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Description

Technical Field

[0001] The present invention relates to a subject information processing apparatus that acquires information inside a
subject using an acoustic wave received from the subject.

Background Art

[0002] As a technique of acquiring image data by transmitting light or an acoustic wave (an ultrasonic wave) to the
inside of a subject, receiving an acoustic wave emitted from the subject, and converting the acoustic wave into an
electrical signal, there are an ultrasonic wave echo and a photoacoustic tomography. The ultrasonic wave echo refers
to a technique of creating an image by transmitting an ultrasonic wave that is an acoustic wave to a subject and receiving
a reflected wave. The photoacoustic tomography refers to a technique of creating an image by transmitting light energy
to the inside of a subject and an acoustic wave (typically, an ultrasonic wave) generated when the subject absorbs light
energy and so is thermally insulated and expanded. The acoustic wave generated at this time is also called a photoacoustic
wave.
[0003] The ultrasonic wave echo is generally used for a biological object in a medical field. The ultrasonic wave echo
can convert a difference of acoustic impedance inside a biological object into an image and is being spread as a diagnosis
means that is very useful in safety, convenience, and real time property. Meanwhile, the photoacoustic tomography that
transmits light energy and receives a photoacoustic wave also attracts attention due to safety or a possibility of delineating
a difference of an optical absorption coefficient of an organ.
[0004] In both the ultrasonic wave echo and the photoacoustic wave tomography, a time difference corresponding to
an attention position is conferred and added to each of signals converted into electrical signals (received signals) by a
plurality of acoustic conversion elements. By further performing a process, such as filtering, on the added signal, each
of the received signals can be converted into an image.
[0005] As described above, the ultrasonic wave echo and the photoacoustic tomography can convert a different
characteristic inside the biological object into an image, respectively. On a reception process, both techniques receive
and process the acoustic wave emitted from the biological object through a plurality of acoustic conversion elements.
For this reason, an attempt to implement both techniques in a single system in real time has been made. For example,
Patent Literature 1 discloses a system that measures the ultrasonic wave echo and the photoacoustic tomography in a
common circuit. Further, in Non Patent Literature 1, a difference of an optical absorption coefficient of an organ is detected
at the depth of about 15 mm by using an acoustic conversion element having a center frequency of 1 MHz.

Citation List

Patent Literature

[0006] PTL 1: Japanese Patent Application Laid-Open No. 2005-21380

Non Patent Literature

[0007] NPL 1: Srirang Manohar, Susanne E. Vaartjes, Johan C. G. van Hespen, Joost M. Klaase, Frank M. van den
Engh, Wiendelt Steenbergen, and Ton G. van Leeuwen, "Initial results of in vivo non-invasive cancer imaging in the
human breast using near-infrared photoacoustics", Opt. Express 15, 12277-12285 (2007)
Further, the WO 2009/154298 A1 provides an ultrasonic probe capable of forming an image without degradation even
when the frequency band of a photoacoustic wave and the frequency band of an ultrasonic wave used in ultrasonography
are separated from each other, and an inspection object imaging apparatus including the ultrasonic probe. The ultrasonic
probe includes a first array device capable of transmitting and receiving an ultrasonic wave, and a second array device
capable of receiving a photoacoustic wave. The first array device includes plural electromechanical transducers arranged
in a direction perpendicular to a scanning direction, the second array device includes plural electromechanical transducers
arranged in a two-dimensional manner, and the first array device and the second array device are provided on the same
plane and in the scanning direction.
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Summary of Invention

Technical Problem

[0008] As described above, in the reception process of the ultrasonic wave echo and the photoacoustic tomography,
a time difference corresponding to the attention position is conferred and added to a signal that has been converted into
an electrical signal using a plurality of acoustic conversion elements. Through such a process, it is possible to selectively
extract a signal of an acoustic wave that has arrived at the acoustic conversion element from the attention point.
[0009] At the time of transmitting the ultrasonic wave echo, by conferring a time difference corresponding to a target
convergence point to an electrical signal (a transmission signal) to be output to each acoustic conversion element and
transmitting the ultrasonic wave, an ultrasonic transmission beam converged to a target point or in a target direction can
be formed. As described above, in the ultrasonic wave echo, in both reception and transmission, it is possible to transmit
and receive the ultrasonic wave converged to a target point or in a target direction. For this reason, by making an attention
point or direction of transmission correspond to an attention point or direction of reception, the transmitted ultrasonic
wave energy can be utilized in efficiently imaging the inside of the subject.
[0010] Meanwhile, in the photoacoustic tomography, transmission of light energy is performed by irradiating light to
the subject. However, if the subject is a strong scatterer such as a biological object, it is very difficult to converge light
in an arbitrary position inside the subject. For this reason, in the photoacoustic tomography, the light energy transmitted
cannot be converged as in transmission of the ultrasonic wave echo, and the light energy that is scattered and spread
from the incident position becomes a transmission range.
[0011] In the case of a technique of performing the reception process by making a
transmission direction correspond to a reception direction as in the conventional ultrasonic wave echo in a situation in
which the light energy that is scattered and spread inside the subject becomes the transmission range as described
above, an area drawing attention at the time of the reception process becomes narrower than a range in which the
transmitted light energy is spread. For this reason, the transmitted light energy cannot be efficiently utilized for imaging.
[0012] If the transmitted energy cannot be efficiently utilized for imaging as described above, the signal to noise ratio
(SNR) of an image as well as the efficiency deteriorates. In order to improve the SNR of an image that gets deteriorated,
a technique of increasing light energy to transmit or increasing an attention point or direction of reception to cover the
entire transmission range may be considered. However, for example, in the case of irradiating light to the biological
object, a maximum allowable illumination is defined due to the safety reason, and thus it is difficult to increase light
energy to transmit without limitation. Further, in the case of simply increasing the number of attention points or directions
of reception, a processing circuit of a received signal increases in size.
[0013] Next, a received acoustic wave and a signal process in the ultrasonic wave echo and the photoacoustic tom-
ography will be described.
[0014] In the ultrasonic wave echo, a transmitted ultrasonic wave is reflected from an interface or a scatterer having
different acoustic impedance inside the subject. Since the ultrasonic wave gets frequency dependant attenuation while
being propagated inside the subject, the ultrasonic wave having the center frequency lower than the frequency of the
transmitted ultrasonic wave is received. For example, in imaging the inside of the subject, the ultrasonic wave having
the center frequency of about 3 MHz to 5 MHz is received in the case of observing the depth of 10 cm or more, and the
ultrasonic wave having the center frequency of about 7 MHz to 15 MHz is received in the case of observing a section
that is as shallow as 5 cm or less.
[0015] Meanwhile, in the photoacoustic tomography, a photoacoustic wave is generated from an object having a
different optical absorption coefficient. If the size of the object is large, the photoacoustic wave having the low center
frequency is generated, whereas if the size of the object is small, the photoacoustic wave having the high center frequency
is generated. In the case of objects having the same absorption coefficient, if the size of the object is large, the amplitude
of the photoacoustic wave to be generated increases, whereas if the size of the object is small, the amplitude of the
photoacoustic wave to be generated decreases. That is, since the small object generates the photoacoustic wave that
is high in center frequency and small in amplitude, it becomes difficult to propagate up to the acoustic conversion element.
For example, in the case of observing the depth of about 5 cm, the photoacoustic wave received by the photoacoustic
tomography has the center frequency of 1 MHz to 3 MHz. In the case of observing the deeper section, a signal having
a lower center frequency is received. For example, in Non Patent Literature 1, an acoustic conversion element that has
center frequency of 1 MHz is employed to observe the depth of about 1 cm to 5 cm. As described above, in the case of
imaging the same depth inside the subject by the photoacoustic tomography and the ultrasonic wave echo, the received
acoustic waves are greatly different in center frequency.
[0016] In the signal process, by performing sampling at a sampling frequency twice as high as a frequency included
in a signal to process, original information can be retained. That is, in the case of processing an ultrasonic wave signal
that includes a significant signal component up to 20 MHz, the sampling frequency of 40 MHz or more is necessary. For
example, in the case of performing an adding process on an input of 64 CH including a significant signal component up
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to 20 MHz in real time, 63 adding circuits that can perform the adding process at 40 MHz or more and a circuit having
a processing ability capable of performing the adding process of 2,520,000,000 times per second are necessary. Further,
for example, in the case of processing a photoacoustic signal of 64 CH including a significant signal component up to
3 MHz, 63 adding circuits that can perform the adding process at 6 MHz or more and the adding processing ability of
189,000,000 times per second are necessary. As described above, the adding process ability required at minimum
greatly depends on the frequency of the signal. If circuits for adding the ultrasonic wave echo signal having the high
center frequency and circuits for adding the photoacoustic signal having the low center frequency are communalized
"as is", a circuit is constituted suitable for the ultrasonic wave echo signal in which the high processing ability is required.
For this reason, when processing the photoacoustic signal in which even the lower processing ability can be used, the
process is performed more than necessary, and therefore, it is inefficient.
[0017] The inventor(s) has conducted a study and has found that the efficiency of the adding process circuit deteriorates
because the photoacoustic wave signal and the ultrasonic wave echo signal have different frequencies from each other.
For this reason, there is a need for providing a subject information processing apparatus (e.g., a biological information
processing apparatus) that can execute an efficient process according to a characteristic of a received signal by changing
an operation of a processing circuit of digital data.
[0018] Further, Patent Literature 1 does not disclose an efficient process according to a characteristic of a received
signal in a processing circuit including an adding process circuit in which an adding process is performed by an analog
circuit, and thereafter conversion to a digital signal is performed.
[0019] In light of the above-mentioned problems, it is an object of the present invention to provide a technique of
suppressing the size of a processing circuit in a subject information processing apparatus which can execute the ultrasonic
wave echo and the photoacoustic tomography.

Solution to Problem

[0020] This invention provides a subject information processing apparatus as defined in the appended claims.

Advantageous Effects of Invention

[0021] According to the present invention, in the subject information processing apparatus which can execute the
ultrasonic wave echo and the photoacoustic tomography, the size of the processing circuit can be suppressed.
[0022] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

Brief Description Of Drawings

[0023]

[Fig. 1] Fig. 1 is a system overview diagram of a first exemplary embodiment.
[Fig. 2] Fig. 2 is a diagram illustrating a processing timing of the first exemplary embodiment.
[Fig. 3] Fig. 3 illustrates diagrams illustrating an observation area of the first exemplary embodiment.
[fig.4]Fig. 4 illustrates diagrams for explaining a data read location of the first exemplary embodiment.
[fig.5]Fig. 5 is a diagram for explaining a data read location of the first exemplary embodiment.
[fig.6]Fig. 6 illustrates diagrams for explaining non-added data of the first exemplary embodiment.
[fig.7]Fig. 7 is a system overview diagram of an example useful for understanding the invention.
[fig.8]Fig. 8 is a diagram for explaining non-added data of the example useful for understanding the invention.
[fig.9]Fig. 9 illustrates diagrams for explaining a data read location of the example useful for understanding the
invention.
[fig.10]Fig. 10 is a system overview diagram of a second exemplary embodiment.
[fig.11]Fig. 11 is a diagram illustrating a timing of a switch of the second exemplary embodiment.

Description of Embodiments

[0024] Hereinafter, exemplary embodiments of a subject information processing apparatus according to the present
invention will be described in detail. Further, in the present invention, an "acoustic wave" includes ones which are called
a sonic wave, an ultrasonic wave, and a photoacoustic wave. In the following description, a "photoacoustic wave" refers
to an acoustic wave generated inside a subject by irradiating light to the inside of the subject using the photoacoustic
tomography, and an "ultrasonic wave" refers to an acoustic wave that is transmitted to the subjected and received from
the subject by an acoustic conversion element by using the an ultrasonic wave echo. A biological information processing



EP 2 536 338 B1

5

5

10

15

20

25

30

35

40

45

50

55

apparatus will be described below as a typical example of a subject information processing apparatus.

(First Exemplary Embodiment)

[0025] Fig. 1 is a diagram illustrating a system configuration of a biological information processing apparatus according
to a first exemplary embodiment of the present invention.
[0026] The present system includes a probe 001 including a plurality of acoustic conversion elements 002, a system
controller 003, a transmission function block 004, an analog-to-digital (A/D) conversion block 005, and a data memory
block 006. The present system further includes an adding block 007, a post processing block 008, an image processing
block 009, an image display device 012, a reception data controller 011, and a light source 013.
[0027] First, a timing of performing the photoacoustic tomography and the ultrasonic wave echo will be described with
reference to Fig. 2. First light irradiation is performed at a timing represented by PA-Tx1, and a photoacoustic wave
emitted from the subject is received and processed during a time period PA-Rx1. Next, an ultrasonic wave is transmitted
to the subject at timings represented by US-Tx1 to US-Tx4, and received and processed during time periods US-Rx1
to US-Rx4, respectively. Further, the next light irradiation is performed at a timing represented by PA-Tx2, and the above-
described process is repeated.
[0028] Fig. 3 illustrates diagrams schematically illustrating a range, inside the subject, acquired by one time light
irradiation and the ultrasonic wave echo of multiple times. Fig. 3A illustrates that imaging is performed on an area 301
to which light is irradiated at PA-Tx1 of Fig. 2 in a direction indicated by arrows of receiving axes represented by PA-
Rx1-1 to PA-Rx1-4. The receiving axis refers to a locus of a point on a spatial axis on which image reconstruction is
performed at the time of image reconstruction (generation of image data) for generating pixel data or voxel data and
represents a locus of an attention point that moves in a depth direction of the subject with respect to the position of the
acoustic conversion element in Fig. 3. Further, for convenience, the area 301 may be divided into areas 302 to 305 that
are in an order close to the probe 001. Fig. 3B illustrates that the US-TR1 is used as the receiving axis of the ultrasonic
wave received, during the time period US-Rx1, corresponding to the ultrasonic wave transmitted at US-Tx1 of Fig. 2,
and imaging is performed by transmission and reception of the ultrasonic wave of four times of the receiving axes from
US-TR1 to US-TR4. The area illustrated in Fig. 3A has the same width as the area illustrated in Fig. 3B. Transmission
in the ultrasonic wave echo can be converged by transmitting the ultrasonic wave having a shifted timing from the
acoustic conversion element. However, since it is difficult to converge light inside the strong scatterer, the light irradiation
area 301 has the width including a plurality of photoacoustic signal receiving axes. Further, in the present embodiment,
it is assumed that in a received signal obtained by the ultrasonic wave echo, a significant signal is included up to FUS
Hz, and in the photoacoustic wave obtained by the photoacoustic tomography, a significant signal is included up to
FPAHz. As an example, the present embodiment will be described in connection with a case where FUS is 20 MHz, and
FPA is 5 MHz. However, effects of the present invention can be obtained as long as a condition of FUS > FPA is satisfied.
[0029] In the present embodiment, the acoustic conversion element is an ultrasonic wave transmitter (an acoustic
wave transmitter) and also functions as both a first acoustic conversion element (an acoustic conversion element that
receives an ultrasonic wave) and a second acoustic conversion element (an acoustic conversion element that receives
a photoacoustic wave). The first acoustic conversion element and the second acoustic conversion element may be
separately prepared, and the present invention is not limited to the above-described example. Further, a frequency of
the ultrasonic wave transmitted by the ultrasonic wave echo is a first frequency, and a frequency of the photoacoustic
wave is a second frequency. The A/D conversion block corresponds to an A/D converter of the present invention, and
the data memory block corresponds to a data memory. Further, the adding block, the post processing block, and the
image processing block correspond to a processor that generates image data, and the reception data controller corre-
sponds to a controller.
[0030] Here, returning back to Fig. 1, an operation when performing the ultrasonic wave echo will be described in
connection with transmission at a timing represented by US-Tx1 of Fig. 2 and an operation during a time period repre-
sented by US-Rx1 as an example.
[0031] First, a transmission trigger is output from the system controller 003 to the transmission function block 004.
The transmission function block 004 calculates a delay time to be conferred to transmission for each of the acoustic
conversion elements by using the distance from each acoustic conversion element with respect to a focal position in a
direction US-TR1 for transmitting the ultrasonic wave and the velocity of sound inside the subject. A voltage signal that
is an electrical signal shifted by the delay time is transmitted to each acoustic conversion element 002. Further, in the
ultrasonic wave echo, a transmission beam for transmitting the ultrasonic wave or a reception beam of the reflected
ultrasonic wave is consistent with the receiving axis. For example, the receiving axis represented by US-TR1 of Fig. 3B
corresponds to the transmission beam and the reception beam.
[0032] The acoustic conversion element 002 converts the input voltage signal into an ultrasonic wave and transmits
the ultrasonic wave to the inside of the subject. The ultrasonic wave reflected inside the subject is received by the
acoustic conversion element 002, converted into an analog electrical signal (an analog signal), and input to the A/D
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conversion block 005. The input analog electrical signal that is derived from the ultrasonic wave is converted into digital
data (a digital signal) and transmitted to the data memory block 006. The data memory block 006 retains the input digital
data that is derived from the ultrasonic wave in a memory disposed therein.
[0033] The reception data controller 011 outputs a data read location inside the memory to the data memory block
006 based on information related to the receiving axis US-TR1 instructed from the system controller 003. The data
memory block 006 outputs data, instructed from the reception data controller 011, among retained digital data to the
adding block 007 as non-added data.
[0034] Here, data reading inside the memory will be described with reference to Fig. 5. Fig. 5 schematically illustrates
memories 401 to 405 in the data memory block 006 that correspond to the acoustic conversion elements, respectively.
In the adding block 007 of Fig. 1, 8 CH are present as an input, but for simplification, it is here illustrated that memories
corresponding to 5 CH are disposed inside the data memory block 006. Further, digital data that is early in reception
time is retained in the right of the drawing. In the drawing, data, which are instructed to output at the same timing, among
non-added data instructed from the reception data controller 011 are expressed by the same color and connected by
lines 501.
[0035] In the ultrasonic wave echo of the present embodiment, since the significant signal component is included up
to 20 MHz (FUS), the sampling frequency of 40 MHz (2 * F US) or more becomes necessary. The sampling frequency of
40 MHz corresponds to a segment, 25 nanoseconds (1/(2 * FUS), of the memories 401 to 405 in a time direction. Data
to be output from the data memory block 006 needs to be continuously read from each of the memories 401 to 405 in
the time direction without skipping. As a result, in the present embodiment, the number of pieces of data per unit time
of the non-added data on the receiving axis US-TR1 is the same value as the sampling frequency, that is, 40,000,000.
[0036] Returning back to Fig. 1, the adding block 007 multiplies the weight by each input non-added data according
to a need, adds all of the input non-added data, and outputs the added data to the post processing block 008. The post
processing block computes an envelope curve of the input data and outputs the result to the image processing block
009. The image processing block 009 performs various imaging processes such as a rearrangement or smoothing of
data appropriate for an observation area or edge emphasis on the input data and transmits the image processing result
to the image display device 012 as brightness value data. Finally, an image is displayed on the image display device 012.
[0037] Next, an operation when performing the photoacoustic tomography will be described in connection with trans-
mission at a timing represented by PA-Tx1 of Fig. 2 and an operation during a time period represented by PA-Rx1 as
an example. First, a transmission trigger is output from the system controller 003 to the transmission function block 004.
The transmission function block generates a signal for driving the light source 013, and so the light source 013 transmits
light energy to the subject. The light energy is spread to the area 301. A photoacoustic wave generated by the light
energy is received by the plurality of acoustic conversion elements 002, converted into an analog electrical signal, and
then input to the A/D conversion block 005. The A/D conversion block 005 converts the input analog electrical signal
derived from the photoacoustic wave into digital data and transmits the digital data to the data memory block 006. The
data memory block 006 retains the input digital data derived from the photoacoustic wave in a memory disposed therein.
[0038] The reception data controller 011 outputs a data read location inside the memory to the data memory block
006 based on information related to the receiving axes PA-Rx1-1, PA-Rx1-2, PA-Rx1-3, and PA-Rx1-4 instructed from
the system controller 003. The data memory block 006 outputs data, instructed from the reception data controller 011,
among retained digital data to the adding block 007 as non-added data. Here, data reading inside the memory will be
described with reference to Fig. 4. Fig. 4 schematically illustrates the memories 401 to 405 in the data memory block
006 that correspond to the individual acoustic conversion elements, respectively. Further, digital data that is early in
reception time is retained in the right of the drawing. Fig. 4A corresponds to the receiving axis PA-Rx1-1, Fig. 4B
corresponds to the receiving axis PA-Rx1-2, Fig. 4C corresponds to the receiving axis PA-Rx1-3, and Fig. 4D corresponds
to the receiving axis PA-Rx1-4. In drawings, data, which are output at the same timing (time), among non-added data
instructed from the reception data controller 011 are expressed by the same color, and data output at the same time
are connected by lines as connected by a line 410.
[0039] In the present embodiment, since the photoacoustic wave received by the photoacoustic tomography includes
the significant signal component up to 5 MHz (FPA), the sampling frequency of 10 MHz (2 * FPA) or more becomes
necessary. The present system performs sampling of 40 MHz (2 * FUS) suitable for the received signal of the ultrasonic
wave echo. For this reason, if three of four samples are skipped in the time direction inside the memories 401 to 405
and read as non-added data, processing can be performed without losing information of the signal received by the
photoacoustic tomography. For this reason, for the receiving axis of PA-Rx1-1, as illustrated in lines 410 to 413, even
if data in which three of four consecutive samples are skipped are read as the non-added data, processing can be
performed without losing information received by the photoacoustic tomography. Similarly, for the receiving axis of PA-
Rx1-2, as illustrated in lines 420 to 423, data inside the memories is read in units of four samples as the non-added
data. Further, for the receiving axis of PA-Rx1-3, as illustrated in lines 430 to 433, data inside the memories is read in
units of four samples as the non-added data. Further, for the receiving axis of PA-Rx1-4, as illustrated in lines 440 to
443, data inside the memories is read in units of four samples as the non-added data.
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[0040] As described above, in the process of the photoacoustic tomography, by reading out data while skipping in the
time direction, the number of pieces of data of the non-added data per unit time on each receiving axis becomes smaller
than the sampling frequency. That is, the number of pieces of data can become smaller than the number of pieces of
data per unit time on each receiving axis in the ultrasonic wave echo.
[0041] Next, the adding block 007 multiplies the weight by each input non-added data, adds all of the input non-added
data, and outputs the added data to the post processing block 008. The post processing block 008 computes an envelope
curve of the input data or performs a calculation expressed by the following Equation 1 and outputs the result to the
image processing block 009. Further, Sin denotes input data, Sout denotes an output, t denotes a time elapsed since
reception of the photoacoustic wave started. 

[0042] The image processing block 009 performs various imaging processes such as a rearrangement or smoothing
of data appropriate for an observation area or edge emphasis on the input data and transmits the image processing
result to the image display device 012 as brightness value data. Finally, an image is displayed on the image display
device 012.
[0043] As described above, by setting a plurality of receiving axes in the light irradiation area 301 and performing
imaging, imaging of the inside of the subject can be performed using efficiently irradiated light energy. Therefore, it is
possible to suppress the SNR of an image from deteriorating due to deterioration of the use efficiency of the light energy.
[0044] Next, the non-added data in the ultrasonic wave echo and the photoacoustic tomography will be described with
reference to Fig. 6. Fig. 6B illustrates non-added data 605 of the signal received by the ultrasonic wave echo. The non-
added data present in the right of the drawing is data that is early output from the data memory block 006. Eight segments
of the non-added data 605 in an up-down direction represent an input of 8 CH to the adding block 007 in Fig. 1. The
adding block 007 of the present embodiment is designed to process data of 8 CH as an input for every 40 MHz. That
is, the non-added data 605 in the drawing is input "as is" for every 40 MHz. That is, the number of samples per unit time
on the receiving axis US-TR1 is 40,000,000. Fig. 6A illustrates non-added data of the signal received by the photoacoustic
tomography. Non-added data 601 is non-added data related to the receiving axis PA-Rx1-1. Similarly, non-added data
602 related to the receiving axis PA-Rx1-2, non-added data 603 related to the receiving axis PA-Rx1-3, and non-added
data 604 related to the receiving axis PA-Rx1-4 are illustrated. As described above with reference to Fig. 5, in each
receiving axis, the non-added data related to each receiving axis is data read from the memory in units of four samples,
that is, data sampled at 10 MHz.
[0045] As described above, in the reception process of the ultrasonic wave echo, the number of pieces of data per
unit time of the non-added data on the receiving axis US-TR1 is 40,000,000. Further, in the reception process of the
photoacoustic tomography, the number of pieces of data per unit time of the non-added data on the receiving axes PA-
Rx1-1 to PA-Rx1-4 is 10,000,000. Therefore, the reception process of the photoacoustic tomography is smaller in number
of data per unit time than the reception process of the ultrasonic wave echo.
[0046] Here, in both the ultrasonic wave echo and the photoacoustic tomography, data of 8 CH are sequentially input
to the adding block 007 at 40 MHz. As a result, the processing circuit of the small size using efficiently the adding ability
as well as commnonalization of a circuit including the adding block 007 can be implemented.
[0047] By performing the configuration and operation of the system, the light energy irradiated to the light irradiation
area 301 can be efficiently used for imaging, and the adding ability of the adding block 007 can be efficiently used. As
a result, the SNR of an image does not deteriorate, and the ultrasonic wave echo and the photoacoustic tomography
can be processed in real time by a common circuit. Further, the system of the small-sized processing circuit can be
obtained.
[0048] Further, in the present embodiment, the adding block having the input of 8 CH has been described, but the
present invention is not limited thereto. For example, an input of multiple CH such as 64 CH, 128 CH, and 256 CH may
be implemented.
[0049] Further, in the present embodiment, transmission and reception in the ultrasonic wave echo have been described
so that the receiving axis becomes one direction on one time transmission, but the present invention is not limited thereto.
In the case of a circuit having the size capable of implementing the receiving axis process of N directions on one time
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transmission of the ultrasonic wave echo, the receiving axis of the photoacoustic tomography process can increase by
N times, and the same effects can be obtained.
[0050] Further, in the present embodiment, an example of a linear scan has been described, but even in the case of
a scan technique such as a sector scan or a convex scan, the effects can be obtained by the same processing.

(Example useful for understanding the invention)

[0051] Fig. 7 is a diagram schematically illustrating a system configuration of a biological information processing
apparatus according to an example useful for understanding the invention.
[0052] The system diagram of Fig. 7 is different from the system schematic diagram (Fig. 1) of the first exemplary
embodiment of the present system in that the reception data controller 011 is connected even to the A/D conversion
block 005. Further, the adding block 007 is a circuit having an adding ability and is expressed by a symbolS.
[0053] Timing for performing the photoacoustic tomography and the ultrasonic wave echo is the same as in the first
exemplary embodiment illustrated in Fig. 2. Even in the present example, it is assumed that in the received signal
obtained by the ultrasonic wave echo, the significant signal is included up to FUSHz, and in the photoacoustic wave
obtained by the photoacoustic tomography, the significant signal is included up to FPA Hz. As an example, the present
example will be described in connection with a case in which FUS is 20 MHz, and FPA is 5 MHz, but the effects of the
present invention can be obtained as long as a condition of FUS > FPA is satisfied.
[0054] A range inside the subject acquired one time light irradiation and the ultrasonic wave echo of multiple times is
the same as illustrated in Fig. 3. The reference numerals 302 to 305 in Fig. 3 represent a range of the depth.
[0055] A system operation at the time of imaging by the ultrasonic wave echo is the same as in the first exemplary
embodiment, and a description thereof will not be repeated.
[0056] Next, an operation when performing the photoacoustic tomography will be described. First, before transmitting
the light energy to the subject, the sampling frequency of the A/D conversion block 005 is changed by an instruction
from the reception data controller 011. In the present example, 10 MHz (2 * FPA) is described as the changed sampling
frequency. However, if the changed sampling frequency is lower than the sampling frequency at the time of acquiring
the ultrasonic wave echo and higher than the frequency twice as high as the significant signal included in the photoacoustic
wave, the effects of the present invention are obtained.
[0057] Thereafter, the light energy is transmitted from the light source 013 to the subject. The generated photoacoustic
wave is received by the plurality of acoustic conversion elements 002. The plurality of acoustic conversion elements
002 converts the photoacoustic wave into an analog electrical signal and then inputs the analog electrical signal to the
A/D conversion block 005. The A/D conversion block 005 converts the input analog electrical signal into digital data with
the changed sampling frequency of 10 MHz and transmits the digital data to the data memory block 006. The data
memory block 006 retains the input digital data in a memory disposed therein.
[0058] The reception data controller 011 outputs a data read location inside the memory to the data memory block
006 based on information related to the receiving axes PA-Rx1-1, PA-Rx1-2, PA-Rx1-3, and PA-Rx1-4 instructed from
the system controller 003. The data memory block 006 outputs data, instructed from the reception data controller 011,
among retained digital data to the adding block 007 as non-added data. Here, data reading inside the memory will be
described with reference to Fig. 9. Fig. 9 schematically illustrates the memories 401 to 405 in the data memory block
006 that correspond to the individual acoustic conversion elements, respectively. Further, digital data that is early in
reception time is retained in the right of the drawing. Since sampling is performed at 10 MHz, a signal is retained at
every 100 nanoseconds. Fig. 9A corresponds to the receiving axis PA-Rx1-1, Fig. 9B corresponds to the receiving axis
PA-Rx1-2, Fig. 9C corresponds to the receiving axis PA-Rx1-3, and Fig. 9D corresponds to the receiving axis PA-Rx1-4.
In drawings, data, which are output at the same timing (time), among non-added data instructed from the reception data
controller 011 are expressed by the same color and are connected by lines 910 to 913, lines 920 to 923, lines 930 to
933, and lines 940 to 943. Since the photoacoustic wave received by the photoacoustic tomography includes the sig-
nificant signal component up to 5 MHz (FPA), the sampling frequency of 10 MHz (2 * FPA) or more becomes necessary.
As described above, sampling is performed at 10 MHz (2 * FPA) in the A/D conversion block 005. Therefore, even if it
is output as the non-added data "as is" without skipping in the time axis direction, data of a plurality of receiving axes
can be processed without losing information.
[0059] Next, the non-added data will be described with reference to Fig. 8. Fig. 8 illustrates non-added data of the
received signal in the photoacoustic tomography. The non-added data present in the right of the drawing is data that is
early output from the data memory block 006. In Fig. 9, line numbers 910 to 943 connecting the non-added data that is
output at the same time and line represented by dotted lines in Fig. 8 represent the same data. That is, unlike a technique
of outputting data of the next receiving axis after outputting all of data of one receiving axis, data is transmitted while
sequentially changing the receiving axis.
[0060] A detailed description will be made with reference to Fig. 3. In the first exemplary embodiment, after data of
the receiving axis PA-Rx1-1 is output as the non-added data, data of the receiving axis PA-Rx1-2 is transmitted. However,
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in the present example, data of a reception area of the depth 302 of the receiving axis PA-Rx1-1 is first output. Subse-
quently, data of the reception area of the depth 302 of the receiving axis PA-Rx1-2, data of the reception area of the
depth 302 of the receiving axis PA-Rx1-3, and data of the reception area of the depth 302 of the receiving axis PA-Rx1-4
are sequentially output. Then, on the next depth, the non-added data is sequentially output starting from data of the
reception area of the depth 303 of the receiving axis PA-Rx1-1. The non-added data is sequentially output starting from
digital data related on an area closest to the acoustic conversion element among the areas inside the subject. The
reception area refers to a range defined by a predetermined distance range (a predetermined distance range in a direction
from the acoustic conversion element to the subject depth) in a certain receiving axis.
[0061] In the case of outputting the non-added data in the above-described order, after outputting the non-added data
related to the depth 302, digital data related to the depth 302 becomes unnecessary. Therefore, after outputting the non-
added data related to the depth 302, new digital data can be immediately written in the memory area. By performing
such an operation, the memory size necessary for the system can be controlled, and thus a biological information
processing apparatus can be provided at a lower cost.
[0062] An operation after inputting the output non-added data to the adding block 007 is the same as in the first
exemplary embodiment, and a description thereof will not be repeated.
[0063] By changing the sampling frequency of the A/D conversion block 005 as described above, the number of pieces
of data per unit time at the time of the photoacoustic tomography process can be smaller than the number of pieces of
data per unit time at the time of the ultrasonic wave echo process. Further, in both the ultrasonic wave echo and the
photoacoustic tomography, as data input to the adding block 007, data of 8 CH are sequentially input at 40 MHz. As a
result, not only commnonalization of the circuit including the adding block 007 but also the small-sized processing circuit
using efficiently the adding ability can be implemented. In the present example, by lowering the operational frequency
of the A/D conversion block, the noise that causes heat generation of an ADC (an analog-to-digital converter) is reduced,
and power consumption of the system is reduced. That is, a biological information processing apparatus that is high in
SNR of an image and low in power consumption can be obtained.

(Second Exemplary Embodiment)

[0064] Fig. 10 is a diagram illustrating a system configuration of a biological information processing apparatus according
to a second exemplary embodiment of the present invention.
[0065] The present system includes a first probe 017 including a plurality of first acoustic conversion elements 014,
a second probe 018 including a plurality of second acoustic conversion elements 015, a system controller 003, a trans-
mission function block 004, and an analog-to-digital (A/D) conversion block 005. The present system further includes a
data memory block 006, an adding block 007, a post processing block 008, an image processing block 009, an image
display device 012, a reception data controller 011, a light source 013, and a switch 016.
[0066] The second exemplary embodiment is the same as in the above-described exemplary embodiment except that
two kinds of probes are disposed, and a switch is added.
[0067] As described above, the center frequency of the photoacoustic wave in the photoacoustic tomography is different
from the center frequency of the reflected ultrasonic wave in the ultrasonic wave echo. Further, the acoustic conversion
element also has a receivable bandwidth and a center frequency characteristic. For this reason, an optimum acoustic
conversion element used in the photoacoustic tomography may be different from an optimum acoustic conversion
element used in the ultrasonic wave echo. For example, an acoustic conversion element using a PZT may have a center
frequency of 1 MHz or 20 MHz, and a fractional bandwidth of about 80% is implemented. Further, a CMUT using a
semiconductor technology may have a fractional bandwidth exceeding 100%. A combination of the acoustic conversion
element used in the photoacoustic tomography and the acoustic conversion element used in the ultrasonic wave echo
may depend on the observation depth of the target subject or the desired spatial resolution.
[0068] Particularly, the center frequency of the first acoustic conversion element that receives the reflected ultrasonic
wave by the ultrasonic wave echo is preferably higher than the center frequency of the second acoustic conversion
element that receives the photoacoustic wave by the photoacoustic tomography. In this case, the ultrasonic wave can
be received at high efficiency.
[0069] Therefore, the acoustic conversion element 014 of the present embodiment has a center frequency characteristic
higher than the acoustic conversion element 015. For example, the acoustic conversion element 014 has the center
frequency of 12 MHz, and the acoustic conversion element 015 has the center frequency of 3 MHz.
[0070] Since a signal processing flow of the present embodiment is the same as in the above-described exemplary
embodiment , a description thereof will not be repeated, and only an operation different from the above-described
exemplary embodiment will be described.
[0071] The switch 016 has a function of switching a connection between the acoustic conversion elements 014 and
015 and the A/D conversion block and can connect any one of the acoustic conversion elements with the A/D conversion
block. In the case of performing the photoacoustic tomography, the switch 016 operates to cause a connection with the
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acoustic conversion element 015, and in the case of performing the ultrasonic wave echo, the switch 016 operates to
cause a connection with the acoustic conversion element 014. Fig. 11 is a diagram illustrating operation timing. In the
case of transmitting light energy at a timing PA-Tx1, a state (SW1) switched to the acoustic conversion element 015 is
maintained. Thereafter, during a time period from US-Tx1 to US-Tx4 in which the ultrasonic wave echo is performed,
the switch 016 operates to maintain a state (SW2) switched to the acoustic conversion element 014.
[0072] By performing the above-described operation, a signal received in each of the photoacoustic wave and the
ultrasonic wave echo can be more efficiently converted into an analog electrical signal. Therefore, a biological information
processing apparatus that has the higher SNR and an improved image quality can be provided.

Claims

1. A subject information processing apparatus, comprising:

a plurality of first acoustic conversion elements (002, 014), each of the plurality of first acoustic conversion
elements (002, 014) being adapted to receive an acoustic wave having a first frequency that is transmitted from
an acoustic wave transmitter and reflected inside a subject, and convert the acoustic wave into a first analog
signal;
a plurality of second acoustic conversion elements (002, 015), each of the plurality of second acoustic conversion
elements (002, 015) being adapted to receive an acoustic wave having a second frequency that is generated
when light emitted from a light source is irradiated to the subject, and convert the acoustic wave into a second
analog signal;
an A/D converter (005) adapted to convert the first and second analog signal into a first and second digital signal
at a same sampling frequency;
a data memory (006) adapted to retain the first and second digital signal converted by the A/D converter (005); and
a processor (009) adapted to generate image data based on the digital signal output from the data memory,
wherein the first frequency is higher than the second frequency,
wherein the A/D converter (005) comprises channels corresponding to the first and second acoustic conversion
elements, each of the channels being inputted the first and second analog signals,
characterized in that
the data memory (006) comprises channels corresponding to the first and second acoustic conversion elements,
each of the channels being inputted the first and second digital signals outputted from the A/D converter (005), and
the data memory (006) is adapted to output the second digital signal more sparsely than the first digital signal
so that the number of samples per unit time of the second digital signal in depth direction is smaller than the
number of the samples per unit time of the first digital signal in depth direction.

2. The subject information processing apparatus according to claim 1,
wherein the plurality of first acoustic conversion elements has a function of the acoustic wave transmitter.

3. The subject information processing apparatus according to claim 1 or 2,
wherein the plurality of first acoustic conversion elements has a function of the plurality of second acoustic conversion
elements.

4. The subject information processing apparatus according to claim 1 or 2, further comprising:

a switch adapted to perform switching to perform reception using the plurality of first acoustic conversion elements
during a time period in which the acoustic wave having the first frequency is received and to perform reception
using the plurality of second acoustic conversion elements during a time period in which the acoustic wave
having the second frequency is received.

5. The subject information processing apparatus according to any one of claims 1 to 4, further comprising:

a controller adapted to sequentially change the spatial axis on the image data for each reception area defined
by a distance from the acoustic conversion element and output the digital signal from the memory.

6. The subject information processing apparatus according to claim 1, further comprising:

a controller (011) adapted to instruct the A/D converter (005) to convert the first and second analog signal into
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the first and second digital signal at a predetermined sampling frequency or instruct the data memory (006)
about a data read location inside the data memory (006).

Patentansprüche

1. Subjektinformationsverarbeitungsvorrichtung mit
einer Vielzahl erster akustischer Umwandlungselemente (002, 014), wobei die Vielzahl erster akustischer Umwand-
lungselemente (002, 014) jeweils zum Empfangen einer Akustikwelle mit einer ersten Frequenz, die von einer
Akustikwellensendeeinrichtung gesendet und in einem Subjekt reflektiert wird, und Umwandeln der Akustikwelle in
ein erstes analoges Signal eingerichtet ist,
einer Vielzahl zweiter akustischer Umwandlungselemente (002, 015), wobei die Vielzahl zweiter akustischer Um-
wandlungselemente (002, 015) jeweils zum Empfangen einer Akustikwelle mit einer zweiten Frequenz, die erzeugt
wird, wenn von einer Lichtquelle emittiertes Licht auf das Subjekt gestrahlt wird, und Umwandeln der Akustikwelle
in ein zweites analoges Signal eingerichtet ist,
einem A/D-Wandler (005) zum Umwandeln des ersten und zweiten analogen Signals in ein erstes und zweites
digitales Signal mit derselben Abtastfrequenz,
einem Datenspeicher (006) zum Aufbewahren des durch den A/D-Wandler (005) umgewandelten ersten und zweiten
digitalen Signals und
einem Prozessor (009) zur Erzeugung von Bilddaten beruhend auf dem aus dem Datenspeicher ausgegebenen
digitalen Signal,
wobei die erste Frequenz höher als die zweite Frequenz ist,
wobei der A/D-Wandler (005) den ersten und zweiten akustischen Umwandlungselementen entsprechende Kanäle
aufweist, wobei in die Kanäle jeweils die ersten und zweiten analogen Signale eingegeben werden,
dadurch gekennzeichnet, dass
der Datenspeicher (006) den ersten und zweiten akustischen Um-wandlungselementen entsprechende Kanäle
aufweist, wobei in die Kanäle jeweils die ersten und zweiten digitalen Signale eingegeben werden, die aus dem
A/D-Wandler (005) ausgegeben werden, und
der Datenspeicher (006) zur Ausgabe des zweiten digitalen Signals spärlicher als das erste digitale Signal einge-
richtet ist, sodass die Anzahl von Abtastungen des zweiten digitalen Signals pro Zeiteinheit in einer Tiefenrichtung
kleiner als die Anzahl der Abtastungen des ersten digitalen Signals pro Zeiteinheit in der Tiefenrichtung ist.

2. Subjektinformationsverarbeitungsvorrichtung nach Anspruch 1,
wobei die Vielzahl erster akustischer Umwandlungselemente eine Funktion der Akustikwellensendeeinrichtung auf-
weist.

3. Subjektinformationsverarbeitungsvorrichtung nach Anspruch 1 oder 2,
wobei die Vielzahl erster akustischer Umwandlungselemente eine Funktion der Vielzahl zweiter akustischer Um-
wandlungselemente aufweist.

4. Subjektinformationsverarbeitungsvorrichtung nach Anspruch 1 oder 2, ferner mit:

einem Schalter zur Durchführung eines Umschaltens zur Durchführung eines Empfangs unter Verwendung der
Vielzahl erster akustischer Umwandlungselemente während eines Zeitabschnitts, in dem die Akustikwelle mit
der ersten Frequenz empfangen wird, und zur Durchführung eines Empfangs unter Verwendung der Vielzahl
zweiter akustischer Umwand-lungselemente während eines Zeitabschnitts, in dem die Akustikwelle mit der
zweiten Frequenz empfangen wird.

5. Subjektinformationsverarbeitungsvorrichtung nach einem der Ansprüche 1 bis 4, ferner mit:

einer Steuereinrichtung zur sequentiellen Änderung der räumlichen Achse bei den Bilddaten für jeden Emp-
fangsbereich, der durch eine Entfernung von dem akustischen Umwandlungselement definiert ist, und Ausgabe
des digitalen Signals aus dem Speicher.

6. Subjektinformationsverarbeitungsvorrichtung nach Anspruch 1, ferner mit:

einer Steuereinrichtung (011) zur Anweisung des A/D-Wandlers (005) zum Umwandeln des ersten und zweiten
analogen Signals in das erste und zweite digitale Signal bei einer vorbestimmten Abtastfrequenz oder zur
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Instruktion des Datenspeichers (006) über einen Datenleseort in dem Datenspeicher (006).

Revendications

1. Appareil de traitement d’informations de sujet, comprenant :

une pluralité de premiers éléments de conversion acoustique (002, 014), chacun de la pluralité de premiers
éléments de conversion acoustique (002, 014) étant adapté pour recevoir une onde acoustique ayant une
première fréquence qui est transmise à partir d’un émetteur d’ondes acoustiques et réfléchie à l’intérieur d’un
sujet, et pour convertir l’onde acoustique en un premier signal analogique ;
une pluralité de deuxièmes éléments de conversion acoustique (002, 015), chacun de la pluralité de deuxièmes
éléments de conversion acoustique (002, 015) étant adapté pour recevoir une onde acoustique ayant une
deuxième fréquence qui est générée lorsqu’une lumière émise à partir d’une source de lumière est irradiée sur
le sujet, et pour convertir l’onde acoustique en un deuxième signal analogique ;
un convertisseur A/N (005) adapté pour convertir les premier et deuxième signaux analogiques en des premier
et deuxième signaux numériques à une même fréquence d’échantillonnage ;
une mémoire de données (006) adaptée pour retenir les premier et deuxième signaux numériques convertis
par le convertisseur A/N (005) ; et
un processeur (009) adapté pour générer des données d’image sur la base du signal numérique délivré en
sortie à partir de la mémoire de données,
dans lequel la première fréquence est supérieure à la deuxième fréquence,
dans lequel le convertisseur A/N (005) comprend des canaux correspondant aux premiers et deuxièmes élé-
ments de conversion acoustique, les premier et deuxième signaux analogiques étant introduits dans chacun
des canaux,
caractérisé en ce que
la mémoire de données (006) comprend des canaux correspondant aux premiers et deuxièmes éléments de
conversion acoustique, les premier et deuxième signaux numériques délivrés en sortie à partir du convertisseur
A/N (005) étant introduits dans chacun des canaux, et
la mémoire de données (006) est adaptée pour délivrer en sortie le deuxième signal numérique de manière
plus éparse que le premier signal numérique de sorte que le nombre d’échantillons par unité de temps du
deuxième signal numérique dans la direction de la profondeur soit inférieur au nombre des échantillons par
unité de temps du premier signal numérique dans la direction de la profondeur.

2. Appareil de traitement d’informations de sujet selon la revendication 1,
dans lequel la pluralité de premiers éléments de conversion acoustique a une fonction de l’émetteur d’ondes acous-
tiques.

3. Appareil de traitement d’informations de sujet selon la revendication 1 ou 2,
dans lequel la pluralité de premiers éléments de conversion acoustique a une fonction de la pluralité de deuxièmes
éléments de conversion acoustique.

4. Appareil de traitement d’informations de sujet selon la revendication 1 ou 2, comprenant en outre :

un commutateur adapté pour effectuer une commutation afin de réaliser la réception en utilisant la pluralité de
premiers éléments de conversion acoustique pendant une période de temps au cours de laquelle l’onde acous-
tique ayant la première fréquence est reçue et de réaliser la réception en utilisant la pluralité de deuxièmes
éléments de conversion acoustique pendant une période de temps au cours de laquelle l’onde acoustique ayant
la deuxième fréquence est reçue.

5. Appareil de traitement d’informations de sujet selon l’une quelconque des revendications 1 à 4, comprenant en outre :

un contrôleur adapté pour modifier successivement l’axe spatial sur les données d’image pour chaque zone
de réception définie par une distance de l’élément de conversion acoustique et pour délivrer en sortie le signal
numérique à partir de la mémoire.

6. Appareil de traitement d’informations de sujet selon la revendication 1, comprenant en outre :
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un contrôleur (011) adapté pour donner au convertisseur A/N (005) une instruction de conversion des premier
et deuxième signaux analogiques en premier et deuxième signaux numériques à une fréquence d’échantillon-
nage prédéterminée ou pour donner à la mémoire de données (006) une instruction concernant un emplacement
de lecture de données à l’intérieur de la mémoire de données (006).
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