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For the purpose of removing an effect of window processing
in window-processing time-domain Doppler signals, trans-
lating them to a frequency domain, and then translating them
back to the time domain, when cutting signals of a prede-
termined length from a time-domain Doppler signal; per-
forming window processing on the cut signals; transforming
the window-processed signals into frequency-domain sig-
nals by Fourier transformation; inversely transforming the
frequency-domain signals by inverse Fourier transformation
into a time-domain signal after performing predefined pro-
cessing on the signals; and outputting the time-domain
signal as an acoustic signal, the window processing is
performed using a window having a profile with a flat top;
and the cutting from the Doppler signal is performed such
that a former cut signal and a latter cut signal overlap in a

(51) Int. CL7 oo sssnssssssesens A61B 8/00 portion corresponding to the flat portion of the window.
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DOPPLER SIGNAL PROCESSING APPARATUS
AND ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a Doppler signal
processing method and apparatus and an ultrasonic diagnos-
tic apparatus, and more particularly to a Doppler signal
processing method and apparatus and an ultrasonic diagnos-
tic apparatus for cutting time-domain Doppler signals of a
predetermined length, window-processing the cut signals,
transforming the window-processed signals into frequency-
domain signals by Fourier transformation, inversely trans-
forming the frequency-domain signals into a time-domain
signal by inverse Fourier transformation after performing
appropriate processing such as filtering on the signals in the
frequency domain, and outputting the time-domain signal as
an acoustic signal.

[0002] An ultrasonic imaging apparatus scans the interior
of a subject with an ultrasonic beam; receives echoes;
acquires image data corresponding to the intensity of the
echoes; and thereby produces a so-called B-mode image.
This process is sometimes referred to as B-mode imaging.

[0003] Moreover, the ultrasonic imaging apparatus
acquires a Doppler signal of the echoes, and produces color
images representing the dynamics of blood flow etc., ie.,
so-called color Doppler images, based on the Doppler sig-
nals. The color Doppler images produced include a color
flow mapping image that represents a two-dimensional
distribution of the velocity of blood flow etc., and a power
Doppler image that represents a two-dimensional distribu-
tion of the power of the Doppler signal. This process is
sometimes referred to as color Doppler imaging.

[0004] The ultrasonic diagnostic apparatus also performs
Fourier transformation on the Doppler signal of echoes from
a sample volume defined in the interior of the subject to
obtain a frequency spectrum. This process is sometimes
referred to as point Doppler measurement.

[0005] The results of the B-mode imaging, color Doppler
imaging and point Doppler measurement are displayed as
respective images for use as visual information to diagnose
the subject. The point Doppler measurement also outputs the
Doppler signal as an acoustic signal via an audio device such
as a speaker, for use as acoustic information for the diag-
nosis.

[0006] The signal input to the audio device is a time-
domain Doppler signal before the Fourier transformation or
a signal obtained by inversely Fourier-transforming the
frequency spectrum back into a time-domain signal.

[0007] An FFT (fast Fourier transformer) is used for the
Fourier transformation from the time domain into the fre-
quency domain. An iFFT (inverse fast Fourier transformer)
is used for the inverse Fourier transformation from the
frequency domain back into the time domain.

[0008] In performing the Fourier transformation by the
FFT, a temporally continuous Doppler signal is cut into
signals of a predetermined length, and the cut signals are
subject to window-processing for mitigating discontinuity
between the signals at the cut boundaries. The window
employed is, for example, a Hanning window. The window-
processed Doppler signal is amplitude-modulated according
to the profile of the window.
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[0009] Accordingly, the signal obtained from the inverse
Fourier transformation becomes a Doppler signal amplitude-
modulated according to the window profile, and the acoustic
signal based on such a Doppler signal is inaccurate.

SUMMARY OF THE INVENTION

[0010] Therefore, an object of the present invention is to
provide a Doppler signal processing method and apparatus
and an ultrasonic diagnostic apparatus for window-process-
ing the time-domain Doppler signals, translating the signals
to a frequency domain, and then translating them back to the
time domain, the Doppler signal processing method and
apparatus and the ultrasonic diagnostic apparatus being
capable of removing an effect of the window processing.

[0011] (1) The present invention, in accordance with one
aspect thereof for solving the problem, is a Doppler signal
processing method for cutting signals of a predetermined
length from a time-domain Doppler signal, performing
window processing on said cut signals; transforming said
window-processed signals into frequency-domain signals by
Fourier transformation; inversely transforming said trans-
formed frequency-domain signals into a time-domain signal
by inverse Fourier transformation after performing pre-
defined processing on said signals; and outputting said
inversely transformed time-domain signal as an acoustic
signal, characterized in that: said window processing is
performed using a window having a profile with a flat top;
and said cutting from the Doppler signal is performed such
that a former cut signal and a latter cut signal overlap in a
portion corresponding to the flat portion of said window.

[0012] (2) The present invention, in accordance with
another aspect thereof for solving the problem, is a Doppler
signal processing apparatus for cutting signals of a prede-
termined length from a time-domain Doppler signal; per-
forming window processing on said cut signals; transform-
ing said window-processed signals into frequency-domain
signals by Fourier transformation; inversely transforming
said transformed frequency-domain signals into a time-
domain signal by inverse Fourier transformation after per-
forming predefined processing on said signals; and output-
ting said inversely transformed time-domain signal as an
acoustic signal, characterized in comprising: window pro-
cessing means for performing said window processing using
a window having a profile with a flat top; and signal cutting
means for performing said cutting from the Doppler signal
such that a former cut signal and a latter cut signal overlap
in a portion corresponding to the flat portion of said window.

[0013] (3) The present invention, in accordance with still
another aspect thereof for solving the problem, is an ultra-
sonic diagnostic apparatus for transmitting ultrasound and
acquiring a Doppler signal of an echo of the ultrasound,
cutting signals of a predetermined length from said Doppler
signal in a time domain; performing window processing on
said cut signals; transforming said window-processed sig-
nals into frequency-domain signals by Fourier transforma-
tion; inversely transforming said transformed frequency-
domain signals into a time-domain signal by inverse Fourier
transformation after performing predefined processing on
said signals; and outputting said inversely transformed time-
domain signal as an acoustic signal, characterized in com-
prising: window processing means for performing said win-
dow processing using a window having a profile with a flat
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top; and signal cutting means for performing said cutting
from the Doppler signal such that a former cut signal and a
latter cut signal overlap in a portion corresponding to the flat
portion of said window.

[0014] In the invention of the aspects (1)-(3), since the
window processing is performed using a window having a
profile with a flat top and the cutting from the Doppler signal
is performed such that a former cut signal and a latter cut
signal overlap in a portion corresponding to the flat portion
of the window, the Doppler signals translated from the
frequency domain to the time domain connect at the flat
portion of the window. Thus, an effect of the window
processing can be removed.

[0015] Preferably, the profile of the window is generally
trapezoidal so that discontinuity between the signals due to
the cutting can be mitigated.

[0016] (4) The present invention, in accordance with still
another aspect thereof for solving the problem, is a Doppler
signal processing method for cutting signals of a predeter-
mined length from a time-domain Doppler signal; perform-
ing window processing on said cut signals; transforming
said window-processed signals into frequency-domain sig-
nals by Fourier transformation; inversely transforming said
transformed frequency-domain signals into a time-domain
signal by inverse Fourier transformation after performing
predefined processing on said signals; and outputting said
inversely transformed time-domain signal as an acoustic
signal, characterized in comprising: performing amplitude
modulation with a property opposite to that of amplitude
modulation by said window processing before outputting
said inversely-transformed time-domain signal as the acous-
tic signal.

[0017] (5) The present invention, in accordance with still
another aspect thereof for solving the problem, is a Doppler
signal processing apparatus for cutting signals of a prede-
termined length from a time-domain Doppler signal; per-
forming window processing on said cut signals; transform-
ing said window-processed signals into frequency-domain
signals by Fourier transformation; inversely transforming
said transformed frequency-domain signals into a time-
domain signal by inverse Fourier transformation after per-
forming predefined processing on said signals; and output-
ting said inversely transformed time-domain signal as an
acoustic signal, characterized in comprising: amplitude
modulating means for performing amplitude modulation
with a property opposite to that of amplitude modulation by
said window processing before outputting said inversely-
transformed time-domain signal as the acoustic signal.

[0018] (6) The present invention, in accordance with still
another aspect thereof for solving the problem, is an ultra-
sonic diagnostic apparatus for transmitting ultrasound and
acquiring a Doppler signal of an echo of the ultrasound,
cutting signals of a predetermined length from said Doppler
signal in a time domain; performing window processing on
said cut signals; transforming said window-processed sig-
nals into frequency-domain signals by Fourier transforma-
tion; inversely transforming said transformed frequency-
domain signals into a time-domain signal by inverse Fourier
transformation after performing predefined processing on
said signals; and outputting said inversely transformed time-
domain signal as an acoustic signal, characterized in com-
prising: amplitude modulating means for performing ampli-
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tude modulation with a property opposite to that of
amplitude modulation by said window processing before
outputting said inversely-transformed time-domain signal as
the acoustic signal.

[0019] In the invention of the aspects (4)-(6), since ampli-
tude modulation with a property opposite to that of ampli-
tude modulation by the window processing is performed
before outputting the time-domain signal as the acoustic
signal obtained by the inverse transformation, an effect of
the window processing can be removed.

[0020] The window for performing the window process-
ing on said cut signals is preferably a Hanning window so
that discontinuity of the signals at the cut boundaries can be
eliminated.

[0021] The predefined processing is preferably filtering
processing so that unwanted signal components can be
removed.

[0022] The predefined processing is preferably zero-shift-
ing processing so that aliasing of the Doppler signal can be
corrected.

[0023] The predefined processing is preferably correction
processing of the output characteristics of said acoustic
signal so that fidelity of the acoustic signal can be improved.

[0024] Therefore, the present invention can provide a
Doppler signal processing method and apparatus and an
ultrasonic diagnostic apparatus for window-processing time-
domain Doppler signals, translating the signals to a fre-
quency domain, and then translating them back to the time
domain, the Doppler signal processing method and appara-
tus and the ultrasonic diagnostic apparatus being capable of
removing an effect of the window processing.

[0025] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a block diagram of an apparatus in
accordance with one embodiment of the present invention.

[0027]

[0028] FIG. 3 is a diagram showing the concept of scan-
ning by the transceiver section.

[0029] FIG. 4 is a diagram showing the concept of scan-
ning by the transceiver section.

[0030] FIG. 5 is a diagram showing the concept of scan-
ning by the transceiver section.

FIG. 2 is a block diagram of a transceiver section.

[0031] FIG. 6 is a block diagram of a B-mode processing
section.
[0032] FIG. 7 is a block diagram of a Doppler processing
section.
[0033] FIG. 8 is a block diagram of an image processing
section.
[0034] FIG. 9 is a block diagram of an exemplary spec-

trum processing unit.

[0035] FIG. 10 shows an exemplary window profile.
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[0036] FIG. 11 shows the relationship between Doppler
signal cutting and window processing.

[0037]

[0038] FIG. 13 is a block diagram of another exemplary
spectrum processing unit.

[0039]

[0040] FIG. 15 shows the relationship between Doppler
signal cutting and window processing.

FIG. 12 shows a restored Doppler signal.

FIG. 14 shows an exemplary window profile.

[0041] FIG. 16 shows restoration of Doppler signal.
DETAILED DESCRIPTION OF THE
INVENTION
[0042] Several embodiments of the present invention will

now be described in detail with reference to the accompa-
nying drawings. FIG. 1 shows a block diagram of an
ultrasonic imaging apparatus, which is an embodiment of
the present invention. The configuration of the apparatus
represents an embodiment of the apparatus in accordance
with the present invention. The operation of the apparatus
represents an embodiment of the method in accordance with
the present invention.

[0043] As shown in FIG. 1, the present apparatus has an
ultrasonic probe 2. The ultrasonic probe 2 has an array of
ultrasonic transducers (not shown). The individual ultra-
sonic transducers are made from a piezoelectric material
such as PZT (lead zirconate titanate [Pb—Zr—Ti]) ceramic.
The ultrasonic probe 2 is used abutted against a subject 4 by
a user.

[0044] The ultrasonic probe 2 is connected to a transceiver
section 6. The transceiver section 6 supplies driving signals
to the ultrasonic probe 2 to transmit ultrasound. It also
receives echo signals picked up by the ultrasonic probe 2.

[0045] FIG. 2 shows a block diagram of the transceiver
section 6. As shown, the transceiver section 6 has a trans-
mission timing generating unit 602. The transmission timing
generating unit 602 periodically generates a transmission
timing signal, and inputs the signal to a transmission beam-
former 604.

[0046] The transmission beamformer 604 is for perform-
ing beamforming for the transmission, and generates a
beamforming signal for forming an ultrasonic beam in a
certain direction based on the transmission timing signal.
The beamforming signal consists of a plurality of driving
signals that are given respective time differences corre-
sponding to the direction. The beamforming is controlled by
a control section 18, which will be described later. The
transmission beamformer 604 inputs the transmission beam-
forming signal to a transmission/reception switching unit
606.

[0047] The transmission/reception switching unit 606
inputs the beamforming signal to the ultrasonic transducer
array. A plurality of ultrasonic transducers that constitute a
transmission aperture in the ultrasonic transducer array
generate ultrasound having respective phase differences
corresponding to the time differences in the driving signals.
By wavefront synthesis of the ultrasound, an ultrasonic
beam is formed along an acoustic line in a certain direction.
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[0048] The transmission/reception switching unit 606 is
connected with a reception beamformer 610. The transmis-
sion/reception switching unit 606 inputs the echo signals
picked up by a reception aperture in the ultrasonic trans-
ducer array to the reception beamformer 610.

[0049] The reception beamformer 610 is for performing
beamforming for the reception corresponding to an acoustic
line for the transmission, involving imparting time differ-
ences to a plurality of received echoes to adjust their phases,
and then adding the echoes to form an echo received signal
along an acoustic line in a certain direction. The reception
beamforming is controlled by the control section 18, which
will be described later.

[0050] The transmission of the ultrasonic beam is repeated
at predefined time intervals in response to the transmission
timing signal generated by the transmission timing gener-
ating unit 602. Synchronously with the timing, the trans-
mission beamformer 604 and the reception beamformer 610
change the direction of the acoustic line by a predefined
amount. Thus, the interior of the subject 4 is sequentially
scanned by the acoustic line.

[0051] The transceiver section 6 having such a configu-
ration performs a scan as exemplarily shown in FIG. 3.
Specifically, a fan-shaped two-dimensional region 206 is
scanned in the O-direction by an acoustic line 202 extending
from an emission point 200 in the z-direction, and a so-
called sector scan is carried out.

[0052] When the transmission and reception apertures are
formed using part of the ultrasonic transducer array, a scan
as exemplarily shown in FIG. 4 can be performed by
sequentially shifting the apertures along the array. Specifi-
cally, a rectangular two-dimensional region 206 is scanned
in the x-direction by translating an acoustic line 202, which
travels from an emission point 200 in the z-direction, along
a linear trajectory 204, and a so-called linear scan is carried
out.

[0053] Tt will be easily recognized that when the ultrasonic
transducer array is a so-called convex array, which is formed
along an arc protruding in the direction of ultrasound
transmission, a partial fan-shaped two-dimensional region
206 can be scanned in the O-direction by performing an
acoustic line scan similar to that for the linear scan and
moving an emission point 200 of an acoustic line 202 along
an arc-like trajectory 204, as exemplarily shown in FIG. 5,
and a so-called convex scan is carried out.

[0054] The transceiver section 6 is connected to a B-mode
processing section 8 and a Doppler processing section 10.
The echo received signal for each acoustic line output from
the transceiver section 6 is input to the B-mode processing
section 8 and the Doppler processing section 10.

[0055] The B-mode processing section 8 is for generating
B-mode image data. The B-mode processing section 8
comprises a logarithmic amplifying unit 102 and an enve-
lope detecting unit 104, as shown in FIG. 6.

[0056] The B-mode processing section 8 logarithmically
amplifies the echo received signal at the logarithmic ampli-
fying unit 102, and detects its envelope at the envelope
detecting unit 104 to acquire a signal indicating the intensity
of the echo at each reflection point on an acoustic line, i.e.,
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an A-scope signal; and generates B-mode image data using
the amplitude of the A-scope signal at each instant as the
brightness.

[0057] The Doppler processing section 10 is for generat-
ing Doppler image data, Doppler frequency data and a
Doppler signal for sound output. The Doppler image data
includes flow velocity data, variance data and power data,
which will be described later.

[0058] As shown in FIG. 7, the Doppler processing sec-
tion 10 comprises a quadrature detecting unit 120, an MTI
(moving target indication) filter 122, an autocorrelation
calculating unit 124, an average flow velocity calculating
unit 126, a variance calculating unit 128 and a power
calculating unit 130. Moreover, it further comprises a
sample holding unit 132, a low-pass filtering unit 134, and
a spectrum processing unit 136.

[0059] The Doppler processing section 10 quadrature-
detects the echo received signal at the quadrature detecting
unit 120. A carrier signal employed for the quadrature
detection is a signal having a frequency equal to the funda-
mental frequency of the transmitted ultrasound.

[0060] The Doppler processing section 10 MTI-processes
the quadrature-detected echo at the MTT filter 122 to obtain
a Doppler signal. The MTT processing is performed using a
plurality of echoes acquired by a plurality of times of the
ultrasound transmission/reception per acoustic line. The
number of times of the transmission/reception per acoustic
line is, for example, eight.

[0061] The Doppler processing section 10 also performs
an autocorrelation calculation on the output signal from the
MTI filter 122 at the autocorrelation calculating unit 124;
calculates an average flow velocity V from the result of the
autocorrelation calculation at the average flow velocity
calculating unit 126; calculates a variance T of the flow
velocity from the result of the autocorrelation calculation at
the variance calculating unit 128; and calculates a power PW
of the Doppler signal from the result of the autocorrelation
calculation at the power calculating unit 130. The average
flow velocity will sometimes be referred to simply as the
flow velocity hereinbelow. Moreover, the variance of the
flow velocity will sometimes be referred to simply as the
variance, and the power of the Doppler signal simply as the
power hereinbelow.

[0062] Such data processing gives data representing the
flow velocity V, variance T and power PW of an echo source
moving inside the subject 4 for each acoustic line. The data
represents the flow velocity, variance and power at each
point (pixel) on an acoustic line. The flow velocity is
obtained as a component in an acoustic line direction, and a
direction approaching the ultrasonic probe 2 and a direction
going away from the ultrasonic probe 2 are distinguished.

[0063] The sample holding unit 132 sample-holds a por-
tion of an echo that is generated from a sample volume
predefined within the subject 4. Such sample holding is
sometimes referred to as range gate sampling.

[0064] The sample holding is performed for each of the
plurality of echoes acquired by the plurality of times of the
ultrasound transmission/reception for an acoustic line. The
number of times of the transmission/reception is, for
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example, 128. This gives 128 sampling data points, for
example. A sequence of the data points represents a Doppler
signal.

[0065] The Doppler signal is low-pass filtered at the
low-pass filtering unit 134, and then spectrum-processed at
the spectrum processing unit 136 to provide a frequency
spectrum F and a Doppler signal for sound output A. The
spectrum processing unit 136 will be later described in
detail.

[0066] The B-mode processing section 8 and the Doppler
processing section 10 are connected to an image processing
section 14. The image processing section 14 produces a
B-mode image, Doppler image and frequency spectrum
image based on respective data supplied from the B-mode
processing section 8 and the Doppler processing section 10.

[0067] The Doppler processing section 10 is connected
with a sound outputting section 12. The Doppler processing
unit 10 supplies the Doppler signal to the sound outputting
section 12. Thus, the Doppler signal is output as an audible
sound via the sound outputting section 12. The sound
outputting section 12 employed is a speaker, for example.

[0068] The image processing section 14 comprises a cen-
tral processing unit (CPU) 140, as shown in FIG. 8. The
CPU 140 is connected with a main memory 144, an external
memory 146, a control section interface 148, an input data
memory 152, a digital scan converter (DSC) 154, an image
memory 156 and a display memory 158 via a bus 142.

[0069] The external memory 146 stores programs
executed by the CPU 140. It also stores several kinds of data
for use by the CPU 140 in executing the programs.

[0070] The CPU 140 carries out predefined image pro-
cessing by loading a program from the external memory 146
into the main memory 144 for execution. The CPU 140
communicates control signals with the control section 18,
which will be described later, via the control section inter-
face 148 in the course of the program execution.

[0071] The B-mode image data, Doppler image data and
frequency spectrum data for each acoustic line supplied
from the B-mode processing section 8 and the Doppler
processing section 10 are stored in the input data memory
152. The data in the input data memory 152 are scan-
converted at the DSC 154 and stored in the image memory
156. The data in the image memory 156 are output to a
display section 16 via the display memory 158.

[0072] The image processing section 14 is connected with
the display section 16. The display section 16 is supplied
with image data from the image processing section 14, and
displays an image based on the image data. The display
section 16 comprises a graphic display or the like employing
a CRT capable of displaying a color image.

[0073] The transceiver section 6, B-mode processing sec-
tion 8, Doppler processing section 10, image processing
section 14 and display section 16 are connected with the
control section 18. The control section 18 supplies control
signals to these sections to control their operation. The
control section 18 is supplied with several kinds of notifi-
cation signals from the controlled sections. The B-mode
operation and the Doppler-mode operation are executed
under control of the control section 18.
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[0074] The control section 18 is connected with an oper-
ating section 20. The operating section 20 is operated by the
user, and the section 20 inputs appropriate instructions and
information to the control section 18. The operating section
20 comprises, for example, a keyboard, pointing device and
other operating devices.

[0075] Now the imaging operation of the present appara-
tus will be described. The user abuts the ultrasonic probe 2
against a desired portion on the subject 4, and operates the
operating section 20 to conduct imaging operation in, for
example, a B-mode and a Doppler mode combined. Thus,
B-mode imaging and Doppler-mode imaging are conducted
in a time-sharing manner under control of the control section
18. Specifically, a combined scan in the B-mode and the
Doppler mode is performed at a rate of, for example, a scan
in the B-mode conducted once every so many scans in the
Doppler mode.

[0076] In the B-mode, the transceiver section 6 scans the
interior of the subject 4 sequentially for every acoustic line
and receives an echo each time through the ultrasonic probe
2. The B-mode processing section 8 logarithmically ampli-
fies the echo received signal supplied from the transceiver
section 6 at the logarithmic amplifying unit 102; envelope-
detects the signal at the envelope detecting unit 104 to
acquire an A-scope signal; and generates B-mode image data
for each acoustic line based on the A-scope signal.

[0077] The image processing section 14 stores the B-mode
image data for each acoustic line supplied from the B-mode
processing section 8 in the input data memory 152. Thus, an
acoustic line data space for the B-mode image data is formed
in the input data memory 152.

[0078] In the Doppler mode, the transceiver section 6
scans the interior of the subject 4 sequentially for every
acoustic line and receives an echo each time through the
ultrasonic probe 2. In the scanning, the ultrasound transmis-
sion and echo reception are conducted a plurality of times
per acoustic line. Moreover, a predetermined number of
times of ultrasound transmission/reception are conducted for
the acoustic line passing through the predefined sample
volume.

[0079] The Doppler processing section 10 quadrature-
detects the echo received signal at the quadrature detecting
unit 120; MTI-processes the signal at the MTI filter 122,
calculates an autocorrelation at the autocorrelation calculat-
ing unit 124; calculates from the result of the autocorrelation
calculation a flow velocity V at the average flow velocity
calculating unit 126, a variance T at the variance calculating
unit 128 and a power PW at the power calculating unit 130.
These calculated values constitute data representing the
velocity, variance and power of an echo source for each
acoustic line and for each pixel.

[0080] Moreover, the Doppler processing section 10
sample-holds the output signal from the quadrature detecting
unit 120 at the sample holding unit 132, performs low-pass
filtering at the low-pass filtering unit 134, and performs
spectrum processing at the spectrum processing unit 136.
The spectrum processing will be later described in detail.

[0081] The image processing section 14 stores the Doppler
image data for each acoustic line and for each pixel supplied
from the Doppler processing section 10 in the input data
memory 152. It also stores the frequency spectrum data
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supplied from the Doppler processing section 10 in the input
data memory 152. Thus, an acoustic line data space and a
frequency spectrum data space for the Doppler image data
are formed in the input data memory 152.

[0082] The CPU 140 scan-converts the B-mode image
data, Doppler image data and frequency spectrum data in the
input data memory 152 at the DSC 154, and writes the
scan-converted data into the image memory 156.

[0083] In writing the data, the Doppler image data are
written as flow velocity distribution image data in which the
flow velocity V and the variance T are combined, power
Doppler image data employing the power PW or power
Doppler image data with variance in which the power PW
and the variance T are combined, and variance image data
employing the variance T.

[0084] The CPU 140 writes the B-mode image data,
Doppler image data and frequency spectrum data into sepa-
rate regions. Then, images based on the B-mode image data,
Doppler image data and frequency spectrum data are dis-
played on the display section 16 via the display memory
158.

[0085] The B-mode image represents a cross-sectional
image of an internal tissue in an acoustic line scan plane. The
flow velocity distribution image of the color Doppler images
represents a two-dimensional distribution of the flow veloc-
ity of the echo source. This image is sometimes referred to
as a color flow mapping image. In this image, the display
color is differentiated according to the flow direction; the
brightness of the display color is differentiated according to
the flow velocity; and the purity of the display color is
changed by increasing the amount of a certain color to be
mixed according to the variance.

[0086] The power Doppler image represents a two-dimen-
sional distribution of the power of the Doppler signal. The
image indicates the location of a moving echo source. The
brightness of the display color for the image corresponds to
the power. If the variance is combined with the power, the
purity of the display color is changed by increasing the
amount of a certain color to be mixed according to the
variance. The variance image represents a two-dimensional
distribution of the variance value. This image also indicates
the location of a moving echo source. The brightness of the
display color corresponds to the magnitude of the variance.

[0087] In displaying these images on the display section
16, cach image is superimposed on the B-mode image at the
display memory 158 to display a composite image on the
display section 16. Thus, a color Doppler image that dis-
tinetly indicates a position relationship relative to the inter-
nal tissue can be observed.

[0088] The frequency spectrum image is displayed in a
predefined area in the display screen. The frequency spec-
trum image represents the frequency spectrum of the Dop-
pler signal. If the blood flow etc. in the sample volume
pulsates, the frequency spectrum varying with the pulsation
is displayed in real time. Moreover, the Doppler signal
having such a spectrum is output as an audible sound from
the sound outputting section 12.

[0089] FIG. 9 shows a detailed block diagram of an
exemplary spectrum processing unit 136, which is an
embodiment of the Doppler signal processing apparatus in
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accordance with the present invention. The configuration of
the apparatus represents an embodiment of the apparatus in
accordance with the present invention. The operation of the
apparatus represents an embodiment of the method in accor-
dance with the present invention.

[0090] As shown, the spectrum processing unit 136 com-
prises a cutting unit 362, a window unit 364, an FFT unit
366, a conditioning unit 368 and an iFFT unit 370.

[0091] The cutting unit 362 cuts signals of a predeter-
mined length from the Doppler signal supplied from the
low-pass filtering unit 134. The length of a cut signal is, for
example, 32 in terms of number of the data sampling points.

[0092] The window unit 364 performs window processing
on the signals supplied by the cutting unit 362 and then
inputs them to the FFT unit 366. The FFT unit 366 trans-
forms the input signals from the time domain signals into the
frequency domain signals by Fourier transformation. This
gives the frequency spectrum of the Doppler signal. The
frequency spectrum is input to the image processing section
14 via the conditioning unit 368.

[0093] The conditioning unit 368 performs conditioning
on the frequency spectrum. An example of the conditioning
is filtering. The filtering to be performed is high-pass filter-
ing. This removes a frequency spectrum originating from the
motion of the internal tissue, thereby achieving a so-called
wall filter function.

[0094] Another example of the conditioning is zero shift-
ing, which is processing for shifting the zero point of a
frequency spectrum. The zero shifting is performed to
correct wraparound of the frequency spectrum due to alias-
ing.

[0095] Still another example of the conditioning is pro-
cessing for correcting the output characteristics of the sound
outputting section 12. When the output characteristics of the
sound outputting section 12, which is, for example, a
speaker, is known in advance, correction to cancel the output
characteristics can be made on the frequency spectrum to
improve fidelity of the acoustic signal.

[0096] The frequency spectrum output from the condition-
ing unit 368 is input to the image processing section 14. The
frequency spectrum is also input to the iFFT unit 370, where
the frequency domain signals are transformed into a time-
domain signal by inverse Fourier transformation, and the
transformed signal is input to the sound outputting section
12.

[0097] In the spectrum processing unit 136 having such a
configuration, the window unit 364 performs the window
processing using a window having a profile with a flat top.

[0098] FIG. 10 shows an exemplary window profile. As
shown, the window profile has a weighting factor of one
over a predefined length in the right and left directions from
the center of the window, and the weighting factor continu-
ously decreases to zero beyond the predefined length. In
other words, the profile is generally trapezoid-shaped. The
length of the top side of the trapezoid accounts for, for
example, more than 50% of the window width W. It should
be noted that the shape of the profile is not limited to a
trapezoid, but may be any other shape with a flat top.

[0099] FIG. 11 shows the relationship between the cutting
of the Doppler signal by the cutting unit 362 and the window
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processing by the window unit 364. FIG. 11(1) illustrates
the cutting of the Doppler signal and FIGS. 11(2), (3) and (4)
illustrate the window processing.

[0100] As shown, a portion of the Doppler signal of a
length corresponding to the window width W is first cut
starting at a time t1 position on the time axis. The signal thus
cut is window-processed into such a signal as shown in (2).
The signal continuously rises from zero in the beginning and
continuously decays to zero in the end corresponding to the
window profile, and has the same signal intensity as that of
the original signal from which the signal is cut, in an
intermediate portion between the beginning and end por-
tions. The portion having the same signal intensity as that of
the original signal from which the signal is cut will be
sometimes referred to as a constant value portion hereinbe-
low.

[0101] Next, a portion of a length corresponding to the
window width W is cut starting at a time t2 position on the
time axis. The signal thus cut is window-processed into such
a signal as shown in (3). This signal also continuously rises
from zero in the beginning and continuously decays to zero
in the end corresponding to the window profile, and has the
constant value portion between the beginning and end
portions.

[0102] The time t2 is selected such that the cut signal
partially overlaps the previously cut signal. The degree of
the overlap is such that the constant value portions of the two
signals partially overlap after the window processing, as
shown in (2) and (3). It should be noted that such partially
overlapping cutting is enabled by storing the Doppler signal
in the memory.

[0103] The cutting unit 362 is an embodiment of the signal
cutting means of the present invention. The window unit 364
is an embodiment of the signal cutting means of the present
invention.

[0104] Next, a portion of a length corresponding to the
window width W is cut starting at a time t3 position on the
time axis. The signal thus cut is window-processed into such
a signal as shown in (4). This signal also continuously rises
from zero in the beginning and continuously decays to zero
in the end corresponding to the window profile, and has the
constant value portion between the beginning and end
portions.

[0105] The time t3 is selected such that the cut signal
partially overlaps the previously cut signal. The degree of
the overlap is such that the constant value portions of the two
signals partially overlap after the window processing, as
shown in (3) and (4). The signal cutting and window
processing are sequentially performed thereafter in the same
manner.

[0106] Such signals are sequentially transformed into fre-
quency-domain signals at the FFT unit 366, conditioned in
the frequency domain at the conditioning unit 368, and
inversely transformed into a time-domain signal at the iFFT
unit 370.

[0107] Since the consecutive signals input to the FFT unit
366 overlap one another partially at the constant value
portion as described above, the consecutive signals that have
been inversely transformed by the iFFT unit 370 overlap
partially at the constant value portion, as shown in FIG. 12.
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Thus, a signal exclusively consisting of the constant value
portion can be obtained. In spite of the window processing,
therefore, a Doppler signal unaffected by the window profile
can be restored. Accordingly, an acoustic signal based on
such a Doppler signal is an accurate acoustic signal without
anomaly.

[0108] FIG. 13 shows a detailed block diagram of another
exemplary spectrum processing unit 136, which is an
embodiment of the Doppler signal processing apparatus in
accordance with the present invention. The configuration of
the apparatus represents an embodiment of the apparatus in
accordance with the present invention. The operation of the
apparatus represents an embodiment of the method in accor-
dance with the present invention.

[0109] In FIG. 13, components similar to those shown in
FIG. 9 are designated by similar symbols, and explanation
thereof will be omitted. As shown, the spectrum processing
unit 136 has a window unit 364' employing a window
different from that shown in FIG. 9. Moreover, it has an
amplitude modulating unit 372 supplied with an output
signal from the iFFT unit 370.

[0110] FIG. 14 shows an exemplary window profile
employed by the window unit 364'. As shown, the window
is a Hanning window. However, the window is not limited
to a Hanning window, and any appropriate window may be
employed. While description will be made on an example
employing the Hanning window hereinbelow, the same
applies to a case in which another window is employed.

[0111] FIG. 15 shows the relationship between the cutting
of the Doppler signal by the cutting unit 362 and the window
processing by the window unit 364". FIG. 15(1) illustrates
the cutting of the Doppler signal and FIGS. 15(2), (3) and (4)
illustrate the window processing.

[0112] As shown, a portion of the Doppler signal of a
length corresponding to the window width W is first cut
starting at a time t1 position on the time axis. The signal thus
cut is window-processed into such a signal as shown in (2).
The signal has an envelope corresponding to the Hanning
window.

[0113] Next, a portion of a length corresponding to the
window width W is cut starting at a time t2 position on the
time axis. The signal thus cut is window-processed into such
a signal as shown in (3). The signal also has an envelope
corresponding to the Hanning window.

[0114] The time t2 is selected such that the cut signal
partially overlaps the previously cut signal. It should be
noted that such partially overlapping cutting is enabled by
storing the Doppler signal in the memory.

[0115] Next, a portion of a length corresponding to the
window width W is cut starting at a time t3 position on the
time axis. The signal thus cut is window-processed into such
a signal as shown in (4). The signal also has an envelope
corresponding to the Hanning window. The time t3 is
selected such that the cut signal partially overlaps the
previously cut signal. Such signal cutting and window
processing are sequentially performed thereafter in the same
manner.

[0116] Such signals are sequentially transformed into fre-
quency-domain signals at the FET unit 366, conditioned in
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the frequency domain at the conditioning unit 368 and
inversely transformed into a time-domain signal at the iFFT
unit 370.

[0117] Since the consecutive signals input to the FFT unit
366 partially overlap one another as described above, the
signal that has been inversely transformed by the iFFT unit
370 is amplitude-modulated corresponding to the profile of
the Hanning window, as shown in FIG. 16(1). The signal is
to be amplitude-modulated by the amplitude modulating
unit 372. The amplitude modulation by the amplitude modu-
lating unit 372 is that with an opposite property to cancel the
amplitude modulation contained in the output signal from
the iFFT unit 370. Such amplitude modulation has a gain
profile as shown in FIG. 16(2). This gain profile is con-
structed by lining up profiles of the inverse function of the
Hanning window. It will be easily recognized that when a
window other than the Hanning window is employed for the
window processing, the inverse function of that window is
employed. The amplitude modulating unit 372 is an embodi-
ment of the amplitude modulating means of the present
invention.

[0118] By such amplitude modulation, the amplitude
modulation contained in the output signal from the iFFT unit
370 is canceled out, and a Doppler signal unaffected by the
window processing can be restored, as shown in FIG. 16(3).
Accordingly, an acoustic signal based on such a Doppler
signal is an accurate acoustic signal without anomaly.

[0119] While the present invention has been described
with reference to preferred embodiments, various changes or
substitutions may be made on these embodiments by those
ordinarily skilled in the art pertinent to the present invention
without departing from the technical scope of the present
invention. Therefore, the technical scope of the present
invention encompasses not only those embodiments
described above but all that fall within the scope of the
appended claims.

[0120] Many widely different embodiments of the inven-
tion may be constructed without departing from the spirit
and the scope of the present invention. It should be under-
stood that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

1. A Doppler signal processing apparatus for cutting
signals of a predetermined length from a time-domain
Doppler signal; performing window processing on said cut
signals; transforming said window-processed signals into
frequency-domain signals by Fourier transformation;
inversely transforming said transformed frequency-domain
signals into a time-domain signal by inverse Fourier trans-
formation after performing predefined processing on said
signals; and outputting said inversely transformed time-
domain signal as an acoustic signal, comprising:

a window processing device for performing said window
processing using a window having a profile with a flat
top; and

a signal cutting device for performing said cutting from
the Doppler signal such that a former cut signal and a
latter cut signal overlap in a portion corresponding to
the flat portion of said window.

2. The Doppler signal processing apparatus of claim 1,

wherein the profile of said window is generally trapezoidal.
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3. A Doppler signal processing apparatus for cutting
signals of a predetermined length from a time-domain
Doppler signal; performing window processing on said cut
signals; transforming said window-processed signals into
frequency-domain signals by Fourier transformation;
inversely transforming said transformed frequency-domain
signals into a time-domain signal by inverse Fourier trans-
formation after performing predefined processing on said
signals; and outputting said inversely transformed time-
domain signal as an acoustic signal, comprising:

an amplitude modulating device for performing amplitude
modulation with a property opposite to that of ampli-
tude modulation by said window processing before
outputting said inversely-transformed time-domain sig-
nal as the acoustic signal.

4. The Doppler signal processing apparatus of claim 3,
wherein the window for performing the window processing
on said cut signals is a Hanning window.

5. The Doppler signal processing apparatus of claim 1 or
claim 3, wherein said predefined processing is filtering
processing.

6. The Doppler signal processing apparatus of claim 1 or
claim 3, wherein said predefined processing is zero-shifting
processing.

7. The Doppler signal processing apparatus of claim 1 or
claim 3, wherein said predefined processing is correction
processing of the output characteristics of said acoustic
signal.

8. The Doppler signal processing apparatus of claim 1 or
claim 3, wherein the Doppler signal is a Doppler signal of
an ultrasonic echo.
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9. An ultrasonic diagnostic apparatus for transmitting
ultrasound and acquiring a Doppler signal of an echo of the
ultrasound; cutting signals of a predetermined length from
said Doppler signal in a time domain; performing window
processing on said cut signals; transforming said window-
processed signals into frequency-domain signals by Fourier
transformation; inversely transforming said transformed fre-
quency-domain signals into a time-domain signal by inverse
Fourier transformation after performing predefined process-
ing on said signals; and outputting said inversely trans-
formed time-domain signal as an acoustic signal, compris-

ing:
a window processing device for performing said window
processing using a window having a profile with a flat

top; and

a signal cutting device for performing said cutting from
the Doppler signal such that a former cut signal and a
latter cut signal overlap in a portion corresponding to
the flat portion of said window.

10. The ultrasonic diagnostic apparatus of claim 9,

wherein the profile of said window is generally trapezoidal.

11. The ultrasonic diagnostic apparatus of claim 9,

wherein said predefined processing is filtering processing.

12. The ultrasonic diagnostic apparatus of claim 9,

wherein said predefined processing is zero-shifting process-
ing.

13. The ultrasonic diagnostic apparatus of claim 9,

wherein said predefined processing is correction processing
of the output characteristics of said acoustic signal.

® 0k ok k%
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