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(57) ABSTRACT

An ultrasound diagnostic apparatus includes a quadrature
detection section configured to perform quadrature detection
on reception radio-frequency data generated by a reception
circuit to generate complex data, a frequency analyzer
configured to perform a first frequency analysis using the
complex data of a set number of sample points starting from
a first start point and a second frequency analysis using at
least one group of the complex data of the set number of
sample points starting from a second start point that is
different from the first start point, and to acquire a spectral
signal corresponding to each pixel of a Doppler waveform
image based on results of the first frequency analysis and the
second frequency analysis, and a Doppler waveform image
generator configured to generate the Doppler waveform
image using the spectral signal.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND DOPPLER WAVEFORM IMAGE
GENERATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §119 to Japanese Patent Application No. 2015-
160356, filed on Aug. 17, 2015. The above application is
hereby expressly incorporated by reference, in its entirety,
into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound
diagnostic apparatus and a method for generating a Doppler
waveform image and particularly to an ultrasound diagnostic
apparatus for generating a Doppler waveform image through
the pulsed Doppler technique or continuous wave Doppler
technique.

[0003] Conventionally, an ultrasound diagnostic apparatus
using ultrasound images has been in a practical use in the
medical field. In general, this type of ultrasound diagnostic
apparatus comprises an ultrasound probe having a built-in
transducer array and an apparatus body connected to the
ultrasound probe. The ultrasound probe transmits an ultra-
sonic beam toward the inside of a subject’s body and
receives ultrasonic echoes from the subject, and the appa-
ratus body electrically processes the reception signals to
generate a B-mode (brightness mode) image.

[0004] In addition, for the purpose of obtaining blood flow
information, an approach where a Doppler waveform image
is generated through the pulsed Doppler technique or the
like and displayed with a B-mode image on a display has
been adopted.

[0005] Accordingly, an ultrasound diagnostic apparatus
that performs Doppler processing together with B-mode
processing has been disclosed in JP2003-79625A, for
example.

[0006] Inthe pulsed Doppler technique, using a transducer
array, transmittance of an ultrasonic pulse toward a subject’s
body and reception of an ultrasonic echo from the subject are
repeated at intervals of the pulse repetition frequency (PRF).
A reception signal obtained from the transducer array at each
transmission and reception of an ultrasonic wave is sub-
jected to phasing addition and thereafter converted into
complex data containing a Doppler component through
quadrature detection, and the complex data at sample points
obtained in a predetermined time width is Fourier-trans-
formed, whereby a spectral signal is acquired. Fourier
transformation is continuously carried out at intervals of a
predetermined number of sample points, and a Doppler
waveform image representing changes in the flow rate with
respect to the time axis is generated based on acquired
spectral signals.

[0007] However, due to interferences between speckle
signals or Doppler signals themselves occurring in trans-
mission and reception of ultrasonic waves, for example,
black lines appear in a Doppler waveform image thus
generated, leading to deterioration of image quality.

[0008] Accordingly, a Doppler waveform image data has
been conventionally subjected to smoothing treatment in the
time direction and the frequency direction to thereby
obscure the black lines.
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[0009] However, the resolution would deteriorate in the
time direction as smoothing treatment is performed, whereas
the time resolution would deteriorate if it is attempted to
improve the image quality. Reversely, if deterioration of the
time resolution is suppressed, the black lines would stand
out, deteriorating the image quality. This has been a prob-
lem.

SUMMARY OF THE INVENTION

[0010] The present invention has been made to solve the
above-described problem of the prior art and has an object
to provide an ultrasound diagnostic apparatus and a Doppler
waveform image generating method that can suppress gen-
eration of black lines in a Doppler waveform image without
a decrease in the time resolution to thereby improve the
image quality.

[0011] An ultrasound diagnostic apparatus according to
the present invention comprises:

[0012] a transducer array;

[0013] a transmission circuit configured to transmit an
ultrasonic beam from the transducer array toward a subject,
[0014] areception circuit configured to process a reception
signal outputted from the transducer array having received
ultrasonic echoes from the subject to generate reception
radio-frequency data that has undergone phasing addition,
[0015] a quadrature detection section configured to per-
form quadrature detection on the reception radio-frequency
data generated by the reception circuit to generate complex
data,

[0016] a frequency analyzer configured to perform a first
frequency analysis using the complex data of a set number
of sample points starting from a first start point and a second
frequency analysis using at least one group of the complex
data of the set number of sample points starting from a
second start point that is different from the first start point,
and to acquire a spectral signal corresponding to each pixel
of a Doppler waveform image based on results of the first
frequency analysis and the second frequency analysis, and a
Doppler waveform image generator configured to generate
the Doppler waveform image using the spectral signal.
[0017] A method for generating a Doppler waveform
image according to the present invention comprises the steps
of:

[0018] transmitting an ultrasonic beam from a transducer
array toward a subject,

[0019] generating reception radio-frequency data that has
undergone phasing addition by processing reception signal
outputted from the transducer array having received an
ultrasonic echo from the subject,

[0020] generating complex data by performing quadrature
detection on the reception radio-frequency data,

[0021] performing a first frequency analysis using the
complex data of a preliminarily set number of sample points
starting from a first start point and a second frequency
analysis using at least one group of complex data of the
preliminarily set number of sample points starting from a
second start point that is different from the first start point to
acquire a spectral signal corresponding to each pixel of a
Doppler waveform image based on results of the first
frequency analysis and the second frequency analysis, and

[0022] generating the Doppler waveform image using the
spectral signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus according to an
embodiment 1 of the invention.

[0024] FIG. 2 is a block diagram illustrating an internal
configuration of a reception circuit in the embodiment 1.
[0025] FIG. 3 is a block diagram illustrating an internal
configuration of a B-mode processor in the embodiment 1.
[0026] FIG. 4 is a block diagram illustrating an internal
configuration of a Doppler processor in the embodiment 1.
[0027] FIG. 5 is a diagram illustrating frequency analysis
processing carried out by a FF'T in the Doppler processor in
the embodiment 1.

[0028] FIG. 6 is a diagram illustrating a display image in
a pulsed Doppler mode.

[0029] FIG. 7A illustrates a conventional Doppler wave-
form image generated from an image data that has under-
gone smoothing treatment in the time direction, and FIG. 7B
illustrates a Doppler waveform image generated in the
embodiment 1.

[0030] FIG. 8 is a diagram illustrating frequency analysis
processing carried out by the FFT in the Doppler processor
in an embodiment 2.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] Embodiments of the invention will be described
below based on the appended drawings.

Embodiment 1

[0032] FIG. 1 illustrates a configuration of an ultrasound
diagnostic apparatus according to an embodiment 1 of the
invention. The ultrasound diagnostic apparatus includes a
transducer array 1, a transmission circuit 2 and a reception
circuit 3, the circuits being connected to the transducer array
1. To the reception circuit 3, a B-mode processor 4 and a
Doppler processor 5 are connected in parallel, and a monitor
7 is connected to the B-mode processor 4 and the Doppler
processor 5 via a display controller 6.

[0033] A transmission/reception controller 8 is connected
to the transmission circuit 2 and the reception circuit 3, and
an apparatus controller 9 is connected to the B-mode pro-
cessor 4, the Doppler processor 5, the display controller 6
and the transmission/reception controller 8. In addition, an
operation section 10 and a storage 11 are connected to the
apparatus controller 9.

[0034] The transducer array 1 includes a plurality of
ultrasound transducers arranged one-dimensionally or two-
dimensionally. The ultrasound transducers transmit ultra-
sonic waves according to actuation signals supplied from the
transmission circuit 2 and receive ultrasonic echoes from the
subject to output reception signals. Each of the ultrasound
transducers comprises an oscillator composed of a piezo-
electric body and electrodes each provided on either end of
the piezoelectric body. The piezoelectric body is composed
of, for example, a piezoelectric ceramic represented by a
lead zirconate titanate (PZT), a piezoelectric polymer rep-
resented by polyvinylidene fluoride (PVDF), or a piezoelec-
tric monocrystal represented by lead magnesium niobate-
lead titanate solid solution (PMN-PT).

[0035] When the electrodes of each of the oscillators are
supplied with a pulsed voltage or a continuous-wave volt-
age, the piezoelectric body expands and contracts to cause
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the oscillator to generate pulsed or continuous ultrasonic
waves. These ultrasonic waves are synthesized to form an
ultrasonic beam. Besides, the oscillators receive propagating
ultrasonic waves to contract, thereby generating electric
signals, which will be outputted as reception signals of the
ultrasonic waves.

[0036] The transmission circuit 2 includes, for example, a
plurality of pulsars and adjusts the delay amounts for
actuation signals based on a transmission delay pattern
selected according to a control signal transmitted from the
transmission/reception controller 8 so that the ultrasonic
waves transmitted from a plurality of ultrasound transducers
of the transducer array 1 form an ultrasonic beam and
supplies the ultrasound transducers with delay-adjusted
actuation signals.

[0037] As illustrated in FIG. 2, the reception circuit 3 has
a structure in which an amplifier 12, an A/D converter 13,
and a beam former 14 are connected in series. The reception
circuit 3 causes the amplifier 12 and the A/D converter 13 to
amplify and A/D-convert the reception signals transmitted
from the ultrasound transducers of the transducer array 1,
and then causes the beam former 14 to perform reception
focusing processing by providing the reception signals with
respective delays according to the sound speed or sound
speed distribution that is set based on a reception delay
pattern selected according to the control signal from the
transmission/reception controller 8 and adding them up. The
reception focusing processing generates a reception radio-
frequency data that has undergone phasing addition and has
narrower focal points of ultrasonic echoes.

[0038] As illustrated in FIG. 3, the B-mode processor 4
has a structure in which a signal processor 15, a Digital Scan
Converter (DSC) 16 and an image processor 17 are con-
nected in series.

[0039] The signal processor 15 corrects the reception
radio-frequency data generated by the reception circuit 3 in
terms of attenuation caused due to distance based on the
depth at which the ultrasonic waves are reflected, and then
performs envelope detection processing to thereby generate
a B-mode image signal which is tomographic image infor-
mation on a tissue inside the subject.

[0040] The DSC 16 converts the B-mode image signal
generated by the signal processor 15 into an image signal
compatible with an ordinary television signal scanning mode
(raster conversion).

[0041] The image processor 17 performs various types of
necessary image processing such as gradation processing on
the B-mode image signal entered from the DSC 16 and then
outputs the B-mode image signal to the display controller 6.
[0042] The Doppler processor 5 generates a Doppler
waveform image through the so-called pulsed Doppler tech-
nique and, as illustrated in FIG. 4, has a structure in which
a quadrature detection section 18, a high pass filter 19, a Fast
Fourier Transformer (FFT) 20 and a Doppler waveform
image generator 21 are connected in series, and a data
memory 22 is connected to an output terminal of the
quadrature detection section 18.

[0043] The quadrature detection section 18 converts the
reception radio-frequency data into complex data through
quadrature detection, by combining the reception radio-
frequency data generated by the reception circuit 3 with a
carrier signal of a reference frequency.

[0044] The high pass filter 19 functions as a so-called wall
filter and removes a frequency component derived from
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motion of a tissue in the subject’s body from the complex
data generated by the quadrature detection section 18.
[0045] The FFT 20 performs frequency analysis on the
complex data including a plurality of sample points through
Fourier transformation, thereby generating a spectral signal.
[0046] The Doppler waveform image generator 21 repre-
sents the spectral signal generated by the FFT 20 disposed
along the time axis and represents a magnitude of each
frequency component as brightness, whereby a Doppler
waveform image signal is generated. In a Doppler waveform
image, a horizontal axis represents the time axis, a vertical
axis represents a Doppler shift frequency, i.e., flow velocity,
and brightness of a waveform represents a power of each
frequency component.

[0047] The data memory 22 stores the complex data to
which the reception radio-frequency data was converted by
the quadrature detection section 18.

[0048] The display controller 6 causes the monitor 7 to
display a B-mode image based on the B-mode image signal
generated by the B-mode processor 4 and to display a
Doppler waveform image based on the Doppler waveform
image signal generated by the Doppler processor 5 in the
pulsed Doppler mode.

[0049] The monitor 7 includes a display device such as an
LCD, for example, and displays the B-mode image and the
Doppler waveform image under the control of the display
controller 6.

[0050] The transmission/reception controller 8 controls
the transmission circuit 2 and the reception circuit 3 such
that transmission of an ultrasonic pulse to the subject and
reception of an ultrasonic echo from the subject are repeated
at intervals of the pulse repetition frequency (PRF) based on
the various control signals sent by the apparatus controller 9.
[0051] The apparatus controller 9 controls the B-mode
processor 4, the Doppler processor 5, the display controller
6 and the transmission/reception controller 8 based on an
instruction input by an operator through the operation sec-
tion 10. The FFT 20 of the Doppler processor 5 and the
apparatus controller 9 constitute a frequency analyzer.
[0052] The operation section 10 is provided for the opera-
tor to perform input operations and may be composed of, for
example, a keyboard, a mouse, a track ball, and/or a touch
panel.

[0053] The storage 11 stores, for example, an operation
program and may be constituted by, for example, a recording
medium such as a hard disc, a flexible disk, an MO (Mag-
neto-Optical Disk), an MT (Magnetic Tape), a RAM (Ran-
dom Access Memory), a CD-ROM (Compact Disk Read
Only Memory), a DVD-ROM (Digital Versatile Disk Read
Only Memory), an SD card (Secure Digital Card), a CF card
(Compact Flash Card), or a USB memory (Universal Serial
Bus Memory), or a server.

[0054] Each of the B-mode processor 4, the Doppler
processor 5, the display controller 6, the transmission/
reception controller 8 and the apparatus controller 9 is
formed by using a CPU and an operation program causing
the CPU to execute various kinds of processing. However,
these may be formed by using digital circuits. Also, the
B-mode processor 4, the Doppler processor 5, the display
controller 6, the transmission/reception controller 8 and the
apparatus controller 9 may be constituted by partially or
totally integrated into a single CPU.

[0055] Here, the operation of the FFT 20 in the Doppler
processor 5 will be described referring to FIG. 5.
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[0056] Under the control of the apparatus controller 9, the
FFT 20 performs frequency analysis through Fourier trans-
formation on complex data Diq of a sample point group S0
consisting of a plurality of sample points starting from a first
start point, among complex data Diq repeatedly obtained at
intervals of the pulse repetition frequency (PRF), and, in
addition to the sample point group S0, performs frequency
analysis also on complex data Diq of sample point groups S1
to S4 each consisting of a plurality of sample points starting
from the second start point that is different from the first start
point.

[0057] The sample point groups S0 to S4 each include a
preliminarily set number of sample points Nf. The sample
point group S1 was obtained temporally earlier than the
sample point group S0 by a number of sample points Nb, and
the sample point group S2 was obtained temporally eatlier
than the sample point group S1 further by a number of
sample points Nb. In addition, the sample point group S3
was obtained temporally later than the sample point group
S0 by a number of sample points Nb, and the sample point
group S4 was obtained temporally later than the sample
point group S3 further by a number of sample points Nb.
[0058] The FFT 20 acquires a single spectral signal cor-
responding to a pixel P, based on a result of a first frequency
analysis on the sample point group S0 and a result of a
second frequency analysis on the sample point groups S1 to
S4. In this process, the FFT 20 performs maximum value
processing on the result of the first frequency analysis on the
sample point group SO and on the result of the second
frequency analysis on the sample point groups S1 to S4, i.e.,
extracts the maximum power value of respective frequency
components in each of the analysis results, whereby the FFT
20 can acquire the spectral signal corresponding to the pixel
P..

[0059] Alternatively, the FFT 20 may perform averaging
processing on the result of the first frequency analysis on the
sample point group S0 and on the second frequency analysis
on the sample point groups S1 to S4, i.e., calculate the
average power value of respective frequency coniponents in
each of the analysis results to acquire the spectral signal
corresponding to the pixel P,.

[0060] Following the acquisition of the spectral signal
corresponding to the pixel P, the FE'T 20 acquires a spectral
signal corresponding to a pixel P_,, adjacent to the pixel P,
in the similar manner. That is, for the pixel P_,,, the FFT 20
carries out not only the first frequency analysis on the
complex data Diq of the sample point group SO having the
set number of sample points Nf starting from the first start
point but also the second frequency analysis on the complex
data Diq of the sample point groups S1 to 84 each having the
set number of sample points Nf starting from the second start
point that is different from the first start point and acquires
a single spectral signal corresponding to the pixel P, | based
on the results of the first and second frequency analyses.
[0061] The first start point for the pixel P_ and the first start
point for the pixel P_,, are distanced from each other by the
number of sample points Np corresponding to a gap between
adjacent pixels.

[0062] Accordingly, spectral signals respectively corre-
sponding to the pixels of a Doppler waveform image are
acquired. FIG. 5 shows examples of the spectral signals
respectively corresponding to the five pixels P__, to P ,.
[0063] In an example, when the pulse repetition frequency
(PRF) is 5,000 Hz, the sweep time Ts of the Doppler
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waveform image displayed on the monitor 7 is four seconds,
the number of pixels PN along the time axis of the Doppler
waveform image is 640, and the set number of sample points
Nf on which the frequency analysis is performed is 128, the
number of sample points Np corresponding to a gap between
adjacent pixels is expressed as Np=5,000x4/640=31.
[0064] In addition, a number of sample points Nb between
adjacent sample point groups S0 to S4 may be an arbitrary
value from the minimum value Nb, =1 to the maximum
value Nb,,, . The maximum value Nb,,,, is expressed by
the following formula.

Nbygax<=Mpagax/ 2<(PRE a0 Bara/PN)/2

[0065] In the formula, Np,,,, represents the maximum
value of the number of sample points NP, PRF,,,, represents
the maximum value of the pulse repetition frequency PRE,
Tsy4x represents the maximum value of the sweep time Ts
of the Doppler waveform image, and PN represents the
number of pixels along the time axis of the Doppler wave-
form image.

[0066] For example, when the maximum value Ts,,, .- of
the sweep time Ts is 10 seconds, the maximum value
PRF,,,+ of the pulse repetition frequency PRF is 15.6 kHz,
and the maximum value Np,,, of the number of sample
points Np is 244, the maximum value Nb,,, - of the number
of sample points Nb=Np,,,+/2=122 is established.

[0067] Meanwhile, a value of a gap 2xNb between the
sample point group S2 or S4 and the sample point group SO
is preferably set to a value smaller than V4 of the number of
sample points Np corresponding to the gap between adjacent
pixels, the sample point group S2 or S4 being farthest from
the sample point group SO among sample point groups S1 to
S4 surrounding the sample point group S0.

[0068] In FIG. 5, two sample point groups S1 and S2 that
were obtained temporally earlier than the sample point
group S0 and two sample point groups S3 and S4 that were
obtained temporally later than the sample point group S0 are
used as the sample point groups on which the second
frequency analysis is performed. However, the number of
sample point groups Ng on which the second frequency
analysis is performed may be appropriately selected. In
addition, the number of sample point groups obtained tem-
porally earlier than the sample point group SO and the
number of sample point groups obtained temporally later
than the sample point group SO0 do not have to be same but
may be different from each other.

[0069] The pulse repetition frequency PRF, the sweep
time of the Doppler waveform image, the set number of
sample points Nf on which the frequency analysis is per-
formed, the number of sample points Nb between adjacent
sample point groups, the number of surrounding sample
point groups Ng on which the frequency analysis is per-
formed and the acquisition method (maximum value pro-
cessing or averaging processing) to acquire a single spectral
signal corresponding to each pixel based on the results of
first and second frequency analyses can be input into the
apparatus controller 9 through the operation section 10.
[0070] Next, described is an operation of the ultrasound
diagnostic apparatus according to the embodiment 1.
[0071] First, according to the actuation signal from the
transmission circuit 2, a plurality of ultrasound transducers
of the transducer array 1 transmit an ultrasonic beam, and
the ultrasound transducers having received ultrasound
echoes from a subject output reception signals to the recep-
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tion circuit 3, the amplifier 12 amplifies the reception
signals, which are subsequently A/D converted by the A/D
converter 13 and then subjected to phasing addition at the
beam former 14, whereby reception radio-frequency data is
generated. The reception radio-frequency data is subjected
to envelop detection processing by the signal processor 15 in
the B-mode processor 4 to turn into a B-mode image signal,
which is outputted to the display controller 6 via the DSC 16
and the image processor 17, whereupon the display control-
ler 6 causes the monitor 7 to display the B-mode image.
[0072] Here, when an operator operates the operation
section 10 and selects the pulsed Doppler mode, as illus-
trated in FIG. 6, a screen 31 of the monitor 7 is divided into
two regions of a B-mode image 32 and a Doppler waveform
image 33, and a gate 34 is displayed so as to be superim-
posed on the B-mode image 32. The gate 34 can move freely
on the B-mode image 32 through the operation of the
operation section 10, which is, for example, operated such
that the gate 34 is positioned on a blood vessel 35 in order
to measure a blood flow rate in the blood vessel 35 in the
carotid arteries displayed in the B-mode image 32.

[0073] Here, it is assumed that the pulse repetition fre-
quency PRF. the sweep time of the Doppler waveform
image, the set number of sample points Nf, the number of
sample points Nb between adjacent sample point groups, the
number of sample point groups Ng on which the second
frequency analysis is performed and the acquisition method
(maximum value processing or averaging processing) to
acquire a single spectral signal corresponding to each pixel
based on the results of the first and second frequency
analyses are preliminarily set in the apparatus controller 9
through the operation section 10.

[0074] Upon transmission of information on the position
of the gate 34 from the apparatus controller 9 to the
transmission/reception controller 8, the transmission/recep-
tion controller 8 controls the transmission circuit 2 and the
reception circuit 3, whereby transmission of an ultrasonic
pulse toward a specific direction, which passes the gate 34,
and reception of an ultrasonic echo are repeated at intervals
according to the pulse repetition frequency (PRF).

[0075] The reception radio-frequency data generated in
the reception circuit 3 is converted into complex data by the
quadrature detection section 18 in the Doppler processor 5,
is stored in the data memory 22, and is outputted to the FFT
20 after frequency components derived from motions of
body tissues in a subject are removed therefrom by the high
pass filter 19.

[0076] The FET 20 performs, based on the preliminarily
set number of sample points Nf, the number of sample points
Nb between adjacent sample point groups, the number of
sample point groups Ng on which the second frequency
analysis is performed, and the acquisition method for acquit-
ing a spectral signal, the first frequency analysis using the
complex data Diq in a single sample point group having the
set number of sample points Nf from the first staring point
and the second frequency analysis using the complex data
Diq in the number of sample point groups Ng having the set
number of sample points Nf each starting from the second
start point, and acquires a spectral signal corresponding to
each pixel based on the results of the first and second
frequency analyses.

[0077] The Doppler waveform image generator 21 then
generates a Doppler waveform image signal based on the
spectral signals acquired by the FFT 20, and as illustrated in
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FIG. 6, the display controller 6 causes the monitor 7 to
display the Doppler waveform image 33 in the screen 31.
The horizontal axis represents the time axis of the Doppler
waveform image 33, while the vertical axis represents a
blood flow rate in the blood vessel 35. At this time, the
Doppler waveform image signal generated from the spectral
signal corresponding to each pixel does not undergo smooth-
ing treatment either in the time direction or the frequency
direction, and the Doppler waveform image 33 is displayed
based on the Doppler waveform image signal generated by
the Doppler waveform image generator 21.

[0078] Since transmission and reception of an ultrasonic
beam for acquiring a B-mode image and transmission and
reception of an ultrasonic beam for acquiring a Doppler
waveform image are performed in a time-division manner,
the B-mode image 32 and the Doppler waveform image 33
can be simultaneously displayed in the screen 31 of the
monitor 7.

[0079] As described above, since the FFT 20 under the
control of the apparatus controller 9 performs, for each
pixel, not only the first frequency analysis for frequency-
analyzing complex data Diq in a single sample point group
having the set number of sample points Nf starting from the
first start point but also the second frequency analysis for
frequency-analyzing complex data Diq in the number of
sample point groups Ng each having the set number of
sample points Nf starting from the second start point that is
different from the first start point, and acquires a spectral
signal corresponding to each pixel based on the results of the
first and second frequency analyses, the necessity of
smoothing treatment on image data of a Doppler waveform
image conventionally required can be removed, whereby
generation of black lines in a Doppler waveform image can
be suppressed while the time resolution is prevented from
decreasing.

[0080] In particular, illustrated in FIG. 7A is a Doppler
waveform image generated by the conventional method
where frequency analysis is performed only on complex data
Diq of the set number of sample points NT starting from the
first start point, not on the set number of sample points Nf
starting from the second start point that is different from the
first start point. In this example, the pulse repetition fre-
quency PRF is set to 5,000 Hz, the sweep time of the
Doppler waveform image to four seconds, the number of
pixels along the time axis of the Doppler waveform image
to 640, and the set number of sample points Nf used for
frequency analysis to 128.

[0081] It is apparent that black lines BL appear in the
Doppler waveform image.

[0082] On the other hand, illustrated in FIG. 7B is a
Doppler waveform image generated by the method of the
embodiment 1 where, having the pulse repetition frequency
PRF, the sweep time of the Doppler waveform image, the
number of pixels along the time axis of the Doppler wave-
form image, and the set number of sample points Nf used for
frequency analysis being same as those in the case of FIG.
7A, the first frequency analysis using complex data Diq in
the sample point group S0 having the set number of sample
points Nf starting from the first start point, and the second
frequency analysis using complex data Diq in the sample
point groups S1 to S4 each having the set number of sample
points Nf starting from the second start point that is different
from the first start point are carried out.
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[0083] Tt is apparent that the black lines BL appearing in
FIG. 7A have become obscure.

[0084] As described above, according to the invention,
generation of black lines can be suppressed, and the image
quality can be improved, without decrease in the time
resolution.

[0085] In addition, since the complex data converted by
the quadrature detection section 18 in the Doppler processor
5 is stored in the data memory 22, by changing at least one
of the set number of sample points Nf to be used for
frequency analysis, the number of sample points Nb
between adjacent sample point groups, and the number of
sample point groups Ng on which the second frequency
analysis is performed and inputting the changed number
through the operation section 10, a new Doppler waveform
image can be generated under the changed condition.

Embodiment 2

[0086] In the embodiment 1 described above, two sample
point groups S1 and S2 obtained temporally earlier than the
sample point group SO and two sample point groups S3 and
S4 obtained temporally later than the sample point group SO
on which the first frequency analysis is performed are used
in the second frequency analysis. However, as illustrated in
FIG. 8, two sample point groups S1 and S2 obtained
temporally earlier than the sample point group S0 may be
only used for the second frequency analysis to acquire a
single spectral signal corresponding to each pixel based on
the results of the first and the second frequency analyses. In
this manner, also, generation of black lines can be sup-
pressed, and the image quality may be improved without
decrease in the time resolution.

[0087] In addition, one or three or more sample point
groups obtained temporally earlier than the sample point
group SO on which the first frequency analysis is performed
may be used as sample point groups for the second fre-
quency analysis.

[0088] Similarly, one or more sample point groups
obtained temporally later than the sample point group S0 on
which the first frequency analysis is performed may be used
for the second frequency analysis.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transducer array;

a transmission circuit configured to transmit an ultrasonic
beam from the transducer array toward a subject,

a reception circuit configured to process a reception signal
outputted from the transducer array having received
ultrasonic echoes from the subject to generate reception
radio-frequency data that has undergone phasing addi-
tion,

a quadrature detection section configured to perform
quadrature detection on the reception radio-frequency
data generated by the reception circuit to generate
complex data,

a frequency analyzer configured to perform a first fre-
quency analysis using the complex data of a set number
of sample points starting from a first start point and a
second frequency analysis using at least one group of
the complex data of the set number of sample points
starting from a second start point that is different from
the first start point, and to acquire a spectral signal
corresponding to each pixel of a Doppler waveform
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image based on results of the first frequency analysis
and the second frequency analysis, and
a Doppler waveform image generator configured to gen-
erate the Doppler waveform image using the spectral
signal.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the frequency analyzer extracts a maximum
power value of respective frequency components in the
results of the first frequency analysis and the second fre-
quency analysis to thereby acquire the spectral signal cor-
responding to the each pixel.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the frequency analyzer calculates an average
power value of respective frequency components in the
results of the first frequency analysis and the second fre-
quency analysis to thereby acquire the spectral signal cor-
responding to the each pixel.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the frequency analyzer performs, in the second
frequency analysis, frequency analysis using at least one
group of complex data of the set number of sample points
starting from the second start point that is temporally earlier
than the first start point by a predetermined number of
sample points and performs frequency analysis using at least
one group of complex data of the set number of sample
points starting from the second start point that is temporally
later than the first start point by a predetermined number of
sample points.
5. The ultrasound diagnostic apparatus according to claim
1, further comprising a data memory configured to store
complex data generated by the quadrature detection section,
and
an operation section configured to specify the set number
and a number of sample points between the first start
point and the second start point,
wherein the frequency analyzer performs frequency
analysis on the complex data stored in the data memory
based on the set number and the number of sample
points between the first start point and the second start
point that are specified through the operation section.
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6. The ultrasound diagnostic apparatus according to claim
15
wherein the reception circuit includes an analog/digital
converter for converting the reception signal outputted
from the transducer array into a digital signal, and
a beam former for performing phasing addition on the
reception signal that is converted into the digital signal.
7. The ultrasound diagnostic apparatus according to claim
1, further comprising a B-mode processor configured to
generate a B-mode image based on the reception radio-
frequency data generated by the reception circuit, and
a monitor configured to display the Doppler waveform
image generated by the Doppler waveform image gen-
erator and the B-mode image generated by the B-mode
processor.
8. A method for generating a Doppler waveform image,
comprising the steps of:
transmitting an ultrasonic beam from a transducer array
toward a subject,
generating reception radio-frequency data that has under-
gone phasing addition by processing reception signal
outputted from the transducer array having received an
ultrasonic echo from the subject,
generating complex data by performing quadrature detec-
tion on the reception radio-frequency data,

performing a first frequency analysis using the complex
data of a preliminarily set number of sample points
starting from a first start point and a second frequency
analysis using at least one group of complex data of the
preliminarily set number of sample points starting from
a second start point that is different from the first start
point to acquire a spectral signal corresponding to each
pixel of a Doppler waveform image based on results of
the first frequency analysis and the second frequency
analysis, and

generating the Doppler waveform image using the spec-
tral signal.
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