test parmi les signaux électriques transmis par
le groupe d’éléments de conversion électromé-
canique lorsque le groupe d’éléments de con-
version électromécanique regoit les ondes élas-
tiques a une premiére position, etun signal élec-
trique transmis par un deuxiéme élément de
conversion électromécanique positionné a la
position correspondant a la position spécifiée
parmi les signaux électriques transmis par le
groupe d’éléments de conversion électroméca-
nique lorsque le groupe d’éléments de conver-
sion électromécanique regoit les ondes élasti-
ques a une deuxiéme position.

Appareil d’acquisition de bioinformations selon la re-
vendication 1, dans lequel

les signaux électriques ajoutés par le dispositif
d’ajout sont des signaux convertis numériquement
en des signaux de forme d’onde numérique unidi-
mensionnelle.

Appareil d’acquisition de bioinformations selon la re-
vendication 1 ou 2, dans lequel les éléments de con-
version électromécanique du groupe d’éléments de
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conversion électromécanique sont agencés en un
réseau bidimensionnel.

Appareil d’acquisition de bioinformations selon I'une
quelconque des revendications 1 a 3, dans lequel le
groupe d’éléments de conversion électromécanique
comprend un espace d’une taille d’'un multiple entier
d’'un pas d’agencement des éléments de conversion
électromécanique dans une partie intérieure de
'agencement.

Appareil d’acquisition de bioinformations selon I'une
quelconque des revendications 1 a 4, dans lequel le
groupe d’éléments de conversion électromécanique
est formé en joignant une pluralité de groupes d’élé-
ments de conversion électromécanique.

Appareil d’acquisition de bioinformations selon I'une
quelconque des revendications 1 a 5, dans lequel
chacun des éléments de conversion électromécani-
que du groupe d’éléments de conversion électromé-
canique sont agencés en un réseau bidimensionnel,
et les différents éléments de conversion électromé-
canique situés dans une direction perpendiculaire a
une direction de déplacement du groupe d’éléments
de conversion électromécanique recgoivent des on-
des élastiques a la position correspondant a la po-
sition spécifiée et convertissent les ondes élastiques
regues en des signaux électriques, et le dispositif
d’ajout ajoute les signaux électriques les uns aux
autres.

Appareil d’acquisition de bioinformations selon I'une
quelconque des revendications 1 a 6, comprenant
en outre une source d’'onde électromagnétique gé-
nérant I'onde électromagnétique, dans lequel la
source d’'onde électromagnétique se déplace, en
conservant une certaine position relative par rapport
au groupe d’éléments de conversion électroméca-
nique.

Appareil d’acquisition de bioinformations selon la re-
vendication 4, dans lequel une source d’onde élec-
tromagnétique est agencée dans 'espace.

Appareil d’acquisition de bioinformations selon I'une
quelconque des revendications 1 a 8, comprenant
en outre :

un groupe différent d’éléments de conversion
électromécanique recevantune onde ultrasono-
re réfléchie rayonnée vers I'objet de test dans
le corps de test, dans lequel

les deux groupes d’éléments de conversion
électromécanique sont intégralement soumis a
un déplacement continu.

10. Appareil d’acquisition de bioinformations selon 'une
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12

quelconque des revendications 1 a 9, dans lequel le
dispositif de déplacement déplace de maniére con-
tinue le groupe d’éléments de conversion électromé-
canique dans la direction d’agencement de sorte que
le groupe d’éléments de conversion électromécani-
que regoive I'onde élastique tout en étant déplacé
de maniére continue.
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