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(7) ABSTRACT

A scanner transmits and receives ultrasonic waves at a speci-
fied pulse repetition frequency (PRF). A storage stores
received signals acquired through the transmission and recep-
tion. A calculator generates a Doppler spectrum image by
executing frequency analysis on the received signals. A dis-
play displays the Doppler spectrum image. When a desired
Doppler velocity range for the displayed Doppler spectrum
image is inputted, a processor reads out the received signals
from the storage, and executes a resampling process on the
read-out received signals at a sampling frequency corre-
sponding to the desired Doppler velocity range. The calcula-
tor generates a new Doppler spectrum image by executing
frequency analysis corresponding to the desired Doppler
velocity range on the received signals having been subjected
to the resampling process by the processor. The display dis-
plays the new Doppler spectrum image.
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ULTRASONIC IMAGING APPARATUS AND A
METHOD FOR GENERATING AN
ULTRASONIC IMAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic imag-
ing apparatus configured to acquire a Doppler spectrum
image by transmitting and receiving ultrasonic waves to and
from a subject and adjust the Doppler velocity range of the
Doppler spectrum image, and also relates to a method for
generating an ultrasonic image.

[0003] 2. Description of the Related Art

[0004] An ultrasonic imaging apparatus that obtains blood-
flow information of a diagnosis site by the ultrasonic Doppler
method is known. The ultrasonic Doppler method is a tech-
nique of obtaining information on the blood flow in a subject
based on the principles of the ultrasonic Doppler method.
When ultrasonic waves are transmitted to a diagnosis site
having a stream like a blood flow in a subject, the reception
frequency slightly shifts from the transmission frequency by
the Doppler Effect. This shift frequency (Doppler shift fre-
quency) is proportional to a blood-flow velocity. Blood-flow
information is obtained by frequency analysis of the Doppler
shift frequency.

[0005] The ultrasonic imaging apparatus executes Fast
Fourier Transform (FFT) on an obtained Doppler signal.
Then, the ultrasonic imaging apparatus displays the spectrum
of the result of the frequency analysis, taking frequency f
(velocity v) on the vertical axis and time t on the horizontal
axis. Measurement of various kinds ofitems used in diagnosis
is executed on the spectrum image.

[0006] InaDoppler spectrum image acquired by the pulsed
wave Doppler method (PWD), a phenomenon of aliasing
(folding) occurs when a sampling frequency fs for the fre-
quency analysis is lower than the Doppler shift frequency. In
order to prevent this phenomenon, it is necessary to raise the
pulse repetition frequency (PRF), which corresponds to the
sampling frequency, and to shorten each interval of observa-
tion times. When a position desired to measure is designated,
the maximum value of the PRF is necessarily determined.
When the PRF is determined, the maximum blood-flow
velocity that can be measured is also determined. This maxi-
mum blood-flow velocity that can be measured is referred to
as the “Doppler velocity range.”

[0007] At the time of Doppler spectrum display, a folding
portion is generated in a Doppler waveform when the Doppler
velocity range is too small. In this case, the operator manually
sets a larger Doppler velocity range, with the result that the
folding portion falls within a nyquist frequency (half of the
PRF), and a smooth continuous Doppler spectrum is obtained
in the display. On the contrary, when the Doppler velocity
range is too large, the scale of the display is large and the
Doppler waveform is displayed small. Such a Doppler wave-
form displayed small makes observationdifficult. In this case,
the operator manually sets a smaller Doppler velocity range,
with the result that it is possible to display the Doppler spec-
trum over the full height of a display screen. Besides, it is
possible to display the Doppler waveform at a desired posi-
tion of the Doppler velocity range (vertical axis) by adjusting
velocity offset, namely, baseline shift (BLS).

[0008] Since the blood-flow velocity varies depending on
patients and diagnosis sites, the acquired Doppler waveform
also varies depending on patients and diagnosis sites. There-
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fore, it is necessary to set the Doppler velocity range in
accordance with the Doppler waveform. To be specific, the
operator needs to adjust the pulse repetition frequency (PRF)
corresponding to the Doppler velocity range and the velocity
offset (BLS), for each patient and diagnosis site. However, it
is cumbersome to adjust the Doppler velocity range (PRF)
and the velocity offset (BLS) for each patient and diagnosis
site.

[0009] Therefore, a technique of automatically determin-
ing the Doppler velocity range (PRF) and the velocity offset
(BLS) is proposed (for example, Japanese Unexamined
Patent Application Publication JP-A 2005-185731).

[0010] Conventionally, the Doppler velocity range (PRF)
and the velocity offset (BLS) are obtained by assessing past
blood-flow conditions and feeding back the result of the
assessment. Then, the Doppler velocity range and the velocity
offset are tracked in real time by assessing the blood-flow
conditions in real time.

[0011] However, there is a problem such that a time lag
arises because the Doppler velocity range (PRF) and the
velocity offset (BLS) are estimated by assessing the past
blood-flow conditions. Moreover, the past blood-flow condi-
tions do not necessarily coincide with present and later blood-
flow conditions. Therefore, it is difficult to obtain a Doppler
velocity range and a velocity offset that are suitable for a
Doppler waveform acquired now and later.

[0012] Further, conventionally, the operator gives a trigger
atatime point when the blood-flow conditions become stable,
and after that, the Doppler velocity range (PRF) and the
velocity offset (BLS) are estimated. However, when a varia-
tion such as breathing of a subject and displacement of an
ultrasonic probe occurs after the operator gives the trigger, it
is impossible to obtain the Doppler velocity range and veloc-
ity offset suitable for the Doppler waveform, and it is neces-
sary to execute the estimation process again.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide an
ultrasonic imaging apparatus capable of displaying a Doppler
spectrum image with a desired Doppler velocity range, and
also provide a method for generating the Doppler spectrum
image.

[0014] In a first aspect of the present invention, an ultra-
sonic imaging apparatus comprises: a scanner configured to
transmit and receive ultrasonic waves to and from a diagnosis
site including a moving fluid in a subject at a specified pulse
repetition frequency (PRF); a storage configured to store
received signals acquired by the scanner; a calculator config-
ured to generate a Doppler spectrum image by executing
frequency analysis on the received signals; a display control-
ler configured to control a display to display the Doppler
spectrum image; an input part for designating a desired Dop-
pler velocity range on the Doppler spectrum image displayed
on the display; and a processor configured to receive the
desired Doppler velocity range inputted from the input part,
read out the received signals from the storage, and execute a
resampling process on the read-out received signals at a sam-
pling frequency corresponding to the desired Doppler veloc-
ity range. The calculator generates a new Doppler spectrum
image by executing frequency analysis corresponding to the
desired Doppler velocity range on the received signals having
been subjected to the resampling process by the processor,
and the display controller controls the display to display the
new Doppler spectrum image.
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[0015] In the first aspect of the present invention, a desired
Doppler velocity range is designated on the Doppler spec-
trum image displayed on the display, and a resampling pro-
cess and frequency analysis are executed on the received
signals stored in the storage in accordance with the sampling
frequency corresponding to the designated Doppler velocity
range. Consequently, it becomes possible to display a Dop-
pler spectrum image with a desired Doppler velocity range
without deteriorating the temporal resolution and frequency
decomposition.

[0016] Inasecondaspectofthe presentinvention, amethod
for generating an ultrasonic image comprises: transmitting
and receiving ultrasonic waves to and from a diagnosis site
including a moving fluid in a subject at a specified pulse
repetition frequency (PRF); storing received signals acquired
in the transmission and reception into a storage; generating a
Doppler spectrum image by executing frequency analysis on
the received signals; displaying the Doppler spectrum image;
when a desired Doppler velocity range is designated on the
displayed Doppler spectrum image, reading out the received
signals from the storage and executing a resampling process
on the read-out received signals at a sampling frequency
corresponding to the desired Doppler velocity range; genet-
ating a new Doppler spectrum image by executing frequency
analysis corresponding to the desired Doppler velocity range
on the received signals having been subjected to the resam-
pling process; and displaying the new Doppler spectrum
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus according to an embodiment of the present
invention.

[0018] FIG. 2is a block diagram showing a processor set in
the ultrasonic imaging apparatus according to the embodi-
ment of the present invention.

[0019] FIG. 3A is a view showing a screen on which a
Doppler spectrum image is displayed.

[0020] FIG. 3B is a view showing a screen on which a
magnified Doppler spectrum image is displayed.

[0021] FIG. 3C is a view showing a screen on which a
Doppler spectrum image generated through a resampling pro-
cess is displayed.

[0022] FIG. 4A is a view showing a screen on which a
Doppler spectrum image is displayed.

[0023] FIG. 4B is a view showing a screen on which a
reduced Doppler spectrum image is displayed.

[0024] FIG. 4C is a view showing a screen on which a
Doppler spectrum image generated through a resampling pro-
cess is displayed.

[0025] FIG.5isa flow chart showing a series of operations
by the ultrasonic imaging apparatus according to the embodi-
ment of the present invention.

[0026] FIG. 6 is a view for explaining a process of recon-
structing 1Q data before execution of the FFT process and
executing frequency analysis with a different parameter.
[0027] FIG. 7 is a view showing a system that performs
acquisition of IQ data and reconstruction of IQ data.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] An ultrasonic imaging apparatus according to an
embodiment of the present invention will be described with
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reference to FIG. 1 and FIG. 2. FIG. 1 is a block diagram
showing the ultrasonic imaging apparatus according to the
embodiment of the present invention. FIG. 2 is a block dia-
gram showing a processor installed in the ultrasonic imaging
apparatus according to the embodiment of the present inven-
tion.

[0029] An ultrasonic imaging apparatus 1 according to this
embodiment comprises an ultrasonic probe 2, a transceiver 3,
a Doppler processor 4, a B-mode processor 13, a DSC 14, a
display controller 15, and a user interface (UI) 16. An ultra-
sonic image processing apparatus may be composed of the
Doppler processor 4, the display controller 15 and the user
interface (UI) 16.

[0030] As the ultrasonic probe 2, a ID array probe with a
plurality of ultrasonic transducers aligned in aspecified direc-
tion (a scanning direction) is used. Alternatively, as the ultra-
sonic probe 2, a 2D array probe with a plurality of ultrasonic
transducers arranged 2-dimensionally may be used.

[0031] The transceiver 3 includes a transmitter and a
receiver. The transceiver 3 supplies electrical signals to the
ultrasonic probe 2 and causes it to generate ultrasonic waves,
and receives echo signals received by the ultrasonic probe 2.
[0032] The transmitter of the transceiver 3 includes a clock
generation circuit, a transmission delay circuit, and a pulsar
circuit, which are not shown. The clock generation circuit
generates clock signals that determine the transmission tim-
ing and transmission frequency of ultrasonic signals. The
transmission delay circuit executes transmission focus by
applying a delay at the time of transmission of ultrasonic
waves. The pulsar circuit has the same number of pulsars as
that of individual channels for the respective ultrasonic trans-
ducers. The pulsar circuit generates a driving pulse at the
delayed transmission timing and supplies electrical signals to
the respective ultrasonic transducers of the ultrasonic probe 2.
The transmitter of the transceiver 3 makes the ultrasonic
probe 2 transmit ultrasonic waves at a specified pulse repeti-
tion frequency (PRF).

[0033] Further, the receiver of the transceiver 3 includes a
preamplifier circuit, an A/D conversion circuit, a reception
delay circuit, and an adder circuit, which are not shown. The
preamplifier circuit amplifies echo signals outputted from the
respective ultrasonic transducers of the ultrasonic probe 2 in
the respective reception channels. The A/D conversion circuit
executes A/D conversion on the amplified echo signals. The
reception delay circuit applies a delay time necessary for
determining the reception directionality of the echo signals
after the A/D conversion. The adder circuit adds the delayed
echo signals.

[0034] Through this addition, reflected components from
the direction according to the reception directionality are
emphasized. The signals having been subjected to the adding
process by the transceiver 3 may be referred to as “RF sig-
nals.” The transceiver 3 outputs the RF signals to the Doppler
processor 4 or the B-mode processor 13.

[0035] The B-mode processor 13 images the amplitude
information of the echoes and generates B-mode ultrasonic
raster data from the echo signals. To be specific, the B-mode
processor 13 executes a band pass filter process on the RF
signals, and then detects the envelope curve of the outputted
signals. The B-mode processor 13 then executes a compres-
sion process by logarithmic transformation on the detected
data, thereby imaging the amplitude information of the ech-
oes. The B-mode ultrasonic raster data generated by the
B-mode processor 13 is outputted to the DSC 14.
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[0036] The DSC (Digital Scan Converter) 14 converts the
ultrasonic raster data into image data represented by the
orthogonal coordinates in order to obtain an image repre-
sented by the orthogonal coordinates, which is referred to as
a scan conversion process. The DSC 14 outputs the image
data to the display controller 15. The display controller 15
controls a display 17 to display an image based on the image
data. For example, the DSC 14 generates tomographic image
data of 2-dimensional information based on the B-mode
ultrasonic raster data, and outputs the tomographic image
data to the display controller 15.

[0037] The display controller 15 controls the display 17 to
display a tomographic image based on the tomographic
image data.

[0038] The Doppler processor 4 includes a quadrature
detector 5, a range gate (RG) processor 6, a wall filter 7, a first
memory 8, a processor 9, a second memory 10, an FFT
calculator 11, and a Doppler waveform memory 12.

[0039] The quadrature detector 5 includes a digital mixer
and a low pass filter (LPF) so as to correspond to a real-part
component and an imaginary-part component, respectively,
and executes quadrature detection on the RF signals. The
quadrature detector 5 then outputs a digital quantity of 1Q
signals having been subjected to the quadrature detection.
Through this detection, baseband Doppler signals (real-part
component and imaginary-part component: 1Q signals) are
extracted from the RF signals.

[0040] The range gate (RG) processor 6 receives the 1Q
signals outputted from the quadrature detector 5 and elimi-
nates high-frequency components from the IQ signals,
thereby obtaining Doppler signals composed of only Doppler
shift frequency components. The range gate (RG) processor 6
then extracts Doppler signals at a desired depth in the subject
from the Doppler signals composed of only Doppler shift
frequency components.

[0041] Thewallfilter 7 eliminates unwanted low-frequency
Doppler signals that represent a relatively slow-moving blood
vessel wall, cardiac wall and the like from the Doppler signals
(1Q signals) at the desired position in the subject designated
by the range gate in the range gate processor 6. Thus, the wall
filter 7 extracts Doppler signals (IQ signals) of a blood flow
that should be detected. The 1Q signals outputted from the
wall filter 7 are then stored into the first memory 8.

[0042] The FFT calculator 11 executes frequency analysis
on the Doppler signals (IQ signals) extracted by the wall filter
7 to obtain Doppler spectrum signals as the result of the
analysis. To be specific, with short-time Fourier transform
(STFT), the FFT calculator 11 multiplies the Doppler signals
(IQ signals) represented with the time axis by the window
function, thereby converting them into signals represented
with the frequency axis (Doppler spectrum signals). The
Doppler spectrum signals outputted from the FFT calculator
11 are stored into the Doppler waveform memory 12.

[0043] The display controller 15 controls the display 17 to
display the Doppler spectrum image obtained by the FFT
calculator 11. To be specific, the display controller 15 con-
trols the display 17 to display the Doppler spectrum image
with the vertical axis taking transmission frequency f (veloc-
ity v) and the horizontal axis taking time t.

[0044] Further, when the operator gives an instruction of
standstill display by using the input part 18, the display con-
troller 15 receives the instruction of standstill display from
the user interface (UT) 16.
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[0045] Then, at the timing of the instruction of standstill
display, the display controller 15 controls the display 17 to
display the Doppler spectrum image displayed on the display
17 at standstill. In other words, the display controller 15
controls the display 17 to display a Doppler spectrum image
acquired at a certain time. In this state, the display controller
15 controls the display 17 to display an ROI marker for
designating a region of interest (ROI), in a superimposed state
on the Doppler spectrum image. In one example, the display
controller 15 controls the display 17 to display an ROI
marker, which encircles a certain area, for designating a
desired Doppler velocity range and a desired time frame, in
the superimposed state on the Doppler spectrum image. The
operator can move the ROl marker to a desired position on the
Doppler spectrum image by using the input part 18. The
operator can designate a Doppler velocity range and time
frame desired to observe, with this ROI marker.

[0046] Here, a Doppler spectrum image displayed on the
display 17 will be described with reference to FIGS. 3A, 3B
and 3C. FIG. 3A is a view showing a screen on which a
Doppler spectrum image is displayed.

[0047] FIG. 3B is a view showing a screen on which a
magnified Doppler spectrum image is displayed. FIG. 3Cisa
view showing a screen on which a Doppler spectrum image
generated through a resampling process is displayed.

[0048] As shown in FIG. 3A, the display controller 15
controls the display 17 to display a Doppler spectrum image
100 with the vertical axis taking velocity v (frequency) and
the horizontal axis taking time t.

[0049] Moreover, the display controller 15 controls the dis-
play 17 to display an ROI marker 200 encircling a certain
area, in a superimposed state on the Doppler spectrum image
100. In this embodiment, the display controller 15 generates
the marker 200 encircling a rectangular area, and controls the
display 17 to display the marker so as to be superimposed on
the Doppler spectrum image 100.

[0050] While observing the Doppler spectrum image 100
displayed on the display 17, the operator moves the ROI
marker 200 on the Doppler spectrum image 100 by using the
input part 18, and designates a desired Doppler velocity range
and time frame. In accordance with the moving instruction
inputted from the input part 18, the display controller 15
moves the ROI marker 200 on the Doppler spectrum image
100 and controls the display 17 to display it. For example, by
using the input part 18, the operator changes the width of the
ROI marker 200 in the vertical axis direction (Doppler veloc-
ity range direction), the width of the ROT marker 200 in the
horizontal axis direction (time axis direction) or its position
on the Doppler spectrum image 100, thereby designating a
desired Doppler velocity range and a desired time frame.
Moreover, the operator designates a desired velocity offset
(BLS) by using the input part 18.

[0051] Information indicating the desired Doppler velocity
range and desired time frame designated by the operator is
outputted from the user interface 16 to the display controller
15. The display controller 15 reads a Doppler spectrum image
acquired in the designated time frame from the Doppler
waveform memory 12, and controls the display 17 to display
the Doppler spectrum image magnified or reduced in accor-
dance with the designated Doppler velocity range. For
example, it is possible to display a magnified Doppler spec-
trum image by decreasing the Doppler velocity range. It is
also possible to display a reduced Doppler spectrum image by
increasing the Doppler velocity range.
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[0052] For example, as shown in FIG. 3A, when the Dop-
pler velocity range is too large, the scale of the screen is large,
and therefore, the Doppler spectrum image is displayed
small. In this case, as shown in FIG. 3A, part of the Doppler
spectrum image 100 is designated by the ROI marker 200.
The display controller 15, as shown in FIG. 3B, reads out a
Doppler spectrum image 110 contained in the area designated
by the ROI marker 200 from the Doppler waveform memory
12 and controls the display 17 to display it. Consequently, part
of the Doppler spectrum image 100 is magnified and dis-
played. In other words, when a smaller Doppler velocity
range is designated by the ROI marker 200, a Doppler spec-
trum image falling within the Doppler velocity range is dis-
played. At this stage, the Doppler spectrum image 110 is a
simply magnified image (digitally zoomed image) of the
Doppler spectrum image 100, so the image quality per pixel
on the screen is deteriorated.

[0053] Besides, when the operator adjusts the velocity off-
set (BLS) by using the input part 18, the display controller 15
controls to display a Doppler spectrum image at a desired
position of the Doppler velocity range (vertical axis), in
accordance with the velocity offset (BLS).

[0054] Another example of a Doppler spectrum image will
be described with reference to FIGS. 4A, 4B and 4C. FIG.4A
is a view showing a screen on which a Doppler spectrum
image is displayed. FIG. 4B is a view showing a screen on
which a reduced Doppler spectrum image is displayed. FIG.
4C is a view showing a screen on which a Doppler spectrum
image generated through a resampling process is displayed.
[0055] Forexample, when the Doppler velocity range is too
small, a phenomenon of aliasing (folding) occurs in a Doppler
spectrum image 300 and is displayed on the display 17 as
shown in FIG. 4A. In this case, as shown in FIG, 4B, the
display controller 15 increases the Doppler velocity range
and controls the display 17 to display a Doppler spectrum
image 310. Consequently, the Doppler spectrum image 300 is
reduced and displayed. Moreover, the display controller 15
controls the display 17 to display an ROI marker 400 in the
superimposed state on the Doppler spectrum image 310.
When part of the Doppler spectrum image 310 is designated
by the ROI marker 400, the display controller reads out a
Doppler spectrum image contained in the area designated by
the ROI marker 400 from the Doppler waveform memory and
controls the display 17 to display it. Consequently, part of the
Doppler spectrum image 310 is magnified and displayed. At
this stage, the magnified Doppler spectrum image is a simply
magnified image (digital-zoomed image), so the image qual-
ity per pixel on the screen is deteriorated. Besides, when the
operator adjusts the velocity offset (BLS) by using the input
part 18, the display controller 15 controls to display a Doppler
spectrum image at a desired position of the Doppler velocity
range (vertical axis) in accordance with the velocity offset
(BLS).

[0056] Then, the operator adjusts the time frame, Doppler
velocity range, and velocity offset (BLS) by using the input
part 18 so that a Doppler spectrum image acquired in a desired
time frame falls within a desired Doppler velocity range and
is displayed on the display 17.

[0057] Information indicating the time frame, Doppler
velocity range, and velocity offset (BLS) designated by using
the input part 18 is outputted from the user interface (UI) 16
to the Doppler processor 4.

[0058] In accordance with a sampling frequency corre-
sponding to the Doppler velocity range designated by the
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operator, the processor 9 reads out IQ signals acquired in the
time frame designated by the operator from the first memory
8 and executes a resampling process.

[0059] The processor 9 executes the resampling process at
a sampling frequency obtained by multiplying the sampling
frequency equivalent to the pulse repetition frequency (PRF)
by arational number, in accordance with the Doppler velocity
range designated by the operator.

[0060] To be specific, by using an interpolator and a deci-
mator, the processor 9 executes the resampling process at a
sampling frequency obtained by multiplying the sampling
frequency equivalent to the pulse repetition frequency (PRF)
by a rational number.

[0061] The processor 9 is shown in FIG. 2. As shown in
FIG. 2, the processor 9 includes an upsampling part 91, a
Complex Band Pass Filter (CBPF) 92, a Complex Band Pass
Filter 93, a setting part 94, a synthesizer 95, and a downsam-
pling part 96. The upsampling part 91 is composed of circuits
for two channels for real-part components and imaginary-part
components, to which Doppler signals (IQ signals) of com-
plex number signals are inputted. The CBPF 92 is assigned to
the side of positive-side frequency components (the side of
forward components) of the Doppler signals (IQ signals). The
CBPF 93 is assigned to the side of negative-side frequency
components (the side of reverse components) of the Doppler
signals (1Q signals).

[0062] Forexample, in the case of resampling at a sampling
frequency fs' corresponding to the Doppler velocity range
designated by the operator, the sampling frequency fs' is
defined by Equation (1):

A=(N2ND)fs

[0063] where fs is a sampling frequency (equivalent to the
pulse repetition frequency (PRF)), and N1 and N2 are inte-
gers.

[0064] As shown in Equation (1), the sampling frequency
fs' is defined by multiplying the sampling frequency fs by a
rational number.

[0065] The upsampling part 91 inserts a zero (0) value to
between the signal values of inputted Doppler signals (IQ
signals), thereby increasing the sampling frequency of the
output value. This process is executed for each of the real-part
channel and imaginary-part channel so that the length of the
Doppler signals in the time-series direction gets multiplied by
an integral number N2 (N2=2, 3, .. . ) by the zero insertion. To
be specific, the sampling frequency of the output value is
increased N2 times by inserting (N2-1) pieces of zero (0)
values to between the signal values of the Doppler signals.
However, in order to remove spectral components newly gen-
erated by upsampling when the nyquist frequency is
increased N2 times, a digital low pass filter process is
executed on the signals after upsampling. This digital low
pass filter process is executed by the CBPF 92 and CBPF 93.
[0066] The Doppler signals having been subjected to the
zero insertion are transmitted to the CBPF 92 and the CBPF
93, respectively, and are subjected to the band pass filtering
process. When the band pass filtering is executed, the coeffi-
cient in each of the CBPF 92 and the CBPF 93 is controlled in
accordance with the baseline shift (BLS).

[0067] Information regarding the shift (BLS) is outputted
from the user interface (UT) 16 to the processor 9.

[0068] The CBPF 92 and CBPF 93 with the coefficients
having been controlled executes filtering on the Doppler sig-
nals (IQ signals). First, the operator operates the input part 18

(Equation (1)),
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in a state where a Doppler spectrum image is displayed on the
display 17, whereby a baseline BL of the Doppler spectrum
image is shifted. Information on the shift (BLS) is outputted
from the user interface (UI) 16 to the processor 9.

[0069] The setting part 94 then sets the bandwidth and
center frequency of the CBPF 92 and CBPF 93, based on the
baseline shift (BLS) outputted from the user interface (UI) 16,
for example, by the method described in Japanese Unexam-
ined Patent Application Publication JP-A 2002-325767. This
setting is executed so as to correspond to the multiple N2 of
the zero insertion by the upsampling part 91 and the multiple
1/N1 by the downsampling part 96.

[0070] Here, a filtering coefficient Z' and a cutoff frequency
fe (fwd) at the CBPF 92 assigned to the side of the positive-
side frequency components (the side of Forward components)
of the Doppler signals (IQ signals) are given by the following
Equations (2) and (3):

Filtering coefficient Z'=exp (—jax(BLS/2)) (Equation (2));
and
Cutoff frequency fo (fwd)=(N2/N1)xfsx(D.5+BLS) (Equation (3)).

[0071] Further, a filtering coefficient Z" and a cutoff fre-
quency fc (rev) at the CBPF 93 assigned to the side of the
negative-side frequency components (the side of Reverse
components) of the Doppler signals (IQ signals) are given by
the following Equations (4) and (5):

Filtering coefficient Z'=exp(—jnx(0.5-BLS)2)  (Equation (4)); and

Cutoff frequency fe (rev)=(N2/N1)xfsx(BLS-0.5)

[0072] The CBPF 92 and the CBPF 93 execute filtering on
the Doppler signals (1Q signals) at the filtering coefficients
and cutoff frequencies described above.

[0073] Thesynthesizer 95 synthesizes the positive-side fre-
quency components of the Doppler signals outputted from the
CBPF 92 and the negative-side frequency components of the
Doppler signals outputted from the CBPF 93, and outputs to
the downsampling part 96.

[0074] The downsampling part 96 multiplies the sampling
frequency of the inputted Doppler signals (IQ signals) by
1/N1. The downsampling part 96 reduces the sampling fre-
quency of the output signals by picking up the inputted Dop-
pler signals at the intervals of N1. However, because the
nyquist frequency is halved after downsampling, folding
aliasing components may be superimposed on the Doppler
signal components. Therefore, high-frequency components
equal to or more than the nyquist frequency are eliminated by
digital low pass filtering before downsampling. This digital
low pass filtering is executed by the CBPF 92 and the CBPF
93. The 1Q signals after the sampling process outputted from
the processor 9 are stored into the second memory 10.
[0075] For example, in the case of displaying a Doppler
spectrum image at standstill by magnifying, the Doppler
velocity range is decreased. For example, in the case of
decreasing the Doppler velocity range to 2/3, the upsampling
part 91 executes upsampling with N2=2, and the downsam-
pling part 96 executes downsampling with N1=3. On the
contrary, in the case of displaying the Doppler spectrum
image by reducing, the Doppler velocity range is increased.
For example, in the case of increasing the Doppler velocity
range to 3/2, the upsampling part 91 executes upsampling
with N2=3, and the downsampling part 96 executes down-
sampling with N1=2. Thus, the processor 9 executes the resa-

(Equation (5)).
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mpling process at a sampling frequency obtained by multi-
plying the pulse repetition frequency PRF by a rational
number.

[0076] In a case where the Doppler velocity range is
increased, the folding phenomenon may occur at the time of
processing at the sampling frequency fs' even if the folding
phenomenon does not occur at the time of processing at the
initial sampling frequency fs. In this case, the CBPF 92 and
the CBPF 93 after upsampling need precipitous band limit.
For example, there is a need to eliminate frequency compo-
nents of {52 or more.

[0077] Inthe case of decreasing the Doppler velocity range
when 2xfs=fs'<4xfs, the processor 9 executes a homomor-
phic analysis. For example, a function antialias (f) is defined
for the process by the processor 9 and the process is executed
as fs"=antialias (fs').

[0078] The FFT calculator 11 reads out the IQ signals after
resampling from the second memory 10, applies a short-time
Fourier transform (STFT), and multiplies Doppler signals
represented with the time axis (IQ signals) by a window
function to convert them into signals represented with the
frequency axis (Doppler spectrum signals). At this moment,
in accordance with a change in Doppler velocity range (sam-
pling frequency) designated by the operator, the FFT calcu-
lator 11 adjusts the frequency resolution and the temporal
resolution and generates Doppler spectrum signals by, for
example, amethod described in Japanese Unexamined Patent
Application Publication JP-A 11-285495. Here, this process
will be briefly described.

[0079] A temporal resolution AX and a frequency resolu-
tion AY are given by the following Equations (6) and (7):

AX=(DxxNxKxM)/(PRFxS) (Equation (6)); and

AY=Dy/(Nx Ww)

[0080] Dx is the number of pixels of the Doppler spectrum
image in the horizontal axis (time axis) of the display range;

(Equation (7)), where:

[0081] Dy is the number of pixels of the Doppler spectrum
image in the vertical axis (frequency axis) of the display
range;

[0082] N is the FFT data number;

[0083] K is the parameter in alternate scan (the number of
scanning lines repeatedly scanned sequentially in alternate
scan);

[0084] M is the decimation ratio;

[0085] PREF is the pulse repetition frequency (equivalent to

Doppler velocity range);

[0086] S is the scroll velocity; and
[0087] Ww is the window weight.
[0088] Thealternate scanis a scan such that a scanning line

is changed for every transmission/reception of ultrasonic
waves, and after transmission/reception of ultrasonic waves
on a specified number of scanning lines, transmission/recep-
tion of ultrasonic waves is started from the first scanning line
again.

[0089] Although there is alimit that the FFT data number N
is a power of two, a calculatory data number for achieving an
intended frequency resolution is not a power of two in many
cases. Therefore, a number equal to or more than the calcu-
latory data number, which is a power of two closest to the
number, is selected as the FFT data number N.

[0090] Mismatch between the selected FFT data number N
and the calculatory data number is resolved by multiplying by
the FFT window function. The parameter that determines the
size of this window (window width) is a window weight Ww.
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For example, in a case where the calculatory data number is
320, 512 is selected as the FFT data number N, and in this
case, the window weight Ww is set to 5/8. For example, for
keeping the ratio of the frequency resolution to the temporal
resolution constant, when the pulse repetition frequency PRF
(Doppler velocity range), the scroll velocity S, the parameter
K, the decimation ratio M, and Dy are given, the FFT calcu-
lator 11 calculates the FFT data number N and the window
weight Ww (window width) for keeping a desired ratio. In
other words, when the pulse repetition frequency PRF (Dop-
pler velocity range) is changed (when the temporal resolution
is changed), the FFT calculator 11 accordingly adjusts the
FFT data number (A4) and changes the frequency resolution
to keep the ratio of the frequency resolution to the temporal
resolution constant.

[0091] The data number (A4) is not necessarily a power of
two that can be handled by FFT as described above. There-
fore, a number equal to or more than the calculatory data
number (A4), which is a power of two closest to the number,
1s selected, and the selected FFT data number N and the
window weight Ww for making up the mismatch therebe-
tween are selected. By such process, it is possible to keep the
ratio of the frequency resolution AY to the temporal resolu-
tion AX constant even if the Doppler velocity range is
changed.

[0092] Further, it is also possible to execute a process to fix
the temporal resolution at a constant value desired by the
operator even if the frequency resolution varies. For example,
when the data number N is changed, the FFT calculator 11
changes at least one of the parameters other than the data
number N in the above Equation (6) and keeps the temporal
resolution at a constant value. Alternatively, it is possible to
execute a process to fix the frequency resolution at a constant
value desired by the operator even if the temporal resolution
varies.

[0093] The Doppler spectrum signal with the Doppler
velocity range and velocity offset changed is outputted from
the FFT calculator 11 to the Doppler waveform memory 12,
and is stored into the Doppler waveform memory 12. The
display controller 15 then reads out the Doppler spectrum
image in which the Doppler velocity range, etc. have been
changed from the Doppler waveform memory 12, and con-
trols the display 17 to display it.

[0094] Here, examples of a newly generated Doppler spec-
trum image are shown in FIGS. 3C and 4C. For example, the
Doppler spectrum image 120 shown in FIG. 3C is an image
obtained by changing the Doppler velocity range and velocity
offset, applying the resampling process by the processor 9,
and applying the STFT process by the FFT calculator 11. The
Doppler spectrum image 110 shown in FIG. 3B is an image
that the Doppler spectrum image 100 is simply magnified and
displayed. Since the Doppler spectrum image 110 is a simple
digitally zoomed image, the image quality per pixel on the
screen is deteriorated.

[0095] On the other hand, in the Doppler spectrum image
120 obtained by applying the resampling process and the
STFT process, the temporal resolution and frequency resolu-
tion are not deteriorated. Thus, according to the ultrasonic
imaging apparatus 1 of this embodiment, it is possible to
generate the Doppler spectrum image 120 represented by a
desired Doppler velocity range and velocity offset without
deteriorating the temporal resolution or frequency resolution.
[0096] Further, the Doppler spectrum image 320 shown in
FIG. 4C is also an image obtained by changing the Doppler

Apr. 2,2009

velocity range and velocity offset, applying the resampling
process by the processor 9, and applying the STFT process by
the FFT calculator 11. This Doppler spectrum image 320 is
also generated without deterioration of the temporal resolu-
tion and frequency resolution.

[0097] When a desired Doppler velocity range (PRF) and
velocity offset (BLS) are determined by the operator, infor-
mation indicating the Doppler velocity range (PRF) is out-
putted from the user interface (UI) 16 to the transceiver 3, and
information indicating the velocity offset (BLS) is outputted
fromthe user interface (UT) 16 to the FFT calculator 11. When
receiving the Doppler velocity range (PRF) outputted from
the user interface (UI) 16, the transceiver 3 causes the ultra-
sonic probe 2 to transmit/receive ultrasonic waves in accor-
dance with the Doppler velocity range (PRF). Moreover,
when receiving the velocity offset (BLS) from the user inter-
face (UI) 16, the FFT calculator 11 changes the read-out
address of the FFT process by the shift amount to adjust the
offset of the velocity. Thus, when the Doppler velocity range
and velocity offset are changed. scan is executed in accor-
dance with the changed Doppler velocity range, and the FFT
process is executed based on the changed velocity offset.

[0098] The user interface (UI) 16 includes the display 17
and the input part 18. The display 17 is composed of a monitor
such as a CRT and a liquid crystal display, and displays an
image such as a tomographic image, a 3-dimensional image
and a Doppler spectrum image on its screen. The input part 18
is composed of a keyboard, a mouse, a trackball, a TCS
(Touch Command Screen), or the like. The operator can move
the ROI marker to a desired position on the screen of the
display 17 by using the input part 18.

[0099] The input part 18 may be provided with a switch for
changing the size and position of the ROI marker. For
example, the input part 18 may be provided with a switch A
for instructing increase or decrease of the ROI marker in the
longitudinal direction (Doppler velocity range), and a switch
B for instructing increase or decrease of the ROI marker in the
lateral direction (time axis). Moreover, the input part 18 may
be configured so as to change the position of the ROI marker
by the trackball disposed to the input part 18 and select a time
phase to observe. The operator moves the ROI marker to a
desired position and changes the size of the ROI marker to a
desired size by using the switch A, the switch B and the
trackball in a state where the Doppler spectrum image is at
standstill. Consequently, it is possible to designate a desired
Doppler velocity range and a desired time frame.

[0100] Further, the ultrasonic imaging apparatus 1 is pro-
vided with a controller (not shown). The controller is con-
nected to the transceiver 3, the Doppler processor 4, the
B-mode processor 13, the DSC 14, the display controller 15,
and the user interface (UI) 16. The controller controls the
operation of each of the parts.

[0101] The display controller 15 may be configured not to
control the display 17 to display a Doppler spectrum image
simply magnified or reduced in accordance with an instruc-
tion by the operator. Also in this case, similarly in the embodi-
ment described above, at a sampling frequency correspond-
ing to the Doppler velocity range designated by the operator,
the processor 9 reads out the IQ signals acquired in a time
frame designated by the operator from the first memory 8 and
executes the resampling process. Then, the FFT calculator 11
applies short-time Fourier transform (STFT) to the IQ signals
after the resampling, thereby generating a new Doppler spec-



US 2009/0088641 A1l

trum image. The display controller 15 controls the display 17
to display the new Doppler spectrum image.

[0102] Consequently, when the operator designates a
desired Doppler velocity range and time frame by using the
ROI marker, a new Doppler spectrum image is displayed on
the display 17 while a simply magnified or reduced Doppler
spectrum image is not displayed on the display 17. Since a
simply magnified or reduced Doppler spectrum image is not
generated, it is possible to save a time required for generation
thereof. As a result, it becomes possible to shorten a time
period between designation ofthe Doppler velocity range and
time frame and display of a new Doppler spectrum image. In
other words, it becomes possible to display a new Doppler
spectrum image more quickly.

[0103] For example, the display controller 15 may be con-
figured not to control the display 17 to display the Doppler
spectrum image 110 (image shown in FIG. 3B), which is a
simply magnified image (a digitally zoomed image) of the
Doppler spectrum image 100. Also in this case, the processor
9 executes the resampling process and the FFT calculator 11
applies short-time Fourier transform (STFT) to the IQ signals
after the resampling, thereby generating a new Doppler spec-
trum image. Then, as shown in FIG. 3C, the display controller
15 controls the display 17 to display the new Doppler spec-
trum image 120.

[0104] Thus, only the Doppler spectrum image 120 gener-
ated through the resampling process is displayed, while the
digitally zoomed Doppler spectrum image 110 is not dis-
played. Consequently, it is possible to shorten a time period
between designation of the Doppler velocity range and time
frame and display of the new Doppler spectrum image 120.
[0105] A specific example of the aforementioned embodi-
ment is shown in FIGS. 6 and 7. FIG. 6 shows an example of
a process of reconstructing 1Q data before execution of the
FFT process and executing frequency analysis by FFT with a
different parameter.

[0106] Moreover, FIG. 7 shows an example of a system that
performs acquisition of IQ data and reconstruction of IQ data.

(Ultrasonic Image Processing Apparatus)

[0107] Further, an ultrasonic image processing apparatus
may be composed of the aforementioned Doppler processor
4, display controller 15, and user interface (UI) 16. The ultra-
sonic image processing apparatus executes the resampling
process at a sampling frequency corresponding to a desired
Doppler velocity range designated by the operator, and fur-
ther executes the STFT process on the received signals,
thereby generating a Doppler spectrum image represented in
the Doppler velocity range.

(Operations)

[0108] Next, a series of operations of the ultrasonic imag-
ing apparatus according to the embodiment of the present
invention will be described with reference to FIG. 5. FIG. 5 is
a flow chart showing the series of operations of the ultrasonic
imaging apparatus according to the embodiment of the
present invention.

(Step S01)

[0109] First, with the ultrasonic probe 2 and the transceiver
3, ultrasonic waves are transmitted to a subject at a specified
pulse repetition frequency (PRF) having been set initially,
and reflected waves from the subject are received. The
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received signals received by the transceiver 3 are processed
by the quadrature detector 5, the range gate processor 6, and
the wall filter 7. Then, Doppler signals (IQ signals) are
sequentially stored into the first memory 8. The FFT calcu-
lator 11 sequentially generates Doppler spectrum images by
executing frequency analysis on the Doppler signals. The
Doppler spectrum images generated by the FFT calculator 11
are sequentially stored into the Doppler waveform memory

(Step S02)

[0110] The display controller 15 reads out a Doppler spec-
trum image from the Doppler waveform memory 12 and
controls the display 17 to display the Doppler spectrum image
with the vertical axis taking transmission frequency f (veloc-
ity v) and the horizontal axis taking time t.

(Step S03)

[0111] Then, while observing the Doppler spectrum image
displayed on the display 17, the operator issues an instruction
to display the image at standstill, at a desired timing by using
the input part 18.

(Step S04)

[0112] The display controller 15 receives the instruction of
standstill display from the user interface (UI) 16, and at the
timing of issue of the instruction, the display controller 15
makes the Doppler spectrum image displayed in the display
17 stand still, and controls the display 17 to display it.

(Step S05)

[0113] Furthermore, the display controller 15 controls the
display 17 to display the ROI marker encircling a certain area
in the superimposed state on the Doppler spectrum image. For
example, as shown in FIG. 3A, the display controller 15
controls the display 17 to display the Doppler spectrum image
100 in the fixed state, and controls to display the ROI marker
200 so as to be superimposed on the Doppler spectrum image
100. Then, the operator designates a desired Doppler velocity
range and a desired time frame by changing the width of the
ROI marker 200 in the vertical axis direction (Doppler veloc-
ity range direction), the width thereof in the horizontal axis
direction (time axis direction), or the position thereof by
using the input part 18 while observing the Doppler spectrum
image 100 displayed on the display 17. Further, the operator
designates a desired velocity offset (BLS) by using the input
part 18. Thus, the operator designates the Doppler velocity
range and time frame desired to observe, by using the ROI
marker.

(Step S06)

[0114] The display controller 15 reads, from the Doppler
waveform memory 12, a Doppler spectrum image acquired in
the time frame designated with the ROI marker 200, and
controls the display 17 to display a Doppler spectrum image
magnified or reduced in accordance with the designated Dop-
pler velocity range. For example, when part of the Doppler
spectrum image 100 is designated with the ROI marker 200 as
shown in FIG. 3A, the display controller 15 reads out the
Doppler spectrum image 110 included in the area designated
with the ROI marker 200 from the Doppler waveform
memory 12, and controls the display 17 to display it as shown
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in FIG. 3B. Consequently, part of the Doppler spectrum
image 100 is magnified and displayed. In this stage, the Dop-
pler spectrum image 110 is a simply magnified image (digi-
tally zoomed image) of the Doppler spectrum image 100, so
the image quality per pixel on the screen is deteriorated.

(Step S07)

[0115] Then, the operator observes the displayed Doppler
spectrum image having been magnified or reduced, and
checks whether the Doppler spectrum image is displayed
within the Doppler velocity range.

[0116] Moreover, it is checked whether the velocity offset
of the displayed Doppler spectrum image is a proper value. In
other words, it is checked whether the Doppler velocity range
is not too small or too large for the Doppler spectrum image
desired to observe. In a case where the displayed Doppler
spectrum image having been magnified or reduced is not
displayed within the Doppler velocity range, or in a case
where the velocity offset is not a proper value (Step S07, No),
the operator designates a desired Doppler velocity range and
a desired time frame with the ROI marker (Step S05). Con-
sequently, the Doppler spectrum image is displayed in accor-
dance with the designated Doppler velocity range (Step S06).
In other words, when the Doppler velocity range is too small
or 1o large for the Doppler spectrum image desired to
observe, the operator designates a desired Doppler velocity
range with the ROI marker again.

[0117] Meanwhile, in a case where the displayed Doppler
spectrum image having been magnified or reduced is within
the Doppler velocity range and the velocity offset is a proper
value (Step S07, Yes), the operator gives an instruction to
reprocess by using the input part 18.

[0118] Consequently, information indicating the desired
Doppler velocity range and velocity offset given by the opera-
tor 1s outputted from the user interface (UT) 16 to the proces-
sor 9.

(Step S08)

[0119] The processor 9 reads out the Doppler signals (I1Q
signals) from the first memory 8, and executes the resampling
process at a sampling frequency obtained by multiplying the
sampling frequency equivalent to the pulse repetition fre-
quency (PRF) by an integral number in accordance with the
designated Doppler velocity range. To be specific, the pro-
cessor 9 executes upsampling, filtering by a Complex Band
Pass Filter, and downsampling on the read-out Doppler sig-
nals.

(Step S09)

[0120] The FFT calculator 11 applies the STFT process to
the Doppler signals having been subjected to the resampling
process at the new sampling frequency, thereby generating
new Doppler spectrum signals.
[0121] These Doppler spectrum signals are stored into the
Doppler waveform memory 12.

(Step S10)

[0122] Then, the display controller 15 reads a new Doppler
spectrum image from the Doppler waveform memory 12, and
controls the display 17 to display it. Consequently, it is pos-
sible to display the new Doppler spectrum image 120 without
deteriorating the temporal resolution and frequency resolu-
tion, for example, as shown in FIG. 3C.
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[0123] As described above, according to the ultrasonic
imaging apparatus 1 of this embodiment, it is possible to
easily set a Doppler velocity range and velocity offset suitable
for display of a Doppler spectrum image, by changing the
Doppler velocity range and velocity offset while observing a
Doppler spectrum image at standstill. In other words, since it
is possible to check a desired Doppler velocity range and
velocity offset by displaying a Doppler spectrum image at
standstill in the magnified or reduced state, it is possible to
easily set the desired Doppler velocity range and velocity
offset.

[0124] Then, it becomes possible to, based on the set Dop-
pler velocity range and velocity offset, execute the resam-
pling process on the Doppler signals (IQ signals) before the
FFT process, and further apply the STFT process thereon,
thereby generating and displaying a Doppler spectrum image
represented in a desired Doppler velocity range without dete-
riorating the temporal resolution and frequency resolution.
[0125] In other words, it is possible to obtain a Doppler
spectrum image represented in a desired Doppler velocity
range without deteriorating the temporal resolution and fre-
quency resolution by not only simply magnifying or reducing
the Doppler spectrum image in accordance with the Doppler
velocity range but also executing the resampling process and
STFT process again based on the set Doppler velocity range.
Thus, since it is possible to obtain a Doppler spectrum image
represented in a desired Doppler velocity range without dete-
riorating the image quality, it becomes possible to execute
more accurate measurement based on the Doppler spectrum
image.

[0126] Further, the ultrasonic imaging apparatus 1 accord-
ing to this embodiment generates a new Daoppler spectrum
image by reprocessing a Doppler spectrum image acquired in
atime frame desired to measure, in accordance with a desired
Doppler velocity range and velocity offset.

[0127] It is therefore possible to perform a desired mea-
surement based on the new Doppler spectrum image in the
time frame desired to measure.

[0128] Meanwhile, in the conventional technique, the cur-
rent and later Doppler velocity range is estimated based on
Doppler spectrum images acquired in the past. Therefore,
when variations occur after the estimation, it is necessary to
execute the estimation process again, so that it is difficult to
perform stable measurements. On the contrary, according to
the ultrasonic imaging apparatus 1 of this embodiment, it is
not necessary to execute the estimation process based on past
Doppler spectrum images, and therefore, it becomes possible
to execute stable measurements with a Doppler spectrum
image.

[0129] Besides, when a desired Doppler velocity range and
velocity offset are determined, the transceiver 3 causes the
ultrasonic probe 2 to transmit ultrasonic waves in accordance
with the Doppler velocity range (PRF). Moreover, in accor-
dance with the velocity offset (BLS), the FFT calculator 11
changes the read-out address of the FFT process by shift
amount, and adjusts the offset of the velocity. Consequently,
the Doppler velocity range (PRF) and the velocity offset
(BLS) are updated.

What is claimed is:

1. An ultrasonic imaging apparatus, comprising:

a scanner configured to transmit and receive ultrasonic
waves to and from a diagnosis site including a moving
fluid in a subject at a specified pulse repetition frequency
(PRE);
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a storage configured to store received signals acquired by
the scanner;

a calculator configured to generate a Doppler spectrum
image by executing frequency analysis on the received
signals;

a display controller configured to control a display to dis-
play the Doppler spectrum image;

an input part for designating a desired Doppler velocity
range on the Doppler spectrum image displayed on the
display; and

a processor configured to receive the desired Doppler
velocity range inputted from the input part, read out the
received signals from the storage, and execute a resam-
pling process on the read-out received signals at a sam-
pling frequency corresponding to the desired Doppler
velocity range, wherein:

the calculator generates a new Doppler spectrum image by
executing frequency analysis corresponding to the
desired Doppler velocity range on the received signals
having been subjected to the resampling process by the
processor; and

the display controller controls the display to display the
new Doppler spectrum image.

2. The ultrasonic imaging apparatus according to claim 1,

wherein:

when a standstill instruction of the Doppler spectrum
image is issued from the input part, the display controller
controls the display to display the Doppler spectrum
image at standstill, and controls the display to display an
ROI marker, which encircles a certain area, for desig-
nating the desired Doppler velocity range and a desired
time frame in a superimposed state on the standstill
Doppler spectrum image; and

the processor reads out received signals acquired in the
desired time frame from the storage, and executes the
resampling process on the read-out received signals, at
the sampling frequency corresponding to the desired
Doppler velocity range designated by the ROI marker.

3. The ultrasonic imaging apparatus according to claim 1,

wherein:

the processor executes the resampling process at the sam-
pling frequency obtained by multiplying the specified
pulse repetition frequency by a rational number, in
accordance with the desired Doppler velocity range.

4. The ultrasonic imaging apparatus according to claim 3,

wherein:

the processor executes the resampling process by execut-
ing upsampling at a sampling frequency obtained by
multiplying the specified pulse repetition frequency by
an integral number and then executing downsampling at
asampling frequency obtained by multiplying the speci-
fied pulse repetition frequency by an integral number, in
accordance with the desired Doppler velocity range.

5. The ultrasonic imaging apparatus according to claim 1,

wherein:

the calculator generates the new Doppler spectrum image
by changing a number of data and a width of a window
function in accordance with the desired Doppler veloc-
ity range and executing the frequency analysis on the
received signals having been subjected to the resampling
process by the processor.
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6. A method for generating an ultrasonic image, compris-
ing:
transmitting and receiving ultrasonic waves to and from a
diagnosis site including a moving fluid in a subject at a
specified pulse repetition frequency (PRF);
storing received signals acquired in the transmission and
reception into a storage;
generating a Doppler spectrum image by executing fre-
quency analysis on the received signals;
displaying the Doppler spectrum image;
when a desired Doppler velocity range is designated on the
displayed Doppler spectrum image, reading out the
received signals from the storage and executing a resa-
mpling process on the read-out received signals at a
sampling frequency corresponding to the desired Dop-
pler velocity range;
generating a new Doppler spectrum image by executing
frequency analysis corresponding to the desired Doppler
velocity range on the received signals having been sub-
jected to the resampling process; and
displaying the new Doppler spectrum image.
7. The method for generating an ultrasonic image accord-
ing to claim 6, wherein:
when a standstill instruction of the Doppler spectrum
image is issued, displaying the Doppler spectrum image
at standstill, and displaying an ROI marker, which
encircles a certain range, for designating the desired
Doppler velocity range and a desired time frame in a
superimposed state on the standstill Doppler spectrum
image; and
reading out received signals acquired in the desired time
frame from the storage and executing the resampling
process on the read-out received signals at the sampling
frequency corresponding to the desired Doppler velocity
range designated with the ROI marker.
8. The method for generating an ultrasonic image accord-
ing to claim 6, wherein:
executing the resampling process at the sampling fre-
quency obtained by multiplying the specified pulse rep-
etition frequency by a rational number, in accordance
with the desired Doppler velocity range.
9. The method for generating an ultrasonic image accord-
ing to claim 8, wherein:
executing the resampling process by executing upsampling
at a sampling frequency obtained by multiplying the
specified pulse repetition frequency by an integral num-
ber and then executing downsampling at a sampling
frequency obtained by multiplying the specified pulse
repetition frequency by an integral number, in accor-
dance with the desired Doppler velocity range.
10. The method for generating an ultrasonic image accord-
ing to claim 6, wherein:
generating the new Doppler spectrum image by changing a
number of data and a width of a window function in
accordance with the desired Doppler velocity range and
executing the frequency analysis on the received signals
having been subjected to the resampling process.
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