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(57) ABSTRACT

There is provided an ultrasonic wave diagnosis instrument.
The ultrasonic wave Doppler diagnosis instrument transmits
an ultrasonic continuous wave in a range direction and
receives a reflective wave of the ultrasonic continuous wave.
The ultrasonic wave Doppler diagnosis instrument includes:
a modulation unit that subjects the ultrasonic continuous
wave to frequency modulation such that a phase is varied in
accordance with the distance of the range direction; a
demodulation unit that demodulates the reflective wave for
each range of the range direction while interlocking with the
frequency modulation, and generates a reception signal in the
range in a separated state; and a presentation unit that presents
information by using a signal of a Doppler component based
on the reception signal.
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1
ULTRASONIC DOPPLER DIAGNOSIS
DEVICE

TECHNICAL FIELD

The present invention relates to an ultrasonic wave Doppler
diagnosis instrument. More particularly, the present invention
relates to an ultrasonic wave Doppler diagnosis instrument
which executes a continuous wave Doppler (CWD) using a
continuous wave (CW) as an ultrasonic wave, and observes
movement information of a blood flow that flows through a
specific region of a distance direction with a resolution in the
distance direction while making the most use of'a merit in that
there is no turnback due to the continuous wave Doppler.

BACKGROUND ART

An ultrasonic wave Doppler diagnosis instrument has
become an indispensable modality at the time of observing a
blood flow in a subject to be examined. In the ultrasonic wave
Doppler diagnosis instrument, an X-ray exposure as in an
X-ray diagnostic apparatus is not performed. A probe comes
into contact with abody surface of the subject to be examined,
so that the subject can be diagnosed. Therefore, it can meet a
requirement for convenience in a medical field.

As an ultrasonic wave Doppler method which is performed
by the ultrasonic wave Doppler diagnosis instrument, there
are a pulsed wave Doppler (PWD) method and a continuous
wave Doppler method (CWD). Of them, according to the
pulsed wave Doppler method, using a pulsed wave as a trans-
mission ultrasonic wave, only information of a blood flow of
any specific depth can be detected. The pulsed wave Doppler
method is mainly used in the heart or great arteries. However,
in the pulsed wave Doppler method, since there is a restriction
by a pulse repetition frequency (PRF), a so-called turnback
phenomenon is generated. As a result, there is a restriction in
a range of measurable blood flow speed.

In the meantime, according to the continuous wave Dop-
pler method, a continuous wave is used as a transmitted
ultrasonic wave. However, in processing a reflective ultra-
sonic wave signal where all Doppler signals in an ultrasonic
beam direction overlap, there is a problem in that there is no
distance resolution. In addition, since all reflective signals on
abeam are collected, a clutter component of large power other
than a Doppler component is contained. As a result, in obtain-
ing sufficient Doppler sensitivity by using the continuous
wave Doppler method, a large dynamic range or a steep wall
filter is necessary. Therefore, the continuous wave Doppler
method is mainly used for speed detection of a valve regur-
gitation jet of the heart or the like.

However, different from the pulsed wave Doppler method,
the continuous wave Doppler method has a distinct advan-
tage. That is, according to the advantage of the continuous
wave Doppler method, the collection of blood flow informa-
tion using a continuous wave can be made. Therefore, a
Doppler range can be increased (specifically, a sampling fre-
quency of a frequency analyzer is an upper limit), and a
spectrum Doppler image can be obtained in which turnback
does not occur even in a high-speed blood flow like a jet flow.

In the meantime, in a recent ultrasonic wave Doppler
method, the needs have been required ‘that want to detect fast
blood flow deep within a subject to be examined without
turnback’. These needs cannot be satisfied by the above-
mentioned pulsed wave Doppler method and continuous
wave Doppler method. Accordingly, some attempts have
been made so as to meet these needs. One of some attempts is
an HPRF (High PRF) method of a pulsed wave Doppler.
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However, even though the HPRF method is used, it is likely
for a second range gate to cause saturation in a short distance,
and signals are not necessarily accurately collected from a
deep portion of the subject.

In addition, another method for meeting the above-men-
tioned needs has been disclosed in Patent Documents 1 and 2.
This method is based on a focus technology by a continuous
wave Doppler method using an ultrasonic wave probe of a
two-dimensional array. Specifically, according to this
method, focus locations of transmission and reception are
varied by means of not a conventional one-dimensional ultra-
sonic wave probe but a 1.5 dimensional or two-dimensional
array-type ultrasonic wave probe having an array expanded in
a lens direction (elevation direction), and a Doppler signal
near the focus is selectively collected.

However, in the focus method disclosed in Patent Docu-
ments, the sensitivity near the focus is raised slightly, as
compared with the sensitivity of a range other than the range
near the focus. When a fixed material component/moving
material component having large power exist on the same
beam, it is not possible to obtain a sufficient distance resolu-
tion. In addition, since the detection is made with the sensi-
tivity distribution that is determined by a sound field distri-
bution of transmission and reception near the focus, a signal
of a region having a large width may be detected, which
results in not obtaining the sufficient distance resolution.
Patent Document 1: U.S. Pat. No. 2,500,937
Patent Document 2: U.S. Pat. No. 3,069,910

DISCLOSURE OF THE INVENTION

The present invention has been finalized in view of the
drawbacks inherent in the conventional art, and it is an object
of the invention to provide an ultrasonic wave Doppler diag-
nosis instrument which is capable of collecting blood flow
information with high sensitivity without turnback from a
blood flow that flows through a deeper part in a subject to be
examined at a high speed.

In order to achieve the above-mentioned object, an aspect
of the invention provides an ultrasonic wave Doppler diag-
nosis instrument which transmits an ultrasonic continuous
wave in a range direction and receives a reflective wave of the
ultrasonic continuous wave. The ultrasonic wave Doppler
diagnosis instrument includes: a modulation unit that subjects
the ultrasonic continuous wave to frequency modulation such
that a phase is varied in accordance with the distance of the
range direction; a demodulation unit that demodulates the
reflective wave for each range of the range direction while
interlocking with the frequency modulation, and generates a
reception signal in the range in a separated state; and a pre-
sentation unit that presents information by using a signal of a
Doppler component based on the reception signal.

According to the aspect of the invention, it is possible to
collect blood flow information with high sensitivity without
turnback from a blood flow that flows through a deeper part in
a subject to be examined at a high speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a block diagram schematically illustrating a struc-
ture of an ultrasonic wave Doppler diagnosis instrument
according to a first embodiment of the invention.

FIG. 2 is a diagram illustrating an outline of a range gate
CW mode performed in the ultrasonic wave Doppler diagno-
sis instrument according to the first embodiment of the inven-
tion.
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FIG. 3 is a diagram schematically illustrating a transmis-
sion/reception signal process performed in the ultrasonic
wave Doppler diagnosis instrument according to the first
embodiment of the invention.

FIG. 4 is a diagram illustrating a spectrum of a demodula-
tion signal.

FIG. 5 is a diagram illustrating six regions of a time varia-
tion of a spectrum.

FIG. 6 is a diagram illustrating a relationship between a
chirp frequency location of Rx demodulation and a spectrum.

FIG. 7 is a diagram illustrating a discrimination algorithm
of a signal component from clutter of an on-range and an
off-range and a blood flow.

FIG. 8 is a simulation view illustrating occurrence of a
Ccross region.

FIG. 9 is a diagram illustrating control of a width of a cross
region.

FIG. 10 1s a diagram illustrating a restriction and control
type of a cross region.

FIG. 11 is a diagram illustrating an input/output parameter
for controlling a time resolution and a frequency resolution.

FIG. 12 is a diagram illustrating a process algorithm of a
CWM mode.

FIG. 13 is a diagram illustrating an algorithm of a range
gate CW (RGCW) process in a CW Doppler mode.

FIG. 14 is a diagram illustrating an outline of a process
according to a first modification of the invention.

FIG. 15 is a diagram illustrating spectrums obtained in a
(A)region of a chirp wave and a (D) region of a chirp wave in
a range R3 shown in FIG. 14 and spectrums obtained by
excluding a component of a fixed material from the corre-
sponding spectrums.

FIG. 16 is a timing chart illustrating another modification.

FIG. 17 is a diagram illustrating a comparison example of
FIG. 16.

FIG. 18 is a diagram illustrating a signal extraction process
according to another modification.

FIG. 19 is a diagram illustrating a phantom model to which
the simulation is applied and an experiment condition.

FIG. 20is a graph illustrating a time variation of a spectrum
and a time series signal for every range by the simulation.

FIG. 21 is a graph illustrating a signal presumption process
of a cross region in the simulation.

FIG. 22 is a temporal enlarged view of FIG. 21.

FIG. 23 is a graph illustrating a spectrum synthesis process
in the simulation.

FIG. 24 is a diagram illustrating a synthesis signal in each
range, a plus/minus component of a spectrum, and a spectrum
component of an on-range.

FIG. 25 is a diagram illustrating an operation process of a
display parameter of a CWM mode image.

FIG. 26 is a diagram illustrating an on-range spectrum
component of each range that is used for a continuous wave
creating process for range gate CW.

FIG. 27 is a diagram illustrating a continuous wave syn-
thesized by subjecting a time component of a spectrum of
FIG. 26 to an inversed FFT/scaling process.

FIG. 28 is a diagram illustrating a synthesis of a continuous
wave for range gate CW and CW range gating (CWRG).

FIG. 29 is a diagram illustrating a sequence of a CW
spectrum Doppler signal process and a display state of a
RGCW spectrum image.

FIG. 30 is a diagram illustrating a method of preventing a
frequency resolution according to a condition of a chirp wave
from being lowered.
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BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the preferred embodiment of an ultrasonic
wave Doppler diagnosis instrument of the invention will be
described with reference to the accompanying drawings.

The ultrasonic wave Doppler diagnosis instrument pro-
vides a method of detecting a speed signal component of a
moving material (blood flow or the like) that has a distance
resolution by using a continuous wave as a transmission ultra-
sonic wave signal. The inventors called this method as ‘a
range gate CW (range gate continuous wave Doppler:
RGCW) mode’. In the present embodiment, CW spectrum
images, which are CWM (continuous wave motion) mode
images and CW Doppler mode images, are supplied by using
the range gate CW mode.

As shown in FIG. 1, the ultrasonic wave Doppler diagnosis
instrument includes a transmission block 11 that is connected
to an ultrasonic wave probe 10, a B mode reception block 12,
arange gate CW mode reception block 13, a display block 14
thatis connected to both blocks 12 and 13, a controller 15, and
an operator 16.

The ultrasonic wave probe 10 is composed of'a one-dimen-
sional block in which a plurality of piezoelectric vibrators for
forming a plurality of channels are disposed in an array. The
ultrasonic wave probe 10 generates an ultrasonic wave signal
in response to a driving pulse for every channel that is sup-
plied from the transmission block 11, and receives a reflection
signal thereof'so as to output a reception signal of an electrical
amount from each piezoelectric element.

The transmission block 11 includes a transmission circuit
for a B mode that has a pulse generator 21 for a B mode, a
transmission delay circuit 22 that delays each transmission
channel, and a pulsar 23 that generates a driving pulse, and a
transmission circuit for a range gate CW mode that has a
signal generator 24 for a range gate CW mode, a mixer 25, an
FM (Frequency Modulation) modulation circuit 26, and a
switch 27 that is inserted between the pulse generator 21 and
the transmission delay circuit 22.

The signal generator 24 continuously oscillates a sine wave
in order to transmit an ultrasonic continuous wave. The FM
modulation circuit 26 raises a modulation frequency over a
range of a predetermined sweep frequency, and then lowers
the modulation frequency. Thereby, the FM modulation cir-
cuit 26 executes frequency modulation by a chirp wave in
which a rising gradient and a falling gradient of a modulation
frequency repeat. The mixer 25 mixes both output signals of
the signal generator 24 and the FM modulation circuit 26 so as
to output the mixed signal.

The switch 27 can selectively switch a path into the pulse
generator 21 for a B mode and the mixer 25 for a range gate
CW mode in response to a switching control signal from the
controller 15.

The B mode reception block 12 includes a preamplifier 31
provided for each reception channel, a reception delay circuit
32 that performs a reception delay for each reception channel
so as to perform a phasing adding process, an adder 33 that
adds a delay-controlled reception signal of each reception
channel, and a detector 34 that performs envelope detection.
Thereby, a B mode signal, which is located at each sample
point on a raster, is obtained from the detector, and then
transmitted to the display block 14.

The range gate CW mode reception block 13 collects the
range gate CW mode image according to the present embodi-
ment together with the above-mentioned transmission cir-
cuits (24, 25, and 26) for a range gate CW mode. As shown in
FIG. 1, the reception block 13 includes, as common circuits,
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amixer 41, a multiple phase FM demodulation circuit 42 that
performs a phase shift to perform demodulation, and a RF
(Radio Frequency) buffer 43. In addition, the reception block
13 includes a circuit group for a CWM mode and a circuit
group for a CW Doppler mode.

Of them, the circuit group for a CWM mode includes a
spectrum buffer process circuit 44 that is connected to a RF
buffer43, and a CWM mode display process circuit 45 that is
connected to the process circuit 44. The image data of the
CWM mode, which is processed by the display process cit-
cuit 45, is transmitted to the display block 14. In addition, the
circuit group for a CW Doppler mode includes a CW range
gate circuit 46 that generates a range gate, a CWRG process
circuit 47 that is connected to the gate circuit 46 and the RF
buffer43, an LPF 48 (Low Pass Filter), an HPF 49 (High Pass
Filter), a frequency analyzer 50, and a CW Doppler mode
display process circuit 51. The CW spectrum image data,
which is processed by the display process circuit 51, is trans-
mitted to the display block 14. In addition, a process and
operation by the range gate CW mode reception block 13 is
described in detail below.

The display block 14 includes a digital scan converter
(DSC) 61 that receives image data from the B mode process
block 12 and the range gate CW mode reception block 13, a
D/A (Digital to Analog) converter 62, and a display monitor
63.The DSC 61 performs A/D (Analog to Digital) conversion
on the B mode image signal that is transmitted as an analog
amount, and executes scan conversion so as to create image
data for display.

The controller 15 controls the operation timing of an entire
instrument or a display mode in accordance with a program
according to a predetermined algorithm stored in advance as
well as operation information of a user supplied through the
operator 16.

Hereinafter, a process and operation by the range gate CW
mode reception block 13 are mainly described.

As shown in FIG. 2, the ultrasonic wave Doppler diagnosis
instrument according to the present embodiment can display
CW spectrum images serving as a CWM mode image and a
CW Doppler image from a reflective wave of an ultrasonic
continuous wave that is received through the ultrasonic probe
10 and subjected to frequency modulation. The CWM mode
image is a distribution diagram that shows a range (depth of a
raster direction) in a longitudinal axis and time in a horizontal
axis by applying gradations of white and black to a signal of
a fixed material component that is obtained for each range of
arange direction along each raster (scanning line) and apply-
ing a color to a signal of a moving material component. In
addition, the CW spectrum image is a distribution diagram
that shows a power spectrum of a Doppler component (in a
state where a frequency is shown in a longitudinal axis and
time is shown in a horizontal axis) by extracting a Doppler
component of a range corresponding to a predetermined
range gate (CW range gate) set on a B mode tomographic
image and performing weight addition on the Doppler com-
ponent.

Signal Process of Transmission and Reception

FIG. 3 shows an outline of a signal process block that is
constructed by a transmission circuit for a range gate CW
mode mounted on the transmission block 11 and the range
gate CW mode reception block 13.

The signal process block forms a circuit group in order to
extract, separately from each other, four kinds of signal com-
ponents that includes signal components of a clutter (fixed
material)/blood flow (moving material) where a distance is
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equal in each range (RG) of a range direction and signal
components of a clutter/blood flow where a distance is not
equal in each range (RG) of a range direction, from a received
reflective wave signal.

The sine wave, which is generated by the signal generator
24, is subjected to frequency modulation based on the chirp
wave by the FM modulation circuit 26 and the mixer 25, and
is then transmitted along each raster to the inside of a subject
P as an ultrasonic continuous wave through the ultrasonic
wave probe 10. The ultrasonic reflective wave, which is
reflected from atissue component or a blood flow component
of the subject P, is received by the ultrasonic wave probe 10,
and is transmitted, modulated, and interlocked by the mixer
41 and the multiple phase FM demodulation circuit 42 for
every range direction. Then, the ultrasonic reflective wave is
subjected to the multiple phase FM demodulation. The inter-
locking means that the FM demodulation is performed by the
chirp wave synchronized with the chirp wave for frequency
modulation with respect to the transmission continuous wave
at a predetermined time interval. The multiple phases mean
that the phases of the transmission modulation and the recep-
tion modulation are varied for each range of a range direction
(beam direction).

The detection signal, which is obtained by the demodula-
tion, is stored as digital data by means of an A/D converter
(not shown) of the RF buffer 43. This RF buffer 43 serves as
a phase scan buffer. As the detection signal is stored, the
sample data of the multiple phases according to the resolution
of the range direction is mapped by an Nfm period of FM
modulation.

In this case, FIG. 4 illustrates a spectrum of a signal
demodulated by the multiple phase demodulation. The mul-
tiple phase demodulation method corresponds to a demodu-
lation method in which phases of the transmission modula-
tion and the reception modulation are varied for every range.
For this reason, as can be understood from the spectrum
shown in FIG. 4, the frequency modulation at the time of
transmission and the multiple phase FM demodulation at the
time of reception are interlocked at a predetermined time
interval. In the signal which is obtained after performing the
multiple phase FM demodulation, a signal component of a
clutter and a blood flow (Doppler) component of (an on-
range) where the distance is the same in each range, a signal
component ofa clutter and a blood flow (Doppler) component
of (an off-range) where the distance is not the same in each
range, and a signal component of a cross region are mixed.
The cross region refers to a time zone when the modulation
gradient of the frequency at the time of transmission modu-
lation and the modulation gradient of the frequency at the
time of reception demodulation are opposite to each other in
a polarity (rising gradient and falling gradient).

As can be understood from a spectrum of a lower stage of
FIG. 4, the signal component of the clutter of the on-range
becomes a DC (Direct Current) component, but the signal
component of the blood flow (Doppler) of the on-range
becomes a continuous wave by deviating at one polarity side
by a predetermined offset. In the meantime, the signal com-
ponent of the clutter of the off-range is divided so as to have
symmetry with respect to both polarities, but the signal com-
ponent of the blood flow (Doppler) of the off-range 1s divided
so as to have asymmetry with respect to both polarities.

As such, according to the multiple phase FM demodula-
tion, an appearance of a signal component on the spectrum
component is different depending on whether a correspond-
ing range is an on-range for every range and whether it is a
signal component from the blood flow (Doppler). Therefore,
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by using the difference between the appearances, a signal
component can be extracted from the clutter of the on-range
and the blood flow.

In the cross region, various artifacts are mixed, but they are
not used in the display process of the image data.

An explanatory view of FIG. 4 is shown in FIGS. 5 and 6.
Inthe signal detected by the multiple phase FM demodulation
method, with respect to a complementary pair which is com-
posed of a chirp wave of the rising gradient and a chirp wave
of the falling gradient, the time variation of the spectrums of
the signal component R1+D1 (fixed material component+
moving material component) of the on-range and the signal
component R2+D2 (fixed material component+moving
material component) of the off-range can be classified into six
regions (R, to R) shown in FIG. 5.

That is, as shown in FIG. 6, in the R, (FIG. 6(A)) and the
R, (FIG. 6(C)) near the minimal frequency of the chirp wave
ofthe rising gradient and the maximum frequency of the chirp
wave of the falling gradient, the Doppler component and the
fixed material component of the on-range R1 do not exist. The
on-range R1 component becomes a continuous spectrum.

In the CW spectrum image in the range gate CW mode,
only the Doppler component of the on-range R1 (substan-
tially a single frequency component when a range interval is
small) is necessary. Therefore, the center frequency/variation
of the spectrum, which is obtained by removing (HPF) a DC
component on the basis of the spectrums of the regions of R ,
and R, is calculated, and the BPF (Band Pass Filter) process
is performed on a time base according to the center frequency/
variation of the spectrum. As a result, the continuous compo-
nent may be extracted.

In the regions of R and R where the transmission con-
tinuous wave Tx and the reception wave RX thereof are
opposite to each other in a polarity of the frequency modula-
tion (referred to as cross regions), a plurality of spectrum
components are mixed with each other so as to form an
artifact, but the artifact is not used in presuming the spectrum.

Discrimination Algorithm of Signal Component

In order to extract the on-range component from the signal
detected by the above-mentioned multiple phase FM
demodulation method, the discrimination algorithm shown in
FIG. 7 is applied. Specifically, a complex spectrum of the
rising gradient chirp wave signal and the falling gradient
wave signal is calculated, except for the cross region (FIG.
7(A)), and the absolute values of the spectrums of the plus
component/minus component are calculated (FIG. 7(B)).
Next, the difference between the absolute values of the spec-
trums of the plus component/minus component is calculated
(FIG. 7(A)). Thereby, it is possible to discriminate the fixed
material component (clutter) and the moving material com-
ponent (Doppler) of the on-range.

Further, a band filter (HPF and LPF) is applied to the
extracted signal, that is, a signal, excluding the signal com-
ponent of the off-range becoming the artifact (FIG. 7(D)), and
it is separated into the fixed material component and the
moving material component of the on-range (FIG. 7(E)).

Width Control and Process of Cross Region

As described above, since the artifact is included in the
cross region, the signal ofthe cross region is removed without
being used at the time of analyzing the spectrum. For this
reason, preferably, the width of the cross region (time width)
is controlled so as to be as small as possible. In the present
embodiment, the multiple phase FM modulation (where
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FMCW (frequency modulation) parameter: sampling fre-
quency fsample=10 MHz, sweep start frequency fsweep-
start=1 MHz, sweep end frequency fsweepend=1.5 MHz,
sweep frequency Af (=fsweepend-fsweepstart=)=500 kHz,
modulation frequency fmod=500 Hz, 128 point FFT, fscal-
ing=1 MHz, CWRG=50 mm Depth) is performed on a model
in which a clutter component and a Doppler component of 30
KHz exist in each of Depth=50 mm and Depth=100 mm. As
a result, the result shown in FIG. 8 is obtained. From this
result, it can be understood that the width where the cross
region is generated depends on the depth of the CWRG (range
of a distance direction), and a frequency of Fmod (reciprocal
number of a modulation period of a chirp wave). For this
reason, in order to reduce the cross region. the Fmod fre-
quency may by lowered or the CWRG position may be low-
ered.

Here, if considering the ratio of the cross region from the
chart illustrated in FIG. 9, it is as follows.

T1=1/(2%nod)

T2=2%CWRGposition/C [Equation 1]

(In this case, actually, since the CWM mode exists, the posi-
tion CWRGposition of CWRG corresponds to the depth, that
is, the position CWRGposition of CWRG=Depth). There-
fore, the ratio of the cross region is represented as T2/T1. As
described above, the signal of the cross region, is removed.
Instead of the signal from the cross region, a signal extrapo-
lated in the MSE (missing signal estimation) is created. For
this reason, in order to easily and surely perform this extrapo-
lation, the width of the cross region is preferably controlled
such that the ratio T2/T1 (ratio of the cross region) becomes
a value less than a predetermined value (for example, a value
less than 30%).

Actually, as shown in FIG. 10, the time T1 is in inverse
proportion to the modulation frequency fm (FIG. 10(A), and
the time T2 is in direction proportion to the Depth (FIG.
10(B)). An effective region, which can be used in analyzing a
remaining spectrum (frequency), excluding the cross region,
is as follows.

Valid(%)=100%{T1-12)/T1 [Equation 2]

From the equation 2, the effective region Valid is represented
as contour lines indicating the modulation frequency and the
Depth (FIG. 10(C)). For this reason, when the width of the
cross region is controlled, the modulation frequency is auto-
matically controlled in accordance with the location of the
CWRG such that the above-mentioned effective region Valid
obtains, for example, 80% or more.

Subsequently, the control of the frequency resolution and
the time resolution of each range direction will be described.
In order to increase the frequency resolution, the observation
time T1-T2 may be increased. In this case, the modulation
frequency fmod may be lowered, but time resolution may be
lowered as much as the lowered modulation frequency. Inthe
meantime, in order to increase the time resolution, the incli-
nation of Af/At may be increased. In this case, the sweep
frequency needs to be raised, but since the beat frequency of
the clutter becomes raised as much as the raised sweep fre-
quency, the sampling frequency should be raised. For this
reason, a common ground between the frequency resolution
and the time resolution is searched, or the resolution control is
performed such that any one of the frequency resolution and
the time resolution has priority.

In a case of spectrum display, since the maximum range of
the display and the frequency resolution are determined in
accordance with the observation time length and the sampling
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frequency of the frequency analyzer, the scaling or resam-
pling is performed by dropping the signal band, and thus the
observation time length and the sampling frequency can be
varied.

If the above is collected as the method of controlling the
time resolution and the frequency resolution, the process
algorithm is made by using each parameter shownin FI1G. 11.
That is, (1): the sampling frequency Fsampling, which covers
the beat range of the clutter+the maximum Doppler range
from the CWRGposition (corresponding to Depth), and the
cut off of the Scalingl .PF of the pretreatment are calculated.
Next, (2): fmod and Af are calculated in accordance with the
restriction of the sample range while depending on any mode
of the time resolution priority mode and the frequency reso-
lution priority mode. Next, (3): the sampling frequency is
calculated from the above-mentioned maximum range, the
observation time is calculated from the minimum range, and
the number of FFT (Fast Fourier Transform) of a frequency
analyzer according to the sampling frequency and the obser-
vation time is calculated.

As such, in the cross region, since the chirp wave of the
transmission modulation and the chirp wave of the reception
demodulation are different from each other in the polarity of
the modulation frequency, various spectrum components are
mixed so as to form the artifact. If the artifact is used as it is,
the spectrum presumption precision of the rear stage is dete-
riorated. Accordingly, the cross region is removed. Instead of
it, the signal component presumed from the time series signal
or the spectrum of the sequence is inserted. In particular, in
the case of the range gate CW (RGCW) mode display accord-
ing to the present embodiment, the spectrum analysis is pet-
formed while using the continuous wave as the base. There-
fore, the continuous wave is generated by extrapolating and
synthesizing the continuous time series signal component.

Hereinafter, two kinds of specified examples where the
signal is extrapolated will be described. In a first example, the
time series signal is used. Using the time series signal, except
for the cross region, using an AR (Auto Regressive) math-
ematical model (or referred to a statistical model) from the
observation region before and after the missed region, using
the system-identified parameter, and on the basis of the signal
source, such as a noise or the like, the signal of the missed
interval is predicted. At this time, the signal presumption may
be made even during any case of when the signal presumption
is made from the past data in a forward direction, when the
signal presumption is made from the future data in a reverse
direction, and when the signal presumption is made for both
the forward direction and the reverse direction. In addition, in
order to maintain the continuity of the signal, the missed
portion and the original signal portion overlap each other to
be then subjected to weighting, such as a window function or
the like, and adding, and the continuous signal is synthesized.
In addition, in the present embodiment, as a signal extrapo-
lating method of the cross region, a method using the time
series signal is used.

In a second example, the spectrums of the pair of the rising
gradient and the falling gradient, except for the cross region,
are used. Using the AR-identified parameter from the obser-
vation region before and after the missed region by the cross
region, the spectrum of the missed interval is presumed. At
this time, the spectrum of the missed interval may be pre-
sumed even during any case of when the spectrum of the
missed interval is presumed from the past data in a forward
direction, when the spectrum of the missed interval is pre-
sumed from the future data in a reverse direction, and when
the spectrum of the missed interval is presumed for both the
forward direction and the reverse direction. In addition, in
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order to maintain the continuity of the time variation of the
spectrum, the missed portion and the original spectrum over-
lap each other to be then subjected to weighting, such as a
window function or the like, and adding, and the continuous
spectrum is synthesized. The synthesized spectrum is sub-
jected to an inversed Fourier transform so as to generate the
continuous time series signal.

Process of CWM Mode and Display

Next, the process, which is performed by the spectrum map
process circuit 44 and the CWM mode display process circuit
45, will be described with reference to FIG. 12. In the RF
buffer 43 which serves as a phase scan buffer, as described
above, the multiple phase demodulation data of the plurality
of cycles of the chirp wave is mapped. Accordingly, the mul-
tiple phase demodulation data is sequentially read out from
the RF buffer 43, and the Doppler spectrum and the fixed
material spectrum obtained in each range are operated. Next,
from the result obtained by calculating the spectrum for every
cycle of the chirp wave, the power of the fixed material is
generated in the A mode image of the range direction, and the
parameters of the power, the average frequency, the disper-
sion or the like of the Doppler component are created as a
color image of the A mode. This image data is averaged for a
plurality of cycles of the chirp wave in accordance with the
sweep speed, then transmitted to the monitor 63 through the
DSC 61, and then displayed in the CWM mode.

In the CWM mode image shown in FIG. 12, the longitudi-
nal axis corresponds to each range of the range direction, and
the horizontal axis corresponds to the time base. The CWM
mode image is displayed in real-time. The clutter is displayed
in white and black, and the blood flow is displayed in color.

Process of CW Doppler Mode and Display

Further, the process, which is performed by the CW range
gate circuit 46, the CWRG process circuit 47, the LPF 48, the
HPF 49, the frequency analyzer 50, and the CW Doppler
mode display process circuit 51, will be described with ref-
erence to FIG. 13. In the RF buffer 43, as described above, the
multiple phase demodulation data of the plurality of cycles of
the chirp wave is mapped. Accordingly, the multiple phase
demodulation data of a range, which belongs to the set range
gate (CWRG), is sequentially read out from the RF buffer 43,
and the Doppler spectrum and the fixed material spectrum
obtained in each range are operated. In the example illustrated
in FIG. 13, the ranges R3 to R6 correspond to the range gate
CWRG. Next, from the result obtained by calculating the
spectrum for every cycle of the chirp wave, the Doppler
component whose band is separated by the HPF is obtained.
The Doppler component is averaged for a plurality of cycles
of the chirp wave in accordance with the sweep speed, and
thus the data of the CW spectrum image is operated. This data
is transmitted to the monitor 63 through the DSC 61, and the
CW spectrum image is displayed on the monitor. As a result,
as shown in FIG. 13, the CW spectrum image is displayed in
which the longitudinal axis corresponds to the power spec-
trum of the Doppler component, and the horizontal axis cor-
responds to the frequency.

Inaddition, in addition to performing the simple addition in
the range direction at the time of the spectrum addition in the
range direction, the weight addition can also be performed.

The above-mentioned range gate circuit 46 generates the
designation information of the range gate RG that has the
designated location and width, and transmits the designated
information to the CWRG process circuit 47 and the DSC 61.
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The DSC 61 receives the designated information and displays
the gamma indicating the designated location of the range
gate RG on the B mode tomographic image.

For example, as shown in FIG. 2, the gammas correspond
to two short straight lines which are parallel to each other.
When viewing the gamma, the operator can discriminate the
location on the tomographic image of the range gate RG, and
switches the scan into the range gate CW mode. As a result,
the CW spectrum that corresponds to the designated location
is analyzed. The CWRG process circuit 47 receives the des-
ignated information, and analyzes the CW spectrum with
respect to the range gate of the designated location and width,
as described above.

For this reason, when the location and width of the range
gate RG are varied, the operator operates the operator 16 so as
to allow the signal of the varied information to be supplied to
the controller 15. Thereby, the control signal, which is sup-
plied from the controller, is transmitted to the CW range gate
circuit 46, the designated information of the range gate of the
new location and/or width is created, and the spectrum can be
analyzed on the basis of the corresponding location and
width.

Example of Simulation Using Phantom Model and
Signal Process of Range Gate CW Mode

In this case, a specific example of the simulation using the
phantom model and the signal process is described by using
the ultrasonic wave diagnosis instrument according to the
above-mentioned embodiment.

As shown in FIG. 19, the experiment condition is set as
follows, and the multiple phase modulation is performed on
ranges RG of five locations set to phantoms. In this case, the
width of the range is 0.5 mm.

Fsmaple=10 MHz Ftx=1 MHz Fsweep=1 KHz,

Fmod=500 Khz, and Anoise=—80 dB(to the clutter). [Equation 3]
RG 46 mm,RG 48 mm,RG 50 mm,RG 52 mm, and
RG 54 mm. [Equation 4]

The time variation of the spectrum and the time series
signal (IQ data) for each range, which is obtained by the
multiple phase modulation performed with respect to the
phantom, are as shown in FIG. 20. These signal and time
variation correspond to the result obtained by anyalyzing the
demodulation data accumulated in the RF buffer 43.

FIG. 21 and FIG. 22, which is the temporal enlarged view
of FIG. 21, show a signal presumption process of the cross
region. According to this signal presumption, first, the time
series data of the cross region is removed, and the data of the
corresponding region is fixed to DC (0). Next, by using the
effective data before and after the cross region in the time
series direction, the system identification is performed with
an AR model, and a parameter of a mathematical model is
calculated. Next, the presumption signal of the cross region is
a little much (to the extent that an overlapping region is
obtained by using the actual data and the window function)
generated from the noise by using the identified parameter.
Next, the continuous wave is generated by window-weighting
and adding the actual data and the presumption data to the
overlapping region. In the process examples of FIGS. 21 and
22, weighting of “0 to i/2 of the COS function’ is performed.

Next, the analysis of the spectrum of the rising gradient
chirp wave and the spectrum of the falling gradient chirp wave
is performed on the basis of the continuous wave generated by
burying the cross region, and the power of the fixed material
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(clutter component) for each range, the power of the moving
material (mainly, blood flow Doppler component), and the
average speed, which are necessary for the CWM mode, are
operated.

Next, the synthesis process of the spectrums of the rising
component and the falling component is performed as shown
in FIG. 23. Specifically, 1) the rising time series and the
falling time series are cut such that the cross region is located
at an end of the window function. 2) The Hanning window
functionis applied to the respective time series data so as to be
subjected to the complex Fourier transform process. 3) The
plus components and the minus components of the rising
component spectrum and the falling component spectrum are
operated. 4) The difference between the operated plus com-
ponent and the minus component is operated, and an on-range
component where the distance (depth) of each range is equal
is extracted. In FIG. 24, the synthesis signal in each range is
illustrated in (FIG. 24(A), the plus component/minus compo-
nent of the spectrum is illustrated in (FIG. 24(B)), and the
spectrum component of the on-range is illustrated in (FIG.
24(0)).

The operation process of the display parameter with
respect to the CWM mode image is illustrated in FIG. 25.
Specifically, as shown in FIG. 25(A), the multiple phase
detection is performed in each range, and as shown in FIG.
25(B), the power component near the DC having passed
through the LPF is operated by using the spectrum after
removing the artifact. In addition, the component of the mov-
ing material after passing through the HPF is operated, and
the average speed of the moving material after averaging the
load from the moving material component after passing
through the HPF is operated. Next, as shown in FIG. 25(C),
for each range, the gradation of black and white is applied to
the power of the fixed material, the power or average speed of
the moving material is converted into the color data, and the
CWM image where the longitudinal axis indicates a range
direction and the horizontal axis indicates the time direction
is displayed in real time.

In the meantime, the CW range gate process where the CW
spectrum image is displayed as the CW Doppler mode image
is performed as follows.

The analysis of the spectrum of the rising gradient chirp
wave and the spectrum of the falling gradient chirp wave is
performed from the continuous wave generated by burying
the cross region, the artifact components of the fixed material
and the moving material of the off-range where the distance is
not equal are removed. Since the process until the removing
process is the same as the CWM mode process, the process
result thereof is used. Further, from the spectrum of an on-
range, the fixed material component of the on-range is
removed, and only the moving material component of the
on-range is extracted. The moving material component of the
on-range is subjected to the band restriction process, the
spectrum interpolating expansion process, and the synthesis
process of the continuous wave by the inversed Fourier trans-
form process and the window weight addition in accordance
with the observation time or the sampling frequency of the
frequency analyzer of a next stage, and the weight addition
process is performed in a range direction. The signal having
subjected to these processes is output to the frequency ana-
lyzer.

The creation process of the continuous wave for range gate
CW is described in detail with reference to FIGS. 26 and 27.
The time component from the spectrum of the on-range
where the artifact of FIG. 26 is removed is subjected to the
inversed FFT process so as to generate the continuous wave.
In this case, the clutter component is removed from the spec-
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trum by the HPF process, but in the process example, the LPF
1s lowered, and the clutter component is made to pass through.
Next, the Hanning window is applied to the complex signal
having been subjected to the inversed FFT, the overlapping
addition is performed with respect to the time series data that
is necessary for the sampling of the frequency analyzer of the
rear stage, and the waveform of FIG. 27 is created. In this
process example, for the purpose of reducing the simulation
load, the modulation frequency is raised. Therefore, the pitch
conversion (the interpolation of the spectrum and scaling for
cutting the DC center portion) is performed, and the fre-
quency analysis load of the rear stage is reduced.

The synthesis of the continuous wave for range gate CW,
and CW range gate process, and the display process thereof
are illustrated in FIGS. 28 and 29. The continuous wave (FIG.
28(A)) that is generated in the pair of period intervals of the
rising gradient chirp wave and the falling gradient chirp wave
is cut by the Hanning window, and then added in an overlap-
ping manner. As a result, the continuous wave (FIG. 28(B)) is
generated. The continuous wave is generated for every range.
At this time, the addition is made while considering that the
plurality of range signals (time components and frequency
components) which correspond to the width and the location
of the range gate (contained in the range gate), and one
continuous wave (FIG. 28(C)) is generated (this is referred to
as continuous wave range gating (CWRG process)). In addi-
tion, in the weighting at the time of adding the plurality of
ranges, weighting, such as a Gauss function, a rectangular
function, a trapezoidal function, or the like, which corre-
sponds to the width of the range gate, can be selected.

Next, the continuous signal, which is generated by the
RGCW process, is spectrum-analyzed by the CW spectrum
Doppler signal process (as an engineering terminology,
referred to as periodgram) (FIGS. 29(A) and 29(B)), and the
CW spectrum image (FIG. 29(C)) (a longitudinal axis indi-
cates the frequency, and the horizontal axis indicates the time)
is displayed. Further, FIG. 29(A) corresponds to the spectrum
of the IQ signal of the continuous wave shown in FIG. 28(B),
and FIG. 29(B) corresponds to the spectrum of the 1Q signal
of the continuous wave shown in FIG. 28(C).

Function and Effect

According to the above-mentioned embodiment, using the
ultrasonic continuous wave, an ultrasonic wave Doppler diag-
nostic method, which is referred to as the range gate CW
mode, is provided. That is, by performing the frequency
modulation with respect to the transmitted ultrasonic continu-
ous wave and interlocking (synchronizing) with the chirp
waves of the rising gradient and the falling gradient at the time
of the modulation at a predetermined timing, the multiple
phase demodulation is performed with respect to the recep-
tion ultrasonic wave. The signal having been subjected to the
multiple phase demodulation has the information of the dis-
tance direction on the same ultrasonic beam, and the signal
components of the fixed material and the moving material,
which correspond to each range (depth), and the signal com-
ponents of the fixed material and the moving material, which
do not correspond to each range, are contained while having
different characteristics. The signal components of the fixed
material and the moving material, which correspond to each
range, are extracted by using these characteristics. The CWM
mode where the information of the distance direction (that is,
time direction) of the fixed material (clutter) and the moving
material (blood flow) on the beam is displayed as the CWM
mode image in white and black and a color, and the CW
Doppler mode where the time variation of the spectrum of the
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data corresponding to the range gate (ROT: region of interest)
on the beam is displayed as the CW spectrum image are
provided. For this reason, the merit that the turnback of the
continuous wave is not generated is available as it is, and the
region of the blood flow signal is selected by avoiding the
clutter region by the range gate so as to be observed. There-
fore, it is possible to improve the Doppler analysis capability
in which the depth of view is thick, and the blood flow speed
is fast.

Therefore, when the valve regurgitation of the heart or the
intermediate loss is observed, the invention is considered that
it is clinically effective.

MODIFICATION

Hereinafter, the modifications which are applicable by the
ultrasonic wave Doppler diagnosis instrument according to
the present embodiment will be described.

First Modification

According to the first process, the sequential calculation is
made by only using an on-range region, and the spectrum map
is created. The first modification may be performed after the
process according to the above-mentioned embodiment, and
may be independently performed. That is, the difference ‘R 3~
R’ between the signal component (FIG. 6(B)) of the region
R shown in FIG. 5(A) and the signal component (FIG. 6(A))
of the region R, and the difference ‘R;_p,” between the
signal component (FIG. 6(D)) of the region R, and the signal
component (FIG. 6(C)) of the region R, are sequentially
calculated, and the spectrum map (FIG. 5(B)) is created.

An example where the spectrum obtained in the R ; region
of the rising gradient chirp wave and the R, region of the
falling gradient chirp wave is used (that is, an example where
a portion of the data during calculation of the CWM mode is
used) will be described with reference to FIGS. 14 and 15.

For example, from the spectrum (FIG. 15(A)) that is
obtained in the R , region of the chirp wave and the R, region
of the chirp wave in the range R3, calculated are the center
frequency Fc and the band width fbw of the spectrum (FIG.
15(B)) which are obtained by removing the component of the
fixed material (near DC) by the above-mentioned difference.
The HPF process and the complex BPF process are performed
with respect to the time base (continuous) signal of eachrange
on the basis of the information of the Doppler signal compo-
nent corresponding to each range, and the Doppler compo-
nent of each range is extracted. In the signal, the artifact where
the frequency aligns is mixed, but by the addition of the range
direction, the deterioration due to mixing is improved.

The range gate-added continuous wave signal contributes
to the conventional Doppler analysis process and the spec-
trum display.

Second Modification

As shown in FIG. 16, according to a second modification,
the reception is made with an ultrasonic continuous wave
having been subjected to the frequency modulation, the trans-
mission is not limited to the frequency modulation of the
transmission continuous wave Tx, the continuous wave Tx is
subjected to the amplitude modulation (AM), and the trans-
mission is made by the interval that corresponds to the CW
range gate. In addition, FIG. 17 illustrates a comparison
example of a case in which the amplitude modulation is not
performed.
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By the AM modulation of the transmission wave Tx, the
transmission energy of the continuous wave can be effec-
tively used. In addition, there is an advantage in that the
influence of the artifact other than the periphery of the range
R1 is small.

However, since the spectrum of the reception wave Rx
becomes intermittent, the signal process is necessary in which
the continuous signal to which the gate is applied is locked to
generate the continuous sine wave component (the DC com-
ponent is cut).

Specifically, the continuous wave to which the gate is
applied is input to one input terminal of the phase comparator,
the output error signal is made to pass through the LPF (loop
filter) so as to extract the low frequency component, the sine
wave signal generating process is not performed which gen-
erates the frequency shift proportional to the DC value, and
the output thereof is output to the other input terminal of the
phase comparator. Here, the center frequencies of the sine
wave signal generating process that generates the frequency
shift are the center frequencies (DC) of the fixed material of
the reception range direction, and correspond to the frequen-
cies of the plus and the minus (the polarities are opposite to
each other). For this reason, the continuous wave component
corresponding to the moving material is continuously gener-
ated by a so-called PLL (Phase Locked Loop).

Thereby, the Doppler component of the high SN (Signal-
to-Noise) ratio (it is presumptively generated from the burst)
is obtained.

Third Modification

The third modification relates to the unit phase demodula-
tion type. In the unit phase demodulation type, the phases of
the transmission modulation and the reception modulation
are not varied for each range.

Since the multiple phase demodulating type needs to per-
form the detection process of the plurality of ranges, the
signal process load is weight. Therefore, by the unit phase
demodulation type, the CWM mode display can be more
easily provided to the device whose hardware size is reduced.
As such, even if it is a single phase, the same process as the
multiple phases can be performed.

Specifically, the varied BPF of the center frequency Fc is
searched for every range, and the frequency is sequentially
analyzed by the DFT (Discrete Fourier Transform). The fre-
quency axes of the DFT are corrected for every range and
joined in the chirp wave interval. Then the accumulated map
of the clutter component and the Doppler component is cre-
ated.

The difference of the spectrum of the entire frequency
region is calculated from the accumulated map, and the infor-
mation in each range is calculated. That is, the power of the
fixed material component and the power of the moving mate-
rial component are calculated and added up.

According to the single phase demodulation type, it is
likely to be affected by the artifact, and it is suitable for the
analysis of the range direction component. However, it is
difficult to create the continuous wave component by any
process. Inaddition, as described above, there are many cases
that the advantage like small-sized hardware can be achieved.
In order to decrease the above-mentioned inconvenience, the
display of the power components of the clutter and the Dop-
pler (corresponds to the M mode of the ultrasonic wave angio)
may be used in the CWM mode as the application range.
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Fourth Modification

The fourth modification will be described with reference to
FIG. 18. This modification relates to another structure which
detects the power of the fixed material/moving material ofthe
on-range.

In the fourth modification, at the time of detecting the
power of the fixed material/moving material of the on-range,
among the plus components of the power spectrums of the
rising gradient chirp wave and the falling gradient chirp wave,
the component, which becomes twice as much as the power
spectrum of the rising side (or the power spectrum of the
falling side) is extracted and detected.

FIG. 18 shows the outline of the algorithm that extracts the
on-range component from the plus component of the power
spectrum of the chirp wave of the rising gradient/falling gra-
dient. Thatis, first, the power spectrum plus component ofthe
chirp wave of the rising/falling gradient Padd(f), the power
spectrum component of the chirp wave of the rising gradient
Pup(f), and the power spectrum component Pdn(f) of the
chirp wave of the falling gradient are calculated.

Next, from the above-mentioned spectrums, the Padd(f),
which simultaneously satisfied (Formula 1) and (Formula 2),
is extracted as the component on the on-range.

[Equation 5]

Pup(fy*a<Padd(f)2 <Pup(f)*p (Formula 1)

Pdn(fy*a<Padd(f)2 <Pdn(f)*p (Formula 2)

(In this case, o and  indicate variable parameters.)

In addition the functions o and § can vary in a plurality of
stages by an operator. For example, the functions c. and f§ vary
according to the three stages of setting.

Setting 1: a=0.9, and p=1.1
Setting 2: 0=0.8, and p=1.2

Setting 3: a=0.7, and p=1.3 [Equation 6]

Inthe case of the setting 1, when compared with the setting
3, the detection sensitivity becomes lowered, but it is likely to
be affected by the artifact.

Fifth Modification

The fifth modification will be described with reference to
FIG. 30. The fifth modification relates to a structure which
uses a process method for suppressing the lowering of the
frequency resolution according to the condition of the chirp
wave. According to the present modification, it is possible to
farther improve the distance resolution.

FIG. 30(A) shows the chirp wave used for the frequency
modulation at the time of transmission, in which the horizon-
tal axis indicates the time, and the longitudinal axis indicates
the frequency. FIG. 30(B) shows the chirp wave used for the
multiple phase FM demodulation at the time of reception, and
forms a pair together with the chirp wave shown in FIG.
30(A). In FIG. 30(B), the horizontal axis indicates the time,
and the longitudinal axis indicates the frequency. FIG. 30(C)
shows a demodulation signal demodulated through the mul-
tiple phase demodulation by the chirp wave shown in FIG.
30(B), in which the horizontal axis indicates the time, and the
longitudinal axis indicates the frequency.

As shown in FIG. 30(A), if one cycle of the chirp wave is
set to At and the variation of the frequency is set to Af,
depending on the conditions of the At and Af of the chirp
wave, the inclination, which cannot be disregarded, may be
generated in the clutter component and the Doppler compo-
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nent of the on-range shown in FIG. 30(C). FIG. 30(D) shows
an example of the clutter signal of the on-range having the
inclination. As shown in FIG. 30(D), the inclination existing
in the signal of the on-range means that the width AB exists in
the frequency direction of the on-range signal.

It is confirmed that the inclination, which appears in the
on-range signal, increases, when the inclination of the chirp
wave increases, that is, when At is small but Af is large. In
addition, as shown in FIG. 30(D), the direction of the incli-
nation, which appears in the on-range signal, is alternately
varied, and the same inclination as the direction of the incli-
nation of the chirp wave is shown. Therefore, it is assumed
that the inclination appears in the on-range signal due to the
gradient of the chirp wave. With respect to the specific and
accurate reason, the detailed analysis is necessary, but it is
assumed as one reason that there is a limit in the resolution of
the frequency analyzer.

In the meantime, as described above, the spectrum of the
demodulation signal is subjected to the addition process and
the subtraction process so as to be divided into the on-range
signal and the off-range signal. For this reason, the inclination
in which the direction is alternately varied is exists in the
on-range signal, and the width appears in the frequency direc-
tion. In this case, the resolution of the frequency is deterio-
rated.

Accordingly, the time direction in the frequency analysis
(FFT) is varies in accordance with the inclined direction of
any one of the on-range signal and the chirp wave, so that it is
possible to avoid the resolution of the frequency from being
deteriorated due to the inclination of the chirp wave, as
described above. That is, actually, since the inclined direction
of the on-range signal is not alternately varied but the incli-
nation is constant, it is possible to reduce the influence of the
inclination of the on-range signal with respect to the spec-
trum. The arrow shown in FIG. 30(D) indicates the time
direction in the frequency analysis. Both sides of the time
direction may be opposite to each other.

Even though the inclination exists in the on-range signal, if
a predetermined frequency resolution can be maintained, the
inclination (2Af/At) of the chirp wave can be set so as to be
further larger. If the inclination of the chirp wave can be set to
be further larger, At of the chirp wave shown in FIG. 30(A)
and the phase shift amount At' of the chirp wave for the
multiple phase FM demodulation according to the depthwise
direction shown in FIG. 30(B) are set to be further smaller. As
aresult, it is possible to improve the distance resolution. That
is, the time direction in the frequency analysis is varied and
the influence of the inclination appearing in the on-range
signal is avoided. It is possible to use the condition in which
the distance resolution is improved while maintaining the
frequency resolution.

The above-mentioned embodiment and the modification
have been described above, but the ultrasonic wave Doppler
diagnosis instrument is not limited to the above-mentioned
structures. In addition, the known technologies can be prop-
erly combined and embodied within a range of the spirit of the
invention described in the appended claims, and the invention
includes various changes and modifications.

The invention claimed is:

1. An ultrasonic wave Doppler diagnosis instrument, com-
prising:

a frequency modulation unit configured to frequency-
modulate, based on an alternating combination of an
up-chirp wave and a down-chirp wave, a sine wave so as
to generate an ultrasonic continuous wave;

a transmission unit configured to transmit the ultrasonic
continuous wave;
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a reception unit configured to receive a reflective wave of

the ultrasonic continuous wave;

ademodulation unit configured to multiple-phase-FM (fre-

quency modulation)-demodulate the reflective wave for

arange in a range direction by varying phases of recep-
tion modulation for each range while interlocking in
synchronization with the frequency modulation fre-
quency modulated by the frequency modulation unit,

and to generate a reception signal in the range in a

separated state;

an extraction unit configured to remove an outside signal

outside the range and to extract a signal of a Doppler

component within the range;

and a presentation unit configured to present information

using a signal of the Doppler component based on the

extracted signal,

wherein the demodulation unit includes an extrapolation

unit configured to remove a cross region where gradients

of the two chirp waves are opposite to each other in a

polarity and to extrapolate a signal on one of a frequency

axis and a time axis.

2. The ultrasonic wave Doppler diagnosis instrument
according to claim 1,

wherein the demodulation unit classifies a plurality of

regions as within the range or outside the range, detects
each region of the plurality of regions, and creates the
reception signal, while using a complementary pair
detection signal of the frequency modulation used for
the frequency modulation and demodulation.

3. The ultrasonic wave Doppler diagnosis instrument
according to claim 1, wherein the presentation unit includes a
frequency analysis unit configured to vary a time direction in
accordance with a direction of a gradient of the reception
signal so as to perform frequency analysis.

4. The ultrasonic wave Doppler diagnosis instrument
according to claim 1, wherein

the extraction unit is configured to extract a fixed material

component signal and the Doppler component signal in

the range; and

the presentation unit includes a first display controller con-

figured to apply white and black gradations to the fixed
material component signal obtained for the range, to
apply a color to the Doppler component signal, and to
cause a distribution diagram in which a longitudinal axis
indicates the range and a horizontal axis indicates time
to be displayed on a display.

5. The ultrasonic wave Doppler diagnosis instrument
according to claim 1, wherein

the extraction unit is configured to extract a fixed material

component signal and the Doppler component signal in

the range; and

the presentation unit includes:

a first display controller configured to apply white and
black gradations to the fixed material component sig-
nal obtained for the range, to apply a color to the
Doppler component signal, and to cause a distribution
diagram in which a longitudinal axis indicates the
range and a horizontal axis indicates time to be dis-
played on a display;

a range gate setting unit configured to set a range gate as
a target region which can freely adjust a location and
a width in the range direction;

a second extraction unit configured to extract a Doppler
component in a second range corresponding to the
range gate; and

a second display controller configured to cause a power
spectrum of the Doppler component in the second
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range corresponding to the range gate as a distribution
diagram in which a longitudinal axis indicates a fre-
quency and a horizontal axis indicates time to be
displayed on the display.
6. The ultrasonic wave Doppler diagnosis instrument
according to claim 1, further comprising:

arange gate setting unit configured to set a range gate as a
target region which can freely adjust a location and a
width in the range direction.

7. The ultrasonic wave Doppler diagnosis instrument
according to claim 2,

wherein the demodulation unit uses two chirp waves as the
complementary pair detection signal, the two chirp
waves having modulation frequencies having a rising
gradient and a falling gradient that are swept to each
other, and

the demodulation unit includes a region control unit con-
figured to control a time width of a region where gradi-
ents of the two chirp waves are opposite to each other in
polarity.
8. The ultrasonic wave Doppler diagnosis instrument
according to claim 2,

wherein the demodulation unit uses two chirp waves as the
complementary pair detection signal, the two chirp
waves having modulation frequencies having a rising
gradient and a falling gradient that are swept to each
other, and

the demodulation unit includes a control unit configured to
control a modulation frequency corresponding to a
reciprocal number of a modulation period of the two
chirp waves and a sweep frequency of the two chirp
waves in accordance with mode selection between a
mode in which a time resolution has a priority with
respect to scanning on each beam by transmission of the
ultrasenic continuous wave and a mode in which a fre-
quency resolution has a priority with respect to scanning
on each beam by transmission of the ultrasonic continu-
ous wave.

9. The ultrasonic wave Doppler diagnosis instrument
according to claim 2,

wherein the demodulation unit uses two chirp waves as the
complementary pair detection signal, the two chirp
waves having modulation frequencies having a rising
gradient and a falling gradient that are swept to each
other.

10. The ultrasonic wave Doppler diagnosis instrument
according to claim 6,

wherein the extraction unit is configured to extract a Dop-
pler component in a second range which corresponds to
the range gate set by the range gate setting unit; and

the ultrasonic wave Doppler diagnosis instrument further
comprises a first display controller configured to per-
form weight addition on the Doppler component in the
second range, and to cause a power spectrum of the
Doppler component in the second range as a distribution
diagram in which a longitudinal axis indicates a fre-
quency and a horizontal axis indicates time to be dis-
played on a display.

11. The ultrasonic wave Doppler diagnosis instrument

according to claim 4,

wherein the demodulation unit creates the reception signal
by using chirp waves as a complementary pair detection
signal, the chirp waves having modulation frequencies
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having a rising gradient and a falling gradient that are
swept to each other, and

the first display controller operates a spectrum of the fixed
material component and a spectrum ofthe Doppler com-
ponent that are obtained in the range of the range direc-
tion along a beam on the basis of multiple phase
demodulation data of a plurality of cycles of the chirp
wave, creates power of the fixed material from the spec-
trum operated for each cycle of the chirp wave on an A
mode image of the range direction, creates at least one
parameter among power of the Doppler component, an
average frequency, and dispersion on an A mode color
image, and averages the A mode image and the A mode
color image for each cycle of the chirp wave in accor-
dance with a sweep speed of the chirp wave so as to be
displayed as a continuous wave M mode.

12. The ultrasonic wave Doppler diagnosis instrument

according to claim 7,

wherein the region control unit is configured to control at
least one of a modulation frequency corresponding to a
reciprocal number of a modulation period of the two
chirp waves and a location of the range direction.

13. The ultrasonic wave Doppler diagnosis instrument

according to claim 10,

wherein the demodulation unit creates the reception signal
by using chirp waves as a complementary pair detection
signal, the chirp waves having modulation frequencies
having a rising gradient and a falling gradient that are
swept to each other, and

the second display controller operates a spectrum of the
fixed material component and a spectrum of the Doppler
component that are obtained in the range of the range
direction on the basis of multiple phase demodulation
data of a plurality of cycles of the chirp wave, operates a
signal of the Doppler component according to the range
gate whose band is separated by any one of a high pass
filter and a band pass filter from the spectrum operated
for each cycle of the chirp wave, and averages the
obtained signal ofthe Doppler component for each cycle
of the chirp wave in accordance with a sweep speed of
the chirp wave so as to be displayed as a continuous wave
spectrum image.

14. The ultrasonic wave Doppler diagnosis instrument

according to claim 12,

wherein the region control unit is configured to automati-
cally control the modulation frequency in accordance
with a location of the range direction.

15. An ultrasonic wave Doppler diagnosis instrument,

comprising:

a transmitter that frequency-modulates, based on an alter-
nating combination of an up-chirp wave and a down-
chirp wave, a sine wave so as to generate an ultrasonic
continuous wave, and transmits the ultrasonic continu-
Qus wave;

a receiver that receives and multiple-phase-FM-demodu-
lates a reflective wave of the transmitted ultrasonic con-
tinuous wave for a range in a range direction by varying
phases of reception modulation for each range while
interlocking in synchronization with the frequency
modulation performed by the transmitter to generate a
reception signal in the range;

an extraction unit configured to remove an outside signal
outside the range and to extract a signal of a Doppler
component within the range; and
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apresentation unit configured to present information using
a signal of the Doppler component based on the genet-
ated extracted signal,

wherein the receiver includes an extrapolation unit config-
ured to remove a cross region where gradients of the two

22
chirp waves are opposite to each other in a polarity and
to extrapolate a signal on one of a frequency axis and a
time axis.
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