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SPECTRUM ANALYSIS DEVICE, SPECTRUM
ANALYSIS METHOD, AND ULTRASONIC
IMAGING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a spectrum analysis
device that analyzes a frequency spectrum of a received
signal obtained, based on a transmitted/received wave of
ultrasound to/from a subject and an ultrasonic imaging
device that acquires information indicating tissue character-
ization of the subject, based on results of spectrum analysis
by the spectrum analysis device.

BACKGROUND ART

[0002] In the related art, there has been known an ultra-
sonic diagnostic device that transmits an ultrasonic beam to
living tissue, receives and analyzes a reflected wave (echo
signal) thereof, and generates a diagnostic image or the like.
In recent years, since there has been a demand for an
ultrasonic diagnostic device that not only generates the
diagnostic image but also diagnoses tissue characterization
of a living organ such as a blood vessel or various types of
internal organs, there has been proposed an ultrasonic diag-
nostic device that measures physical quantity (hereinafter,
biological physical quantity) in a living organ. Examples of
the biological physical quantity include a some attenuation
rate, a sound speed, or bloodstream of living tissue, moving
rate or scattering characteristic quantity of the living tissue,
or the like. Hence, in order to measure biological physical
quantity, there is used a technology of using a spectral
change of a longitudinal wave (ultrasonic carrier) due to the
biological physical quantity.

[0003] As an example of such an ultrasonic diagnostic
device, PTL. 1 discloses a living tissue characterization
diagnostic device that sets a gate (window region) at each of
a plurality or positions of echo signals and diagnoses living
tissue characterization by performing fast Fourier transform
processing on the echo signals within the gate and obtaining
frequency characteristics.

CITATION LIST

Patent Literature

[0004] [PTL 1] JP-A-2001-170046
SUMMARY OF INVENTION
Technical Problem
[0005] However, a problem arises in that the echo signals

within the gate (window region) include not only spectral
information of ultrasound emitted from a target region in a
living organ which corresponds to a gate position but also
spectral information of ultrasound emitted from a peripheral
region of the target region. Therefore, an analysis result
obtained by performing spectrum analysis on the echo signal
of the window region includes information of the peripheral
region, in addition to information of the target region in the
living organ, and thus the resolution of information indicat-
ing tissue characterization of the target region is degraded.
[0006] The present invention is made in consideration of
the circumstance described above, and an object thereof'is to
improve the accuracy of spectrum analysis and further to
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improve the reliability of information indicating tissue char-
acterization of a living organ.

Solution to Problem

[0007] 1In order to solve the problem, the present invention
provides the following means.

[0008] According to an aspect of the present invention,
there is provided a spectrum analysis device including: a
region setting unit that sets a computation region which is a
target of frequency spectrum analysis of received signals
and a window region including the computation region, with
respect to the received signals obtained after phasing addi-
tion of respective received signals which are each obtained
in time series by receiving ultrasound with a plurality of
transducers, the ultrasound being trans ted from the plurality
of arranged transducers to a subject and being reflected from
or penetrating the subject; and a spectrum extracting umit
that weights the plurality of received signals of the window
region and performs frequency spectrum analysis of the
received signals of the window region after the weighting.
The spectrum extracting unit performs the weighting by
using weight distribution corresponding to strength distri-
bution generated in the received signals of the window
region in a case of assuming that the ultrasound transmitted
from the plurality of transducers propagates as waves in the
subject reaches a target region the subject which corre-
sponds to the computation region, is reflected from or
penetrates the target region, then further propagates as
waves in the subject, and reaches the plurality of transduc-
ers.

Advantageous Effects of Invention

[0009] According to the present invention, it is possible to
improve accuracy of spectrum analysis and further to
improve reliability of information indicating tissue charac-
terization of a living organ.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is perspective view illustrating a schematic
configuration of an ultrasonic imaging device according to
an embodiment of the present invention.

[0011] FIG. 2 is a block diagram illustrating the schematic
configuration of the ultrasonic imaging device according to
the embodiment of the present invention.

[0012] FIGS. 3(a) to 3(e) are illustrating a procedure or
processing of a received signal based on transmission/
reception of ultrasound and a computation region and a
window re ion which are set on the received signal.
[0013] FIG. 4 is a block diagram illustrating a configura-
tion of a weight computing unit of the embodiment.
[0014] FIG. 5 is a block diagram illustrating a configura-
tion spectrum analyzing unit of the embodiment.

[0015] FIG. 6 is a diagram illustrating an example of wave
weight of the embodiment.

[0016] FIG. 7 is a diagram illustrating the computation
region and subregions of the embodiment.

[0017] FIG. 8 is a diagram illustrating an example of
giving a weight to a window region in the related art.
[0018] FIG. 9 is a graph obtained by comparing a case
where a spectrum energy rate of ultrasound from each
position of a target region 30 is shown with respect to total
energy of spectra of the embodiment and the window region
is weighted according to the related art to a case where
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weighting of an ultrasonic imaging device according to the
embodiment of the present invention is performed.

[0019] FIG. 10 is a diagram illustrating an example or a
computation pixel of biological physical quantity set on a
B-mode image of the embodiment.

[0020] FIG. 11 is a diagram illustrating a map of the
biological physical quantity of the embodiment.

[0021] FIG. 12 is a flowchart illustrating a determination
process of weight distribution by using spectrum analysis in
the ultrasonic imaging device according to the embodiment.
[0022] FIG. 13 is flowchart illustrating a spectrum ana-
lyzing process in the ultrasonic imaging device according to
the embodiment.

DESCRIPTION OF EMBODIMENTS

[0023] Hereinafter, an ultrasonic imaging device accord-
ing to embodiment of the present invention will be described
with reference to the figures.

[0024] FIG. 1 is a perspective view illustrating a sche-
matic configuration of an ultrasonic imaging device (ultra-
sound transmitting/receiving device) according to the
embodiment. An ultrasonic imaging device 2 includes a
spectrum analyzing unit (spectrum analysis device) 17,
which performs frequency spectrum analysis of received
signals which are each obtained in time series based on a
transmitted/received wave of ultrasound to a subject 1, and
acquires biological physical quantity indicating tissue char-
acterization by transmitting an ultrasonic pulse and analyz-
ing a received signal obtained from the subject 1, in addition
to acquiring and displaying a so-called B-mode image.
[0025] Therefore, as illustrated in FIG. 2, the ultrasonic
imaging device includes an ultrasound probe 10, a console
11 that receives an input from an operator, a controller 12,
a transmission beamformer 13, a transmit receive separating
circuit (T/R: transmit/receive) 14, a reception beamformer
15, the spectrum analyzing unit 17, a biological physical
quantity mapping unit 18, an image processing unit 19, and
an image display unit 20.

[0026] The console 11 is configured to include a switch
group, a keyboard, or the like and receives an input from an
operator. The controller 12 controls units and members, in
addition to notifying the transmission beamformer 13 of an
ultrasound transmissions tart instruction or the like. In
addition, the controller 12 sets, to the transmission beam-
former 13, a transmission pulse setting value (the center
frequency, a bandwidth, an amplitude of a transmission
signal waveform, and duration of a transmission pulse (a
frequency of a carrier waveform contained in the transmis-
sion pulse)), a coordinate of an opening used for transmis-
sion, a setting vale of a transmission beam (a transmission
focal position), or the like. The transmission beamformer 13
generate a transmission signal based on the transmission
pulse setting value and the setting value of the transmission
am which are received from the controller 12, delays the
transmission signal for each transducer in the opening as a
region of the transducer which contributes to transmission
according to the transmission focal position, and outputs a
delayed transmission signal to each of the transducers in the
transmission opening of the ultrasound probe 10 via the
transmit/receive separating circuit 14,

[0027] The ultrasound probe 10 includes an electroacous-
tic transducer array configured of a plurality of arranged
transducers. The transducer is configured of a piezoelectric
body that converts an electric signal (voltage waveform) into
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a mechanical stress signal (sound pressure waveform). The
transmission a region of transducers that perform irradiation
with the ultrasound in a predetermined direction and is
configured of one or more transducers. The transducers are
each driven based on the transmission signal supplied from
the transmit/receive separating circuit 14 and transmit the
ultrasound toward the subject 1. One or more transducers in
the transmission opening transmit the ultrasound, and
thereby the inside of the subject 1 is irradiated with trans-
mission beams as the ultrasonic pulses, which are focused on
a transmission focal point. The transmission focal point may
be virtually positioned outside the subject 1 (on a front side
of the ultrasound probe with respect to a transmission
direction of the ultrasound), in addition to a case of being
positioned inside the subject 1.

[0028] The transmission beam, with which the inside of
the subject 1 is irradiated, is reflected from the inside of the
subject 1 or penetrates the subject 1 and is received by the
transducer of the ultrasound probe 10. In a case where the
ultrasound penetrating the subject 1 is received, the ultra-
sound probe 10 having a circular ring shape or a pair of
ultrasound probes 10 disposed to face each other with the
subject 1 interposed therebetween is used. In the following
description, a case where the ultrasound probe 10 receives
the ultrasound reflected from the inside of the subject 1 will
be described as an example.

[0029] As illustrated in FIG. 3(a), the transmission beam,
with which the inside of the subject 1 is irradiated, is
transmitted, is scattered backward, and the like from a
reflective body in the subject 1, thereby generating an echo
100 and reaching the ultrasound probe 10. The plurality of
transducers of the ultrasound probe 10 convert the sound
pressure waveform of the echo into a voltage waveform so
as to each generate a plurality of received signals 103, and
the generated received signals 103 are output to the recep-
tion beamformer 15.

[0030] As illustrated in FIG. 2, the reception beamformer
15 includes a delay addition unit 151, a detection unit 152,
and a memory 153 and performs A/D conversion of the
plurality of received signals by an A/D converting circuit
(not illustrated). Then, the delay addition unit 151 generates
phasing-added received signals 104 by adding the received
signals 103 after the received signals 103 are each delayed
by a delay time depending on a position of a reception focal
point 101 set on a predetermined reception scanning line
102, as illustrated in FIGS. 3(a), 3(b), and 3(c). As illustrated
in FIG. 3(d), the detection unit 152 detects an envelope of
the phasing-added received signal 104. The amplitude of the
received signal 105 after the detection of the envelope
corresponds to the strength of the echo generated on the
reception focal point 101.

[0031] A plurality of reception scanning lines 102 are set
at predetermined intervals within an imaging range, and a
plurality of reception focal points 101 are set at predeter-
mined intervals on the reception scanning lines 102. There-
fore, the delay addition unit 151 sequentially delays and
adds the received signals 103 at the plurality of reception
focal points 101 on the respective reception scanning lines
102, and thereby the phasing-added received signal 104 is
generated for each reception scanning line 102, as illustrated
in FIG. 3(e). The detection unit 152 sequentially detects the
envelopes of the phasing-added received signals 104 in time
series and detects the echo strength at the plurality of
reception focal points 101 on the reception scanning lines
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102. Further, the reception beamformer 15 stores the gen-
erated phasing-added received signals 104 and the received
signals 105 obtained after the detection to the memory 153.
[0032] The image processing unit 19 receives, from the
memory 153 of the reception beamformer 15, the echo
strength for each reception scanning line 102 at each recep-
tion focal point 101 after the detection of the envelope and
generates an ultrasonic image (for example, a B-mode
image). The generated ultrasonic image is displayed on the
image display unit 20. For example, a process for generating
the ultrasonic image by the image processing unit 19
includes a logarithmic compression process or the like.
[0033] Here, the waveform of the received signal 103 that
is received by the reception beamformer 15 and the phasing-
added received signal 104 that is generated by the reception
beamformer includes information of a carrier waveform
which is a waveform obtained by superimposing the trans-
mission signal waveforms of the ultrasound through fre-
quency attenuation or phase rotation of the waveforms in a
propagation procedure, in addition to amplitude information
(strength information) for generating the B-mode image.
The information of the carrier waveform includes informa-
tion of a change is waveform such as a frequency change or
phase rotation which is generated in the propagation proce-
dure of the ultrasound and time information obtained when
the ultrasound propagates in the subject. The information of
the carrier waveform indicates formation of a propagation
medium (subject 1). In the embodiment, the spectrum ana-
lyzing unit 17 performs the spectrum analysis of the
received signal obtained from the reception beamformer 15
and further extracts the information of the subject 1.
[0034] At this when viewed from any reflection point in
the subject 1, the transmission and the reception of the
ultrasound are each performed in accordance with direction-
ality (transmission directionality and reception directional-
ity). Therefore, from a convolution operation of the trans-
mission/reception of the ultrasound and the reflection of a
scattering body, the ultrasound obtained when the ultrasound
reaches the ultrasound probe 10 has a predetermined spread
represented by a point-spread function. Therefore, the
received signal detected by the ultrasound probe 10 is
reflected from a plurality of reflection points of the subject
1 and becomes a signal obtained by superimposing waves of
the ultrasound which are each spread by the point-spread
function. In other words, the received signal output from the
transducer includes superimposed spectrum information
emitted from various peripheral points, in addition to the
spectrum information at a predetermined reflection point.
[0035] In the embodiment, as illustrated in FIG. 3(e), a
window region 32 is set to surround a computation region 31
of the received signal, which corresponds to a predetermined
target region 30 of the subject 1. The received signals in the
window region 32 are weighted, and thereby signals from
the peripheral of the target region 30, which are included in
the received signals, are removed (attenuated). In this man-
ner, it is possible to extract the spectrum information in the
target region 30 with high accuracy. Hereinafter, this will be
described further in detail.

[0036] The spectrum analyzing unit 17 includes a region
setting unit 171, a weight computing unit 172, and a spec-
trum extracting unit 173.

[0037] The region setting unit 171 sets the computation
region 31 which is a target of frequency spectrum analysis
and the window region 32 which includes the computation
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region, on the received signals which are each obtained from
the transducers in time series. Here, the received signal as a
target, on which the computation region 31 and the window
region 32 are set, is the phasing-added received signal 104
generated in the delay addition unit 151 of the reception
beamformer 15, as illustrated in FIG. 3(e).

[0038] As illustrated in FIG. 3(e), the region setting unit
171 sets the computation region 31 on which the spectrum
analysis is performed and the window region 32 set to
surround the computation region 31, on a plurality of
phasing-added received signals 104. In other words, the
region setting unit 171 sets the computation region 31 and
the window region 32 on the plurality of phasing-added
received signals 104 disposed in a two-dimensional space in
which a depth direction (a distance from a probe front
surface) and an arrangement direction of the plurality of
transducers are axes of the space. The region setting unit 171
performs and determines computation by a predetermined
computation method based on a propagation speed of the
ultrasound and a position and a size of the target region 30
such that the position and size of the computation region 31
correspond to a range of the received signal generated when
the transmission beam is reflected from the target region 30,
which the information indicating the tissue characterization
of the living organ in the subject 1 is wanted to be obtained
and generated echo 100 reaches the transducer. The position
and the size of the target region 30 are received from a user
via the console and the controller 12.

[0039] In addition, the positions and the sizes of the
computation region 31 corresponding to the target region 30
having a plurality of types of positions and sizes which are
settable by a user, may be obtained from the computation
advance, the computation result may be stored in the
memory 41 in the region setting unit 171. In this case, the
region setting unit 171 reads, from the memory 41, the
position and the size of the computation region 31 corre-
sponding to the target region 30, which are received from the
user via the console 11 and the controller 12, and sets the
computation region on the phasing-added received signals
104.

[0040] The region setting unit 171 includes a window size
setting unit 42 that has a configuration illustrated in FIG. 4.
The window size setting unit 42 gives, to a reception beam
computing unit 52, a size AZ of the window region 32 in the
depth direction, which is positioned on an outer side from
the computation region 31 and a size AW (refer to F1G. 3(e))
of the transducer in the arrangement direction. The window
size setting unit 42 obtains the size AZ of the window region
32 in the depth direction from computation based on the
predetermined frequency resolution and a sound speed ¢ of
the ultrasound in the subject 1 such that predetermined
frequency resolution is obtained in the computation region
31. For example, the window size setting unit 42 calculates
the size in accordance with Equation (1) representing a
relationship between the length AZ and the frequency reso-
lution of the space window which is derived from a rela-
tionship between the length of the time window and the
predetermined frequency resolution in the Fourier Trans-
form.
Equation (1)
1 ¢ €8]

AZ=--—
2 AF
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[0041] Here, c represents a sound speed value, and AF
represents the predetermined frequency resolution.

[0042] On the other hand, the window size setting unit 42
obtains AW as the size of the window region 32 positioned
on the outer side from the computation region 31 in the
arrangement direction of the transducers such that the pre-
determined frequency resolution is obtained similarly to AZ.
For example, since both of AW and AZ are the space
directions, the same relationship as Equation (1) is also
established for AW, AW is calculated in accordance with
Equation (2) representing a relationship between AW and
the frequency resolution.

1 ¢ @
AW =5
[0043] As illustrated in FIG. 5, the spectrum extracting

unit 173 includes a weight multiplying unit 55, a Fourier-
transform performing unit 56, and a spectrum transforming
unit 57. The weight multiplying unit 55 gives a weight to the
plurality of phasing-added received signals 104 including
the window region 32. The Fourier-transform performing
unit 56 and the spectrum transforming unit 57 perform the
frequency spectrum analysis of the phasing-added received
signals 104 of the window region 31 after the weighting and
transmit a waveform spectrum and a frequency spectrum
which are results thereof to the biological physical quantity
mapping unit 18. At this time, the spectrum extracting unit
55 performs the weighting by using weight distribution (for
example, refer to FIG. 6) corresponding to strength distri-
bution generated in the phasing-added received signals 104
of the window region 32 a case of assuming that the
ultrasound (transmission beam) transmitted from the plural-
ity of transducers propagates as waves in the subject 1,
reaches the target region 30 in the subject 1 which corre-
sponds to the computation region 31, is reflected from the
region, then further propagates as waves in the subject 1, and
reaches the plurality of transducers. In the embodiment, the
weight distribution determined in consideration of such
wave propagation is referred to as “wave weight”.

[0044] As described above, the phasing-added received
signal 104 in the window region 32 is weighted by using the
wave weight, and thereby it possible to remove (attenuate)
the received signal of the echo generated in the peripheral
region of the target region 30, which is included in the
phasing-added received signal 104. Accordingly, in the
spectrum analysis after the weighting, it is possible to obtain
a spectral change generated in the ultrasound (transmission
beam) through propagation in the target region 30 from the
transducer, a spectral change generated due to the reflection
or the scattering in the target region 30, and a spectral
change generated in the ultrasound (echo) in a path through
which propagation is performed from the target region 30 to
the transducer, with high accuracy.

[0045] The weight computing unit 172 obtains the wave
weight by computation that used for weighting the weight
multiplying unit 55 of the spectrum extracting unit 173. As
illustrated in FIG. 4, the weight computing unit 172 includes
a transmission beam computing unit 51, the reception beam
computing unit 52, a combining unit 53, and a weight
calculating unit 54.

[0046] The transmission beam computing unit 51 calcu-
lates strength distribution of the ultrasound in the target
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region 30 in a case of assuming that the ultrasound trans-
mitted from the plurality of transducers propagates in the
subject 1 and reaches the target region 30.

[0047] The reception beam computing unit 52 calculates
strength distribution of the phasing-added received signal
104 in the window region 32 in a case of assuming that the
ultrasound emitted from the target region 30 irradiated with
the ultrasound having predetermined strength distribution
propagates in the subject, reaches the transducer, and is
received by the transducer.

[0048] The combining unit 53 obtains strength distribution
generated in the phasing-added received signals 104 of the
window region 32 by combining the strength distribution
calculated by the transmission beam computing unit 51 with
the strength distribution calculated by the reception beam
computing unit 52. The weight calculating unit 54 deter-
mines the weight distribution based on the strength distri-
bution generated in the phasing-added received signal 104 of
the window region 32, which is obtained by the combining
unit 53. Hereinafter, this is specifically described using
equations.

[0049] For example, the transmission beam computing
unit 51 computes, from Equation (3), the strength of the
ultrasound in an imaging region, that is, a beam sound field
A, (X, z) at aposition (X, z) in the target region 30, in a case
of assuming that the ultrasound transmitted from the trans-
ducer reaches the aging region including the target region
30.

(©)
Axlx, )= Z wi(m)/r f P(f)expij2aft—r/c—t(m)ldf
M
[0050] Here, m represents number of the transmission

opening, M represents the number of transducers of the
transmission opening, W,, represents an opening weight
applied to the transmission opening, P(f) represents a func-
tion representing a spectrum of a frequency f of the trans-
mission waveform, ¢ represents a sound speed value, r
represents a distance between the transducer of the trans-
mission opening and a point (X, z) in the target region 30,
which is used in the transmission given in the following
Equation (4), T represents a transmission delay time of the
transmission opening, and T represents time.

r=V (= () 2z () @

[0051] Here, x, (m) and 7, (m) are an x coordinate and a
7 coordinate of an m-th transmission element.

[0052] The reception beam computing unit 52 calculates
strength distribution of the phasing-added received signal
104 in the window region 32, which is output from the
plurality of transducers, that is, a reception beam sound field
A__(x, z) at the position (%, z) in the window region 32, from
the following Equation (5), in a case of assuming that the
ultrasound emitted from the target region 30 irradiated with
the ultrasound having the predetermined strength distribu-
tion propagates in the subject reaches the transducer, and is
received by the transducer.
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[0053] Here, m represents number of the reception open-
ing, M represents the number of transducers of the trans-
mission opening, P' (f) represents function representing a
spectrum of a frequency fof the transmission waveform and,
for example, this is calculated and set from the spectrum P(f)
of the transmission waveform and an impulse response of
the reception W, represents an opening weight applied to
the reception opening, r represents a distance between the
reception transducer and the point (x, z) in the target region
30, which is calculated similarly to Equation (3), represents
a sound speed value, and t represents time.

[0054] The reception beam computing unit 52 divides the
computation region 31 into a plurality of (one) subregions
31-i (i=1, 2, .. . 1) as illustrated in FIG. 7, when calculating
the reception beam sound field A, (x, z) and computes a
reception beam sound field A, (x(1), y(i)) for each subregion
31-i by using Equation (5). For example, the size of the
subregion 31-i is set to a size to about subwavelength. The
subwavelength is equal to or smaller than the strength of the
reception pulse.

[0055] Hence, the combining unit 53 performs combina-
tion by obtaining a product of the transmission beam sound
field A, (x, z) calculated by the transmission beam comput-
ing unit 51 and the reception beam sound field A (x(1), z(i))
for each subregion 31-j, is calculated by the reception beam
computing unit 52, and obtains signal strength distribution
A, generated on the received signal 104 of the window
region 32. Here, the calculation is performed in accordance
with the following Equation (6)

Ay = A x Y A, 200) ©
I

[0056]

[0057] The weight calculating unit 54 determines the
weight with respect to the wig low region 32 based on the
strength distribution A, of the signal in the window region
32. For example, the weight is determined in accordance
with the following Equation (7). In other words, at a position
at which the value of (A, ;+G) obtained by adding the lower
limit decibel value G that is a predetermined constant to the
decibel value A ; of the signal strength distribution A, is
equal to or larger than 0, a value o (A, ;+G) obtained by
multiplying a predetermined coefficient ot to (A, z+G) is set
as a weight W, and the weight W =0, at a position at which
the value of ((A,,z+G) is smaller than O.

[0058] Next, the weight calculating unit 54 sets the weight
W as 0 with respect to regions other than the region of the
window region 32 determined by the region setting unit 171,
sets W=W_, in the region of the window region 32, and gives
the weight W to the spectrum extracting unit 173. According
to the setting, the weight multiplying unit 55 (FIG. 5)
multiplies the received signal 104 by W obtained after
phasing addition as will be described below, thereby only the
received signals 104 after the phasing addition in the region

Here, i represents the number of subregions.
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of the window region 32 are extracted, and the wave weight
W is applied to these received signal 104 in the region of the
window region 32.

W, =a(d, 45+ B)(d,qpt G=0)

W, ~0(4,,55+G>0) M

[0059] Here, A, ;5 represents decibel value of the strength
distribution A, G represents the predetermined lower limit
decibel value, and a represents a coeflicient of a predeter-
mined proportional constant.

[0060] The weight W is set to the dow region 32 as
illustrated in FIG. 7, and thereby a weight is applied depend-
ing on the signal strength to a point at which the signal
strength is larger than the predetermined lower limit value
G, and a weight of zero is applied to a point at which the
signal strength is smaller than the lower limit value G, based
on the signal strength of the window region 32, which
obtained in consideration of the wave propagation from the
ultrasound probe 10 (transducer) to the target region 30 and
the reflection or the like in the target region 30 and the wave
propagation from the target region 30 to the ultrasound
probe 10. In other words, the received signal 104 in the
window region 32 is weighted by using the wave weight as
illustrated in FIG. 6, which is obtained from equation (7),
and thereby it is possible to remove or to attenuate the
received signal propagating from a peripheral region of the
target region 30, which is included in the received signal 104
in the window region 32.

[0061] Therefore, in general, as illustrated in FIG. 8,
compared to a case where the weight at the center portion
used in the spectrum analysis with respect to the window
region 32 is the largest and the weight (for example, Hann
weight or the like) that is reduced as the position approaches
a peripheral portion, the wave weight of the embodiment is
used, and thereby it is possible to extract the received signal
propagating from the target region 30 in the subject 1 as
illustrated in FIG. 9. Then, it is possible to extract the
spectrum of the received signal propagating from the target
region 30 by spectrum extraction, with high accuracy.
[0062] FIG. 9 is a graph obtained by comparing a case
where a spectrum energy of the ultrasound from each
position in the window region 32 is shown with respect to
total energy of spectra of the embodiment and the window
region 32 is weighted according to the related art to a case
Where weighting is performed, based on the wave propa-
gation. In FIG. 9, a component of the signal that is scattered
and received in the target region 30 is defined as a signal,
and a signal that is scattered and received a region out of the
target region 30 is defined as noise. Then, in a case where the
weighting is performed based on the wave propagation, the
weighting is performed such that a region, in which the
received signal strength from the target region 30, that is, the
strength of the signal is larger, remains and a region, in
which the signal strength is weak, that is, the noise compo-
nent is larger, is removed, compared to a case of performing
the weight of the related art, the signal to noise ratio (SN
ratio) improves, that is, an effect of improving accuracy of
the spectrum extraction is obtained.

[0063] The weight computing unit 172 may calculate
weight distribution from computation whenever a condition
of the transmission and reception of the ultrasound is set. In
addition, the, weight computing unit 172 may be configured
to include a weight storing unit that stores the weight
distribution obtained from computation in advance for each
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predetermined settable condition, which is a condition of
transmission and reception of ultrasound. In a case where the
weight computing unit 172 includes the weight storing unit,
the spectrum extracting unit 173 reads, from the weight
storing unit, the weight distribution corresponding to the
condition of the transmission and the reception of the
ultrasound and weights the received signal of the window
region 32.

[0064] The Fourier-transform performing unit 56 of the
spectrum extracting unit 173 performs the frequency spec-
trum analysis of the phasing-added received signal 104 of
the window region 31 weighted by the weight multiplying
unit 55 by using the wave weight. In other words, the
Fourier-transform performing unit obtains a wavenumber
spectrum by performing Fourier transform such as two-
dimensional to three-dimensional fast Fourier transform
(FFT) on the phasing-added received signal 104 of the
window region 32.

[0065] In the spectrum transforming unit 57, for example,
interpolation processing using an expression of a scattering
relationship which is a relationship expression between the
frequency and the wavenumber is performed on the wave-
number spectrum data, and thereby the wavenumber spec-
trum data is converted into a frequency spectrum. The
Fourier-transform performing unit 56 and the spectrum
transforming unit 57 of the spectrum extracting unit 173
output the wavenumber spectrum and the frequency spec-
trum as the spectrum information the biological physical
quantity mapping unit 18.

[0066] FIG. 10 illustrates an example of a computation
pixel of the biological physical quantity, and FIG. 11 illus-
trates an example of a biological physical quantity map. As
illustrated in FIG. 2, the biological physical quantity map-
ping unit 18 includes a biological physical quantity extract-
ing unit 181 and a mapping unit 182. The biological physical
quantity extracting unit 181 stores the wavenumber spec-
trum and the frequency spectrum acquired from the spec-
trum extracting unit 173 for each computation pixel of the
predetermined biological physical quantity and for every
transmission of the transmission beam. The computation
pixel is set with the desired resolution as illustrated in FIG.
10 in a part or the entirety of the ultrasonic image (B-mode
image) used in diagnosis.

[0067] The biological physical quantity extracting unit
181 calculates, by a known computation method, a desired
biological physical quantity of the biological physical quan-
tities such as a moving rate, scattering characteristic guar y,
or the like of a living organ such as a sonic attenuation rate,
a sound speed, or bloodstream of living tissue, from the
spectrum information such as the wavenumber spectrum and
the frequency spectrum for each computation pixel. For
example, the attenuation rate can be calculated by obtaining
a difference in amplitude or strength of the frequency
components in the depth direction by using the frequency
spectrum stored for each computation pixel. The difference
may be obtained every time of a plurality of times of
transmission, may calculate an average value of the differ-
ence between transmission performed several times, and
may calculate an attenuation rate based on the average value
of the difference. In addition, the moving speed of the
bloodstream is computed, based on the change in phase
components of the frequency spectrum.

[0068] The mapping unit 182 is disposed for each com-
putation pixel by assigning a shade or a hue corresponding
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to a magnitude the calculated biological physical quantity in
the biological physical quantity extracting unit 181, and
thereby a biological physical quantity map is generated as
illustrated in FIG. 11. In a case of a bloodstream spectrum,
an arrow representing a spectrum may be mapped. The
biological physical quantity map may be individually dis-
played on the image display unit 20 or may be superimposed
on the ultrasonic image (B-mode image) generated by the
image processing unit 19 and may be displayed on the image
display unit 20.

[0069] Functions of units included in the spectrum ana-
lyzing unit 17 and the biological physical quantity mapping
unit 16 are realized as software by reading and executing a
program stored in a memory such as a read only memory
(ROM) in advance, by a central processing unit (CPU) (not
illustrated) included in the controller 12. In addition, some
or all of the functions of the units of the spectrum analyzing
unit 17 and the biological physical quantity mapping unit 18
may be realized by hardware such as a custom IC of an
application specific integrated circuit (ASIC) or a program-
mable IC of a field-programmable gate array (FPGA).
[0070] Hereinafter, spectrum analysis processing on the
received signal, which is performed by the spectrum ana-
lyzing unit 17 in the ultrasonic imaging device according to
the embodiment will be described with reference to a
flowchart in FIGS. 12 and 13.

[0071] First, determination processing of weight using the
spectrum analysis is described with reference to FIG. 12.
[0072] In step S11, the region setting unit 171 sets the
computation region which is the target region in which the
spectrum analysis is performed and the window region set to
surround the computation region. Specifically, the region
setting unit 171 receives, from the controller 12, the infor-
mation related to the position and the size of the target region
30 set by a user in the subject 1, and calculates the position
and the size of the computation region 31 on the phasing-
added received signal 104 by a predetermined computing
method in consideration of the sound rate. Otherwise, the
region setting unit 171 reads the position and the size of the
computation region 31 which are obtained in advance from
the built-in memory 41 based on the information of the
position and the size of the target region 30. Further, the
window size setting unit 42 of the region setting unit 171
receives the desired frequency resolution from the controller
12 when the spectrum analysis is performed, and calculates
the size and the position of the window region 32 based on
Equation (1).

[0073] In Step S12, the transmission beam computing unit
51 of the weight computing unit 172 computes and calcu-
lates the transmission beam sound field A, (transmission-
side sound field) which is transmission strength distribution.
Specifically, the weight computing unit 172 receives, from
the controller information such as the transmission pulse
setting value (the center frequency, the bandwidth, or the
like), a transmission opening coordinate, or a transmission
beam setting value (focus point), and calculates the trans-
mission beam round field from the Equation (2) described
above.

[0074] Next, in Step S13, the reception beam computing
unit 52 of the weight computing unit 172 computes and
calculates the reception beam sound field A, (reception-side
sound field) which is the reception strength distribution.
Specifically, the weight computing unit 172 receives, from
the controller 12, the reception pulse setting value, the
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reception opening coordinate, or the reception beam setting
value (reception focus point or the like), and computes and
calculates the reception beam sound field A, in the com-
putation region 31 from the Equation (5). Next, in Step S14,
the combining unit 53 of the weight computing unit 172
computes and acquires the strength distribution A, of the
phasing-added received signal 104 in the computation
region 31 from Equation (6) by using the transmission beam
sound field A,_and the reception beam sound field A _ which
are calculated in advance.

[0075] The weight calculating unit 54 of the weight com-
puting unit 172 computes and determines the weight W,
with respect to the window region based the strength dis-
tribution A, in Step S15. Specifically. the weigh, calculating
unit 54 determines the weight distribution (wave weight)
with respect to the received signal of the window region 32
from the Equation (7) by using the strength distribution A,
of the received signal in the computation region 32. The
weight calculating unit 54 determines the weight W, with
respect to the entire region by using the weight W, in the
window region 32. Specifically, the weight calculating unit
54 determines that W=0 outside the window region 32 and
W=W_ in the window region 32.

[0076] Subsequently, with reference to FIG. 13, the spec-
trum analysis processing using the wave we calculated with
reference to the flowchart in FIG. 12 will be described.
[0077] In Step S22, the weight multiplying unit 55 of the
spectrum extracting unit 173 weights the entirety of the
phasing-added received signal 104 by multiplying the wave
weight calculated by the weight computing unit 172.
[0078] Step S23, the Fourier-transform performing unit 56
of the spectrum extracting unit 172 calculates the wavenum-
ber spectrum by performing the Fourier transform of the
weighted phasing-added received signal 104. In Step S24,
the spectrum transforming unit 57 transforms the wavenum-
ber spectrum into the frequency spectrum and extracts the
frequency spectrum.

[0079] According to the ultrasonic imaging device of the
embodiment, since the received signal is weighted in con-
sideration of the spread and strength distribution of the
ultrasonic signal which are generated due to the propagation
of the ultrasonic signal reaching the to region 30 from the
ultrasound probe 10 and propagation of the ultrasonic signal
reaching the ultrasound probe 10 from the target region 30,
it is possible to extract the spectrum of the target region 30
with high accuracy. Hence, by using the wavenumber or
frequency spectrum obtained from such spectrum analysis,
it is possible to improve the reliability of the information
indicating the tissue characterization of the living organ.

REFERENCE SIGNS LIST

[0080] 10: ultrasound probe

[0081] 11: console

[0082] 12: controller

[0083] 13: transmission beamformer

[0084] 14: transmit/receive separating circuit

[0085] 15: reception beamformer

[0086] 17: spectrum analyzing unit

[0087] 18: biological physical quantity mapping unit
[0088] 19: image processing unit

[0089] 20: image display unit

[0090] 151: delay adding unit
[0091] 152: detection unit
[0092] 153 memory
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[0093] 171: region setting unit

[0094] 172: weight determining unit

[0095] 173: spectrum extracting unit

[0096] 181: biological physical quantity extracting unit
[0097] 182: mapping unit

1. A spectrum analysis device comprising:

a region setting unit that sets a computation region which
is a target of frequency spectrum analysis of received
signals and a window region including the computation
region, with respect to the received signals obtained
after phasing addition of received signals which are
each obtained in time series by receiving ultrasound
with a plurality of transducers, the ultrasound being
transmitted from the plurality of arranged transducers
to a subject and being reflected from or penetrating the
subject; and

a spectrum extracting unit that weights the plurality of
received signals of the window region and performs
frequency spectrum analysis of the received signals of
the window region after the weighting,

wherein the spectrum extracting unit performs the weight-
ing by using weight distribution corresponding to
strength distribution generated in the received signals
of the window region in a case of assuming that the
ultrasound transmitted from the plurality of transducers
propagates as waves in the subject, reaches a target
region in the subject which corresponds to the compu-
tation region, is reflected from or penetrates the target
region, then further propagates as waves in the subject,
and reaches the plurality of transducers.

2. The spectrum analysis device according to claim 1,

further comprising:

a weight computing unit that obtains the weight distribu-
tion from computation,

wherein the weight computing unit includes
a transmission beam computing unit that calculates

strength distribution of ultrasound in the target
region in a case of assuming that the ultrasound
transmitted from the plurality of transducers propa-
gates in the subject and reaches the target region,

a reception beam computing unit that calculates
strength distribution of received signals output from
the plurality of transducers, which is obtained in the
window region, in a case of assuming that the
ultrasound emitted from the target region subjected
to irradiation of ultrasound having predetermined
strength distribution propagates in the subject and
reaches the transducers,

a combining unit that obtains strength distribution
generated in the received signals of the window
region by combining the strength distribution calcu-
lated by the transmission beam computing unit with
the strength distribution calculated by the reception
beam computing unit, and

a weight calculating unit that obtains the weight dis-
tribution based on the strength distribution generated
in the received signal of the window region.

3. The spectrum analysis device according to claim 1,

further comprising:

a reception beamformer provided with a delay addition
unit that generates phasing-added received signals in
time series by performing addition after the received
signals from the plurality of transducers in time series
are each delayed by a delay time corresponding to
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positions of a plurality of reception focal points on a
predetermined reception scanning line and a detection
unit that detects an envelope of the phasing-added
received signal,

wherein the region setting unit sets the window region
with respect to the phasing-added received signal gen-
erated before the detection performed by the detection
unit, and

wherein the spectrum extracting unit weights the phasing-
added received signal.

4. The spectrum analysis device according to claim 2,

wherein the reception beam computing unit divides the
target region into a plurality of subregions and calcu-
lates strength distribution of the received signals of the
window region for each subregion, and the combining
unit obtains strength distribution generated in the
received signals of the window region by adding
strength distribution of the received signals of the
subregions and combining the added strength distribu-
tion of the received signals with the strength distribu-
tion calculated by the transmission beam computing
unit.

5. The spectrum analysis device according to claim 2,

wherein the weight computing unit further includes a
window size setting unit that sets a size of the window
region depending on frequency resolution and the size
of the computation region which are desirable to results
of the frequency spectrum analysis performed by the
spectrum extracting unit.

6. The spectrum analysis device according to claim 1,

wherein the spectrum extracting unit performs spectrum
analysis from Fourier transform of the weighted
received signals of the window region.

7. The spectrum analysis device according to claim 1,

wherein ultrasound that is transmitted from the transducer
to the subject has the predetermined center frequency
and a predetermined bandwidth.

8. The spectrum analysis device according to claim 1,

wherein the computation region and the window region
are set on the plurality of received signals disposed in
a space in which a time axis direction of the received
signal and an arrangement direction of the plurality of
transducers are set as axes, and

wherein the spectrum extracting unit performs two-di-
mensional or three-dimensional Fourier transform of
the received signals of the window region.

9. The spectrum analysis device according to claim 1,

further comprising:

a weight storing unit that stores the weight distribution
obtained in advance for each predetermined settable
condition, which is a condition of transmission and
reception of ultrasound of the transducer, and
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wherein the spectrum extracting unit reads, from the
weight storing unit, the weight distribution correspond-
ing to the condition of the transmission and reception of
the ultrasound, which is transmitted to the subject and
is received by the transducers, and weights the received
signals of the window region.

10. The spectrum analysis device according to claim 1,

further comprising:

a reception unit that receives setting of the target region
from a user,

wherein the region setting unit includes a computation
region calculating unit that obtains the computation
region on the received signal from computation, which
corresponds to the target region received by the recep-
tion unit.

11. A spectrum analysis method comprising:

a region setting step of setting a computation region
which is a target of frequency spectrum analysis of
received signals and a window region including the
computation region, with respect to the received signals
which are each obtained in time series by receiving
ultrasound with a plurality of transducers, the ultra-
sound being emitted from the plurality of arranged
transducers to a subject and being reflected from the
subject; and

a spectrum extracting step of weighting the plurality of
received signals of the window region and performing
frequency spectrum analysis of the received signals of
the window region after the weighting,

wherein, in the spectrum extracting step, weighting is
performed by using weight distribution corresponding
to strength distribution generated in the received sig-
nals of the window region in a case of assuming that the
ultrasonic transmitted from the plurality of transducers
propagates as waves in the subject, reaches a target
region in the subject which corresponds to the compu-
tation region, is reflected from the target region, then
further propagates as waves in the subject, and reaches
the plurality of transducers.

12. An ultrasonic imaging device comprising:

a plurality of arranged transducers;

a transmission beamformer that transmits ultrasound from
the transducers to a subject;

a spectrum analysis device that performs spectrum analy-
sis of received signals obtained by receiving, with the
plurality of transducers, ultrasound reflected from the
subject; and

a biological information extracting unit that calculates
biological information of the subject based on analysis
results obtained by the spectrum analysis device,

wherein the spectrum analysis device is the spectrum
analysis device according to claim 1.
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