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Description
Technical Field

[0001] The presentinvention relates to areceived data
processing apparatus of photoacoustic tomography used
for a photoacoustic tomography diagnostic apparatus,
and more particularly, to a technique of generating image
data based on an acoustic wave receiving signal.

Background Art

[0002] Conventionally, it has been known that, when
an electromagnetic wave is irradiated to a living body, an
acoustic wave is generated due to a temperature in-
crease and thermal expansion of an organism of the living
body caused from the electromagnetic wave absorption
of the living body. A technique (referred to as a photoa-
coustic tomography (PAT)) for visualizing an inner por-
tion of the living body in a non-invasive manner by using
the phenomenon has been attracting attention and em-
ployed in clinical sites using photoacoustic tomography
diagnostic apparatuses.

[0003] Inthe photoacoustic tomography diagnostic ap-
paratus, light is irradiated to a specimen as a target, and
an acoustic wave generated therefore is received by a
one-dimensional or two-dimensional micro-transducer
array in which a plurality of micro-transducers are ar-
rayed. As the one-dimensional or two-dimensional micro-
transducer array, probes used for an ultrasonic diagnos-
tic apparatus generally are used.

[0004] For image reconstruction in the photoacoustic
tomography, various algorithms are applied. In general,
a delay-and-sum process used for the image reconstruc-
tion in the ultrasonic diagnostic apparatus may be adapt-
ed.

[0005] After the light irradiation to the specimen, al-
though the acoustic wave generated from the target po-
sitionis received during the time of receiving the acoustic
wave, a distance from the target position to each of the
micro-transducers are not equal to each other. For this
reason, the acoustic wave signal generated from the tar-
get position reaches the micro-transducers at the differ-
enttime points. Therefore, in general, in the photoacous-
tic tomography diagnostic apparatus, the time difference
in the acoustic wave signals that reach at the different
time points is adjusted by using the delay-and-sum proc-
ess so as to generate the photoacoustic tomography im-
age data corresponding to the target position. The gen-
erated data of the target position are minimum constitu-
tion units (called pixel or voxel) of the two-dimensional
or three-dimensional photoacoustic tomography image.
In the delay-and-sum process, the acoustic wave analog
signals received by the micro-transducer array are am-
plified by an amplifier and converted to digital signals by
A/D converters, and the acoustic wave receiving digital
signals are stored in a storage device. Accordingly, signal
values originated from the same target position are add-
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ed for all required channels.

[0006] In addition, in the photoacoustic tomography di-
agnostic apparatus, a process called apodization is per-
formed in order to improve directionality of the one-di-
mensional or two-dimensional micro-transducer array.
This process is not to uniformly add the acoustic wave
signals received from the micro-transducers in the micro-
transducer array but to attenuate the acoustic wave sig-
nals that reach a region of the micro-transducer array.
Therefore, this process is provided so as to improve the
directionality of the micro-transducer array by suppress-
ing the strengths of the acoustic wave signals originated
in directions except for the target direction. In general,
different weighting factors intend to be applied to the
acoustic wave signals received by the micro-transducers
so that the same effect as applying the window functions
or functions depending on solid angles and distances to
the acoustic wave signals can be obtained.

[0007] Inthe delay-and-sum process on the digital sig-
nals, a delay apparatus for adjusting the delay times for
the receiving channels is used. As the delay apparatus,
a storage device such as afirstin first out (FIFO) memory
or a RAM is mainly used.

[0008] Recently, alarge scale of a field programmable
gate array (FPGA) chip has been provided. Moreover,
high-speed rewritable FIFO memories or RAM memories
are mounted thereon. Therefore, the FPGA chip can be
easily mounted on the received data processing appa-
ratus of photoacoustic tomography. However, the high-
speed logic memories mounted on the FPGA chip have
alimitation in terms of memory capacity. In addition, since
the large-scale FPGA chip is expensive, the received da-
ta processing apparatus of photoacoustic tomography
needs to be configured with as small logic memory ca-
pacity as possible.

[0009] Japanese Patent Application Laid-Open (JP-A)
No. 2005-21380 or Japanese Patent Application National
Publication (Laid-Open) No. 2001-507952 discusses
technologies of irradiating light to a specimen, receiving
an acoustic wave generated from thermal expansion of
the specimen caused from the light irradiation, and con-
structing an image based on electrical signals obtained
from the acoustic wave.

[0010] M. Frenz, et al. in "Combined Ultrasound and
Optoacoustic System for Real-Time High-Contrast Vas-
cular Imaging in Vivo", IEEE Transactions on Medical
Imaging, volume 24, no. 4, 1 April 2005, pages 436-440
discloses a received data processing apparatus of pho-
toacoustic imaging for receiving an acoustic wave gen-
erated by irradiating a light to a specimen and construct-
ing an image from an electrical signal obtained from the
received acoustic wave, wherein the light is irradiated at
a predetermined time and at a repetition frequency of 7.5
Hz and the irradiation is followed by a waiting time before
the next irradiation starts, comprising acoustic wave de-
tectors that receive the acoustic wave originated from a
specimen region; image construction means that con-
structs an image of the region of the specimen based on
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minimum constitution unit data; wherein the generation
of all the minimum constitution unit data in the said spec-
imen region occurs at the said repetition frequency.

SUMMARY OF INVENTION

[0011] However, in the prior examples discussed in
Japanese Patent Application Laid-Open No. 2005-21380
or Japanese Patent Application National Publication
(Laid-Open) No. 2001-507952, there is a problem in that
a configuration of photoacoustic tomography diagnostic
apparatus having multiple channels is complicated and
a size thereof is enlarged. In other words, the size of the
receiving circuitis enlarged, so that the cost is increased.
In addition, when a photoacoustic tomography image is
reconstructed by using software, a long time is taken to
acquire the photoacoustic tomography image.

[0012] The present invention has been made in view
of the above problems. Since the same problems occur
in the field of ultrasonic diagnostic apparatus, various
solutions may be used. However, since the features of
the imaging in the photoacoustic tomography diagnostic
apparatus are different from the features of the imaging
in the ultrasonic diagnostic apparatus, there exist other
effective solutions using the features.

[0013] The first different feature of the imaging be-
tween the photoacoustic tomography diagnostic appara-
tus and the ultrasonic diagnostic apparatus is the time
interval of the lightirradiation interval and the time interval
of the ultrasonic wave transmission. In the case of the
photoacoustic tomography, because of limitation to the
light source that generates a practical light energy (sev-
eral mJ or more), light irradiation time needs to be set to
a predetermined time (several tens ms) or more. In other
words, a long waiting time needs to be taken after the
light irradiation. On the other hand, there is not such a
limitation to an ultrasonic diagnostic apparatus. In addi-
tion, when the reception of the signal corresponding to
the observation depth is completed, the ultrasonic wave
transmission needs to be immediately performed in order
to improve the frame rate. The time interval of the ultra-
sonic wave transmission is at most several hundreds of
LS.

[0014] The second different feature of the imaging be-
tween the photoacoustic tomography diagnostic appara-
tus and the ultrasonic diagnostic apparatus is the differ-
ence in the observation depth and the reception time as-
sociated with the observation depth. In the photoacoustic
tomography diagnostic apparatus, since the light atten-
uation in a human body is very high, the observation
depth is limited to several cm. On the other hand, in the
ultrasonic diagnostic apparatus, the observation depth
may be set to several tens of cm. Therefore, in the pho-
toacoustic tomography, the time of acquiring the receiv-
ing data after the light irradiation may be several tens of
ws. However, in the ultrasonic diagnostic apparatus,
when the depth of several tens of cm is observed, the
time of acquiring the receiving data may be several hun-
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dreds of ps. For example, when the depth of 20 cm is
observed, the time of acquiring the receiving data is about
260 ps.

[0015] Inthe ultrasonicdiagnostic apparatus, since the
transmission is immediately performed at the elapse of
the time of acquiring the receiving data, the generation
of the image data needs to be performed by performing
the delay-and-sum process during the reception in order
to maintain the real-time characteristics. Inthiscase,
since the data incoming into the receiving channels need
to be processed simultaneously, if the number of receiv-
ing channels is increased, the size of the apparatus is
enlarged. The cost of the apparatus is increased.
[0016] On the other hand, in the photoacoustic tomog-
raphy diagnostic apparatus, the light irradiation interval
is long, and the time of acquiring the receiving data is
short. In other words, a long waiting time is taken. There-
fore, once the receiving data is stored in a storage me-
dium, the generation of the image data can be performed
in a sufficient time. This means that the image data can
be generated in a time division manner by a miniaturized
receiving data processing circuit. Since the real-time
characteristics of the photoacoustic tomography image
is rate-controlled by the light irradiation time, if the image
data can be generated in the waiting time, the real-time
characteristics of the image is not deteriorated.

[0017] The purpose of the present invention is to pro-
vide a received data processing apparatus of photoa-
coustic tomography having a novel structure capable of
performing photoacoustic tomography image recon-
struction by a miniaturized configuration at a high speed
by using the aforementioned features of the photoacous-
tic tomography.

[0018] The above mentioned purpose is accomplished
by a photoacoustic tomography apparatus according to
claim 1. Further advantageous features are defined in
the dependent claims.

[0019] According to the present invention, photoa-
coustic tomography image reconstruction can be per-
formed by a miniaturized configuration at a high speed.
[0020] 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 DRAWINGS
[0021]

Fig. 1 is a block diagram illustrating a received data
processing apparatus of photoacoustic tomography
according to a first embodiment of the presentinven-
tion;

Fig. 2 is a view illustrating a configuration of a cal-
culation circuit according to the first embodiment of
the present invention;

Fig. 3 is a view illustrating a positional relationship
between a target voxel and an acoustic wave detec-
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tor array in a specimen region;

Fig. 4 is a block diagram illustrating a received data
processing apparatus of photoacoustic tomography
according to a second embodiment of the present
invention;

Fig. 5 is a flowchart illustrating operations of the re-
ceived data processing apparatus of photoacoustic
tomography according to the second embodiment of
the present invention;

Fig. 6 is a block diagram illustrating a received data
processing apparatus of photoacoustic tomography
according to a third embodiment of the present in-
vention;

Fig. 7 is a block diagram illustrating a received data
processing apparatus of photoacoustic tomography
according to a fourth embodiment of the present in-
vention;

Fig. 8 is a view illustrating a configuration of a cal-
culation circuit according to the fourth embodiment
of the present invention;

Fig. 9 is a flowchart illustrating operations of the re-
ceived data processing apparatus of photoacoustic
tomography according to the fourth embodiment of
the present invention; and

Fig. 10 is a block diagram illustrating a received data
processing apparatus of photoacoustic tomography
according to a fifth example of the present disclo-
sure.

DESCRIPTION OF EMBODIMENTS AND EXAMPLES
OF THE DISCLOSURE

[0022] Hereinafter, embodiments of the presentinven-
tion and examples of the disclosure (not forming part of
the invention) will be described in detail with reference
to the accompanying drawings.

[First Embodiment]

[0023] Fig. 1 is a view illustrating a received data
processing apparatus of photoacoustic tomography ac-
cording to a first embodiment of the present invention. In
Fig. 1, the total number of channels of the received data
processing apparatus of photoacoustic tomography is N.
[0024] Thereceived data processing apparatus of pho-
toacoustic tomography forms an image based an elec-
trical signal obtained by irradiating a light on a specimen
and receiving an acoustic wave generated from localized
thermal expansion and contraction of the specimen as a
result of the light irradiation.

[0025] The apparatus includes N A/D converters 1-1
to 1-N, N delay adjustment memories (DELAY M) 2-1 to
2-N, and a calculation circuit 3. In addition, the apparatus
further includes a memory control circuit 4, a reconstruc-
tion memory 5, a window function weighting factor cal-
culation circuit 6, a delay memory address calculation
circuit 7, a signal processing block 8 (log compression
process, filter process), animage construction unit9, and
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an image display unit 10.

[0026] The A/D converters 1-1to 1-N are electrical sig-
nal conversion units that digitize analog electrical signals
received by acoustic wave detectors 54-1 to 54-N of an
acoustic wave detector array 52. The acoustic wave de-
tector array 52 constitutes a receiving unit that allows the
N acoustic wave detectors 54-1 to 54-N to receive an
acoustic wave originated from a specimen region as a
to-be-processed target and converts the received acous-
tic wave to the analog electrical signal.

[0027] The delay adjustment memories 2-1 to 2-N are
first storage units that store the receiving digital signal
digitized by the A/D converters 1-1 to 1-N in a time
sequence .

[0028] The calculation circuit 3 is a minimum constitu-
tion unit data composition unit that reads receiving digital
signals originated from voxels that are minimum consti-
tution units of partitioning the specimen region as a target
from the plurality of delay adjustment memories 2-1 to 2-
N to compose voxel data. The voxel data is the acoustic
wave data of each minimum constitution unit. The receiv-
ing digital signals originated from the voxels_are read
according to delay information on the acoustic wave from
the voxels to reach the acoustic wave detectors 54-1 to
54-N, and a delay-and-sum process is performed on the
read receiving digital signal.

[0029] As shown in Fig. 2, the calculation circuit 3 in-
cludes N multipliers 11-1 to 11-N and one addition circuit
12. In addition, a plurality of the addition circuits 12 may
be included in the calculation circuit 3.

[0030] The reconstruction memory 5 is a second stor-
age unit that can store voxel data of the entire region of
the specimen.

[0031] The image construction unit 9 is a unit that con-
structs an image of the specimen region based on the
voxel data stored in the reconstruction memory 5.
[0032] Inaddition, the memory control circuit4 is a con-
trol unit that sequentially stores the voxel data calculated
by the calculation circuit 3 in the reconstruction memory
5 thatis a second storage unit and reads the stored voxel
data of the entire region of the specimen to transmit the
voxel data to the image construction unit 9.

[0033] The delay memory address calculation circuit 7
is an address calculation unit that calculates delay times
that are taken for the acoustic wave from the voxels to
reach the acoustic wave detectors 54-1 to 54-N based
on the voxel coordinates that are the minimum constitu-
tion unit coordinates in the specimen region. In addition,
addresses in which receiving digital signals originated
from the voxels corresponding to the delay times are
stored to the delay memories 2-1 to 2-N.

[0034] The window function weighting factor calcula-
tion circuit 6 is a window function weighting factor calcu-
lation unit that calculates the window function weighting
factors of the receiving channels through which the re-
ceiving signals of the acoustic waves are transmitted
based on the voxel coordinates in the specimen region
as a target and applies the calculated window function
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weighting factor to the calculation circuit 3.

[0035] Inthe embodiment, the signal processing block
8 is a second signal processing unit that performs signal
processes including filter processes such as low-pass
filter and high-pass filter, a logarithm compression (log
compression) process, a differentiation process, an en-
velope detection process, and a quadrature detection
process. The signal processing block 8 shown in Fig. 1
performs a signal process on the composed minimum
constitution unit data. In this case, log compression proc-
ess and filter process are featured in particular.

[0036] Next, the operations according to the first em-
bodiment are described in detail.

[0037] Light such as a laser beam is irradiated from a
light source (not shown) on the specimen, and as aresult,
the specimen is locally thermally expanded and contract-
ed, so that the acoustic wave is generated. The acoustic
wave is received by the N acoustic wave detectors 54-1
to 54-N of the acoustic wave detector array 52 to be con-
verted to analog electrical signals. The analog electrical
signals are digitized by the N A/D converters 1-1 to 1-N,
so that N digital signals are output to the N delay adjust-
ment memories (DELAY M) 2-1 to 2-N.

[0038] The delay adjustment memories (DELAY M)
2-1 to 2-N store digital signals output from the A/D con-
verters 1-1 to 1-N.

[0039] The delay memory address calculation circuit 7
calculates the delay times and the delay adjustment
memory addresses corresponding to the target voxels
based on the voxel coordinates in the specimen region
as atarget and designates the delay adjustment memory
addresses to the delay adjustment memories 2-1 to 2-N.
The receiving digital data originated from the minimum
constitution units in the specimen region, namely, origi-
nated from the target voxels are read from the delay ad-
justment memories 2-1 to 2-N according to the delay ad-
justment memory addresses calculated by the delay
memory address calculation circuit 7. Next, the receiving
digital data are output to the multipliers 11-1 to 11-N of
the calculation circuit 3.

[0040] Fig. 3 illustrates an example of a positional re-
lationship among a target voxel 53 in a specimen region
as a target, an acoustic wave detector array 52, and an
acoustic wave detector 54 in the array. If the coordinate
(X1, Y1, Z1) of the target voxel 53 and the coordinate
(X2,Y2, Z2) of the acoustic wave detector 54 in the array
are determined in a predetermined coordinate system, a
distance D between the target voxel 53 and the acoustic
wave detector 54 in the array is immediately obtained by
the Pythagorean theorem.

[0041] In addition, an acoustic wave reaching time (de-
lay time) from the target voxel 53 to the acoustic wave
detector 54 in the array is calculated by dividing the dis-
tance D between the target voxel 53 and the acoustic
wave detector 54 in the array by a velocity of sound.
[0042] In addition, while the acoustic wave is received
from the specimen region as a target, the delay adjust-
ment memories 2-1 to 2-N sequentially stores the digital
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data originated from the acoustic wave in the addresses
in the delay adjustment memories 2-1 to 2-N in the time
sequence according to a predetermined rule. In other
words, from the time of the light irradiation, the receiving
digital signals are read in the time sequence manner from
the delay adjustment memories 2-1 to 2-N, and the
acoustic wave signals that reach by the delay times ac-
cording to the distances from the positions of the voxels
in which the acoustic wave is generated are stored in the
delay adjustment memories 2-1 to 2-N.

[0043] The delay adjustment memory address can be
specified based on the acoustic wave reaching time (de-
lay time) that is taken for the acoustic wave from the
target voxel 53 to reach the acoustic wave detectors 54-1
to 54-N in the array and the rule of storing the digital data
in the delay adjustment memories 2-1 to 2-N. The delay
memory address is a memory address in which digital
data originated from a target voxel exists.

[0044] In the present invention, the delay memory ad-
dress calculation circuit 7 calculates the delay adjustment
memory addresses of the target voxels and designates
the calculated delay adjustment memory addresses to
the delay adjustment memories 2-1 to 2-N. The delay
adjustment memories 2-1 to 2-N output the digital data
originated from the minimum constitution units, namely,
originated from the target voxels to the calculation circuit
3 according to the delay adjustment memory addresses
designated by the delay memory address calculation cir-
cuit 7.

[0045] The window function weighting factor calcula-
tion circuit 6 calculates the window function weighting
factors corresponding to the target voxels based on the
voxel coordinates in the specimen region as a target and
applies the window function weighting factors to the cal-
culation circuit 3. Since the receiving digital signals output
from the delay adjustment memories 2-1 to 2-N are in
the apodization, the channels are applied with the win-
dow function weighting factors calculated by the window
function weighting factor calculation circuit 6, and the re-
ceiving digital signals are output to the addition circuit 12.
[0046] The addition circuit 12 adds the receiving digital
signals of all channels applied with the window function
weighting factors. As a result of the process, the receiving
digital signals that are acoustic wave receiving signal in-
formation originated from the target voxels are delayed
and summed.

[0047] The delayed-and-summed targetvoxeldataare
stored in the reconstruction memory 5 by the memory
control circuit 4. The process is repetitively performed on
all the voxels, so that all the voxel data in the specimen
region as a target are sequentially delayed-and-summed
and stored in the reconstruction memory 5.

[0048] Once all the voxel data in the specimen region
as a target are delayed-and-summed and stored in the
reconstruction memory 5, the memory control circuit 4
outputs the voxel data to the signal processing block 8
(log compression process, filter process) as a second
signal processing unit. The signal processing block 8 (log
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compression process, filter process) performs signal
processes such as alog compression process and a filter
process on the input voxel data and output the result
thereof to the image construction unit 9. The signal proc-
esses may include filter processes such as a low-pass
filter process and a high-pass filter process, a log com-
pression process, a differentiation process, an envelope
detection process, and a quadrature detection process.
In addition, although not shown, a second parameter cal-
culation unit that calculates a parameter required for the
signal process and applies the parameter to the signal
processing block 8 may be included.

[0049] The image construction unit 9 constructs the
photoacoustic tomography image based on the voxel da-
ta on which the signal process is performed and outputs
the image to the image display unit 10. The image display
unit 10 displays the constructed photoacoustic tomogra-
phy image. These are a series of the operations accord-
ing to the first embodiment.

[0050] In the case of the photoacoustic tomography,
because of limitation to the light source that generates a
practical light energy (several mJ or more), light irradia-
tiontime needs tobe setto a predetermined time or more.
In the embodiment, the photoacoustic tomography re-
ceiving data is formed using the light irradiation interval,
that is, the waiting time. Therefore, if the generation of
all the voxel data in the specimen region as a target is
ended before the next light irradiation starts, the real-time
characteristics of the photoacoustic tomography image
cannot be lost by the operations of the embodiment.
[0051] Inthe photoacoustic tomography, whenthe S/N
ratio of the acoustic wave generated from light irradiation
to the specimen is low, there is a need to perform an
addition averaging process on the receiving signals mul-
tiple times so as to improve the S/N ratio. In this case,
an addition averaging process may be performed on the
delayed-and-summed data of the target voxels, that is,
the minimum constitution unit data obtained by multiple
times of reception by using the memory control circuit 4
and the reconstruction memory 5. In this case, the mem-
ory control circuit 4 becomes the addition averaging unit.
[0052] According to the configuration, the addition av-
eraging process is performed at the time when all the
processes are ended, so that the target voxel data having
improved S/N ratio can be stored in the reconstruction
memory 5.

[0053] The type of memories used as the delay adjust-
ment memories 2-1 to 2-N and the reconstruction mem-
ory 5 is not particularly limited. These memories may be
configured by using FIFO (first-infirst-out) memories or
RAMs (notshown) . If can be adapted, other storage units
may be used.

[0054] In addition, the signal processing block 8 (log
compression process, filter process) is not necessarily
disposed just before the image construction unit 9 as
shown in Fig. 1. If needed, the signal processing block 8
may be disposed at any position in the received data
processing apparatus of photoacoustic tomography. In
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addition, the only one signal processing block 8 is not
necessarily disposed. For example, the signal process-
ing block 8 may be disposed in the calculation circuit 3
or for each channel of the acoustic wave detectors. In
addition, one signal processing block 8 may be disposed
at the output portion of each of the delay adjustment
memories 2-1to 2-N for each channel (not shown). When
the signal processing block 8 is provided to each receiv-
ing channel, the signal processing block 8 corresponds
to the first signal processing units according to the
present invention. In this case, a first parameter calcula-
tion unit that calculates an independent parameter re-
quired for the signal process for each channeland applies
the parameter may be included (not shown) . In addition,
the second signal processing unit and the first signal
processing unit may be provided simultaneously.
[0055] In addition, the calculation circuit 3 is not nec-
essarily designed to perform only the multiplication proc-
ess and the addition process as shown in Fig. 2. If need-
ed, a calculation unit and a signal processing unit re-
quired for performing photoacoustic tomography image
reconstruction may be further included (not shown). In
addition, a unit that calculates an independent parameter
required for performing the signal process for each chan-
nel and applies the parameter may be included (not
shown) . In this case, a parameter calculation unit may
be disposed in the calculation circuit 3. Otherwise, sep-
arate calculation blocks may be provided to apply the
calculated parameter to the calculation circuit 3 (not
shown).

[0056] Inaddition, a mounting unitfor the received data
processing apparatus of photoacoustic tomography is
not necessarily limited to an FPGA. If needed, the appa-
ratus can be configured by combining a digital signal
processor (DSP), a general purpose CPU, various vola-
tile memories, and various non-volatile memories (not
shown).

[0057] Inaddition, the acoustic wave detector array 52
is not necessarily a 2D array as shown in Fig. 3. For
example, a 1D or 1.5D array may be used (not shown).
In addition, as a shape of a probe of a general ultrasonic
diagnostic apparatus, there are various shapes such as
alinearshape, a sector shape, and a convex shape. How-
ever, the present invention is not necessarily limited to
the shape of the probe used in the acoustic wave recep-
tion (not shown).

[0058] In addition, the method of implementing the im-
age construction unit 9 is not particularly limited. A gen-
eral purpose CPU or GPU may be used. Otherwise, other
suitable units may be used.

[0059] Next, the second embodiment and examples of
the present disclosure will be described. In the descrip-
tion hereinafter, elements different from those of the first
embodimentare mainly described. In addition, the similar
elements are denoted by the same reference numerals,
and the description thereof is will not be repeated.
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[Second Embodiment]

[0060] Fig. 4 is a view illustrating a received data
processing apparatus of photoacoustic tomography ac-
cording to a second embodiment of the presentinvention.
In Fig. 4, the number of acoustic wave detectors is L, and
the total number of channels of the received data
processing apparatus of photoacoustic tomography is N.
In this case, L > N, that is, the number of acoustic wave
detectors is larger than the total number of channels of
the received data processing apparatus of photoacoustic
tomography.

[0061] Thereceived dataprocessing apparatus of pho-
toacoustic tomography includes N A/D converters 1-1 to
1-N, N delay adjustment memories (DELAY M) 2-1 to 2-
N, and a calculation circuit 3. In addition, the apparatus
further includes a memory control circuit 4, a reconstruc-
tion memory 5, a window function weighting factor cal-
culation circuit 6, a delay memory address calculation
circuit 7, a signal processing block 8 (log compression
process, filter process) that performs a log compression
process and a filter process, an image construction unit
9, and an image display unit 10. In addition, between the
acoustic wave detectors 54-1 to 54-L and the A/D con-
verters 1-1 to 1-N, a switching circuit 16 as a connection
switching unit of switching connection states therebe-
tween is disposed.

[0062] Next, the operations of the second embodiment
are described.

[0063] The operations of the circuits following the N
A/D converters 1-1to 1-N are basically the same as those
as the first embodiment. However, unlike the first em-
bodiment, the connection states between the acoustic
wave detectors 54-1 to 54-L and the A/D converters 1-1
to 1-N can be switched by the switching circuit 16.
[0064] Fig. 5 is a flowchart illustrating the operations
according to the second embodiment.

[0065] Firstly, N acoustic wave detectors (a, a+1,
a+2, ..., atN-1) that are selected among the L acoustic
wave detectors 54-1 to 54-L are connected to the N chan-
nels of the received data processing apparatus of pho-
toacoustic tomography (refer to step S1).

[0066] Next, a light is irradiated to the target region of
the specimen, and the acoustic wave generated there-
from is received and digitized by the A/D converters 1-1
to 1-N. The digitized receiving data are stored in the N
delay adjustment memories 2-1 to 2-N (refer to step S2).
[0067] Next, the target voxel on which the delay-and-
sum process is to be performed is determined (refer to
step S3), and the delay memory address and the weight-
ing factor required for the delay-and-sum process are
calculated (refer to step S4). Next, the weighting factor
is applied to the data read from the delay storage M ac-
cording to the calculated delay memory address, the de-
lay-and-sum process is performed, and the result thereof
is stored in the reconstruction memory 5 (refer to step
S5).

[0068] Once the delay-and-sum process on the select-
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ed target voxel is ended, it is determined whether the
selection of all the voxels is completed. If the selection
is not completed, the procedure returns to the step S3 to
select the next target voxel, perform the delay-and-sum
process, and the result thereof is accumulatively added
in the reconstruction memory 5. This procedure is repeat-
ed until the delay-and-sum process on the all the voxels
of the target region is ended. At this time, the delay-and-
sum process on the target voxels is ended based on the
acoustic wave received from the initially selected acous-
tic wave detector group (a, a+1, a+2, ..., a+N-1) .
[0069] Next, the N acoustic wave detectors to be se-
lected are changed.

[0070] Fig. 5 illustrates an example where acoustic
wave detectors (a+1, a+2, ..., a+N) are newly selected
among the L acoustic wave detectors (refer to steps S8
and S1). Next, a light is irradiated to a target region of
the specimen, and an acoustic wave generated there-
from is received by using the newly-selected N acoustic
wave detectors (a+1, a+2, a+N). Next, the voxel data as
the minimum constitution unit data that are sequentially
obtained in a time division manner by performing the de-
lay-and-sum process on all the voxels of the target region
are accumulatively added in the same voxel data of the
reconstruction memory 5 (refer to steps S2 to S 5).
[0071] The process is repeated until all the acoustic
wave detectors 54-1 to 54-L in which the reception is to
be performed are selected and the delay-and-sum proc-
ess on all the target voxels are ended (S7). If reception
scan of all the acoustic wave detectors 54-1 to 54-L is
ended, the reception scan is ended (refer to step S9),
and the voxel data stored in the reconstruction memory
5 are read to be transmitted to the image construction
unit (refer to step S10) .

[0072] By using the aforementioned procedures, the
reception can be performed in the configuration where
the reception region is changed and divided in the array
of the acoustic wave detectors 54-1 to 54-L. An advan-
tage of the procedure is to reconstruct the photoacoustic
tomography image by using the smaller number of chan-
nels of the received data processing apparatus of pho-
toacoustic tomography than the number of the acoustic
wave detectors in the acoustic wave detector array 52.
[0073] In addition, the same target voxel data may be
received from different reception regions in the acoustic
wave detectors 54-1 to 54-L. In this case, in the memory
control circuit 4 and the reconstruction memory 5, an ac-
cumulative addition process or an addition averaging
process is performed on the same target voxel data, so
that target voxel data can be generated. When the re-
ception regions in the array of the acoustic wave detec-
tors 54-1 to 54-L are different, the weighting factors that
the multipliers 11-1 to 11-N of the calculation circuit 3
designate to the receiving data may be changed.
[0074] In the embodiment, the memory control circuit
4 and the reconstruction memory 5 are provided in order
to process and store the target voxel data, so that all the
acoustic wave detectors need not to be simultaneously
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connected to the received data processing apparatus of
photoacoustic tomography. In other words, the received
data processing apparatus of photoacoustic tomography
can be miniaturized.

[0075] Herein, the reception region selection scheme
of the acoustic wave detectors 54-1 to 54-L is not nec-
essarily the same as that shown in Fig. 5, but the selection
scheme may be suitably determined as needed. In ad-
dition, a relationship between the number L of acoustic
wave detectors and the number N of all the channels of
the received data processing apparatus of photoacoustic
tomography is not necessarily limited to L > N. Further-
more, it is not necessary that all the channels of the re-
ceived data processing apparatus of photoacoustic tom-
ography have to be used during reception.

[0076] In addition, a switching circuit as a connection
switching unit of switching connection states between
the A/D converters 1 and the delay adjustment memories
2 may be disposed, so that the acoustic wave can be
received while the connection states between the A/D
converters 1 and the delay adjustment memories 2 are
sequentially switched (not shown) . For example, when
the total number of A/D converters 1 is L and the total
number of delay adjustment memories 2 is N (L > N), the
connection states between the A/D converters 1 and the
delay adjustment memories 2 are sequentially switched
each reception. In addition, all the A/D converters 1 in
which the reception is to be performed are selected, so
that the processes are continuously performed until the
delay-and-sum process for the target voxels is ended.
[0077] In this manner, the acoustic wave may be con-
figured to be received while the connection states be-
tween the A/D converters 1 and the delay adjustment
memories 2 and the connection states between the
acoustic wave detector array 52 and the A/D converters
1 are sequentially switched.

[0078] In the case of the photoacoustic tomography,
because of limitation to the light source, light irradiation
time needs to be set to a predetermined time or more. In
the embodiment, the photoacoustic tomography receiv-
ing data is formed using the light irradiation interval, that
is, the waiting time. Therefore, if the generation of all the
voxel data in the specimen region as a target is ended
before the next light irradiation starts, the real-time char-
acteristics of the photoacoustic tomography image can-
not be lost by the operations of the embodiment.
[0079] Due to the switching circuit 16 disposed be-
tween the acoustic wave detector array 52 and the A/D
converters 1, the apparatus can be configured with the
smaller number of the A/D converters than the number
of the acoustic wave detectors. In addition, due to the
switching circuit disposed between the A/D converters 1
and the delay adjustment memories 2, the apparatus can
be configured with the smaller number of the delay ad-
justment memories than the number of the A/D convert-
ers.

[0080] In addition, the signal processing block 8 (log
compression process, filter process) that performs the
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log compression process and filter process is not neces-
sarily disposed just before the image construction unit 9
as shownin Fig. 4. If needed, the signal processing block
8 may be disposed in the calculation circuit 3. In addition,
the signal processing block 8 may be disposed for each
N channel connected to the calculation circuit 3 from the
switching circuit 16. In addition, the only one signal
processing block 8 is not necessarily disposed. For ex-
ample, the signal processing block 8 may be disposed
in the calculation circuit 3 or at the output portions of each
of the delay adjustment memories 2-1 to 2-N for each
channel (not shown) . In this case, a parameter required
for the signal process is calculated for each channel to
be applied (not shown).

[Third example not forming part of the invention]

[0081] Fig. 6 is a view illustrating a received data
processing apparatus of photoacoustic tomography ac-
cording to a third example of the present invention. In
Fig. 6, the total number of channels of the received data
processing apparatus of photoacoustic tomography is N.
[0082] Thereceiveddata processingapparatus of pho-
toacoustic tomography includes N A/D converters 1-1 to
1-N, addition averaging circuits 15-1 to 15-N, N delay
adjustment memories (DELAY M) 2-1 to 2-N, and a cal-
culation circuit 3. In addition, the apparatus further in-
cludes a memory control circuit 4, a reconstruction mem-
ory 5, a window function weighting factor calculation cir-
cuit 6, a delay memory address calculation circuit 7, a
signal processing block 8 (log compression process, filter
process), an image construction unit 9, and an image
display unit 10.

[0083] The third example is different from the first and
second embodiments in that the addition averaging cir-
cuits 15-1 to 15-N as addition processing units are in-
cluded. In addition, instead of the addition averaging
process, an accumulative addition process may be per-
formed.

[0084] Next, the operations according to the third em-
bodiment are described. The operations of the N A/D
converters 1-1 to 1-N and the operations of the circuits
following the calculation circuit 3 are basically the same
as those of the first and second embodiments. However,
unlike the first and second embodiments, the delay ad-
justment memories 2-1 to 2-N cooperates with the addi-
tion averaging circuits 15-1 to 15-N to perform the addi-
tion averaging process or the accumulative addition proc-
ess on the receiving digital signal.

[0085] Inthe photoacoustic tomography, whenthe S/N
ratio of the acoustic wave generated from light irradiation
to the specimen is low, there is a need to perform an
addition averaging process or accumulative addition
process on the receiving signal. In the third embodiment,
the addition averaging circuits 15-1 to 15-N cooperates
with the delay adjustment memories 2-1 to 2-N to store
the addition-averaging-processed or accumulative-addi-
tion-processed receiving data in the delay adjustment
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memories 2-1to 2-N. Moreover, the delay-and-sum proc-
ess is performed on the target voxel data. According to
the third embodiment, the target voxel data of which S/N
ratio is improved can be obtained.

[0086] In the case of the photoacoustic tomography,
because of limitation to the light source, light irradiation
time needs to be set to a predetermined time or more. In
the embodiment, the formation of the photoacoustic to-
mography receiving data is performed using the light ir-
radiationinterval, thatis, the waiting time. Therefore, after
the lightirradiation is performed multiple times to perform
the addition averaging process, if the generation of all
the voxel data in the specimen region as a targetis ended
before the next light irradiation starts, the real-time char-
acteristics of the photoacoustic tomography image can-
not be lost.

[0087] In addition, in the third embodiment, a switching
circuitmay be disposed between the A/D converter 1 and
the addition averaging circuit, and the acoustic wave may
be received while the connection states between the A/D
converter 1 and the addition averaging circuit are se-
quentially switched (not shown). For example, when the
total number of A/D converters is L and the total number
of addition averaging circuits is N (L > N), the connection
states between the A/D converters and the addition av-
eraging circuits are sequentially switched every recep-
tion. In addition, all the A/D converters in which the re-
ception is to be performed are selected, so that the proc-
esses are continuously performed until the delay-and-
sum process for all the target voxels is ended. In this
manner, the switching circuit as a control unit that
switched between the addition averaging circuits and the
A/D converters is disposed, so that the apparatus can be
configured with the smaller number of the addition aver-
aging circuits and the delay adjustment memories than
the number of the A/D converters.

[0088] In addition to the configuration, similarly to the
second embodiment, as shown in Fig. 4, a switching cir-
cuit may be disposed between the acoustic wave detec-
tor array and the A/D converters (not shown). Due to the
switching circuit disposed between the acoustic wave de-
tector array and the A/D converters, the apparatus can
be configured with the smaller number of the A/D con-
verters than the number of the acoustic wave detectors
in the array.

[0089] In this manner, the acoustic wave may be con-
figured to be received while the connection states be-
tween the A/D converters and the addition averaging cir-
cuits and between the A/D converters and the delay ad-
justment memories and the connection states between
the acoustic wave detector array and the A/D converters
are sequentially switched.

[0090] In addition, in the configuration of the embodi-
ment, as described in the first embodiment, the addition
averaging process may also be configured to be per-
formed on the delayed-and-summed data obtained by
multiple times of reception by using the memory control
circuit 4 and the reconstruction memory 5.

10

15

20

25

30

35

40

45

50

55

[Fourth Embodiment]

[0091] Fig. 7 is a view illustrating a received data
processing apparatus of photoacoustic tomography ac-
cording to a fourth embodiment of the present invention.
In Fig. 7, the total number of channels of the received
data processing apparatus of photoacoustic tomography
is N.

[0092] Thereceiveddata processing apparatus of pho-
toacoustic tomography includes N A/D converters 1-1 to
1-N, N delay adjustment memories (DELAY M) 2-1 to 2-
N, and a calculation circuit 28. In addition, the apparatus
further includes a memory control circuit 4, a reconstruc-
tion memory 5, a window function weighting factor cal-
culation circuit 6, a delay memory address calculation
circuit 7, a signal processing block 8 (log compression
process, filter process), animage construction unit 9, and
an image display unit 10.

[0093] In the fourth embodiment, memory selecting
switches 27-1 to 27-(N/M) are disposed between the de-
lay adjustment memories 2-1 to 2-N and the calculation
circuit 3. In addition, M delay adjustment memories that
are grouped are connected to the memory selecting
switches 27-1 to 27- (N/M), so that the memory selecting
switches 27-1 to 27-(N/M) are configured to be selected
by the channel selection circuit 32.

[0094] Fig. 8is a view illustrating a configuration of the
calculation circuit 28. The calculation circuit 28 includes
(N/M) multipliers 50-1 to 50-(N/M) and an addition circuit
51. The outputs of the memory selecting switches 27-1
to 27-(N/M) are connected to the multipliers 50-1 to 50-
(N/M).

[0095] Next, the operations according to the fourth em-
bodiment are described.

[0096] The operations of the N A/D converters 1-1 to
1-N are basically the same as those of other embodi-
ments. However, unlike the first and second embodiment
and third example, the connection states between the
delay adjustment memories 2-1 to 2-N and the calcula-
tion circuit 3 are sequentially switched by the memory
selecting switches 27-1 to 27-(N/M).

[0097] Fig. 9 is a flowchart illustrating operations ac-
cording to the fourth embodiment.

[0098] Firstly, a light is irradiated to the target region
of the specimen, and the acoustic wave generated there-
from is received and digitized by the A/D converters 1-1
to 1-N. The digitized receiving data are stored in the N
delay adjustmentmemories 2-1 to 2-N (refer to step S41).
Next, (N/M) delay adjustment memories (a, a+M,
a+2M, ..., a+N-M) that are selected among the N delay
adjustment memories 2-1 to 2-N are connected to the
multipliers of the calculation circuit 3 (refer to step S42).
[0099] Next, the target voxel on which the delay-and-
sum process is performed is determined (refer to step
S43), and the delay memory address and the weighting
factor required for the delay-and-sum process are calcu-
lated (refer to step S44). Next, the delay-and-sum proc-
ess is performed according to the calculated delay mem-
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ory address and weighting factor, and the result thereof
is stored in the reconstruction memory 5 (refer to step
S45). Once the delay-and-sum process on the selected
target voxel is ended, the next target voxel is selected,
and the delay-and-sum process is performed (refer to
steps S46 and S43). This procedure is repeated until the
delay-and-sum process on the all the voxels of the target
region is ended. At this time, the delay-and-sum process
on all the voxels of the target region is ended based on
the digital data stored in the (N/M) delay adjustment
memories (a, a+M, a+2M, ..., a+N-M) initially selected
among the delay adjustment memories 2-1 to 2-N (refer
to step S46).

[0100] Next, (N/M) delay adjustment memories are
newly selected (refer to steps S47 and S48). Fig. 9illus-
trates an example where delay adjustment memories
(a+1, a+M+1, a+2M+1, ..., a+N-M+1) are newly selected
among the N delay adjustment memories 26-1 to 26-N.
After the delay adjustment memories are selected, the
delay-and-sum process is performed on all the voxels of
the target region (refer to steps S43 to S 46).

[0101] The procedure is repeated until all the delay ad-
justment memories 2-1 to 2-N are selected (refer to step
S47). If reading the group of all the delay adjustment
memories is ended, the reading is ended (refer to step
S49), and the voxel data stored in the reconstruction
memory 5 are read to be transmitted to the image con-
struction unit (refer to step S50).

[0102] In addition, in this case, although the same tar-
get voxel data may be read from different delay adjust-
ment memories 2-1 to 2-N, the memory control circuit 4
and the reconstruction memory 5 perform the accumu-
lative addition process or the addition averaging process
on the same target voxel data.

[0103] Asaresult, allthe voxel data in the target region
are generated.

[0104] In this manner, the memory selecting switches
27-1 to 27- (N/M) are disposed between the delay ad-
justment memories 2-1 to 2-N and the calculation circuit
28, so that the calculation circuit 28 can be miniaturized.
[0105] Inthe procedure shown in Fig. 9, the delay-and-
sum process is performed on the receiving data obtained
from one-time reception by sequentially selecting a plu-
rality of groups divided from the delay adjustment mem-
ories 2-1 to 2-N. Therefore, in comparison with, for ex-
ample, the first embodiment, a long time is taken to gen-
erate all the voxel data in the target region. In the case
of the photoacoustic tomography, because of limitation
to the light source, light irradiation time needs to be set
to a predetermined time or more. Therefore, even when
the delay-and-sum process is performed in a time divi-
sion manner like the embodiment, the generation of all
the voxel data of the target region can be ended by the
time of the next light irradiation. In other words, in the
fourth embodiment, a bad influence to the frame rate
does also not occur, and the real-time characteristics of
the photoacoustic tomography image cannot be deteri-
orated.
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[0106] In the fourth embodiment, the memory control
circuit 4 and the reconstruction memory 5 are also pro-
vided in order to process and store the target voxel data,
so that all the data in the delay adjustment memories 2-1
to 2-N need not to be simultaneously processed by the
calculation circuit 28. Therefore, all the voxel data in the
target region can be generated in a time division manner
by a miniaturized received data processing apparatus of
photoacoustic tomography.

[0107] Herein, the selection scheme of the delay ad-
justment memories 2-1to 2-N is not necessarily the same
as that shown in Fig. 7, but the selection scheme may
be suitably determined as needed.

[0108] In addition to the configuration, a switching cir-
cuit may be disposed between the A/D converters and
the delay adjustment memories, so that the acoustic
wave may be configured to be received while the con-
nection states between the A/D converters and the delay
adjustment memories are sequentially switched (not
shown). For example, when the total number of A/D con-
verters is L and the total number of delay adjustment
memories is N (L > N), the connection states between
the A/D converters and the delay adjustment memories
are sequentially switched each reception. In addition, all
the A/D converters in which the reception is to be per-
formed are selected, so that the processes are continu-
ously performed until the delay-and-sum process for all
the target voxels is ended. Due to the switching circuit
disposed between the A/D converters and the delay ad-
justmentmemories, the apparatus can be configured with
the smaller number of the delay adjustment memories
than the number of the A/D converters.

[0109] In addition to the configuration, similarly to the
second embodiment, as shown in Fig. 4, a switching cir-
cuit may be disposed between the acoustic wave detec-
tor array and the A/D converters (not shown). In this man-
ner, due to the switching circuit disposed between the
acoustic wave detector array and the A/D converters, the
apparatus can be configured with the smaller number of
the A/D converters than the number of the acoustic wave
detectors.

[0110] Accordingly, the acoustic wave may be config-
ured to be received while the connection states between
the calculation circuit 28 and the delay adjustment mem-
ories, connection states between the A/D converters and
the delay adjustment memories, and connection states
between the acoustic wave detector array and the A/D
converters are sequentially switched.

[0111] In addition, the calculation circuit 28 does not
necessarily perform only the multiplication process and
the addition process as shown in Fig. 8. If needed, a
calculation unit and a signal processing unit required for
performing photoacoustic tomography image recon-
struction may be further included (not shown). In this
case, an independent parameter required for the signal
process is calculated for each channel to be applied.
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[Fifth example not forming part of the invention]

[0112] Fig. 10 is a view illustrating a received data
processing apparatus of photoacoustic tomography ac-
cording to a fifth example of the present disclosure. In
Fig. 10, the total number of channels of the received data
processing apparatus of photoacoustic tomography is N.
[0113] The acoustic wave receiving data forming ap-
paratus also includes N A/D converters 1-1 to 1-N, N
delay adjustment memories (DELAY M) 2-1 to 2-N, and
a calculation circuit 28. In addition, the apparatus further
includes a memory control circuit 4, a reconstruction
memory 5, a window function weighting factor calculation
circuit 6, a delay memory address calculation circuit 7, a
signal processing block 8 (log compression process, filter
process), an image construction unit 9, and an image
display unit 10.

[0114] In addition, similarly to the fourth embodiment,
memory selecting switches 27-1 to 27-(N/M) are dis-
posed between the delay adjustment memories 2-1 to 2-
N and the calculation circuit 28. In addition, a group of M
delay adjustment memories are connected to the mem-
ory selecting switches 27-1t0 27-(N/M) , so thatthe mem-
ory selecting switches 27-1 to 27-(N/M) can be config-
ured to be selected by the channel selection circuit 32.
[0115] In addition, in the fifth example, similarly to the
third example, the addition averaging circuit 38-1 to 38-
N as addition processing units are disposed between the
A/D converters 1-1to 1-N and the delay adjustment mem-
ories (DELAY M) 2-1 to 2-N. This feature is the different
point between the fifth example and fourth embodiments.
Similarly to the third example, instead of the addition av-
eraging process, an accumulative addition process may
be performed.

[0116] Next, the operations according to the fifth ex-
ample are described.

[0117] The operations of the A/D converters 1-1 to 1-
N are basically the same as those of the fourth embodi-
ment. However, unlike fourth embodiment, the delay ad-
justment memories 2-1 to 2-N cooperate with the addition
averaging circuits 38-1 to 38-N to perform the addition
averaging process of the receiving data.

[0118] Inthe photoacoustic tomography, whenthe S/N
ratio of the acoustic wave generated from light irradiation
to the specimen is low, there is a need to perform an
addition averaging process on the receiving signal. In the
fourth embodiment, the addition averaging circuits 38-1
to 38-N cooperate with the delay adjustment memories
2-1to 2-N to store the addition-averaging-processed re-
ceiving data in the delay adjustment memories 2-1 to 2-
N, and after that, the delay-and-sum process is per-
formed on the target voxel data. According to the em-
bodiment, the target voxel data of which S/N ratio is im-
proved can be obtained.

[0119] In the case of the photoacoustic tomography,
because of limitation to the light source, light irradiation
time needs to be set to a predetermined time or more. In
the embodiment, the formation of the photoacoustic to-
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mography receiving data is performed using the light ir-
radiation interval, thatis, the waiting time. Therefore, after
the lightirradiation is performed multiple times to perform
the addition averaging process, if the generation of all
the voxel data in the specimen region as a targetis ended
before the next light irradiation starts, the real-time char-
acteristics of the photoacoustic tomography image can-
not be lost.

[0120] In the embodiment, the memory control circuit
4 and the reconstruction memory 5 are provided in order
to process and store the target voxel data, so that all the
data in the delay adjustment memories 2-1 to 2-N need
not to be simultaneously processed by the calculation
circuit 28. Therefore, all the voxel data in the target region
can be generated in a time division manner by a minia-
turized received data processing apparatus of photoa-
coustic tomography.

[0121] Herein, the selection scheme of the delay ad-
justment memories 2-1to 2-N is not necessarily the same
as that shown in Fig. 10, but the selection scheme may
be suitably determined as needed.

[0122] In addition to the configuration, a switching cir-
cuit may be disposed between the A/D converters and
the addition averaging circuits, so that the acoustic wave
may be configured to be received while the connection
states between the A/D converters and the addition av-
eraging circuits are sequentially switched (not shown).
For example, when the total number of A/D converters
is L and the total number of addition averaging circuits
is N (L > N), the connection states between the A/D con-
verters and the addition averaging circuits are sequen-
tially switched each reception. In addition, all the A/D
converters in which the reception is to be performed are
selected, so that the processes are continuously per-
formed until the delay-and-sum process for the target
voxels is ended. Due to the switching circuit disposed
between the A/D converters and the addition averaging
circuits, the apparatus can be configured with the smaller
number of the addition averaging circuit and delay ad-
justment memories than the number of the A/D convert-
ers.

[0123] In addition to the configuration, similarly to the
second embodiment, as shown in Fig. 4, a switching cir-
cuit may be additionally disposed between the acoustic
wave detector array and the A/D converters (notshown) .
In this manner, due to the switching circuit disposed be-
tween the acoustic wave detector array and the A/D con-
verters, the apparatus can be configured with the smaller
number of the A/D converters than the number of the
acoustic wave detectors.

[0124] Accordingly, the acoustic wave may be config-
ured to be received while the connection states between
the calculation circuit 28 and the delay adjustment mem-
ories 2-1 to 2-N, the connection states between the A/D
converters and the addition averaging circuits, and the
connection states between the acoustic wave detector
array and the A/D converters are sequentially switched.
[0125] In addition, according to the aforementioned
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embodiment and examples,

an operating frequency of a circuit that can change a
processing speed of the voxel data composition can be
improved by changing an operating frequency of the con-
figuration subsequent to the A/D converters. In addition,
a plurality of the circuits are disposed in parallel, so that
the speed of generating the voxel data can be improved.
[0126] In addition, although the above description of
the embodiments is made taking into consideration three-
dimensional image reconstruction, in examples useful for
understanding the invention pixel data may be used as
the minimum constitution unit to perform two-dimension-
al image reconstruction.

[0127] While the present invention has been particu-
larly shown and described with reference to embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the scope of the
present disclosure.

[0128] While the presentinvention has been described
with reference to an embodiment it is to be understood
thatthe invention is notlimited to the disclosed exemplary
embodiments.

Claims

1. A photoacoustic tomography apparatus comprising
a light source adapted to irradiate a specimen with
light at a predetermined time followed by a waiting
time before a next irradiation, and comprising a
received data processing apparatus of photoacous-
tic tomography of receiving an acoustic wave gen-
erated by irradiating the light to the specimen and
constructing an image from an electrical signal ob-
tained from the received acoustic wave, comprising:

a plurality of electrical signal conversion means
(1-1, 1-2, ..., 1-N) that digitize received signals
from a plurality of acoustic wave detectors (54-1,
54-2, ..., 54-N) that receive the acoustic wave
originated from a three-dimensional specimen
region in processing;

a plurality of first storage means (2-1, 2-2, ..., 2-
N) that store received digital signals digitized by
the electrical signal conversion means;

voxel data composition means (3) that sequen-
tially reads the received digital signals, originat-
ed from voxels which partition the specimen re-
gion, from the plurality of the first storage means,
based on delay information of the acoustic
waves assuming that the acoustic waves reach
the respective acoustic wave detectors from the
respective voxels, and composes voxel data,
which is acoustic wave data of the respective
voxels, by performing a delay-and-sum process;
second storage means (5) that stores the voxel
data of the entire three-dimensional specimen
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region;

image construction means (9) that constructs an
image of the entire three-dimensional specimen
region based on the voxel data stored in the sec-
ond storage means; and

control means (4) that sequentially stores the
voxel data composed by the voxel data compo-
sition means in the second storage means, and
reads the stored voxel data of the entire three-
dimensional specimen region, and transmits the
voxel data to the image construction means,
wherein the photoacoustic tomography appara-
tus is adapted such that generation of the voxel
data in said entire three-dimensional specimen
region is ended before the next light irradiation
starts.

2. The received data processing apparatus of photoa-
coustic tomography according claim 1, further com-
prising:

address calculation means that calculates delay
times that are taken for the acoustic wave from
the voxels to reach the acoustic wave detectors
based on coordinates of the voxels of the spec-
imen region, and supplies addresses in which
receiving digital signals originated from the vox-
els corresponding to the delay times are stored
to the first storage means.

3. The received data processing apparatus of photoa-
coustic tomography according to any one of claims
1 to 2, further comprising:

window function weighting factor calculation
means that calculates window function weight
factors on respective receiving channels which
transmit received signals of the acoustic wave,
based on coordinates of the voxels of the spec-
imen region in processing, and applies the cal-
culated window function weighting factors to the
voxel data composition means.

4. The received data processing apparatus of photoa-
coustic tomography according to any one of claims
1 to 3, further comprising:

first signal processing means that perform a sig-
nal process including at least one of afilter proc-
ess, a logarithm compression process, a differ-
entiation process, an envelope detection proc-
ess, and a quadrature detection process on re-
spective receiving channels which transmit re-
ceived signal of the acoustic wave.

5. The received data processing apparatus of photoa-
coustic tomography according to claim 4, further
comprising:
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a first parameter calculation means that calcu-
lates an independent parameter of respective
receiving channels, and applies the parameter
to the first signal processing means.

The received data processing apparatus of photoa-
coustic tomography according to any one of claims
1to 5,

wherein a processing speed of the voxel data com-
position means is changed by changing an operating
frequency of the configuration subsequent to the
electrical signal conversion means.

The received data processing apparatus of photoa-
coustic tomography according to any one of claims
1 to 6,

wherein a plurality of the configurations subsequent
to the electrical signal conversion means are dis-
posed in parallel.

The received data processing apparatus of photoa-
coustic tomography according to any one of claims
1 to 3, further comprising:

second signal processing means that can per-
form a signal process including at least one of
a filter process, a logarithm compression proc-
ess, a differentiation process, an envelope de-
tection process, and a quadrature detection
process, on composed voxel data.

9. Thereceived data processing apparatus of photoa-

coustic tomography according to claim 6, further
comprising:

a second parameter calculation means that cal-
culates a parameter and applies the parameter
to the second signal processing means.

Patentanspriiche

1.

Fotoakustische Tomographievorrichtung mit einer
Lichtquelle, die angepasst ist, eine Probe mit Licht
zu einer vorbestimmten Zeit, auf die eine Wartezeit
vor einer nachsten Bestrahlung folgt, zu bestrahlen,
und die aufweist:

eine Verarbeitungsvorrichtung empfangener
Daten einer fotoakustischen Tomographie zum
Empfangen einer akustischen Welle, die durch
Bestrahlen der Probe mit dem Licht erzeugt
wird, und zum Konstruieren eines Bildes aus ei-
nem elektrischen Signal, das aus der empfan-
genen akustischen Welle erhalten wird, mit:

einer Vielzahl von elektrischen Signalum-
wandlungseinrichtungen (1-1, 1-2, 1-N), die
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empfangene Signale von einer Vielzahl von
akustischen  Wellendetektoren  (54-1,
54-2, ..., 54-N), die die akustische Welle,
die von einem dreidimensionalen Proben-
gebiet beim Verarbeiten ausgeht, empfan-
gen, digitalisieren;

einer Vielzahl von ersten Speichereinrich-
tungen (2-1, 2-2, ..., 2-N), die die empfan-
genen digitalen Signale, die durch die elek-
trische Signalumwandlungseinrichtungen
digitalisiert wurden, speichern;

einer Voxeldatenzusammensetzungsein-
richtung (3), die nacheinander die empfan-
genendigitalen Signale, die aus den Voxeln
hervorgehen, die das Probengebiet eintei-
len, aus der Vielzahl der ersten Speicher-
einrichtungen basierend auf einer Verzége-
rungsinformation der akustischen Wellen
unter der Annahme, dass die akustischen
Wellen die jeweiligen akustischen Wellen-
detektoren von den jeweiligen Voxeln errei-
chen, ausliest und die Voxeldaten, die akus-
tische Wellendaten der jeweiligen Voxel
sind, unter Durchfiihrung eines Verzége-
rungs- und Summierungsprozesses zu-
sammensetzt;

einer zweiten Speichereinrichtung (5), die
die Voxeldaten des ganzen dreidimensio-
nalen Probengebiets speichert;

eine Bildkonstruktionseinrichtung (9), die
ein Bild des ganzen dreidimensionalen Pro-
bengebiets basierend auf den Voxeldaten,
die in der zweiten Speichereinheit gespei-
chert sind, konstruiert; und

einer Steuerungseinrichtung (4), die se-
quenziell die Voxeldaten, die durch die
Voxeldatenzusammensetzungseinrich-
tung zusammengesetzt sind, in der zweiten
Speichereinrichtung speichert und die ge-
speicherten Voxeldaten des ganzen dreidi-
mensionalen Probengebiets liest, und die
Voxeldaten an die Bildkonstruktionseinrich-
tung Ubertragt,

wobei die fotoakustische Tomographievorrich-
tung angepasst ist, dass das Erzeugen aller Vo-
xeldaten in dem ganzen dreidimensionalen Pro-
bengebiet endet, bevor die nachste Lichtbe-
strahlung startet.

Empfangsdatenverarbeitungsvorrichtung einer foto-
akustischen Tomographie nach Anspruch 1, ferner
mit:

einer Adressberechnungseinrichtung, die Ver-
zbgerungszeiten, die von der akustischen Welle
von den Voxeln gebraucht werden, um die akus-
tischen Wellendetektoren zu erreichen, basie-
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rend auf Koordinaten der Voxel des Probenge-
biets berechnet und Adressen zur Verfligung
stellt, in denen empfangene digitale Signale, die
von den Voxeln herriihren, entsprechend der
Verzdgerungszeitin der ersten Speichereinrich-
tung speichert.

3. Empfangsdatenverarbeitungsvorrichtung einer foto-

akustischen Tomographie nach einem der Anspri-
che 1 bis 2, ferner mit:

einer Fensterfunktionsgewichtsfaktorberech-
nungseinrichtung, die Fensterfunktionsge-
wichtsfaktoren auf jeweiligen Empfangskana-
len, die empfangene Signale der akustischen
Welle Ubertragen, basierend auf Koordinaten
der Voxel des Probengebiets beim Verarbeiten
berechnet und die berechneten Fensterfunkti-
onsgewichtsfaktoren auf die Voxeldatenzusam-
mensetzungseinrichtung anwendet.

4. Empfangsdatenverarbeitungsvorrichtung einer foto-

akustischen Tomographie nach einem der Anspri-
che 1 bis 3, ferner mit:

einer ersten Signalverarbeitungseinrichtung,
die einen Signalprozess mit zumindest einem
aus einem Filterprozess, einem logarithmischen
Kompressionsprozess, einem Differenzie-
rungsprozess, einem Einhiillendenerfassungs-
prozess, und einem Quadraturerfassungspro-
zess auf jeweiligen Empfangskanalen, die ein
empfangenes Signal der akustischen Welle
Ubertragen, durchfihrt.

Empfangsdatenverarbeitungsvorrichtung einerfoto-
akustischen Tomographie nach Anspruch 4, ferner
mit:

einer ersten Parameterberechnungseinrich-
tung, die einen unabhangigen Parameter von
jeweiligen Empfangskanalen berechnet und
den Parameter auf die erste Signalverarbei-
tungseinrichtung anwendet.

Empfangsdatenverarbeitungsvorrichtung einer foto-
akustischen Tomographie nach einem der Anspri-
che 1 bis 5,

wobei eine Verarbeitungsgeschwindigkeit der
Voxeldatenzusammensetzungseinrichtung  durch
Andern einer Betriebsfrequenz der Konfiguration,
die der elektrischen Signalumwandlungseinrichtung
folgen, geédndert wird.

Empfangsdatenverarbeitungsvorrichtung einer foto-
akustischen Tomographie nach einem der Anspri-
che 1 bis 6,

wobei eine Vielzahl der Konfigurationen, die der
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elektrischen Signalumwandlungseinrichtung folgen,
parallel angeordnet sind.

Empfangsdatenverarbeitungsvorrichtung einer foto-
akustischen Tomographie nach einem der Anspri-
che 1 bis 3, ferner mit:

einer zweiten Signalverarbeitungseinrichtung,
die einen Signalprozess mit zumindest einem
aus einem Filterprozess, einem logarithmischen
Kompressionsprozess, einem Differenzie-
rungsprozess, einem Einhullendenerfassungs-
prozess, und einem Quadraturerfassungspro-
zess auf zusammengesetzten Voxeldaten
durchfiihren kann.

Empfangene Datenverarbeitungsvorrichtung einer
fotoakustischen Tomographie nach Anspruch 6, fer-
ner mit:

einer zweiten Parameterberechnungseinrich-
tung, die einen Parameter berechnet und den
Parameter auf die zweite Signalverarbeitungs-
einrichtung anwendet.

Revendications

Appareil de tomographie photo-acoustique qui com-
prend une source de lumiére adaptée pour irradier
un spécimen avec une lumiére a un moment prédé-
terminé suivi d’'un temps d’attente avant I'irradiation
suivante, et qui comprend un appareil de traitement
des données regues de tomographie photo-acous-
tique adapté pour recevoir une onde acoustique gé-
nérée enirradiantlalumiére vers le spécimen et pour
créeruneimage a partir d’'un signal électrique obtenu
a partir de 'onde acoustique regue, qui comprend :

une pluralité de moyens de conversion de si-
gnaux électriques (1-1, 1-2,..., 1-N) qui numéri-
sent les signaux regus de la part d’'une pluralité
de détecteurs dondes acoustiques (54-1,
54-2, ..., 54-N) qui regoivent 'onde acoustique
qui provient d’une zone de spécimen tridimen-
sionnelle traitée ;

une pluralité de premiers moyens de stockage
(2-1, 2-2, ..., 2-N) qui stockent les signaux nu-
mériques regus et numérisés parles moyens de
conversion de signaux électriques ;

un moyen de composition de données voxel (3)
qui lit séquentiellement les signaux numériques
regus de la part de voxels qui partitionnent la
zone de spécimen, de la pluralité de premiers
moyens de stockage, sur la base d’informations
de retard des ondes acoustiques en supposant
que les ondes acoustiques atteignentles détec-
teurs d’'ondes acoustiques respectifs depuis les
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voxels respectifs, et compose des données
voxel, qui sont les données d’onde acoustique
des voxels respectifs, en effectuant un proces-
sus de retardement et de somme ;

un second moyen de stockage (5) qui stocke les
données voxel de la totalité de la zone de spé-
cimen tridimensionnelle ;

un moyen de création d’'image (9) qui crée une
image de la totalité de la zone de spécimen tri-
dimensionnelle sur la base des données voxel
stockées dans le second moyen de stockage ; et
un moyen de commande (4) qui stocke séquen-
tiellement les données voxel composées par le
moyen de composition de données voxel dans
le second moyen de stockage, et litles données
voxel stockées de la totalité de la zone de spé-
cimen tridimensionnelle, et transmet les don-
nées voxel au moyen de création d’'image,
l'appareil de tomographie photo-acoustique
étantadapté de sorte que la génération des don-
nées voxel dans ladite totalité de la zone de spé-
cimen tridimensionnelle soit terminée avant le
début de l'irradiation suivante.

2. Appareil de traitement de données de tomographie

photo-acoustique regues selon la revendication 1,
qui comprend en outre :

un moyen de calcul d’adresse qui calcule des
retards qui sont appliqués par 'onde acoustique
qui provient des voxels pour atteindre les détec-
teurs d’'ondes acoustiques sur la base des coor-
données des voxels de la zone de spécimen, et
qui fournit les adresses auxquelles les signaux
numériques de réception qui proviennent des
voxels et qui correspondent aux retards sont
stockés dans le premier moyen de stockage.

3. Appareil de traitement de données de tomographie

photo-acoustique regues selon l'une quelconque
des revendications 1 et 2, qui comprend en outre :

un moyen de calcul de facteur de pondération
defonction de fenétrage qui calcule des facteurs
de pondération de fonction de fenétrage sur des
canaux de réception respectifs qui transmettent
les signaux recgus de I'onde acoustique, sur la
base des coordonnées des voxels de la zone
de spécimen traitée, et applique les facteurs de
pondération de fonction de fenétrage calculés
au moyen de composition de données voxel.

4. Appareil de traitement de données de tomographie

photo-acoustique regues selon I'une quelconque
des revendications 1 a 3, qui comprend en outre :

un premier moyen de traitement de signal qui
effectue un traitement de signal qui comprend
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au moins 'un d’un filtrage, d’'une compression
logarithmique, d’'une différentiation, d’'une dé-
tection d’enveloppe, et d’'une détection en qua-
drature, sur les canaux de réception respectifs
qui transmettent le signal regu de 'onde acous-
tique.

5. Appareil de traitement de données de tomographie

photo-acoustique regues selon la revendication 4,
qui comprend en outre :

un premier moyen de calcul de parametre qui
calcule un paramétre indépendant des canaux
de réception respectifs, et applique le paramétre
au premier moyen de traitement de signal.

Appareil de traitement de données de tomographie
photo-acoustique regues selon l'une quelconque
des revendications 1 a 5,

dans lequel une vitesse de traitement du moyen de
composition de données voxel est modifiée en chan-
geant une fréquence de fonctionnement de la con-
figuration située aprés le moyen de conversion de
signal électrique.

Appareil de traitement de données de tomographie
photo-acoustique regues selon l'une quelconque
des revendications 1 a 6,

dans lequel plusieurs configurations situées apres
le moyen de conversion de signal électrique sont
disposées en paralléle.

Appareil de traitement de données de tomographie
photo-acoustique regues selon l'une quelconque
des revendications 1 a 3, qui comprend en outre :

un second moyen de traitement de signal qui
peut effectuer un traitement de signal qui com-
prend au moins 'un d’unfiltrage, d’'une compres-
sion logarithmique, d’'une différentiation, d’'une
détection d’enveloppe, et d’'une détection en
quadrature, sur des données voxel composées.

9. Appareil de traitement de données de tomographie

photo-acoustique regues selon la revendication 6,
qui comprend en outre :

un second moyen de calcul de parameétre qui
calcule un paramétre et applique le paramétre
au second moyen de traitement de signal.
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