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Description

[Technical Field]

[0001] The present invention relates to an acoustic wave imaging apparatus and an acoustic wave imaging method.

[Background Art]

[0002] An acoustic wave imaging apparatus (ultrasound wave imaging apparatus in a case of using an ultrasound
wave) which generates a three-dimensional structural image inside an object using an acoustic wave, such as an
ultrasound wave, is widely used in medical fields as an inexpensive medical image diagnostic apparatus which generates
few side effects. The performance of medical image diagnostic apparatuses improves every year due to improvements
in acoustic wave imaging technology. As one technology which further improves performance, an image reconstruction
technology using a CMP (Constrained Minimization of Power) method is under research.
[0003] The CMP method is a signal processing technology developed as one adaptive antenna technology. The CMP
method is a reception method which adaptively adjusts the directivity of reception under a constraint where a receive
gain of a radio wave coming from a desired direction must be constant, so as to constantly minimize the power of all the
received signals, including an interfering wave. According to this method, signals with a good SN ratio can be received,
since a ratio of power of an interfering wave to the reception power can be minimized.
[0004] The adaptive antenna technology is based on the assumption that an array antenna constituted by a plurality
of receiving elements is used, and the concrete calculation of the CMP method is generally as follows.
[0005] It is assumed that the received signals of n number of receiving elements of an array antenna are x[k, t] (k =
1, 2, ..., n) in a complex signal form.
[0006] It is assumed that the weights of n number of complex numbers are w[k] (k = 1, 2, ..., n).
[0007] In this case, the output s[t] of the array antenna can be given by Expression (1).
[Math. 1]

[0008] Instantaneously received power p[t] is given by Expression (2). An asterisk (*) at a right shoulder of a variable
refers to a complex conjugate.
[Math. 2] 

[0009] If the received power P used for the CMP method is defined as an integration value of the instantaneously
received power p[t] within a predetermined time, the received power P is given by Expression (3) in a vector form.
[Math. 3] 
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[0010] In Expression (3), W is a weight vector, and is given by Expression (4).
[Math. 4] 

[0011] A is a correlation matrix of an input signal, and is given by Expression (5).
[Math. 5] 

[0012] On the other hand, it is known that the constraint of the CMP method, that the signal gain from a desired
direction is constant, can be given by Expression (6) using a constraint vector C which corresponds to the desired direction.
[Math. 6] 

[0013] Here "H" on the right shoulder of the variable refers to a complex conjugate transposed matrix. Therefore if a
weight vector Wmin, which minimizes the received power P in Expression (3), is calculated using Expression (6) as the
constraint, and the calculated weight vector Wmin is substituted in Expression (1), then a received signal of the array
antenna based on the CMP method can be calculated. In actual calculation, the weight vector Wmin is obtained as
Expression (7).
[Math. 7] 
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[0014] The minimum received power Pmin is obtained as Expression (8) .
[Math. 8] 

[0015] In other words, to calculate a received signal of the array antenna using the CMP method, the following [1] to
[3] are sequentially executed.

[1] The correlation matrix A of Expression (5) is calculated using the input signal x[k, t].
[2] The weight coefficient vector Wmin in Expression (7) is calculated using the constraint vector C and the correlation
matrix A.
[3] The received signal in Expression (2) is calculated using the weight coefficient vector Wmin and the input signal
x[k, t].

[0016] If only the power of the received signals is required as a received signal, the minimum power Pmin calculated
by Expression (8) is simply used as the received signal. Then a receive signal having a good SN ratio can be obtained
with minimum influence of an interfering wave.
[0017] Non-patent Literature 1 (NPL 1) reports an example of applying the CMP method to ultrasound echo image
processing. The ultrasound echo image processing is processing for generating an image of a structure inside an object
by irradiating an ultrasound beam onto an object, and receiving ultrasound waves reflected inside the object by a plurality
of receiving elements arrayed one-dimensionally or two-dimensionally. If a probe constituted by the plurality of receiving
elements is regarded as an array antenna and the CMP method is applied to the processing of received signals, then
an improvement in performance of the ultrasound echo image processing can be expected.

[Citation List]

[Non Patent Literature]

[0018]

[NPL 1]
J.F.Synnevag, et.al. "Adaptive Beamforming Applied to Medical Ultrasound Imaging", IEEE Trans. ULTRASONICS,
FERROELECTRICS, AND FREQUENCY CONTROL, VOL.54, NO.8, AUGUST 2007
[NPL 2]
M.Karkooti, et.al. "FPGA Implementation of Matrix Inversion Using QRD-RLS Algorithm", Asilomar Conference on
Signals, Systems, and Computers, Oct. 2005, Page(s):1625-1629

[0019] Prior art which is related to this field of technology can be found in e.g. document US 2003/0065262 A1
disclosing a high resolution 3D ultrasound imaging system deploying a multi-dimensional array of sensors and
method for multi-dimensional beamforming sensor signals.

[Summary of Invention]

[Technical Problem]

[0020] Problems in the case of applying the CMP method, which is an array antenna technology, to the ultrasound
echo image processing, as shown in NPL 1, will be described.
[0021] A first problem is that the desired wave received by the array antenna is a plane wave coming from a point at
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infinity, whereas the ultrasound echo signal is a spherical wave from a point at a short distance, and the position where
the echo signal is generated changes to a more distant point as time elapses. To solve this problem, in NPL 1, phase
aligning delay processing is performed for aligning the phase of the received signal of each receiving element, before
the calculation of the CMP method is performed.
[0022] A second problem is that the intensity and direction of an interfering wave included in the ultrasound echo signal
rapidly changes as time elapses. To solve this problem, in NPL 1, the calculation of the CMP method is repeated at an
extremely short cycle.
[0023] The CMP method, which includes an inverse matrix calculation processing of the correlation matrix, is by nature
a method requiring high calculation volume. If this CMP method is applied to the ultrasound echo signal processing, the
calculation of the CMP method must be repeated at an extremely short cycle, as mentioned above, and the calculation
volume becomes enormous compared with the case of applying this method to the array antenna.
[0024] For a calculation circuit which executes inverse matrix calculation at high-speed, Non-patent Literature 2 (NPL
2), for example, discloses an example of an inverse matrix calculating circuit assuming application to an array antenna.
According to the method disclosed in NPL 2, inverse matrix calculation for a 4*4 matrix can be repeatedly executed at
a 0.13 MHz cycle using a floating point type algebraic calculating circuit.
[0025] On the other hand, in the case of the ultrasound echo image processing, calculation must be performed with
at least a 5 MHz or higher cyclic frequency in order to implement resolution required for echo images. The correlation
matrix must be at least a 6*6 matrix to 8*8 matrix size. Since the calculation volume of an inverse matrix is generaly in
proportion to the cube of the matrix size, 130 to 300 times of calculation speed compared with the conventional method
is required to calculate the inverse matrix needed for ultrasound wave echo image processing, which means that the
conventional method cannot be used.
[0026] NPL 1 however discloses nothing on a method of implementing this enormous calculation volume of the CMP
method, including the inverse matrix calculating, using a speed and apparatus scale required for practical commercial use.
[0027] As mentioned above, if the CMP method is applied to the ultrasound wave imaging processing, then improvement
of the contrast and resolution of the ultrasound image can be expected. The calculation procedure for this is also known.
But in order to apply the CMP method to regular medical diagnostic apparatuses, enormous numerical calculation
processing must be performed at high-speed, and turning this into practical use is difficult in terms of apparatus scale
and processing speed.
[0028] With the foregoing in view, it is an object of the present invention to provide a technology for processing
calculation based on the CMP method at high-speed in the acoustic wave imaging apparatus.

[Solution to Problem]

[0029] This invention provides an acoustic wave imaging apparatus and an acoustic wave imaging method according
to the

respective independent claims.

[Advantageous Effects of Invention]

[0030] According to the present invention, calculation based on the CMP method can be processed at high-speed in
the acoustic wave imaging apparatus.
[0031] 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]

[0032]

[Fig. 1]
Fig. 1 is a diagram depicting a configuration of a conventional acoustic wave imaging apparatus;
[Fig. 2]
Fig. 2 is a diagram depicting a configuration of an acoustic wave imaging apparatus of the present invention;
[Fig. 3]
Fig. 3 is a time chart of a constrained power calculating circuit;
[Fig. 4]
Fig. 4 is a diagram depicting a configuration of a complex signal acquiring circuit;
[Fig. 5]
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Fig. 5 is a diagram depicting a configuration of a complex correlation matrix calculating circuit;
[Fig. 6A]
Fig. 6A is a diagram depicting a spacial averaging processing;
[Fig. 6B]
Fig. 6B is a diagram depicting a spacial averaging processing;
[Fig. 6C]
Fig. 6C is a diagram depicting a spacial averaging processing;
[Fig. 7]
Fig. 7 is a diagram depicting a configuration of a constrained power calculating circuit;
[Fig. 8]
Fig. 8 is a diagram depicting a configuration of a QR decomposition circuit;
[Fig. 9]
Fig. 9 is a diagram depicting a configuration of a backward substitution calculating circuit;
[Fig. 10]
Fig. 10 is a diagram depicting a configuration of a QR decomposition basic calculating circuit of Example 2;
[Fig. 11]
Fig. 11 is a diagram depicting a configuration of a constrained power calculating circuit of Example 2;
[Fig. 12]
Fig. 12 is a diagram depicting a configuration of an acoustic wave imaging apparatus of Example 2;
[Fig. 13A]
Fig. 13A is a diagram depicting a configuration of a constrained power calculating circuit of Example 3;
[Fig. 13B]
Fig. 13B is a diagram depicting a configuration of a constrained power calculating circuit of Example 3;
[Fig. 13C]
Fig. 13C is a diagram depicting a configuration of a constrained power calculating circuit of Example 3;
[Fig. 14]
Fig. 14 is a diagram depicting a configuration of an acoustic wave imaging apparatus of Example 4;
[Fig. 15]
Fig. 15 is a diagram depicting a configuration of a constrained power calculating circuit of Example 4; and
[Fig. 16]
Fig. 16 is a diagram depicting a configuration of a photoacoustic wave imaging apparatus of Example 5.

[Description of Embodiments]

[0033] Embodiments of the present invention will now be described with reference to the drawings.
[0034] Fig. 1 is a diagram depicting a configuration example of a conventional acoustic wave imaging apparatus. An
ultrasound wave imaging apparatus which uses an ultrasound wave is shown here, but whether an acoustic wave is in
an ultrasound wave region or not has no influence on the essence of the technology. In Fig. 1, a plurality of ultrasound
wave transmitting/receiving elements are arrayed in an ultrasound probe 1. A transmission signal processing circuit 2
generates a transmission signal 3 based on an instruction from the CPU, which is an information processor, drives an
ultrasound transmitting/receiving element group 5 via a switch circuit 4, and transmits a pulsed ultrasound beam 6.
[0035] Ultrasound echo waves 7 emitted by the reflection of an ultrasound beam 6 is converted into electric signals
by the ultrasound wave transmitting/receiving element group 5, which are sent to a phase aligning delay circuit 8 via the
switch circuit 4. The phase aligning delay circuit 8 adjusts the delay time so that the arrival timings of echo signals from
a same point P are aligned. The signals which were generated by the ultrasound echo waves from the same point P,
and obtained and phase-aligned by the phase aligning delay circuit, become the power calculation targets in a one time
processing. A totaling circuit 9 adds all the processing target signals of which arrival timings are aligned, and generates
a strong received signal focused on the point P. The point P, from which signals are received by the receiving elements,
moves to be more distant on an ultrasound beam path as time elapses, therefore if the delay time of the phase aligning
delay circuit 8 is updated appropriately as time elapses, the strong echo received signal focusing on all the points on
the ultrasound beam path can be generated in real-time. In this case, interfering waves from locations other than the
focus position are attenuated by totaling since the respective delay time values are all different, and the signals generated
by the ultrasound echo wave on the ultrasound beam path are obtained as a one-line received signal.
[0036] The one-line received signal which is output by the totaling circuit 9 is converted into an echo intensity waveform
by an envelope detecting circuit 10, then the information thereof is compressed by a LOG conversion circuit 11, and
transferred to a CPU. The CPU collects the echo intensity waveform on each ultrasound beam path while appropriately
instructing a position and a direction of transmitting an ultrasound beam, creates echo image data based on this echo
intensity waveforms, and has a display apparatus 12 display the image.
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[Example 1]

[0037] Fig. 2 is a diagram depicting a configuration of an acoustic wave imaging apparatus of this example. A difference
of the acoustic wave imaging apparatus, to which the CMP method is applied, is different compared with a conventional
apparatus in a received signal processing circuit portion from the phase aligning delay circuit 8 to the CPU. This different
circuit portion is a circuit group for calculating the constrained minimum power value Pmin given by Expression (8) in
real-time for the received signals of which arrival timings are aligned by the phase aligning delay circuit 8 (that is, phase-
aligned received signals).
[0038] A complex signal acquiring circuit 21 is a circuit for converting each received signal into a complex signal x[k,
t]. In the processing to convert an input signal (the phase-aligned received signal) into a complex signal, the input signal
is regarded as a real part, and a signal of which phase is shifted 90 degree from that of the input signal is generated
and regarded as an imaginary part. The 90 degree phase shifted signal can be generated by standard FIR filter processing,
as mentioned later, therefore the complex signal acquiring circuit can be implemented easily as a real-time circuit.
[0039] A complex correlation matrix calculating circuit 22 is a calculating circuit for calculating a correlation matrix A
given by Expression (5) from the complex signal x[k, t], to acquire correlation matrix data. Each element of the correlation
matrix can be calculated by products between each signal and cumulative addition within a predetermined time interval,
as Expression (5) clearly shows. Therefore the real-time calculation can be easily implemented if a multiplication circuit
and a cumulative addition circuit are combined for each element. As a result, the complex correlation matrix calculating
circuit 22 can sequentially output one correlation matrix for each time interval Tm at which the cumulative processing is
executed, as A[1], A[2], A[3] ....
[0040] The correlation matrix, which is sequentially output by the complex correlation matrix calculating circuit 22, is
sequentially and cyclically stored in a plurality of storage circuits: 23a, 23b, 23c and 23d. A plurality of constrained electric
power calculating circuits 24a, 24b, 24c and 24d calculate the constrained minimum power values given by Expression
(8) in parallel, using the stored correlation matrix and predetermined constraint vector C.
[0041] Fig. 3 is a concrete time chart of the operations of the constrained electric power calculating circuits 24a, 24b,
24c and 24d. As Fig. 3 shows, the four storage circuits, 23a, 23b, 23c and 23d sequentially and cyclically input and store
the correlation matrix data which is input from the correlation matrix calculating circuit in the previous stage at cycle Tm.
While the next correlation matrix data is input to a same storage circuit, each constrained electric power calculating
circuit 24a, 24b, 24c and 24d calculates the minimum electric power value, and outputs the result. Then even if the
constrained electric power calculating circuit requires a processing time that is four times that of the correlation matrix
generation time Tm, the entire processing, from signal input to electric power calculation (electric power calculating
processing Tp), can be executed in real-time. The required number of processings N that is/are executed in parallel by
the constrained minimum power calculating circuit 24 must satisfy N >= Tp/Tm.
[0042] The phase aligning delay circuit corresponds to the phase aligning unit of the present invention. The complex
signal acquiring circuit corresponds to the complex signal acquiring unit of the present invention. The complex correlation
matrix calculating circuit corresponds to the complex correlation matrix calculating unit. The constrained electric power
calculating circuit corresponds to the electric power calculating unit of the present invention. The CPU, which is an
information processing unit, creates image data based on calculated electric power, in other words, the CPU plays a
function of image creating unit of the present invention.
[0043] Generally speaking, the constrained minimum power calculation is processing which takes time due to such
processing as inverse matrix processing, but it is obvious that the entire processing, from the signal input to electric
power calculation, can be executed in real-time if a required number of circuits are provided for parallel calculation. If a
minimum electric power value calculated in real-time like this is transferred to the CPU, and the CPU reconstructs an
echo image and displays it on the display apparatus 12, then an acoustic wave imaging apparatus based on the CMP
method can be implemented at a commercially feasible processing speed.
[0044] A concrete example of each processing block will now be described, so as to show that each processing block
can be implemented at a commercially feasible scale.
[0045] Fig. 4 is a diagram depicting a concrete configuration of the complex signal acquiring circuit 21. In a processing
for complexifying a digital input signal constituted by a series of real values, the input signal is regarded as a real part,
and a signal of which phase is shifted 90 degree from that of the input signal is calculated and regarded as an imaginary
part, as mentioned above. The processing for generating a signal of which phase is shifted 90 degree from an input
signal can be easily implemented by an FIR filter, which has an odd number of taps and odd symmetry coefficients
according to a filter theory. A band pass filter, which is an FIR filter having an odd number of taps and odd symmetry
coefficients and of which gain characteristic is "1" in a predetermined frequency region, can be implemented by a filter
of which even number coefficient is "0".
[0046] In Fig. 4, 33a, 33b, 33c, ... are shift registers which shift and hold the digital signals x[k, t]; (t = 0, 1, 2, ...) being
input according to a reference clock. 31a, 31b, 31c, ... are registers for storing coefficients of the FIR filter, 32a, 32b,
32c, ... are multiplication circuits which multiply a coefficient and input signal, and 34 is an addition circuit. As mentioned
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above, among the coefficients of the FIR filter to be implemented, a coefficient in an even number place from the center
is "0", so the imaginary part Im[x[k,t]] of an output signal can be calculated by adding the results of multiplying each input
signal and coefficient, excluding the coefficient "0" portions. For the output Re[x[k, t]] of the real part, an input signal is
delayed for the amount of delay of the calculation of the imaginary part due to the filter, and outputs the result. Then the
input signal x[k, t], which is input as a series of real numbers, can be converted into a new complex signal x[k, t], and output.
[0047] Fig. 5 is a diagram depicting a concrete configuration of the complex correlation matrix calculating circuit 22.
In Fig. 5, x[1, t], x[2, t], x[3, t] and x[4, t] are four receive signals converted into complex signals, and in Fig. 5, only the
upper triangular elements of the 4*4 matrix are calculated. As the calculation of Expression (5) shows, j*i elements and
i*j elements are in a complex conjugate relationship in the correlation matrix, therefore it is sufficient if only ten upper
triangular elements, including diagonal elements, are calculated.
[0048] To calculate each element of the correlation matrix, each signal to be input as shown in Fig. 5 is multiplied in
each combination, and the result is cumulatively added within a predetermined time range. For example, the multiplier
51 multiplies an input x[1, t] by a complex conjugate of x[1, t], and the result is cumulatively added by an adder 53 and
a cumulative register 52.
[0049] In other words, in the beginning of the cumulative addition, a selection circuit 54 selects a "0" signal, and directly
sets the output of a multiplication circuit 54 in the cumulative register 52. While the cumulative addition continues, the
selection circuit 54 adds the output of the multiplication circuit 51 so as to select the content of the cumulative register
52, and sets the result in the cumulative register 52 again. The cumulatively calculated result is transferred to an output
register 55 in the beginning of the next cumulative addition. For the other elements of the correlation matrix as well,
similar processing is performed whereby each element of the correlation matrix is calculated and output in a predetermined
cycle. A number of multipliers to be required increases in proportion to a square of a number of input signals, but even
an FPGA, which is a simplified LSI, encloses 1000 or more multipliers, so one FPGA is sufficient to implement this
calculation by coming up with ordinary technical ideas, such as increasing the speed of a calculation clock.
[0050] The calculated correlation matrix can be directly used for calculating the constrained minimum power, but in
order to stabilize the calculation result, it is preferable to perform spatial averaging processing, as shown in Fig. 6, on
a calculated correlation matrix, so as to convert to a reduced correlation matrix. Fig. 6A is a diagram depicting a spatial
averaging processing for creating a corrected 5*5 correlation matrix from an 8*8 correlation matrix. The spatial averaging
processing is a processing for extracting a K*K partial matrix from an L*L matrix in a diagonal direction, as shown in Fig.
6A, and adding the extracted matrices to calculate a K*K correlation matrix.
[0051] Fig. 6B is a diagram depicting a concrete configuration of a circuit for performing the spatial averaging processing
in real-time. Each element a[0, 0], a[0, 1], ... of a correlation matrix A to be input is output in parallel from the complex
correlation matrix calculating circuit 22 in Fig. 5. Therefore the spatial averaging processing requires only selecting the
necessary matrix elements a[0, 0], a[1, 1], a[2, 2] and a[3, 3], adding these elements by the addition circuit 56, and
setting the addition result in the output register 57 as the upper left circuit in Fig. 6B shows. In Fig. 6B, the circuit group
on the left side is circuit examples for calculating diagonal elements. For a diagonal element, an infinitesimal positive
number epsilon is also added to stabilize the inverse matrix calculation by guaranteeing the existence of an inverse
matrix. The right side of Fig. 6B shows calculation circuit examples for elements excluding the diagonal elements. If the
spatial averaging processing was performed, the result of the spatial averaging processing becomes a new complex
correlation matrix, and is used for the subsequent processing.
[0052] Fig. 6C shows the elements of the input matrix required for the spatial averaging processing. It is sufficient that
the input correlation matrix has the elements of the upper triangular portion, as mentioned above, but the calculation of
elements which are not used for the spatial averaging processing can also be omitted. In this case, the matrix elements
to be calculated in the complex correlation matrix in the previous stage is only the shaded portion in Fig. 6C, and the
circuit scale can be further reduced by the spatial averaging processing.
[0053] Fig. 7 is a diagram depicting a concrete configuration of the constrained electric power calculation circuit. The
calculation of the constrained minimum power is a processing for calculating the minimum receiving electric power Pmin
given by Expression (8) using a correlation matrix A calculated in the previous stage and a predetermined constraint
vector C.
[0054] The calculation of Expression (8) can be divided into a step given by Expression (9) and a step given by
Expression (10) because of the form of the expression.
[0055] Expression (9) shows a step of calculating the solution Y of the simultaneous linear equations.
[Math. 9] 

[0056] Expression (10) shows a step of calculating a reciprocal number of the inner product of Y and the constraint
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vector C.
[Math. 10] 

[0057] The calculation processing for determining the solution Y of the simultaneous linear equations (9) can be further
divided into a QR decomposition processing for converting the coefficient matrix A into an upper triangular matrix, and
a backward substitution processing for solving the simultaneous linear equations of which coefficient is an upper triangular
matrix.
[0058] In the QR decomposition processing, Expression (11), which is simultaneous linear equations denoted by
developing Expression (9) into elements.
[Math. 11] 

[0059] Then Expression (11) is multiplied by an appropriate rotational matrix from the left side, so as to be converted
into simultaneous linear equations of which coefficient is the upper triangular matrix given by Expression (12).
[Math. 12] 

[0060] The backward substitution processing is a processing for calculating the Y vector, which is the solution of
Expression (12), according to the backward substitution procedure given by Expression (13).
[Math. 13] 
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[0061] Fig. 7 is a diagram depicting a concrete configuration of one constrained electric power calculating circuit 24a
separated according to the above mentioned steps. In other words, a QR decomposition calculating circuit 62a inputs
the correlation matrix A stored in the storage circuit 23a in the previous stage as the coefficient matrix of Expression
(11), calculates the elements of the upper triangular matrix and constant terms given by Expression (12), and outputs
the result to a coefficient storage circuit 63a. Based on the elements and constant terms of the upper triangular matrix
stored in the coefficient storage circuit 63a, a backward substitution calculating circuit 64a determines a solution vector
Y of the simultaneous linear equations (11) according to the calculation procedure of Expression (13), and outputs the
result.
[0062] A product sum calculating circuit 65a is a circuit for calculating a denomination of the right hand side of Expression
(10) as an inner product of the constraint vector C and the solution vector Y, and outputs a reciprocal number of the
constrained minimum power Pmin, which is a result of the inner product. The calculated reciprocal number of Pmin may
be directly transferred to the CPU. In many cases the density values of an echo image are used by performing LOG
conversion on an electric power value, therefore, according to the present embodiment, a LOG conversion circuit 66a
in the subsequent stage performs LOG conversion on the reciprocal number of the calculated power value, and transfers
the result to the CPU accordingly. The LOG converted value of the reciprocal number is mathematically the same as
the converted value, of which sign is inverted, hence this procedure does generate any problems.
[0063] For a concrete calculation procedure for the QR decomposition, many numerical value calculation algorithms,
including a Gaussian elimination method and Givens Rotation, are known, and it is technically possible to implement
this calculation procedure using digital circuits. For the backward substitution processing as well, digital circuits can be
designed according to the calculation procedure of Expression (13). Therefore the constrained minimum power calculation
can be implemented by digital circuits.
[0064] Fig. 8 is a diagram depicting a concrete configuration for implementing the QR decomposition circuit 62a as a
relatively compact circuit. For the QR decomposition processing, a procedure to erase "0" in one of the lower left matrix
elements is repeated so as to clear "0" in all the lower left elements in the above mentioned Gaussian elimination method
or Givens Rotation. Hence a calculation procedure to clear "0" in one element, or one calculation procedure when the
above calculation procedure is decomposed into smaller basic calculation steps, is implemented as a QR decomposition
basic calculating circuit, and is repeatedly executed in a micro-program format while switching the input data. Thereby
the QR decomposition calculation circuit can be implemented as relatively compact circuit.
[0065] The QR decomposition circuit 62a in Fig. 8 is an embodiment based on this concept. In Fig. 8, a QR decom-
position basic calculating circuit 70a executes basic computation. The QR decomposition basic calculating circuit 70a
repeats inputting the elements of the correlation matrix A stored in the input storage circuit 23a and an intermediate
result stored in an intermediate storage circuit 71a, and outputting the calculation result back to the intermediate storage
circuit 71a or the coefficient storage circuit 63a. The lower portion in Fig. 8 is a micro-program portion for controlling this
calculation procedure. Each time a micro-program counter 72a is incremented, a micro-program code, of which address
is a value of the micro-program counter 72a, is read from a micro-program memory 73a to a command register 74a.
Based on the content of the command register 74a, an operation timing and an address of each storage circuit and the
calculation function of the QR decomposition basic calculating circuit 70a are controlled.
[0066] In the circuit having this configuration, the QR decomposition calculating processing can be executed at a
predetermined interval, if the micro-program counter 72a is started from the initial value every time a new correlation
matrix data is input from the previous stage.
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[0067] Fig. 9 is a diagram depicting another concrete configuration of the backward substitution calculating circuit 64a.
The backward substitution calculating circuit 64a can be implemented using an exact same control circuit method as
the QR decomposition calculating circuit 62a by extracting the basic calculation functions of Expression (13) and imple-
menting these functions as a backward substitution basic calculating circuit 75a. By constructing the QR decomposition
calculating circuit and the backward substitution calculating circuits, which require large volume calculation, as the
calculating circuits controlled by a micro-program like this, the circuit scale of the entire apparatus can be downsized to
a commercially feasible scale.

[Example 2]

[0068] In this example, a case of constructing the QR decomposition basic calculating circuit 70a in Fig. 8 as a pipeline
type calculating circuit, which is suitable for high-speed calculation, will be described. Fig. 10 is a diagram depicting this
QR decomposition basic calculating circuit 70a. A pipeline type circuit is comprised of registers 81a1, 81a2, 81a3, ...,
81an array tandem, and calculation circuits 82a1, 82a2, 82a3, ..., 82an. The data being set in the input register 81a is
sequentially shifted to the subsequent registers 81a2, 81a3, ... according to the basic clock. Calculation processing is
performed on the shifted data gradually by the calculating circuits 82a1, 82a2, 82a3, ..., 82an at every time shift, and
the input data is converted into the final result when processing reaches the register 81an in the final stage.
[0069] If a circuit having this configuration is used, different input data can be set at each clock, hence a complicated
calculation processing can be executed at high-speed of 1 calculation/clock, although it takes time to reach the final result.
[0070] In order to design the QR decomposition circuit according to a Givens Rotation algorithm, many vector rotation
calculations must be processed at high-speed. The vector rotation calculation is normally a complicated calculation
involving square roots and multiplication. Therefore if an algorithm known as a CORDIC algorithm is used, this vector
rotation calculation can be executed by repeating simple integer type calculations comprised of shift operations and
additions/subtractions, and can be easily implemented using the above mentioned pipeline type circuit. As a conse-
quence, if the CORDIC algorithm implemented by the pipeline type circuit is used as the basic circuit of the QR decom-
position processing, both an increase in speed and decrease in size of the circuit can be easily implemented.
[0071] In the case of the pipeline type circuit however, it takes n clocks to obtain a calculation result of one input data.
Therefore in the case of the QR decomposition processing and the backward substitution processing in which a calculation
result is used for the calculation in the next step, the input of the next calculation data delays, and calculation efficiency
drops. In order to avoid this problem, calculations for a plurality of correlation matrices A[1], A[2] and A[3] are executed
in parallel in one pipeline type processing circuit 70a in the example in Fig. 10.
[0072] In other words, when the correlation matrices A[1], A[2] and A[3] are calculated, calculation data which is ready
is set with priority in the input register 81a1 of the pipeline calculating circuit, then the operating ratio of the pipeline
calculating circuit can be improved. If a number of correlation matrices to be calculated in parallel is appropriately
selected, the pipeline calculating circuit can be constructed to execute the basic calculation in about 1 clock time on
average, hence a circuit of both an even smaller size and faster speed can be implemented using this circuit type.
[0073] For example, a number of times of vector rotation calculations required for the QR decomposition is approxi-
mately 90 when the size of the correlation matrix A is 6*6. As mentioned above, if the vector rotation calculation is
implemented using the pipeline type circuit based on the CORDIC algorithm, the net calculation time is 90 clocks.
However, queuing is generated because one calculation result is used for the next calculation, and the actual calculation
time dramatically increases to about 800 clocks. In this case, the operating ratio of the pipeline circuit is approximately
11%, which is very low. If eight correlation matrices are calculated in parallel, the operating ratio of the pipeline circuit
improves to about 86%, and the processing time required for the QR decomposition of eight correlation matrices can
be within about 960 clocks.
[0074] The basic circuit of the CORDIC algorithm, which is a simple circuit comprised of a shift and integer type
addition/substraction, can be driven with 200 MHz or higher basic clocks, even if an FPGA, which is a simplified LSI, is
used. In the case of driving the basic circuit at 200 MHz, in order to implement a 5 MHz or faster calculation cycle which
is required for acoustic wave echo image processing, it is sufficient if the calculation time for one correlation matrix is
kept to within 40 clocks. According to the above mentioned circuit configuration, the QR decomposition time required
for one correlation matrix is 120 clocks, hence if the above mentioned three circuits are disposed and driven in parallel,
the QR decomposition time for one correlation matrix can be 40 clocks, and a 5 MHz or higher calculation cycle can be
implemented.
[0075] If the size of the correlation matrix A is 8*8, a required calculation volume is about double that of the case of a
6*6 matrix, then a 5 MHz or higher calculation cycle can be implemented if six of the above mentioned circuits are
disposed. This level of circuit scale can be easily packaged in one FPGA, and an even smaller size and faster speed of
the circuit can be implemented, as mentioned above.
[0076] This circuit system can also be applied to a backward substitution basic calculating circuit in the same way. In
other words, the backward substitution basic calculating circuit is implemented as a pipeline type circuit system, and the
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backward substitution processing is executed for a plurality of matrices in parallel, then both smaller size and faster
speed can be implemented in the backward substitution calculating circuit as well. As described above, if at least one
of the QR decomposition processing and the backward substitution processing is calculated by the pipeline system, the
processing speed can be faster.
[0077] Fig. 11 is a diagram depicting another configuration of the storage circuit 23a and the constrained electric power
calculating circuit 24a based on the above mentioned concept. In the storage circuit 23a, a plurality of correlation matrices
91a1, 91a2, ... are stored, and calculations on the stored plurality of correlation matrices are executed in parallel in one
QR decomposition calculating circuit 62a. The calculated results are stored in the coefficient storage circuit 63a as
coefficient matrices 92a1, 92a2, ..., and the backward substitution calculating circuit 64a executes the backward sub-
stitution calculation on the plurality of coefficient matrices 92a1, 92a2, ... in parallel.
[0078] Fig. 12 is a diagram depicting a configuration of an acoustic wave imaging apparatus using the storage circuit
and the constrained electric power calculating circuit shown in Fig. 11. In Fig. 12, 23a, 23b, ... are the storage circuits
which store a plurality of correlation matrices respectively. 62a, 62b, ... are the QR decomposition circuits which perform
QR decomposition in parallel on the plurality of correlation matrices stored in the storage circuits 23a, 23b, ... respectively.
93 is a distribution circuit which distributes and stores the coefficient matrices, which are sequentially output from each
QR decomposition circuit, into the coefficient storage circuits 63a, 63b, .... 64a, 64b ... are the backward substitution
calculating circuits which execute the backward substitution calculation in parallel on a plurality of coefficient matrices
stored in the coefficient storage circuits 63a, 63b, ... respectively. 65a is a product sum calculating circuit which calculates
an inner product of a solution vector Y of simultaneous linear equations, which are sequentially output from the backward
substitution calculating circuits and a predetermined constraint vector. 66a is a LOG conversion circuit which performs
LOG conversion on the output of the product sum calculation circuit, transferring the result to the CPU.
[0079] By using the above mentioned configuration, the constrained electric power calculating circuit can select an
optimum number of calculations to be executed in parallel for each calculation step. Critical here is that a plurality of
matrices are calculated in parallel so that an effective constrained electric power calculation time for one matrix becomes
a correlation matrix generation cycle or less, whereby an echo image signal based on the CMP method is generated
almost at the same time as acoustic wave echo signal reception. As long as this condition is satisfied, various circuit
configurations are possible. By each calculation circuit having such a configuration, the apparatus can be implemented
with a commercially feasible circuit scale.

[Example 3]

[0080] In the present example, an acoustic wave imaging apparatus, of which constrained electric power calculating
circuit has a different configuration from those of the above examples, will be described. Fig. 13 are diagrams depicting
configurations of the constrained electric power calculating circuit of this example. The constrained minimum power
calculation can be separated into and constituted by the QR decomposition, backward substitution, product sum calcu-
lation and LOG conversion, as mentioned above. Among each circuit separated like this, QR decomposition requires
the highest calculation volume, the backward substitution calculation circuit requires the second highest calculation
volume, and the product sum calculation and LOG conversion circuits require relatively low calculation volumes. Therefore
in order to decrease the overall amount of circuits, the CPU shares the calculation in the post-stages where the calculation
volume is low.
[0081] Fig. 13A shows an example of the CPU sharing only the LOG conversion processing 66a, Fig. 13B shows an
example of the CPU sharing the product sum calculation 65a and the LOG conversion 66a, and Fig. 13C shows an
example of the CPU sharing all the calculations in the backward substitution 64a and later stages. In these examples,
the CPU shares a part of the constrained minimum power calculation, but most of the calculation volume of the constrained
minimum power calculation is that of the QR decomposition calculation 62a. In order to execute the QR decomposition
calculation 62a at high-speed, it is important to calculate a plurality of correlation matrices in parallel, as the present
invention discloses. If a part of the processing of which calculation volume is low is executed by software processing in
the CPU, a circuit resource can be allocated to the processing of which calculation volume is high, and the processing
speed can be increased.

[Example 4]

[0082] In this example, a case when the calculation procedure of the constrained minimum power is different from the
above examples will be described. Fig. 14 shows an example of an apparatus which does not calculate the constrained
minimum power directly by Expression (8), but calculates an optimum weight vector Wmin first using Expression (7),
then calculates the constrained minimum power as an inner product of the calculated weight vector Wmin and an input
signal vector X. In this case, complex input signals 94, which are output from complex signal acquiring circuits 21, are
input to each constrained electric power calculating circuit, since the constrained power calculating circuits 24a, 24b, ...
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calculate the inner products of an optimum weight vector Wmin and the complex input signals.
[0083] Fig. 15 is a diagram depicting a concrete configuration of the constrained electric power calculating circuit 24a
of this example. In Fig. 15, the backward substitution calculating circuit 64a outputs the solution Y of the simultaneous
linear equations (9), and is given by Expression (14) .
[Math. 14] 

[0084] Therefore, if the product sum calculating circuit 96a could calculate the inner product of the complex input signal
(X) 94, of which time was adjusted by the delay circuit 95a, and Y, as shown in Fig. 15, then the numerator of Expression
(15), which is an expression to calculate the constrained minimum power, can be calculated.
[Math. 15] 

[0085] Since the denominator of Expression (15) is calculated by the product sum calculation circuit 65a, the LOG
conversion value of the constrained minimum power of Expression (15) can be calculated by the LOG conversion circuits
97a and 66a performing LOG conversion on the numerator and the denominator respectively, and the difference circuit
98a determining a difference of the respective results. By this operation, the constrained minimum power at each timing
can be calculated at a cycle faster than the cycle of calculating the correlation matrix, and as a result, a resolution of an
output echo image can be improved.

[Example 5]

[0086] In this example, a case of an acoustic wave imaging apparatus, of which acoustic wave to be received is a
photoacoustic wave, will be described. Fig. 16 is an example of a photoacoustic imaging apparatus in which the CMP
method is applied to the processing of photoacoustic signals. In Fig. 16, a light source 101 irradiates an electromagnetic
wave into an object based on an instruction from the CPU. Each inspection target substance existing in the object
absorbs the irradiated electromagnetic wave, and simultaneously generates photoacoustic waves by thermal expansion.
An acoustic wave receiving element group 106 converts the arrived acoustic waves into electric signals, and transmits
the electric signals to a phase aligning delay circuit 8 via a selection circuit 105.
[0087] Here if an arbitrary scanning line 104 is defined inside the object, and only a photoacoustic wave generated
on the scanning line 104 is focused on, a generation position P of the photoacoustic wave 102, to be received by the
acoustic wave receiving element group 106, moves as time elapses, from a close position to a distant position on the
scanning line 104. Hence if a delay time in the phase aligning delay circuit 8 is appropriately changed according to the
receive time, then the phase aligning delay circuit 8 can output the photoacoustic wave signals generated at all the
points on one scanning line 104 as phase-aligned signals.
[0088] These signals are exactly the same as the signals generated by performing the phase aligning delay operation
on echo signals obtained by transmitting an acoustic wave beam in the scanning line 104 direction, therefore a photoa-
coustic signal intensity waveform can be calculated based on the CMP method, using the circuit configuration in Fig.
16, which is exactly the same as that in the case of receiving the echo signals. As a consequence a photoacoustic image
of the entire surface inside the object can be generated by repeating irradiation of the electromagnetic waves and
reception of the photoacoustic waves, while moving the position of the scanning line.
[0089] It is also possible to dispose a storage circuit 103 for storing received signals as shown in Fig. 16, so that the
received signals by the first electromagnetic wave irradiation are stored in the storage circuit 103, and signals read from
the storage circuit 103 are used as the received signals for the second or later electromagnetic wave irradiation. By this
configuration, a number of times of electromagnetic wave irradiation can be dramatically decreased, since the same
received signals are used every time as long as the positions of the light source 101 and the acoustic wave receiving
element group 106 are unchanged, and as a result, an efficient apparatus can be implemented.
[0090] The present invention is based on the assumption that the constrained minimum power values defined by
Expression (1) to Expression (8) are calculated, but the exact same calculation can be performed, for example, by
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performing linear conversion on n number of received signals, and using these signals as newly received signals.
According to the present invention, even if various modifications are performed on the received signals, the power P
can be defined as a quadratic form based on Hermitian matrix A, using the form of Expression (16) or similar form which
does not affect the calculation result.
[Math. 16] 

[0091] The present invention is applicable just the same for any problem to determine a solution to minimize the electric
power given by Expression (16) under the constraint given by Expression (6).
[0092] While the present invention has been described with reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary embodiments but by the scope of the following claims.

Claims

1. An acoustic wave imaging apparatus, comprising:

a plurality of acoustic wave receiving elements (5) each adapted to receive an acoustic wave (7) emitted from
an object, and to convert the acoustic wave into a received signal;
a phase aligning unit (8) adapted to align phases of a plurality of received signals obtained from the plurality of
acoustic wave receiving elements;
a complex signal acquiring unit (21) adapted to generate complex signals out of the phase-aligned received
signals obtained by the phase aligning unit (8) and to acquire a plurality of complex signals;
a correlation matrix calculating unit (22) adapted to calculate a correlation matrix of the plurality of complex
signals; and
an electric power calculating unit (24) adapted to calculate constrained minimum power of the received signals,
using the correlation matrix and a predetermined constraint vector,
characterized in that
the correlation matrix calculating unit (22) is adapted to calculate the correlation matrix at a predetermined cycle,
and to sequentially output the calculated correlation matrix to the electric power calculating unit (24), and
the electric power calculating unit (24) is adapted to calculate a plurality of constrained minimum powers in
parallel by use of the output correlation matrices, the plurality of constrained minimum powers are corresponding
to the output correlation matrices respectively.

2. The acoustic wave imaging apparatus according to Claim 1, wherein the correlation matrix calculating unit and the
electric power calculating unit are adapted such that 

is established,
where Tm is a cycle of the correlation matrix calculating unit calculating the correlation matrix, Tp is a time from
when the electric power calculating unit receives input of the correlation matrix to when the electric power calculating
unit calculates constrained minimum power and outputs this power, and N is the number of the plurality of constrained
minimum powers which the electric power calculating unit calculates in parallel.

3. The acoustic wave imaging apparatus according to Claim 1,
wherein the correlation matrix calculating unit is adapted to calculate the correlation matrix at a 5 MHz or higher cycle.

4. The acoustic wave imaging apparatus according to any one of Claims 1 to 3,
wherein the electric power calculating unit is adapted to perform QR decomposition processing and backward
substitution processing when the constrained minimum power is calculated.

5. The acoustic wave imaging apparatus according to Claim 4,
wherein the electric power calculating unit comprises a digital circuit adapted to execute at least the QR decomposition
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processing .

6. The acoustic wave imaging apparatus according to Claim 4,
wherein the electric power calculating unit comprises a pipeline type circuit adapted to execute at least one of the
QR decomposition processing and the backward substitution processing .

7. The acoustic wave imaging apparatus according to Claim 1, wherein
the electric power calculating unit is adapted to determine weight vectors, which are applied to the plurality of complex
signals respectively, based on the correlation matrix and a predetermined constraint vector, and to calculate the
constrained minimum power of the received signals.

8. The acoustic wave imaging apparatus according to any one of Claims 1 to 7,
wherein the acoustic wave receiving elements are adapted to transmit the acoustic wave to be reflected inside the
object.

9. The acoustic wave imaging apparatus according to any one of Claim 1 to 7, further comprising a light source adapted
to irradiate the object,
wherein the acoustic wave is a photoacoustic wave generated when the object absorbs the light.

10. An acoustic wave imaging method, comprising:

a receiving step of receiving, by each of a plurality of acoustic wave receiving elements, an acoustic wave
emitted from within an object and converting the acoustic wave into a plurality of receive signals;
a phase aligning step of aligning phases of the plurality of received signals obtained from the plurality of acoustic
wave receiving elements;
a complex signal acquiring step of generating complex signals out of the phase-aligned received signals obtained
in the phase aligning step and acquiring a plurality of complex signals;
a correlation matrix calculating step of calculating a correlation matrix of the plurality of complex signals; and
an electric power calculating step of calculating constrained minimum power of the received signals, using the
correlation matrix and a predetermined constraint vector,
characterized in that
in the correlation matrix calculating step the correlation matrix is calculated at a predetermined cycle and output
sequentially, and
in the electric power calculating step a plurality of constrained minimum powers are calculated in parallel by
use of the output correlation matrices, the plurality of constrained minimum powers are corresponding to the
output correlation matrices respectively.

Patentansprüche

1. Akustikwellen Darstellungsvorrichtung, mit

einer Vielzahl von Akustikwellen Empfangselementen (5), die jeweils angepasst sind eine von einem Objekt
ausgesendete Akustikwelle (7) zu empfangen und die Akustikwelle in ein empfangenes Signal umzuwandeln,
einer Phasenausrichtungseinheit (8), angepasst Phasen von einer Vielzahl von empfangenen Signalen auszu-
richten, die von der Vielzahl von Akustikwellen Empfangselementen erlangt wurden,
einer komplexen Signalakquisitionseinheit (21), angepasst komplexe Signale aus den phasen-angepassten
empfangenen Signalen zu erzeugen, die von der Phasenausrichtungseinheit (8) erlangt wurden und eine Viel-
zahl von komplexen Signalen zu akquirieren,
einer Korrelationsmatrix-Berechnungseinheit (22), angepasst eine Korrelationsmatrix aus der Vielzahl von kom-
plexen Signalen zu berechnen und
einer elektrischen Leistungs-Berechnungseinheit (24), angepasst eine begrenzte Mindestleistung der empfan-
genen Signale zu berechnen, unter Verwendung der Korrelationsmatrix und einem vorbestimmten Begren-
zungsvektor,

dadurch gekennzeichnet, dass

die Korrelationsmatrix-Berechnungseinheit (22) angepasst ist, die Korrelationsmatrix in einem vorbestimmten
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Zyklus zu berechnen und sequentiell die berechnete Korrelationsmatrix an die elektrische Leistungs-Berech-
nungseinheit (24) auszugeben und
die elektrische Leistungs-Berechnungseinheit (24) angepasst ist, eine Vielzahl von begrenzten Mindestleistun-
gen durch Nutzung der Ausgangskorrelationsmatrizen parallel zu berechnen, wobei die Vielzahl von begrenzten
Mindestleistungen jeweils mit den Ausgangskorrelationsmatrizen übereinstimmen.

2. Akustikwellen Darstellungsvorrichtung nach Anspruch 1, wobei die Korrelationsmatrix-Berechnungseinheit und die
elektrische Leistungs-Berechnungseinheit derart angepasst sind, dass 

eingerichtet wird,
wobei Tm ein Zyklus der die Korrelationsmatrix berechnenden Korrelationsmatrix-Berechnungseinheit ist, Tp ein
Zeitpunkt ist, von dem die elektrische Leistungs-Berechnungseinheit einen Eingang von der Korrelationsmatrix
empfängt bis zu einem Zeitpunkt an dem die elektrische Leistungs-Berechnungseinheit begrenzte Mindestleistung
berechnet und diese Leistung ausgibt und N die Anzahl der Vielzahl von begrenzten Mindestleistungen ist, die die
elektrische Leistungs-Berechnungseinheit parallel berechnet.

3. Akustikwellen Darstellungsvorrichtung nach Anspruch 1, wobei
die Korrelationsmatrix-Berechnungseinheit angepasst ist, die Korrelationsmatrix bei einem 5 MHz oder höheren
Zyklus zu berechnen.

4. Akustikwellen Darstellungsvorrichtung nach einem der Ansprüche 1 bis 3, wobei
die elektrische Leistungs-Berechnungseinheit angepasst ist, QR-Dekompositionsverarbeitung und Rückwärtssub-
stitutionsverarbeitung durchzuführen, wenn die begrenzte Mindestleistung berechnet wird.

5. Akustikwellen Darstellungsvorrichtung nach Anspruch 4, wobei
die elektrische Leistungs-Berechnungseinheit eine digitale Schaltung umfasst, die angepasst ist, zumindest die QR-
Dekompositionsverarbeitung durchzuführen.

6. Akustikwellen Darstellungsvorrichtung nach Anspruch 4, wobei
die elektrische Leistungs-Berechnungseinheit eine Leitungsbauartschaltung umfasst, die angepasst ist, zumindest
eine von der QR-Dekompositionsverarbeitung und der Rückwärtssubstitutionsverarbeitung auszuführen.

7. Akustikwellen Darstellungsvorrichtung nach Anspruch 1, wobei
die elektrische Leistungsberechnungseinheit angepasst ist, gewichtete Vektoren zu bestimmten, die jeweils auf die
Vielzahl von komplexen Signalen angewandt werden, basierend auf der Korrelationsmatrix und einem vorbestimm-
ten Begrenzungsvektor und die begrenzte Mindestleistung der empfangenen Signale zu berechnen.

8. Akustikwellen Darstellungsvorrichtung nach einem der Ansprüche 1 bis 7, wobei
die Akustikwellen Empfangselemente angepasst sind, die im Inneren des Objekts zu reflektierende Akustikwelle zu
übertragen.

9. Akustikwellen Darstellungsvorrichtung nach einem der Ansprüche 1 bis 7, umfasst des Weiteren eine Lichtquelle,
die angepasst ist, das Objekt zu bestrahlen, wobei
die Akustikwelle eine Photoakustikwelle ist, die erzeugt wird, wenn das Objekt das Licht absorbiert.

10. Akustikwellen Darstellungsverfahren, mit

einem Empfangsschritt des Empfangens einer von einem Objekt ausgesendete Akustikwelle von jedem von
einer Vielzahl von Akustikwellen Empfangselementen und des Umwandelns der Akustikwelle in eine Vielzahl
von empfangenen Signalen,
einem Phasenausrichtungsschritt des Ausrichtens der Phasen von einer Vielzahl von empfangenen Signalen,
die von der Vielzahl von Akustikwellen Empfangselementen erlangt wurden,
einem komplexen Signalakquisitionsschritt des Erzeugens komplexer Signale aus den phasen-angepassten
empfangenen Signalen, die in dem Phasenausrichtungsschritt erlangt wurden und der Akquisition einer Vielzahl
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von komplexen Signalen,
einem Korrelationsmatrix-Berechnungsschritt des Berechnens einer Korrelationsmatrix aus der Vielzahl von
komplexen Signalen und
einem elektrischen Leistungs-Berechnungsschritt des Berechnens einer begrenzten Mindestleistung der emp-
fangenen Signale, unter Verwendung der Korrelationsmatrix und eines vorbestimmten Begrenzungsvektors,
dadurch gekennzeichnet, dass
in dem Korrelationsmatrix-Berechnungsschritt, die Korrelationsmatrix in einem vorbestimmten Zyklus berechnet
wird und sequentiell ausgegeben wird und
in dem elektrische Leistungs-Berechnungsschritt, eine Vielzahl von begrenzten Mindestleistungen durch Nut-
zung der Ausgangskorrelationsmatrizen parallel berechnet wird, wobei die Vielzahl von begrenzten Mindest-
leistungen jeweils mit den Ausgangskorrelationsmatrizen übereinstimmen.

Revendications

1. Appareil d’imagerie par ondes acoustiques, comprenant :

une pluralité d’éléments de réception d’ondes acoustiques (5) chacun adapté pour recevoir une onde acoustique
(7) émise par un objet, et pour convertir l’onde acoustique en un signal reçu ;
une unité d’alignement de phase (8) adaptée pour aligner les phases d’une pluralité de signaux reçus obtenus
de la part de la pluralité d’éléments de réception d’ondes acoustiques ;
une unité d’acquisition de signaux complexes (21) adaptée pour générer des signaux complexes à partir des
signaux reçus alignés en phase obtenus par l’unité d’alignement de phase (8) et pour acquérir une pluralité de
signaux complexes ;
une unité de calcul de matrice de corrélation (22) adaptée pour calculer une matrice de corrélation de la pluralité
de signaux complexes ; et
une unité de calcul d’énergie électrique (24) adaptée pour calculer une puissance minimale limitée des signaux
reçus, à l’aide de la matrice de corrélation et d’un vecteur de contrainte prédéterminé,
caractérisé en ce que
l’unité de calcul de matrice de corrélation (22) est adaptée pour calculer la matrice de corrélation à un cycle
prédéterminé, et pour fournir séquentiellement la matrice de corrélation calculée à l’unité de calcul d’énergie
électrique (24), et
l’unité de calcul d’énergie électrique (24) est adaptée pour calculer une pluralité de puissances minimales
limitées en parallèle à l’aide des matrices de corrélation de sortie, la pluralité de puissances minimales limitées
correspondant aux matrices de corrélation de sortie, respectivement.

2. Appareil d’imagerie par ondes acoustiques selon la revendication 1, dans lequel l’unité de calcul de matrice de
corrélation et l’unité de calcul d’énergie électrique sont adaptées de sorte que 

soit établi,
où Tm est un cycle de l’unité de calcul de matrice de corrélation qui calcule la matrice de corrélation, Tp est une
durée entre le moment auquel l’unité de calcul d’énergie électrique reçoit la matrice de corrélation et le moment
auquel l’unité de calcul d’énergie électrique calcule la puissance minimale limitée et fournit cette puissance, et N
est le nombre de la pluralité de puissances minimales limitées que l’unité de calcul d’énergie électrique calcule en
parallèle.

3. Appareil d’imagerie par ondes acoustiques selon la revendication 1,
dans lequel l’unité de calcul de matrice de corrélation est adaptée pour calculer la matrice de corrélation à un cycle
de 5 MHz ou plus.

4. Appareil d’imagerie par ondes acoustiques selon l’une quelconque des revendications 1 à 3,
dans lequel l’unité de calcul d’énergie électrique est adaptée pour effectuer une décomposition QR et une rétro-
substitution lorsque la puissance minimale limitée est calculée.
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5. Appareil d’imagerie par ondes acoustiques selon la revendication 4,
dans lequel l’unité de calcul d’énergie électrique comprend un circuit numérique adapté pour exécuter au moins la
décomposition QR.

6. Appareil d’imagerie par ondes acoustiques selon la revendication 4,
dans lequel l’unité de calcul d’énergie électrique comprend un circuit de type pipeline adapté pour exécuter au moins
l’une de la décomposition QR et de la rétro-substitution.

7. Appareil d’imagerie par ondes acoustiques selon la revendication 1, dans lequel
l’unité de calcul d’énergie électrique est adaptée pour déterminer des vecteurs de pondération, qui sont appliqués
à la pluralité de signaux complexes, respectivement, sur la base de la matrice de corrélation et d’un vecteur de
contrainte prédéterminé, et pour calculer la puissance minimale limitée des signaux reçus.

8. Appareil d’imagerie par ondes acoustiques selon l’une quelconque des revendications 1 à 7,
dans lequel les éléments de réception d’ondes acoustiques sont adaptés pour transmettre les ondes acoustiques
à réfléchir à l’intérieur de l’objet.

9. Appareil d’imagerie par ondes acoustiques selon l’une quelconque des revendications 1 à 7, comprenant en outre
une source de lumière adaptée pour irradier l’objet,
dans lequel l’onde acoustique est une onde photo-acoustique générée lorsque l’objet absorbe la lumière.

10. Procédé d’imagerie par ondes acoustiques, comprenant :

une étape de réception qui consiste à recevoir, par chacun d’une pluralité d’éléments de réception d’ondes
acoustiques, une onde acoustique émise par l’intérieur d’un objet et à convertir l’onde acoustique en une pluralité
de signaux de réception ;
une étape d’alignement de phase qui consiste à aligner les phases de la pluralité de signaux reçus obtenus de
la part de la pluralité d’éléments de réception d’ondes acoustiques ;
une étape d’acquisition de signaux complexes qui consiste à générer des signaux complexes à partir des
signaux reçus alignés en phase obtenus à l’étape d’alignement de phase et à acquérir une pluralité de signaux
complexes ;
une étape de calcul de matrice de corrélation qui consiste à calculer une matrice de corrélation de la pluralité
de signaux complexes ; et
une étape de calcul d’énergie électrique qui consiste à calculer la puissance minimale limitée des signaux reçus,
à l’aide de la matrice de corrélation et d’un vecteur de contrainte prédéterminé,
caractérisé en ce que, à l’étape de calcul de matrice de corrélation, la matrice de corrélation est calculée à
un cycle prédéterminé et fournie séquentiellement, et
à l’étape de calcul d’énergie électrique, plusieurs puissances minimales limitées sont calculées en parallèle à
l’aide des matrices de corrélation de sortie, les puissances minimales limitées correspondant aux matrices de
corrélation de sortie, respectivement.



EP 2 558 844 B1

19



EP 2 558 844 B1

20



EP 2 558 844 B1

21



EP 2 558 844 B1

22



EP 2 558 844 B1

23



EP 2 558 844 B1

24



EP 2 558 844 B1

25



EP 2 558 844 B1

26



EP 2 558 844 B1

27



EP 2 558 844 B1

28



EP 2 558 844 B1

29



EP 2 558 844 B1

30



EP 2 558 844 B1

31



EP 2 558 844 B1

32



EP 2 558 844 B1

33



EP 2 558 844 B1

34



EP 2 558 844 B1

35



EP 2 558 844 B1

36



EP 2 558 844 B1

37



EP 2 558 844 B1

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20030065262 A1 [0019]

Non-patent literature cited in the description

• J.F.SYNNEVAG. Adaptive Beamforming Applied to
Medical Ultrasound Imaging. IEEE Trans. ULTRA-
SONICS, FERROELECTRICS, AND FREQUENCY
CONTROL, August 2007, vol. 54 (8 [0018]

• M.KARKOOTI. FPGA Implementation of Matrix In-
version Using QRD-RLS Algorithm. Asilomar Confer-
ence on Signals, Systems, and Computers, October
2005, 1625-1629 [0018]



专利名称(译) 声波成像装置及声波成像方法

公开(公告)号 EP2558844A1 公开(公告)日 2013-02-20

申请号 EP2011715062 申请日 2011-03-28

[标]申请(专利权)人(译) 佳能株式会社

申请(专利权)人(译) 佳能株式会社

当前申请(专利权)人(译) 佳能株式会社

[标]发明人 YODA HARUO
NAGAE KENICHI

发明人 YODA, HARUO
NAGAE, KENICHI

IPC分类号 G01N21/17 G01N29/24 A61B5/00 A61B8/14 G10K11/34 G01S7/52

CPC分类号 G01N21/1702 G01N29/0654 G01N29/2418 G01N2291/044 G01N2291/106 G01S7/52046

代理机构(译) TBK

优先权 2010091290 2010-04-12 JP

其他公开文献 EP2558844B1

外部链接 Espacenet

摘要(译)

声波成像装置具有相位对准单元，其对准由多个声波接收元件获得的接
收信号的相位。复合信号获取单元从相位对准的接收信号中产生复信
号，并且相关矩阵计算单元计算复信号的相关矩阵。电功率计算单元使
用相关矩阵和预定约束矢量计算接收信号的约束最小功率。相关矩阵计
算单元以预定周期计算相关矩阵，并且以预定周期将计算出的相关矩阵
顺序输出到电功率计算单元，并且电功率计算单元使用计算的并行计算
多个约束最小功率。相关矩阵，分别对应于相关矩阵的多个约束最小功
率。

https://share-analytics.zhihuiya.com/view/35c3a309-4e95-4506-b167-b7aa5644a86d
https://worldwide.espacenet.com/patent/search/family/044140694/publication/EP2558844A1?q=EP2558844A1

