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(57) ABSTRACT

An ultrasonic Doppler diagnostic equipment according to
the present invention is characterized by including a Doppler
signal detection device which executes a filtering process for
a plurality of reception signals obtained in time series at
unequal intervals from a predetermined position within a
patient by a transmission/reception device, thereby to detect
Doppler signals based on a mobile object; a velocity calcu-
lation device which selects Doppler signals obtained at a
predetermined time interval, from among the plurality of
Doppler signals obtained at the unequal intervals by the
Doppler signal detection device, and which calculates a
velocity of the mobile object on the basis of the selected
Doppler signals; and an image data generation device which
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the mobile object as calculated by the velocity calculation
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ULTRASONIC DIAGNOSTIC EQUIPMENT AND
METHOD OF CONTROLLING ULTRASONIC
DIAGNOSTIC EQUIPMENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic equipment wherein color Doppler image data are
generated on the basis of ultrasonic Doppler signals obtained
from a patient.

[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic equipment is such that
ultrasonic pulses which have been generated from piezo-
electric transducers built in an ultrasonic probe are radiated
into a patient, and that ultrasonic reflected waves generated
by the difference of the acoustic impedance of a patient
tissue are received by the piezoelectric transducers and then
displayed on a monitor. Such a diagnostic method is exten-
sively employed for the functional diagnoses and morpho-
logical diagnoses of the various internal organs of a living
body because a two-dimensional image can be easily
observed in real time by the simple operation of merely
bringing the ultrasonic probe into touch with the surface of
the body.

[0005] An ultrasonic diagnostic method which obtains
in-vivo information on the basis of reflected waves from a
tissue or blood corpuscles within a living body has made
rapid progress owing to the great technological develop-
ments of two methods; an ultrasonic pulse echo method and
an ultrasonic Doppler method. A B-mode image and a color
Doppler image which are obtained using the technologies,
are indispensable to ultrasonic image diagnoses of today.

[0006] A color Doppler method is such that, in a case
where a predetermined section within a living body has been
scanned with ultrasonic pulses and where a moving reflector
such as blood (blood corpuscles) has been irradiated with
ultrasounds, imaging is performed by grasping a Doppler
frequency shift which is induced in correspondence with the
velocity of the reflector (blood flow velocity). The color
Doppler method was initially employed for the imaging of
a blood flow within the cardiac cavity as exhibits a high
blood flow velocity, but nowadays it has become applicable
even to the imaging of a very slow blood flow such as the
tissue blood flow of an abdominal organ.

[0007] In order to enhance a diagnosability with the color
Doppler method, a superior measurement precision (low-
flow-velocity detectability and high-flow-velocity detect-
ability) is first required, a temporal resolution (real-time
responsivity) is secondly done, and a spatial resolution is
thirdly done.

[0008] Now, the measurement precision being the first
requisite will be explained. In a case where a moving
reflector is irradiated with ultrasonic pulses and where the
moving velocity of the reflector is measured from the
Doppler frequency shift of reflected waves from the reflec-
tor, it has heretofore been practiced that ultrasound trans-
missions/receptions to and from the reflector are repeated a
plurality of times (L times) at predetermined transmission/
reception intervals Tr, and that the moving velocity is
measured on the basis of a series of reflected waves obtained
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within an observation time Tobs (Tobs=Tr'L) In this case,
the detectability for the reflector of low flow velocity
(low-flow-velocity detectability: the lower-limit value of
measurable flow velocities) as denoted by “Vmin” is deter-
mined by the characteristics of a filter, namely, the cutoff
frequency and roll-off characteristic of the filter (for
example, MTI filter) which is used for detecting Doppler
components from within the series of reflected waves
obtained by the L times of ultrasonic transmissions/recep-
tions (hereinbelow, simply termed “transmissions/recep-
tions”). The detectability Vmin on this occasion is indicated
by the following equation (1) where “fr” (fr=1/Tr) denotes a
transmission/reception repetition frequency (rate frequency:
pulse repetition frequency (PRE)):

V min o« — = ﬁ M
Tobs L
[0009] On the other hand, the upper-limit value of the

measurable flow velocities (high-flow-velocity detectabil-
ity) as denoted by “Vmax” is determined by a Nyquist
frequency which is defined by ¥% of the transmission/recep-
tion repetition frequency (rate frequency) fr, and it is indi-
cated by Equation (2) below. In the equation, “C” denotes an
acoustic velocity value within the patient, “fo” denotes the
center frequency of received ultrasonic waves, and “E”
denotes an angle which is defined between an ultrasonic
transmission/reception direction and a blood flow direction.
Besides, in a case where the Doppler frequency shift has
exceeded the Nyquist frequency, an aliasing phenomenon
appears in the frequency spectrum of Doppler signals, and
hence, the precise measurement of the blood flow velocity
becomes impossible.

Yo O @)
=g focosé
[0010] More specifically, in order to enhance the low-

flow-velocity detectability Vmin which is one factor of the
first requisite in the color Doppler method, the rate fre-
quency fr needs to be set low, or the number of times L of
the repetitive transmissions/receptions in a predetermined
direction needs to be increased. On the other hand, in order
to enhance the high-flow-velocity detectability Vmax which
is the other factor of the first requisite, the rate frequency fr
must be set high. Since, however, the rate frequency fr has
its upper-limit value determined by the field of view, it
cannot be heightened still further.

[0011] Meanwhile, the real-time responsivity being the
second requisite is determined by the number of display
images per unit time (frame frequency) “Fn”. The frame
frequency Fn is indicated by Equation (3) below. In the
equation, “M” denotes the total number of scan directions
which are necessary for the generation of the data of one
color Doppler image, and the number of times L of the
transmissions/receptions or the total number M of the scan
directions must be set small in order to enhance the real-time
responsivity.
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fr 1 Vinin 3)

Fn= = o ——
L-M  Tobs-M M

[0012] Further, in order to enhance the spatial resolution
being the third requisite, the total number M of the scan
directions needs to be increased. That is, the frame fre-
quency Fn (real-time responsivity), the low-flow-velocity
detectability Vmin as well as the high-flow-velocity detect-
ability Vmax, and the spatial resolution are in the trade-off
relationship, and they are difficult of being simultancously
satisfied. Therefore, importance has been attached to the
frame frequency Fn and the high-flow-velocity detectability
Vmax in case of blood flow measurements in the region of
circulatory organs, and to the frame frequency Fn and the
low-flow-velocity detectability Vmin in case of blood flow
measurements in abdominal and peripheral organs.

[0013] In order to cope with the above problems, a stag-
gered pulse scheme capable of enhancing the high-flow-
velocity detectability has been proposed in, for example,
JP-A-4-197249 (hereinbelow, termed “Patent Document
1.

[0014] The staggered pulse method is a technique wherein
transmissions/receptions in a predetermined direction are
repeated at, for example, two different transmission/recep-
tion intervals T1 and T2 (T2=T1+Ts), and a blood flow
velocity is calculated on the basis of the difference value A8
(AB=62-81) between the phase difference 91 of reception
signals obtained by the transmission/reception at the trans-
mission/reception interval T1 and the phase difference 62 of
reception signals obtained by the transmission/reception at
the transmission/reception interval (T1+Ts). An aliasing
frequency in this method is determined by the difference Ts
of the transmission/reception intervals, and the high-flow-
velocity detectability can be bettered by setting the differ-
ence Ts to be T1>Ts.

[0015] On the other hand, for the blood flow measure-
ments of low flow velocities in the abdominal organs,
peripheral blood vessels, etc., a new scan method (herein-
below, termed “interleave scan method”) has been proposed
in, for example, JP-A-64-43237 (hereinbelow, termed
“Patent Document 2”). FIG. 1 shows a practicable example
of the interleave scan method disclosed in Patent Document
2. The upper stage of the figure indicates transmission/
reception directions (hereinbelow, termed “scan directions”)
61 through OM in a sector scan, while the lower stage
indicates the sequence of transmissions/receptions in the
scan directions.

[0016] More specifically, with this method, ultrasounds
are first transmitted/received in the direction of the scan
direction 61 at a time t1. Subsequently, ultrasounds are
transmitted/received in the direction of the scan direction 62
at a time t2, and in the direction of the scan direction 03 at
a time t3. Further, the transmissions/receptions of ultra-
sounds are repeated in the Q (Q=3) directions of the scan
directions 01-63 again at times t4-t6 and times t7-t9. When
the L times (L=3) of transmissions/receptions have been
respectively completed at intervals Ts (Ts=3 Tr) in all the
directions of the scan directions 61-03 in this way, L times
of transmissions/receptions based on the intervals Ts are
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similarly performed in the directions of the scan directions
84-66, the scan directions 87-09,. . . . According to this
method, premising that a limit down to which the cutoff
frequency can be lowered with a predetermined attenuation
factor satisfied by an identical design method depends upon
the observation time “Tobs”, the low-flow-velocity detect-
ability “Vmin” becomes the following equation (4).

5 “)

Vmin o m_ Q-L:I Q=3

[0017] Here, “fs” (fs=1/I5) denotes a transmission/recep-
tion repetition frequency for the respective scan directions.
That 1s, according to the practicable example, the transmis-
sion/reception repetition frequency fs becomes ¥ of the rate
frequency fr in the case where the interleave scan is not
performed. It is accordingly permitted to enhance the low-
flow-velocity detectability triple without lowering the frame
frequency.

[0018] The proposed methods, however, are problematic
as stated below. According to the method of Patent Docu-
ment 1, the phase differences 01 and 02 in the Doppler
signals obtained by the transmissions/receptions at the dif-
ferent transmission/reception intervals T1 and T2 are respec-
tively evaluated, and the blood flow information is further
calculated on the basis of the difference between the phase
differences 61 and 62.1 Therefore, the blood flow informa-
tion to be obtained is liable to become unstable under the
influence of noise. In particular, a measurement error which
is not negligible develops due to speckle noise ascribable to
the interference of ultrasounds.

[0019] Further, with this method, the transmissions/recep-
tions at the transmission/reception intervals T1 and T2 are
repeated, so that the filter (MTI filter) for extracting the
Doppler signals has a blind frequency which is determined
by, for example, the sum between the transmission/reception
intervals T1 and T2. Accordingly, a Doppler component
agreeing with the blind frequency lowers conspicuously to
make impossible the calculation of the blood flow informa-
tion at a high precision.

[0020] On the other hand, the method of Patent Document
2 has been proposed for the purpose of measuring the
comparatively slow blood flows of the abdomen, etc.
Although the low-flow-velocity detectability Vmin is
enhanced to 1/Q, also the high-flow-velocity detectability
Vmax becomes 1/Q, and the frequence of occurrence of the
aliasing phenomenon heightens for fast blood flows. It is
therefore impossible to apply this method to the measure-
ments of comparatively fast blood flows.

[0021] Concretely, as shown in FIG. 2A, when the region
of interest is scanned with a small number of data, for
example, 8, the blood flow of low flow velocity is cut by a
wall filter and is not displayed by the prior-art method
(interleave scan of one stage) in a case where the wall filter
has characteristics as shown in the figure.

[0022] In contrast, with the method of the interleave scan
(of, for example, 2 stages) as disclosed in Patent Document
2, even when the region of interest is scanned with the same
number of data, 8 data, the aliasing frequency becomes half.
As shown in FIG. 2B, therefore, the characteristics of the
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wall filter improve, and the blood flow being invisible with
the prior-art method becomes visible. However, the problem
occurs that a blood flow which goes away is displayed like
a blood flow which turns back and comes near.

[0023] As shown in FIG. 2C, this problem is solved when
the region of interest is scanned with the double number of
data, 16 data, by the prior-art method (interleave scan of one
stage) At this time, however, the other problem occurs that
the frame rate (temporal resolution) lowers.

SUMMARY OF THE INVENTION

[0024] The present invention has been made in view of
such problems in the prior art, and has for its object to
provide an ultrasonic diagnostic equipment which is capable
of generating color Doppler image data of superior low-
flow-velocity detectability and high-flow-velocity detect-
ability without lowering a frame frequency.

[0025] 1In order to accomplish the object, an ultrasonic
diagnostic equipment according to the invention consists in
comprising an ultrasonic probe which includes piezoelectric
transducers for transmitting/receiving ultrasounds to and
from a mobile object within a patient; a transmission/
reception device which drives the piezoelectric transducers
s0 as to transmit/receive the ultrasounds at unequal intervals
in a predetermined scan direction within the patient; a
Doppler signal detection device which executes a filtering
process for a plurality of reception signals obtained in time
series at the unequal intervals from a predetermined position
within the patient by the transmission/reception device,
thereby to detect Doppler signals based on the mobile
object; a velocity calculation device which selects Doppler
signals obtained at a predetermined time interval, from
among the plurality of Doppler signals obtained at the
unequal intervals by the Doppler signal detection device,
and which calculates a velocity of the mobile object on the
basis of the selected Doppler signals; and an image data
generation device which generates velocity image data on
the basis of the velocity of the mobile object as calculated by
the velocity calculation device.

[0026] Besides, an ultrasonic diagnostic equipment in
another aspect of the invention consists in comprising an
ultrasonic probe which includes piezoelectric transducers
for transmitting/receiving ultrasounds to and from a mobile
object within a patient; a transmission/reception device
which drives the piezoelectric transducers so as to transmit/
receive the ultrasounds at unequal intervals having a first
interval and a second interval longer than the first interval,
in a first scan direction and a second scan direction within
the patient, respectively; a Doppler signal detection device
which executes a filtering process for a plurality of reception
signals obtained in time series at the unequal intervals from
a predetermined position within the patient by the transmis-
sion/reception device, thereby to detect Doppler signals
based on the mobile-object; a velocity calculation device
which selects Doppler signals adjacent at the first interval,
from among the plurality of Doppler signals obtained at the
unequal intervals by the Doppler signal detection device,
and which calculates a velocity of the mobile object on the
basis of the selected Doppler signals; a scan control device
which performs ultrasonic scans within the patient while the
first scan direction and the second scan direction are being
successively altered; an image data generation device which
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generates velocity image data on the basis of the velocities
of the mobile object as calculated by the velocity calculation
device, in the ultrasonic transmissions/receptions at the
unequal intervals in the respective scan directions of the
ultrasonic scans; and a display device which displays the
generated image data; wherein the ultrasonic transmissions/
receptions in the second scan direction are performed at the
second interval of the ultrasonic transmissions/receptions in
the first scan direction.

[0027] An ultrasonic diagnostic equipment in still another
aspect of the invention consists in comprising an ultrasonic
probe which includes piezoelectric transducers for transmit-
ting/receiving ultrasounds to and from a mobile object
within a patient; a transmission/reception device which
drives the piezoelectric transducers so as to perform inter-
leave scan at unequal intervals in a predetermined scan
direction within the patient; a device which executes a
filtering process for a plurality of reception signals obtained
in time series at the unequal intervals from a predetermined
position within the patient by the transmission/reception
device, thereby to measure a velocity of the mobile object;
and an image data generation device which generates veloc-
ity image data on the basis of the velocity of the mobile
object.

[0028] On the other hand, a method of controlling an
ultrasonic diagnostic equipment according to the invention
consists in comprising a transmission/reception step of driv-
ing piezoelectric transducers of an ultrasonic probe which
includes the piezoelectric transducers for transmitting/re-
ceiving ultrasounds to and from a mobile object within a
patient, so as to transmit/receive the ultrasounds at unequal
intervals in a predetermined scan direction within a patient,
a Doppler signal detection step of executing a filtering
process for a plurality of reception signals obtained in time
series at the unequal intervals from a predetermined position
within the patient by the transmission/reception step,
thereby to detect Doppler signals based on the mobile
object; a velocity calculation step of selecting Doppler
signals obtained at a predetermined time interval, from
among the plurality of Doppler signals obtained at the
unequal intervals by the Doppler signal detection step, and
then calculating a velocity of the mobile object on the basis
of the selected Doppler signals; and an image data genera-
tion step of generating velocity image data on the basis of
the velocity of the mobile object as calculated by the
velocity calculation step.

[0029] Besides, a method of controlling an ultrasonic
diagnostic equipment in another aspect of the invention
consists in comprising a transmission/reception step of driv-
ing piezoelectric transducers of an ultrasonic probe which
includes the piezoelectric transducers for transmitting/re-
ceiving ultrasounds to and from a mobile object within a
patient, so as to transmit/receive the ultrasounds at unequal
intervals having a first interval and a second interval longer
than the first interval, in a first scan direction and a second
scan direction within the patient, respectively; a Doppler
signal detection step of executing a filtering process for a
plurality of reception signals obtained in time series at the
unequal intervals from a predetermined position within the
patient by the transmission/reception step, thereby to detect
Doppler signals based on the mobile object; a velocity
calculation step of selecting Doppler signals adjacent at the
first interval, from among the plurality of Doppler signals
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obtained at the unequal intervals by the Doppler signal
detection step, and then calculating a velocity of the mobile
object on the basis of the selected Doppler signals; a scan
control step of performing ultrasonic scans within the patient
while the first scan direction and the second scan direction
are being successively altered; an image data generation step
of generating velocity image data on the basis of the
velocities of the mobile object as calculated by the velocity
calculation step, in the ultrasonic transmissions/receptions at
the unequal intervals in the respective scan directions of the
ultrasonic scans; and a display step of displaying the gen-
erated image data; wherein the ultrasonic transmissions/
receptions in the second scan direction are performed at the
second interval of the ultrasonic transmissions/receptions in
the first scan direction.

[0030] A method of controlling an ultrasonic diagnostic
equipment in still another aspect of the invention consists in
comprising a transmission/reception step of driving piezo-
electric transducers of an ultrasonic probe which includes
the piezoelectric transducers for transmitting/receiving
ultrasounds to and from a mobile object within a patient, so
as to perform interleave scan at unequal intervals in a
predetermined scan direction within the patient; a step of
executing a filtering process for a plurality of reception
signals obtained in time series at the unequal intervals from
a predetermined position within the patient by said trans-
mission/reception step, thereby to measure a velocity of the
mobile object; and an image data generation step of gener-
ating velocity image data on the basis of the velocity of the
mobile object.

[0031] According to the invention, the generation of color
Doppler image data of superior low-flow-velocity detect-
ability and high-flow-velocity detectability is permitted
without- lowering a frame frequency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

[0033] FIG. 1 is a diagram showing an interleave scan
method in the prior art;

[0034] FIGS. 2A-2C are diagrams showing the display
states of a blood flow in model-like fashion, in which FIG.
2A is a model diagram corresponding to the case-of an
interleave scan of one stage and 8 data, FIG. 2B is a model
diagram corresponding to the case of an interleave scan of
two stages and 8 data, and FIG. 2C is a model diagram
corresponding to the case of an interleave scan of one stage
and 16 data;

[0035] FIG. 3 is a block diagram showing the general
configuration of an ultrasonic diagnostic equipment in an
embodiment of the present invention,

[0036] FIG. 4 is a block diagram showing the configura-
tions of a transmission/reception unit and an image data
generation unit in the embodiment;

[0037] FIG. 5 is a diagram showing transmission/recep-
tion timings in unequally spaced transmissions/receptions in
the embodiment;

[0038] FIG. 6 is a flow chart showing image data genera-
tion steps in-the embodiment;

[0039] FIG. 7 is a diagram showing a practicable example
of an interleave scan method in the embodiment;

In the accompanying drawings:
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[0040] FIG. 8 is a diagram showing the structure of a
Doppler signal storage circuit in the embodiment,;

[0041] FIG. 9 is a graph showing the effect of a least
squares filter in the embodiment;

[0042] FIG. 10A is a diagram showing an interleave scan
method in a modification to the embodiment, while FIG.
10B is a diagram showing the sequence of transmissions/
receptions which are performed by the prior-art interleave
scan method;

[0043] FIG. 11A is a diagram showing another interleave
scan method in a modification to the embodiment, while
FIG. 11B is a diagram showing the sequence of transmis-
sions/receptions in the prior art;

[0044] FIG. 12A is a diagram showing the settings of the
times of unequally spaced transmissions/receptions in an
embodiment and a modification of the invention, while FIG.
12B is a graph showing frequency characteristics which
have been obtained by applying a least squares filter to
reception signals acquired by the unequally spaced trans-
missions/receptions;

[0045] FIG. 13 is a diagram showing another example of
application of the least squares filter in the invention,

[0046] FIG. 14 is a diagram showing a scan method
according to a third modification;

[0047] FIG. 15 is a diagram for comparing the scan
method according to the third modification and the prior-art
scan method;

[0048] FIG. 16 is a graph showing the amplitude charac-
teristic of the third modification after passage through a
filter; and

[0049] FIG. 17 is a graph showing the estimated velocity
value of the third modification after the passage through the
filter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] Now, embodiments of the present invention will be
described with reference to the accompanying drawings.

[0051] The first characterizing feature of the embodiments
consists in that transmissions/receptions spaced unequally
(at unequal intervals) are performed in the predetermined
direction of a patient, and that a filter which employs the
polynomial fitting of the least squares method (hereinbelow,
termed “least squares filter”) is applied to obtained reception
signals, thereby to extract Doppler signals for a blood flow.

[0052] Besides, the second characterizing feature of the
embodiments consists in that, from among the Doppler
signals extracted by the above least squares filter, two
Doppler signals which are adjacent at a short transmission/
reception interval are selected in one or more places, and
that the mean flow velocity value of the blood flow is
calculated on the basis of the phase difference between the
two adjacent Doppler signals.

[0053] Further, the third characterizing feature of the
embodiments consists in that, at the long transmission/
reception intervals of the transmissions/receptions in the
above predetermined direction as set at the unequal inter-
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vals, transmissions/receptions are performed in a direction
different from the predetermined direction, thereby to
execute interleave scan.

[0054] (Configuration of Equipment)

[0055] Now, the configuration of an ultrasonic diagnostic
equipment in an embodiment will be described with refer-
ence to FIGS. 3 through 8. Incidentally, FIG. 3 is a block
diagram showing the general configuration of the ultrasonic
diagnostic equipment in this embodiment, while FIG. 4 is a
block diagram showing a transmission/reception unit and an
image data generation unit which constitute the ultrasonic
diagnostic equipment.

[0056] The ultrasonic diagnostic equipment 100 shown in
FIG. 3 includes an ultrasonic probe 1 which transmits/
receives ultrasounds to and from a patient, a transmission/
reception unit 2 which transmits/receives electric signals to
and from the ultrasonic probe 1 in order to transmit/receive
the ultrasounds in a predetermined scan direction, and an
image data generation unit 3 which generates ultrasonic
image data on the basis: of reception signals obtained in the
scan direction.

[0057] Further, the ultrasonic diagnostic equipment 100
includes a display unit 4 which displays the ultrasonic image
data generated in the image data generation unit 3, an input
unit 6 which inputs acquisition conditions and generation
conditions for the image data, various command signals,
etc., and a system control unit 7 which generally controls the
various units.

[0058] The ultrasonic probe 1 transmits/receives the ultra-
sounds in a state where its front face is held in touch with the
surface of the patient, and it has a plurality of (N) piezo-
electric transducers arrayed, for example, unidimensionally,
at its front end part. Each of the piezoelectric transducers is
an electroacoustic transducer, which has the functions of
converting an electric pulse (drive signal) into an ultrasonic
pulse (transmission ultrasound) in a transmission mode and
converting an ultrasonic reflected wave (reception ultra-
sound) into an electric signal (reception signal) in a recep-
tion mode. The ultrasonic probe 1 is constructed to be small
in size and light in weight, and it is connected to the
transmission/reception unit 2 through a cable of N channels.
The ultrasonic probe 1 includes types corresponding to
sector scan, linear scan, convex scan, etc., and any of the
types is selected optionally in accordance with a part to-be-
diagnosed. In the ensuing description, there will be men-
tioned a case of employing the ultrasonic probe 1 of the type
corresponding to the sector scan, but the ultrasonic probe
corresponding to another scan such as the convex scan may
well be employed.

[0059] Next, the transmission/reception unit 2 shown in
FIG. 4 includes a transmission unit 21 which generates the
drive signal for generating the transmission ultrasounds
from the ultrasonic probe 1, and a reception unit 22 which
executes phased additions for the reception signals of the
plurality of channels as obtained from the piezoelectric
transducers of the ultrasonic probe 1. On the other hand, the
image data generation unit 3 includes a B-mode image data
generation unit 31 which subjects the reception signals after
the phased additions, to signal processing for generating
B-mode image data, and a Doppler image data generation
unit 32 which detects IQ signals from the reception signals
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after the phased additions, and which executes signal pro-
cessing for generating color Doppler image data, on the
basis of the IQ signals.

[0060] The transmission unit 21 of the transmission/re-
ception unit 2 includes a rate pulse generator 211, a trans-
mission delay circuit 212, and a pulser 213. The rate pulse
generator 211 feeds the transmission delay circuit 212 with
rate pulses that determine the transmission/reception inter-
vals in the case of transmitting/receiving the ultrasounds to
and from the patient in unequal spaced fashion.

[0061] On the other hand, the transmission delay circuit
212 is constructed of independent delay circuits in the same
number (N channels) as that of the piezoelectric transducers
which are used for the transmissions in the ultrasonic probe
1. This transmission delay circuit 212 endows the rate pulses
with focusing delay times for converging the ultrasounds to
predetermined depths in order to attain a fine beam width in
the transmissions, and with deflecting delay times for trans-
mitting the ultrasounds in predetermined directions, where-
upon it feeds the resulting rate pulses to the pulser 213.

[0062] The pulser 213 includes independent drive circuits
in the same number (N channels) as that of the piezoelectric
transducers which are used for the transmissions. This pulser
213 drives the N piezoelectric transducers built in the
ultrasonic probe 1, so as to generate the drive pulses for
radiating the transmission ultrasounds into the patient.

[0063] On the other hand, the reception unit 22 includes a
preamplifier 221, a reception delay circuit 222 and an adder
223 cach of which is of N channels. The preamplifier 221
amplifies minute reception signals converted into electric
signals by the piezoelectric transducers, thereby to ensure a
satisfactory S/N ratio. Besides, the reception delay circuit
222 endows the outputs of the preamplifier 221 with con-
verging delay times for focusing the reception ultrasounds
from predetermined depths in order to attain a fine reception
beam width, and with deflecting delay times for setting
reception directivities for the ultrasounds from predeter-
mined depths. Thereafter, the outputs of the reception delay
circuit 222 are sent to the adder 223, and the reception
signals of the N channels from the reception delay circuit
222 are added and synthesized in this adder 223.

[0064] Next, the image data generation unit 3 includes the
B-mode image data generation unit 31, the Doppler image
data generation unit 32, and an image data storage unit 33.
The B-mode image data generation unit 31 has a logarithmic
converter 311, an envelope detector 312 and an A/D con-
verter 313. The input signal amplitude of the B-mode data
generation unit 31 is logarithmically converted in the loga-
rithmic converter 311 so as to relatively emphasize weak
signal components. Besides, the envelope detector 312 per-
forms envelope detection for the reception signal subjected
to the logarithmic conversion, thereby to remove ultrasonic
frequency components. Further, the A/D converter 313 sub-
jects the output signal of the envelope detector 312 to A/D
conversion, thereby to generate B-mode image data. Inci-
dentally, the logarithmic converter 311 and the envelope
detector 312 may well be arranged in the reverse order.

[0065] On the other hand, the Doppler image data gen-
eration unit 32 includes a reference signal generator 321, a
/2 phase shifter 322, mixers 323-1 and 323-2, LPFs (low-
pass filters) 324-1 and 324-2, A/D converters 325-1 and
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325-2, and a Doppler signal storage circuit 326. Thus, the
generation unit 32 performs orthogonal phase detection for
the reception signal fed from the transmission/reception unit
2, thereby to generate the IQ signals.

[0066] More specifically, the input signal of the Doppler
image data generation unit 32 as fed from the reception unit
22 is inputted to the first input terminals of the mixers 323-1
and 323-2. On the other hand, the continuous wave output of
the reference signal generator 321, which has a frequency
substantially equal to the center frequency of the input signal
and which is synchronous to the rate pulse of the rate pulse
generator 211, is directly fed to the second input terminal of
the mixer 323-1, and it has its phase shifted 90 degrees in the
/2 phase shifter 322 and is then fed to the second input
terminal of the mixer 323-2. Besides, the outputs of the
mixers 323-1 and 323-2 are respectively fed to the LPFs
324-1 and 324-2, thereby to detect only the components of
the difference between the output signal frequency of the
reception unit 22 and that of the reference signal generator
321.

[0067] Subsequently, the A/D converters 325-1 and 325-2
samples the output signals of the respective LPFs 324-1 and
324-2, that is, the IQ signals obtained by the orthogonal
phase detection, at a predetermined sampling period, and
they convert the sampled signals into digital signals.

[0068] That is, the Doppler image data generation unit 32
executes the orthogonal phase detections for the reception
signals obtained by the transmissions/receptions which are
performed at the unequal intervals a plurality of times (Lx
times) for the predetermined scan direction, and it succes-
sively saves obtained I components (real components of
complex signals) and Q components (imaginary components
of the complex signals) in the Doppler signal storage circuit
326.

[0069] Further, the Doppler image data generation unit 32
includes a least squares filter 327, an autocorrelation unit
328, a power calculation unit 329 and an arithmetic unit 330
which serve to generate color Doppler image data for the
obtained 1Q signals. Besides, the generation unit 32 extracts
the 1Q signals in the number Lx, at an identical position
(depth) in the predetermined scan direction as are saved in
the Doppler signal storage circuit 326, and it detects the IQ
signals (Doppler signals) based on a blood flow, from among
the extracted 1Q signals. Subsequently, the generation unit
32 sclects the 1Q signals adjacent at, for example, the least
rate interval, from among the extracted IQ signals in the
number Lx, and it calculates the mean flow velocity value of
the blood flow (hereinbelow, termed “flow velocity value®)
on the basis of the phase difference between the selected IQ
signals.

[0070] The least squares filter 327 subjects the IQ signals
once saved in the Doppler signal storage circuit 326, to the
removal of Doppler signals (clutter signals) which are
ascribable to reflected signals from stationary reflectors such
as internal organs, the respiratory movements or pulsatory
movements of internal organs, etc. More specifically, the
least squares filter 327 executes polynomial least squares
fitting for the I signals and Q signals in the number Lx as
have been obtained from the same part in the predetermined
scan direction. The IQ signals extracted by the curve fitting
are constituted by the clutter components, and the Doppler
components based on the blood flow have been removed
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from these 1Q signals. Accordingly, the Doppler components
based on the blood flow can be calculated by subtracting the
1Q signals after the curve fitting, from the 1Q signals before
the curve fitting.

[0071] FIG. 5 is for explaining the timings of the ultra-
sonic transmissions/receptions which proceed at unequal
intervals or unequally spaced fashion. Part (a) in FIG. §
shows the prior-art transmission;reception method in which
17 times of transmissions/receptions based on equal inter-
vals Tr are performed at times t1 through t17. Besides, part
(b) in FIG. 5 shows the transmission/reception method of
this embodiment in which the transmissions/receptions are
performed at the times t1, 12, t6, t7, t11, t12, t16 and t17
among the above times t1 through t17. Incidentally, although
any of the unequal intervals of the transmissions/receptions
in this embodiment can be set at will, the unequally spaced
transmissions/receptions in which the transmission/recep-
tion intervals are set at integral times the transmission/
reception interval Tr in the prior-art transmission/reception
method will be stated for the brevity of description.

[0072] Accordingly, the IQ signals which are outputted
from the Doppler signal storage circuit 326 of the image data
generation unit 3 are constituted by the intervals Tr and the
intervals 4 Tr as shown at the part (b) in FIG. 5, and such
1Q signals unequally spaced are subjected to the polynomial
least squares fitting. More specifically, the fitting becomes
the problem that, in a case where the input signal vector [X]
of the input signals fed to the least squares filter 327 is
denoted by [X]<[1, 2, 6, 7, 11, 12, 16, 17]* and where the
signal vector [ Y] after the least squares fitting is denoted by
[Y]=[y1, y2, y3, y4, y3, 6, y7, y8T%, [X] is found for a
polynomial matrix [A] indicated by [Y]=[A]X] . Here, [J*
represents a transposed matrix. In this case, if [A]is regular,
[X] can be calculated by an inverse matrix. However, in a
case where the rank of the polynomial matrix [A] is smaller
than the number of rows of the input signal vector [X] as in
quadratic polynomial fitting, the least squares solution [X']
of the input signal vector [X] is to be obtained.

[0073] That is, the least squares solution can be obtained
in accordance with a polynomial matrix [B] which is indi-
cated by [X']=[B[Y]. On this occasion, the polynomial
matrix [B] is indicated by a pseudo-inverse matrix [B]=([A]
TAD[A]". Here, [~ represents the inverse matrix. A
blood flow signal [U] which is the output signal of the least
squares filter 327, is obtained by a matrix computation
[Ul[W]Y] which uses a filter matrix [W] and the output
signal vector [Y]. Here, [W]=[I]-.[A][B] holds, and [I] rep-
resents a unit matrix.

[0074] By the way, in the unequally spaced transmissions/
receptions shown in FIG. 5, the above polynomial matrix
[A] in the case of approximating the clutter signals by a
quadratic polynomial is indicated by the following equation

()

1920 6% 70 110 120 16° 17° 5)
[Al=| 1" 2' 6 7' 11 12! 16t 17t | =
1222 68 77 117 122 16 17
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-continued

111 1 1 1 1 1
126 7 11 12 16 17
1 4 36 49 121 144 256 289

[0075] The filter matrix [W] in the case of the approxi-
mation by the quadratic polynomial is given by the follow-
ing equation (6):

(W] = [1] - [A1[B] = 1] - [A)(AT (4] '[A] = ©)
[0.4198-0.4556 -0.0810 -0.0183 0.1087 0.1095 -
00111 -0.0722 -0D.4556 0.6222 -
0.1333 -0.0889 0.0222 0.0333 0.0111 -
0.0111 -0.0810 -0.13330.7429 -

0.2667 —0.2190 -(C.1857 0.0333 0.1095 -
0.0183 —0.08890 —0.2667 0.7151 -0.2532 -
0.2190 0.0222 0.1087 0.1087 0.0222 -

0.2190 -0.2532 0.7151 -0.2667 -

0.0889 -0.0183 0.1095 0.0333 -0.1857 -
0.2190 —0.2667 0.7429 -0.1333 -

0.0810 —0.0111 0.0111 0.0333 0.0222 -

0.0880 —0.1333 0.6222 -0.4556 -

0.0722 -0.0111 0.1095 0.1087 -

0.0183 -0.0810 -0.4556 04198]

[0076] Next, the autocorrelation unit 328 selects the 1Q
signals adjacent at, for example, the least transmission/
reception interval, from among the IQ signals obtained by
extracting only the Doppler signals of the blood flow by the
least squares filter 327, and it detects a phase difference by
the autocorrelation processing of the selected IQ signals.
More specifically, in the case of the transmission/reception
method shown at the part (b) in FIG. 5, the phase difference
between the two I1Q signals adjacent at the transmission/
reception interval Tr. However, in the series of transmis-
sions/receptions which have been performed at the times t1,
12,16,17,t11,t12, t16 and t17 in the predetermined direction,
the IQ signals obtained at the initial times t1 and t2 and the
terminal times t16 and t17 are the data of end parts and
accordingly have large velocity estimation errors. Therefore,
such phase differences should desirably be detected using
the 1Q signals except the IQ signals of the large errors.

[0077] Here, the IQ signals “Ui” obtained at the times t6,
17, t11 and t12 can be represented by Equation (7) below in
which “ai” denotes the I components, and “bi” (i=6, 7, 11,
12) denotes the Q components. Besides, “j” indicates an
imaginary unit.

U6 = a6 + jb6 = K6 exp(jpo) (7)
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-continued
U7 = a7+ jb7 = K7 exp(j¢T)

Ull=all+ jbll=KIiI exp(j$ll)
Ui2=al2 + jbI2 = Ki2 exp(j$l2)

s b
Ki=valf+b? gi=tan L

[0078] Subsequently, as indicated by Equation (8) below,
the autocorrelation unit 328 calculates the mean value “Ux”
of the product between the complex conjugate of the 1Q
signal U6 and the 1Q signal U7 and the product between the
complex conjugate of the IQ signal U1l and the IQ signal
U12, and the arithmetic unit 330 calculates the phase dif-
ference “A¢x” in terms of the argument of the mean value
Ux.

conj(Ub)-U7 +conj(Ul1)- U2 (8)
Ux = 5

K6 K7exp(j($7 - $6)} + K11 K12 exp{j($12 - $11)
- 2

= Kx - exp(jAgx)

S imag(Ux)
Agx = tan real(Ux)
[0079] On this occasion, the mean flow velocity value in

which the phase difference Apx (= through m) has xt held in
correspondence with a turn-back velocity is indicated in the
above flow-velocity-value image data.

[0080] Subsequently, as indicated in Equation (9) below,
the power calculation unit 329 calculates a power value “P”
by taking the sum-square mean value of the power levels of
the 1Q signals U1, U2, U6, U7, Ull, U12, U16 and U17 at
the times t1, t2, t6, t7, t11, t12, t16 and t17 as obtained in the
least squares filter 327, and the arithmetic unit 330 calculates
a variance value “Var” by using the power value P and the
mean value Ux in the above equation (8).

VTP + U2 +|UBJ* + U7 + 9
, [UH? + U2 +|UI6F + U171
- 8
leonj(U6)- U7 + conj(U11)- UI2|
|U6 + U712 + UL + U2

Var=1-2

[0081] By the way, in the calculation of the power value
P, the end parts stated above are little influential, and hence,
all the 1Q signals fed from the least squares filter 327 should
desirably be used as indicated in the above equation (9).

[0082] Meanwhile, the image data storage unit 33 succes-
sively saves the B-mode image data fed from the A/D
converter 313 of the B-mode image data generation unit 31,
and the flow-velocity-value image data, power-value image
data and variance-value image data fed from the arithmetic
unit 330 of the Doppler image data generation unit 32, so as
to generate two-dimensional B-mode image data, flow-
velocity-value image data, power-value image data and
variance-value image data.
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[0083] Referring back to FIG. 3, the display unit 4
includes a DSC (Digital Scan Converter) 41 and a color
monitor 42. The DSC 41 includes a CPU (Central Process-
ing Unit) and a storage circuit, neither of which is shown.
This DSC 41 generates displaying image data by synthesiz-
ing the B-mode image data and flow-velocity-value image
data, or the B-mode image data and power-value image data
which are fed from the image data storage unit 33 of the
image data generation unit 3. Besides, the color monitor 42
displays the displaying image data generated in the DSC 41.
Incidentally, the displaying image data may well be gener-
ated in such a way that flow-velocity-value/variance-value
image data, in which the flow velocity value and the
variance value are synthesized and which replace the flow-
velocity-value image data, are synthesized with the B-mode
image data.

[0084] In this case, the DSC 41 generates the displaying
image data of single image in which the color Doppler image
data, such as flow-velocity-value image data or power-value
image data, are superposed on the B-mode image data
forming a background image. Besides, the color monitor 42
color-displays the color Doppler image data with the black-
and-white B-mode image data as a background.

[0085] By the way, in the above display, the power value
obtained in the arithmetic unit 330 is displayed as the
power-value image data directly or after logarithmic con-
version, but each individual pixel of the flow-velocity-value
image data or the flow-velocity-value/variance-value image
data is displayed only in a case where the pixel value (power
value) of the power-value image data corresponding to the
pertinent pixel is, at least, equal to a preset threshold value.

[0086] Next, the input unit 6 includes input devices such
as a keyboard and a track ball or mouse, and a display panel
on an input panel. It is used for inputting patient information,
a part to-be-diagnosed, an image data acquisition mode, an
image data generation method, an image data display
method, and various command signals. By way of example,
with the input unit 6, an ultrasonic scan method and a display
mode are selected, and transmission/reception intervals and
conditions concerning interleave scans and the least squares
filter 327 are set.

[0087] Besides, the system control unit 7 includes a CPU
and a storage circuit, not shown, and it generally performs
the controls of the various units of the ultrasonic diagnostic
equipment 100 and the control of the whole system. In
particular, the system control unit 7 functions so that the
ultrasonic scan method and display mode, and the transmis-
sion/reception intervals and conditions concerning inter-
leave scans and the least squares filter 327 as are set in the
input unit 6 may be once saved in the storage circuit and
thereafter fed to the corresponding units.

[0088] (Generation Steps of Procedure for Image Data)

[0089] Next, generation steps of procedure for image data
in an embodiment of the present invention as applies an
interleave scan method will be described with reference to
FIGS. 3 through 9. Incidentally, FIG. 6 is a flow chart
showing the generation steps of procedure for image data,
and FIG. 7 shows a practicable example of the interleave
scan method.

[0090] FIG. 7 indicates scan directions 61 through 6M in
sector scan, and the sequence of transmissions/receptions for
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the scan directions 01 through 04. More specifically, ultra-
sounds are transmitted/received in the scan direction 01 at,
for example, times t1, t2, t6, t7, t11, t12, t16 and t17 in the
same manner as in FIG. 5. Besides, ultrasounds are trans-
mitted/received in the scan direction 02 at times t3, t4, t§, t9,
t13, t14, t18 and t19 at which the transmissions/receptions
for the scan direction 81 do not proceed.

[0091] When the interleave scan for the scan directions 61
and 62 have ended, interleave scans are successively per-
formed for the scan directions 63 and 64, 65 and 66, . . . in
accordance with similar steps of procedure. By the way, also
in this case, adjacent transmission/reception intervals are set
at integral times a predetermined interval Tr. By way of
example, the intervals of the times t1 and 2, t3 and t4, t6 and
t7, ... are set at Tr, and those of the times t2 and t6, t4 and
t8, t7 and t11, . . . are set at 4 Tr. Generation steps of
procedure for color Doppler image data in the case of
applying such an interleave scan method will be described
below.

[0092] Before acquiring image data, an operator gives
initial settings concerning patient information, a part to-be-
diagnosed, an image data acquisition mode, an image data
generation method, an image data display method, etc.
through the input unit 6, so as to save the set information
items in the storage circuit of the system control unit 7. In
this embodiment, a mode for acquiring the B-mode image
data and the color Doppler image data by the sector scan is
set as the image data acquisition mode. Besides, the inter-
leave scan method of two stages (two directions) is selected
as the image data generation method (step S1 in FIG. 6).

[0093] When the initial settings stated above have ended,
the operator fixes the distal end (ultrasonic transmission/
reception face) of the ultrasonic probe 1 to a predetermined
position on the bodily surface of a patient and then starts
acquiring the image data. In transmitting/receiving ultra-
sounds in the scan direction 81 at the time t1, the rate pulse
generator 211 in FIG. 4 feeds the transmission delay circuit
212 with a rate pulse which determines the radiation timing
of the transmission ultrasounds to be radiated into the body
of the patient, in synchronism with a control signal from the
system control unit 7.

[0094] The transmission delay circuit 212 endows the rate
pulse with delay times for converging the ultrasounds to
predetermined depths in order to attain a fine beam width in
the transmissions, and with delay times for transmitting the
ultrasounds in the scan direction 61, whereupon it feeds the
resulting rate pulses to the pulser 213. Subsequently, the
pulser 213 drives the piezoelectric transducers built in the
ultrasonic probe 1, by using piezoelectric-transducer drive
pulses which are generated by the feed of the delayed rate
pulses, so as to radiate ultrasonic pulses (transmission ultra-
sounds) into the patient.

[0095] Some of the transmission ultrasounds radiated into
the patient are reflected from a tissue or the interface
between internal organs of different acoustic impedances.
Also, the transmission ultrasounds are sometimes reflected
by mobile reflectors such as the cardiac wall and blood
corpuscles. In such a case, the ultrasonic frequency of the
transmission ultrasounds undergoes a Doppler shift.

[0096] Ultrasonic reflected waves (reception ultrasounds)
reflected from the patient tissue or blood corpuscles are
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received by the piezoelectric transducers of the ultrasonic
probe 1, and are converted into electric signals (reception
signals). The reception signals are amplified by the pream-
plifier 221 of N independent channels in the reception unit
22 of the transmission/reception unit 2, and are fed to the
reception delay circuit 222 of N channels.

[0097] The reception delay circuit 222 endows the recep-
tion signals with focusing delay times for converging the
ultrasounds received from the predetermined depths, and
deflecting delay times for receiving the ultrasounds with an
intense reception directivity in the first scan direction (81),
whereupon it feeds the resulting reception signals to the
adder 223. Besides, the adder 223 adds and synthesizes the
reception signals of N channels outputted from the reception
delay circuit 222, into a single reception signal, whereupon
it feeds the single reception signal to the B-mode image data
generation unit 31 and Doppler image data generation unit
32 of the image data generation unit 3.

[0098] The output signal of the adder 223 as fed to the
B-mode image data generation unit 31 is subjected to
logarithmic conversion, envelope detection and A/D con-
version, whereupon the resulting data are saved in a B-mode

image data storage arca within the image data storage unit
KX}

[0099] Subsequently, ultrasounds are transmitted/received
for the scan direction 62 in accordance with the same
procedure, and B-mode image data obtained are saved in the
B-mode image data storage area of the image data storage
unit 33.

[0100] Meanwhile, in generating the color Doppler image
data, a plurality of times of transmissions/receptions are
performed for each of the scan directions 61 and 62 in
accordance with the same procedure as described above, in
order to find the Doppler shift of reception signals, and
flow-velocity-value image data, variance-value image data
and power-value image data are generated on the basis of the
reception signals obtained on this occasion.

[0101] More specifically, when B-mode image data in the
above scan directions 81 and 62 have been acquired and
saved, the system control unit 7 feeds the transmission/
reception unit 2 and the image data generation unit 3 with a
start command signal for generating the color Doppler
image data in the scan directions 01 and 02. Besides, as in
the case of the B-mode image data, the transmission/recep-
tion unit 2 first transmits/receives ultrasounds in the scan
direction 81 and feeds the Doppler image data generation
unit 32 with the reception signals obtained.

[0102] The output signal of the reception unit 22 as fed to
the Doppler image data generation unit 32 in FIG. 4 is
subjected to orthogonal phase detection by the mixers 323-1,
323-2 and LPFs 324-1, 324-2, thereby to be converted into
an IQ signal of 2 channels. Besides, the I component and Q
component of the 1Q signal are respectively converted by the
A/D converters 325-1, 325-2 into digital signals, which are
thereafter saved in the Doppler signal storage circuit 326.
Subsequently, also at the time t=t2, ultrasounds are trans-
mitted/received in the scan direction 01 in accordance with
the same procedure, whereupon an IQ signal obtained is
saved in the Doppler signal storage circuit 326.

[0103] Subsequently, at the times t3 and t4, the transmis-
sion/reception unit 2 transmits/receives ultrasounds in the

Jul. 7, 2005

scan direction 02 in accordance with control signals from the
system control unit 7, whereupon IQ signals obtained are
saved in the Doppler signal storage circuit 326.

[0104] Thenceforth, transmissions/receptions are simi-
larly performed for the scan direction 61 at the times t6 and
t7, t11 and t12, and t16 and t17, and for the scan direction
02 at the times t8 and t9, t13 and t14, and t18 and t19. 1Q
signals obtained on these occasions are also saved in the
Doppler signal storage circuit 326.

[0105] When the IQ signals obtained by the Lx times
(eight times) of transmissions/receptions for the scan direc-
tions 01 and 02 have been saved, transmissions/receptions
are also performed for the scan directions 63 and 684, scan
directions 65 and 66, . . . in accordance with the same
procedure. Besides, 1Q signals obtained are successively

saved in the Doppler signal storage circuit 326 (step S2 in
FIG. 6).

[0106] FIG. 8 shows the structure of the Doppler signal
storage circuit 326. A row direction (X-direction) corre-
sponds to the scan directions 01 through 6M or the trans-
mission/reception times t1, t2, . . ., while a column direction
(Y-direction) corresponds to the depths of reflectors (dis-
tances between the reflectors and the ultrasonic probe 1). By
way of example, the 1Q signal obtained by the transmission/
reception for the scan direction 01 at the time t1 is saved in
a column t1, and the 1Q signals obtained by the transmis-
sions/receptions for the scan direction 01 at the times t2, t6,
..., and t17 are respectively saved in columns t2, t6, . . .
, and t17. Likewise, the 1Q signals obtained by the trans-
missions/receptions for the scan direction 02 at the trans-
mission/reception times t3, 4, t8 . . ., and t19 are respec-
tively saved in columns t3, 14, t8 . . . , and t19. Further, the
1Q signals obtained in the scan directions 03 through 6M are
similarly saved.

[0107] When the eight IQ signals obtained in the scan
direction 01 at the transmission/reception times tl, t2, t6 . .
., and t17, and the eight 1Q signals obtained in the scan
direction 62 at the transmission/reception times t3, t4, t8 . .
., and t19 have been saved, the system control unit 7 reads
out the 1Q signals corresponding to a predetermined depth
(for example, c1 in FIG. 8) among the eight IQ signals in the
scan direction 01, successively in the X-direction, so as to
feed the read-out signals to the least squares filter 327.

[0108] Subsequently, the least squares filter 32-7 subjects
the I components and Q components of the eight fed 1Q
signals, to curve fitting in the temporal direction (X-direc-
tion in FIG. 8), thereby to find clutter signals which are
constituted by reflected waves from stationary reflectors
such as tissues, tissue Doppler signals ascribable to the
movements of the tissues, and so forth. Further, the least
squares filter 327 subtracts the clutter signals from the 1Q
signals read out directly from the Doppler signal storage
circuit 326, thereby to extract the IQ signals constituted by
Doppler signals based on a blood flow (step S3 in FIG. 6).

[0109] Subsequently, the autocorrelation unit 328 selects
the 1Q signals U6 and U7 at the times t6 and t7 and those
Ull and U12 at the times t1l1 and t12 as indicated in
Equation (7), from among the IQ signals extracted in the
least squares filter 327, so as to calculate the IQ signal Ux
on the basis of Equation (8) (step S4 in FIG. 6).

[0110] Besides, the arithmetic unit 330 fed with the 1Q
signal Ux from the autocorrelation unit 328 calculates a
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phase difference Apx (namely, flow-velocity-value image
data) on the basis of Equation (8), so as to save the
calculated phase difference in the flow-velocity-value image
data storage arca of the image data storage unit 33 (step S5
in FIG. 6).

[0111] Further, the arithmetic unit 330 reads out the eight
IQ signals in the scan direction 61 as saved in the Doppler
signal storage circuit 326, and it calculates a power value P
and a variance value Var on the basis of these 1Q signals
(refer to Equation (9)). Besides, the arithmetic unit 330
saves the calculated power value P and variance value Var in
the power-value image data storage area and variance-value
image data storage area of the image data storage unit 33,
respectively (step S6 in FIG. 6).

[0112] Subsequently, the least squares filter 327, autocor-
relation unit 328, arithmetic unit 330 and image data storage
unit 33 execute similar calculations for the decluttered IQ
signals obtained from the IQ signals in the scan direction 61
as correspond to all depths except the predetermined depth
(for example, depths ¢2 through cL in FIG. 8), thereby to
calculate flow velocity values, power values and variance
values, which are saved. Further, the constituents 327, 328,
330 and 33 execute similar calculations for the eight IQ
signals in the scan direction 62 as saved in the Doppler
signal storage circuit 326, thereby to calculate flow velocity
values, power values and variance values at individual
depths, which are saved.

[0113] When the B-mode image data and the color Dop-
pler image data (namely, flow-velocity-value image data,
power-value image data and variance-value image data) in
the scan directions 81 and 02 have been generated and
saved, interleave scans in the pair of scan directions, such as
the scan directions 63 and 64 and those 65 and 66, are
repeated by the same procedure, and B-mode image data and
color Doppler image data obtained in the respective-pairs of
scan directions are saved in the image data storage unit 33.

[0114] More specifically, the B-mode image data fed from
the A/D converter 313 of the B-mode image data generation
unit 31, and the flow-velocity-value image data, power-
value image data and variance-value image data fed from the
arithmetic unit 330 of the-Doppler image data generation
unit 32 are successively saved in the image data storage unit
33, so as to generate two-dimensional B-mode image data,
flow-velocity-value image data, power-value image data and
variance-value image data (steps S2 through S7 in FIG. 6).
Besides, these image data are fed to the DSC 41 of the
display unit 4.

[0115] The DSC 41 of the display unit 4 saves the image
data in the storage circuit once, and it thereafter affixes color
information to the flow-velocity-value image data, power-
value image data and variance-value image data. Besides, it
synthesizes these image data and the B-mode image data,
thereby to generate displaying image data. Further, it con-
verts the displaying image data into a signal of standard
television format, which is displayed on the color monitor 42
(step S8 in FIG. 6).

[0116] Next, the advantages of the least squares filter 327
employed in this embodiment will be described with refer-
ence to FIG. 9. The figure makes comparisons among a
frequency characteristic (solid line) G1 in the case where the
least squares filter 327 is applied to the IQ signals obtained

Jul. 7, 2005

by the unequally spaced transmissions/receptions of this
embodiment, a frequency characteristic (broken line) G2 in
the case where an MTI filter is applied to IQ signals in the
equally spaced transmissions/receptions of the prior art, and
a frequency characteristic (dot-and-dash line) G3 in the case
where the MTI filter is applied to IQ signals in the unequally
spaced transmissions/receptions of Patent Document 1.
Herein, the axis of abscissas of the characteristic graph is
normalized with the Nyquist frequency which is determined
by the transmission/reception interval Tr of the equally
spaced transmissions/receptions.

[0117] As shown in FIG. 9, the frequency characteristic
G3 in the method of Patent Document 1 as indicated by the
dot-and-dash line undergoes a frequency (so-called “blind
frequency”) at which signals are cut off with a period being
a frequency Af (Af=1/(T1+T2)) that is determined by the
sum between the first transmission/reception interval T1 and
second transmission/reception interval T2 stated before, and
the 1Q signals whose frequencies agree with the blind
frequency fail to be detected. In contrast, the frequency
characteristic G1 of this embodiment does not undergo any
blind frequency in the frequency range of the characteristic
graph, so that the IQ signals after the filtering process (that
is, Doppler signals based on the blood flow) can be stably
detected in a wide frequency band.

[0118] On the other hand, when compared with the fre-
quency characteristic G2 in the prior-art equally spaced
transmissions/receptions as indicated by the broken line, the
frequency characteristic G1 of this embodiment contains
frequency components which lack in flatness. The rugged
levels of the frequency components, however, are allowable
in the detection of the phase difference and the calculation
of the power value as have already been described. Besides,
since observation time periods for a predetermined direction
are equal (17Tr), the roll-off characteristics of the frequency
characteristics as affect low-flow-velocity detectabilities
become substantially equal. That is, according to this
embodiment in which the least squares filter 327 is applied
to the IQ signals of the unequally spaced transmissions/
receptions, it is permitted to attain the frequency character-
istic which is substantially equal to that in the case of
applying the MTI filter to the IQ signals of the prior-art
equally-spaced transmission/reception scheme.

[0119] (Modifications)

[0120] Next, modifications to the above embodiment will
be described with reference to FIGS. 10A and 10B and
FIGS. 11A and 11B. The characterizing feature of the
modifications consists in that the unequally spaced trans-
mission/reception and least squares filter method of the
embodiment, and an autocorrelation method are applied to
the prior-art interleave scan method.

[0121] FIG. 10A shows in a Y-direction, the sequence of
transmissions/receptions which are performed for scan
directions 01 through 08 in an X-direction by the modifi-
cation, while FIG. 10B shows the sequence (Y-direction) of
transmissions/receptions which are performed for the scan
directions 01 through 64 (X-direction) by the prior-art.
interleave method.

[0122] More specifically, in this modification, interleave
scan is performed at transmission/reception intervals 2 Tr for
the scan directions 01 and 02 at times t0 through 4, and
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similar interleave scan is subsequently performed for the
scan directions 63 and 64 at times t5 through t9. Thereafter,
interleave scans for the scan directions 61 and 02 are
performed at times t10 through t14, times t20 through 24,
and times t30 through t34, while interleave scans for the
scan directions 03 and 04 are performed at times t15 through
119, times 25 through 129, and times t35 through t39.
Besides, color Doppler image data are generated using eight
reception signals during the observation time period of a
period 33Tr from the first transmission/reception time till the
last transmission/reception time in each of the scan direc-
tions 61 through 68 (for example, from the time t1 till the
time t33 for the scan direction 61). Here, “Tr” denotes a
transmission/reception interval in any of the scan directions.

[0123] In this case, the autocorrelation unit 328 executes
autocorrelation processing by using [Q signals which are
obtained from a predetermined position (depth) in the scan
direction 01 at the times t11 and t13 and the times t21 and
123. The arithmetic unit 330 calculates a flow velocity value
and a variance value on the basis of the results of the
autocorrelations, and it calculates a power value on the basis
of respective 1Q signals obtained from the predetermined
position at the times t1, 3, t11, t13, t21, 123, t31 and 33.
Subsequently, flow velocity values, variance values and
power values are calculated by similar procedures for posi-
tions different from the predetermined position and for the
scan directions 62 through 64.

[0124] On the other hand, FIG. 10B shows the prior-art
interleave scan method which has the same observation time
period 33 Tr as in FIG. 10A. Now, the betterment of a
real-time responsivity in this modification will be explained
by comparing FIG. 10A and FIG. 10B.

[0125] With the prior-art interleave scan method shown in
FIG. 10B, a time period expended on the transmissions/
receptions of ultrasounds for the two scan directions 01 and
62 is 35 Tr, whereas according to this modification in FIG.
10A, a time period expended on the transmissions/recep-
tions for the four scan directions 01 through 04 becomes 40
Tr. Accordingly, the real-time responsivity in the case of
generating color Doppler image data is bettered to be about
1.75 times higher, by this modification.

[0126] Incidentally, transmissions/receptions in the indi-
vidual directions as are performed at the times t0, t5, 110, .
.. in FIG. 10A and the times t0 and t35 in FIG. 10B are ones
for relieving the influence of residual echoes (hereinbelow,
termed “dummy transmissions/receptions”). In a case, for
example, where the interleave scan of the scan directions 01
and 62 changes-over to that of the scan directions 83 and 64,
the residual echo mixes into a reception signal immediately
after the changeover, in a direction different from that of the
other reception signal. Therefore, the dummy transmission/
reception which does not contribute to calculations is per-
formed in the case of the changeover between the interleave
scans. That is, owing to the addition of the dummy trans-
missions/receptions, inputs to the least squares include the
same residual echos. The same residual echos, 1.e. DC
signals can be eliminated by the least squares filte which fas
a DC-cut characteristic. It is therefore permitted to eliminate
calculation errors ascribable to the residual echoes.

[0127] Next, FIG. 11A shows the other modification to the
foregoing embodiment, and it indicates scan directions 61
through 66 (X-direction) and a transmission/reception
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sequence (Y-direction) in this modification applying the
interleave scan method. Besides, FIG. 11B indicates a
transmission/reception sequence (Y-direction) in the prior
art for the scan directions 61 through 63 (X-direction).

[0128] In the modification shown in FIG. 11A, unequally
spaced transmissions/receptions for the scan direction 61 are
performed in an observation time period of times t0 through
t15, and transmissions/receptions for the scan direction 02
are performed at times (for example, at times t4, t5, t10
through t13, t18, and t19) at which the actual transmissions/
receptions are not performed within the observation time
period. Besides, for each of the scan directions, a flow
velocity value, a power value and a variance value are
calculated using five reception signals within the observa-
tion time period of 23 Tr. By way of example, the flow
velocity value of the scan direction 01 is calculated on the
basis of an IQ signal obtained at the times t7 and t8, and an
1Q signal obtained at the times t8 and t9.

[0129] With the prior-art transmission/reception method
shown in FIG. 11B, a time period expended on the trans-
missions/receptions of ultrasounds for one scan direction is
16 Tr, whereas according to this modification in FIG. 11A,
a time period expended on the transmissions/receptions for
the two scan directions becomes 20 Tr. Accordingly, a
real-time responsivity in the case of generating color Dop-
pler image data is bettered to be about 1.6 times higher, by
this modification.

[0130] By the way, in the two modifications, the transmis-
sion/reception interval and the observation time period in the
1Q signals employed for the phase difference detection are
the same as in the prior-art transmission/reception method,
so that the low-flow-velocity detectabilities and high-flow-
velocity detectabilities of the modifications become substan-
tially the same as in the case of the prior-art transmission/
reception method.

[0131] Next, a third modification to the foregoing embodi-
ment will be described with reference to FIGS. 14 through
17. In this modification, scan is performed as shown in FIG.
14. In this figure, a horizontal direction represents the raster
direction of ultrasounds, while a vertical direction represents
the timings of the transmissions of the ultrasounds. Parts
smeared in black indicate the timings of the transmissions
whose ultrasounds are actually received, and hatched parts
indicate dummy transmissions.

[0132] Part (¢) in FIG. 15 shows only one raster extracted
from within FIG. 14. Besides, part (a) in FIG. 15 shows
equally spaced interleave scan of 3 stages for 8 data, the
number of which is the same as at the part (c), and part (b)
shows equally spaced interleave scan of 6 stages for 8 data.
It is seen that the scan at the part (c) has substantially the
same observation time period as at the part (b).

[0133] FIG. 16 shows amplitude characteristics versus
input velocities as are exhibited after signals obtained by the
scans at the parts (a), (b) and (c) in FIG. 15 have been passed
through a filter which removes clutter signals by linear
fitting. A velocity value of 0.5 corresponds to an aliasing
frequency (Nyquist frequency) in the case where the trans-
mission interval of the ultrasounds is set at 1 (one) It is seen
that the equally spaced interleave scan of 6 stages as shown
at the part (b), and the unequally spaced scan as shown at the
part (c) have substantially equal suppressabilities in the
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transition region and rejection region of the filter at and
below a frequency value of 0.03. This advantage comes from
the fact that both the scans have substantially the same
observation time period.

[0134] FIG. 17 is a graph showing estimated velocity
values after the passage through the filter. By the way, in
estimating the velocity values, central 6 data of the 8 data
after the passage through the filter were used at the parts (a)
and (b), and central 4 data after the passage through the filter
were used at the part (c).

[0135] Tt is seen from FIGS. 16 and 17 that the equally
spaced interleave scan of 3 stages exhibits a Nyquist fre-
quency of 0.5/3=0.167, while the equally spaced interleave
scan of 6 stages exhibits a Nyquist frequency of 0.5/6=
0.083. These are natural results from the sampling theorem.
In the equally spaced interleave scan of 3 stages, a frequency
value of 0.333 forms a blind frequency (at which an ampli-
tude becomes zero), while in the equally spaced interleave
scan of 6 stages, frequency values of 0.167, 0.333 and 0.5
form blind frequencies.

[0136] In the unequally spaced scan shown at the part (c)
in FIG. 15, however, any blind frequency does not exist
except for DC as seen from the amplitude characteristic in
FIG. 16. As seen from the part (c) in FIG. 15, the endmost
and second-endmost sampling points do not lie at positions
which are integral times the extraction intervals 3 of the
central 4 data. This is the reason why the blind frequency
does not exist except for the DC in the amplitude charac-
teristic. On the other hand, regarding the estimated velocity,
it is seen from FIG. 17 that the unequally spaced scan shown
at the part (c) in FIG. 15 exhibits the same aliasing velocity
as in the equally spaced interleave scan of 3 stages shown at
the part (a). This is because the velocity estimation uses only
the central data of the extraction intervals 3.

[0137] According to the embodiment and modifications
described above, ultrasonic transmissions/receptions at
unequal intervals or in unequally spaced fashion are per-
formed for the predetermined direction of a patient, and a
filter based on the least squares method is applied to recep-
tion signals obtained, whereby IQ signals subjected to a
filtering process as exhibit a frequency characteristic having
a smaller number of blind frequencies can be detected.

[0138] Besides, among IQ signals obtained by the
unequally spaced transmissions/receptions, [Q signals sub-
jected to the filtering process as obtained in adjacency at a
short transmission/reception interval has their phase differ-
ence detected, whereby a high-flow-velocity detectability
can be enhanced.

[0139] Further, unequally spaced transmissions/receptions
for a direction different from the predetermined direction of
the patient are performed at long transmission/reception
intervals among the plurality of unequally set transmission/
reception intervals, whereby the transmissions/receptions
for the plurality of directions can be concurrently performed,
and a real-time responsivity in the display of color Doppler
image data can be bettered.

[0140] That is, in the embodiment and modifications, the
above advantages can be simultaneously attained, so that a
color Doppler image of superior low-flow-velocity detect-
ability and high-flow-velocity detectability can be obtained
without degrading the real-time responsivity.
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[0141] Although the embodiments of the present invention
have been described above, the invention is not restricted to
the embodiments, but it can be altered and performed. By
way of example, the settings of unequally spaced transmis-
sion/reception times are not restricted to the methods indi-
cated in the foregoing embodiment and modifications. FIG.
12A shows two sorts of unequally spaced transmissions/
receptions which have been extracted from within 18 trans-
mission/reception times set at equal intervals Tr. Part a-1
corresponds to a case where the transmissions/receptions are
uniformly extracted, and part a-2 corresponds to a case
where the transmissions/receptions are extracted so as to be
densified in a central region. On the other hand, FIG. 12B
shows frequency characteristics exhibited when a least
squares filter was applied to reception signals (IQ signals)
obtained by the two sorts of unequally spaced transmissions/
receptions. As seen from these results, the more excellent
frequency characteristic can be attained in the case of setting
the unequally spaced transmissions/receptions densified in
the central region.

[0142] Meanwhile, in the invention, a least squares filter
may well be applied to a flow-velocity-value calculation
method employing an autocorrelation process. In the calcu-
lation of a flow velocity value based on the autocorrelation
process as described in the foregoing embodiment, the
restrictions of aliasing are inevitable. As a method for
alleviating the problem of the aliasing, a flow-velocity-value
estimation method employing a cross-correlation process
has been proposed in, for example, JP-A-2-326172. In the
flow-velocity-value estimation method employing the cross-
correlation process, ultrasounds are transmitted/received in
a predetermined direction a plurality of times, and cross-
correlation calculations are executed in the transmission/
reception direction for two reception signals obtained in
adjacency in a temporal direction. Besides, a flow velocity
value is found on the basis of a positional shift for which the
largest correlative value is obtained.

[0143] In, for example, the transmission/reception method
shown in FIG. 7, clutter signals are excluded from reception
signals obtained by transmissions/receptions at times t6 and
t7, and Doppler signals U6 and U7 obtained are subjected to
cross-correlation calculations in a transmission/reception
direction, in accordance with Equation (10) below. Besides,
a flow velocity value “V” is obtained in such a way that a
positional shift “Az=Z0” which maximizes a correlative
value “R(z, Az)” is substituted into V=Z0/Tr. In the equa-
tion, “U*” represents the complex conjugate of the reception
signal “U”.

Ma (10)
R(z, A7) = Z wg(z + kur(z+ k+Ag)
k=Ma

[0144] The clutter signals in this case are removed in such
a way that, as in the case of the foregoing embodiment, a
filtering process is executed for the reception signals of
predetermined depth obtained by the plurality of times of
transmissions/receptions for the predetermined transmis-
sion/reception direction. Besides, in a blood flow measure-
ment based on the cross-correlation process, the problem of
a blind frequency which appears in case of performing
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unequally spaced transmissions/receptions is alleviated by
applying the least squares filter.

[0145] Next, in a case where adaptive phase corrections
are made for unequally spaced reception signals, the least
squares filter mentioned in the embodiment may well be
applied. Such an adaptive phase correction method is dis-
closed in JP-A-10-99333. FIG. 13 shows the adaptive phase
correction method for a string of unequally spaced reception
signals. As indicated in Equation (11) below, the phase
differences ¢, through ¢, between the reception signals
obtained in adjacency within the string of reception signals
y, (n=1 through 8) are first detected. Subsequently, phases
@ corresponding to the reception signals y, are evaluated by
adding the phase differences ¢, through ¢, ;, and a string of
corrected reception signals yy, (n=1 through 7) are calcu-
lated on the basis of the phases @,

@ =0 (11

n-1

<1>,,:Z<1>k nz2)

k=1

Y = ¥n €xp(= j&;)

[0146] Besides, Doppler signals U, (n=1 through 8) for a
blood flow can be obtained in such a way that the reception
signal string yy, is multiplied by an unequally spaced filter
matrix [W].

[0147] Meanwhile, the filter matrix [WI employed in the
embodiment is one of solutions based on the least squares
method. The employed method is not restrictive, but it is
also allowed to employ another method, for example, a
method utilizing singular-value decomposition, or a method
utilizing a orthonormal expansion matrix.

[0148] Besides, the embodiment of the invention has been
described on the ultrasonic diagnostic equipment which
includes the ultrasonic probe having the piezoelectric trans-
ducers arrayed unidimensionally, and the reception unit of
analog scheme, but the invention is not restricted to the
embodiment. The invention may well be applied to, for
example, an ultrasonic diagnostic equipment which copes
with an ultrasonic probe including piezoelectric transducers
of two-dimensional array, or an ultrasonic diagnostic equip-
ment which includes a reception unit of digital scheme.

[0149] Further, in the embodiment, the orthogonal phase
detection has been executed for the reception signals
obtained by the unequally spaced transmissions/receptions,
and the filtering process and the autocorrelation process
have been executed for the 1Q signals obtained, but the
invention is not restricted to this method.

What is claimed is:
1. An ultrasonic diagnostic equipment comprising:

an ultrasonic probe which includes piezoelectric trans-
ducers for -transmitting/receiving ultrasounds to and
from a mobile object within a patient;

a transmission/reception device which drives the piezo-
electric transducers so as to transmit/receive the ultra-
sounds at unequal intervals in a predetermined scan
direction within the patient;
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a Doppler signal detection device which executes a fil-
tering process for a plurality of reception signals
obtained in time series at the unequal intervals from a
predetermined position within the patient by said trans-
mission/reception device, thereby to detect Doppler
signals based on the mobile object;

a velocity calculation device which selects Doppler sig-
nals obtained at a predetermined time interval, from
among the plurality of Doppler signals obtained at the
unequal intervals by said Doppler signal detection
device, and which calculates a velocity of the mobile
object on the basis of the selected Doppler signals; and

an image data generation device which generates velocity
image data on the basis of the velocity of the mobile
object as calculated-by said velocity calculation device.
2. An ultrasonic diagnostic equipment comprising:

an ultrasonic probe which includes piezoelectric trans-
ducers for transmitting/receiving ultrasounds to and
from a mobile object within a patient;

a transmission/reception device which drives the piezo-
electric transducers so as to transmit/receive the ultra-
sounds at unequal intervals having a first interval and a
second interval longer than the first interval, in a first
scan direction and a second scan direction within the
patient, respectively,

a Doppler signal detection device which executes a fil-
tering process for a plurality of reception signals
obtained in time series at the unequal intervals from a
predetermined position within the patient by said trans-
mission/reception device, thereby to detect Doppler
signals based on the mobile object;

a velocity calculation device which selects Doppler sig-
nals adjacent at the first interval, from among the
plurality of Doppler signals obtained at the unequal
intervals by said Doppler signal detection device, and
which calculates a velocity of the mobile object on the
basis of the selected Doppler signals;
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scan control device which performs ultrasonic scans
within the patient while the first scan direction and the
second scan direction are being successively altered,

an image data generation device which generates velocity
image data on the basis of the velocities of the mobile
object as calculated by said velocity calculation device,
in the ultrasonic transmissions/receptions at the
unequal intervals in the respective scan directions of
the ultrasonic scans; and

a display device which displays the generated image data;

wherein the ultrasonic transmissions/receptions in the
second scan direction are performed at the second
interval of the ultrasonic transmissions/receptions in
the first scan direction.

3. An ultrasonic diagnostic equipment according to claim
1, wherein said Doppler signal detection device executes the
process based on fitting, for the plurality of reception signals
obtained in time series at the unequal intervals, thereby to
extract reception signals from either of a stationary object
and a mobile object of low moving velocity, and it subtracts
the reception signals after the process, from the reception
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signals before the process, thereby to detect the Doppler
signals based on the mobile object.

4. An ultrasonic diagnostic equipment according to claim
3, wherein the process based on the fitting is a process based
on polynomial least-squares fitting.

5. An ultrasonic diagnostic equipment according to claim
1, wherein said Doppler signal detection device removes
reception signals from either of a stationary object and a
mobile object of low moving velocity by employing a matrix
which utilizes one member selected from the group consist-
ing of a least squares method, singular-value decomposition
and orthonormal expansion.

6. An ultrasonic diagnostic equipment according to claim
1, wherein said velocity calculation device selects the Dop-
pler signals adjacent at a least interval, from among the
Doppler signals at the unequal intervals, and it calculates the
velocity of the mobile object on the basis of the selected
Doppler signals.

7. An ultrasonic diagnostic equipment according to claim
1, wherein said velocity calculation device calculates the
velocity of the mobile object by detecting a phase difference
between the Doppler signals which are adjacent at the first
interval.

8. An ultrasonic diagnostic equipment according to claim
7, wherein said velocity calculation device selects a plurality
of pairs of Doppler signals adjacent at the first interval, from
among the Doppler signals at the unequal intervals, and it
calculates the velocity of the mobile object by taking a
sum-square mean value of phase differences in the respec-
tive Doppler signal pairs.

9. An ultrasonic diagnostic equipment according to claim
8, wherein said transmission/reception device lowers fre-
quence in the ultrasonic transmissions/receptions adjacent at
the first interval, at an initial stage and a terminal stage of the
ultrasonic transmissions/receptions at the unequal intervals.

10. An ultrasonic diagnostic equipment according to
claim 1, wherein said velocity calculation device calculates
the velocity of the mobile object by executing a cross-
correlation process in the ultrasonic transmission/reception
direction, for the Doppler signals adjacent at the first inter-
val.

11. An ultrasonic diagnostic equipment according to claim
1, further comprising a power calculation device which
calculates power on-the basis of signal intensities of the
plurality of Doppler signals detected at the unequal intervals
by said Doppler signal detection device.

12. An ultrasonic diagnostic equipment according to
claim 11, wherein said power calculation device calculates
the power by using all of the plurality of Doppler signals
detected at the unequal intervals by said Doppler signal
detection device.

13. An ultrasonic diagnostic equipment according to
claim 11, wherein said image data generation device gen-
erates power image data on the basis of the power calculated
by said power calculation device, in addition to the genera-
tion of the velocity image data.

14. An ultrasonic diagnostic equipment according to
claim 2, wherein said scan control device sets the second
scan direction to be adjacent to the first scan direction.

15. An ultrasonic diagnostic equipment comprising:

an ultrasonic probe which includes piezoelectric trans-
ducers for transmitting/receiving ultrasounds to and
from a mobile object within a patient;
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a transmission/reception device which drives the piezo-
electric transducers so as to perform interleave scan at
unequal intervals in a predetermined scan-direction
within the patient;

a device which executes a filtering process for a plurality
of reception signals obtained in time series at the
unequal intervals from a predetermined position within
the patient by said transmission/reception device,
thereby to measure a velocity of the mobile object; and

an image data generation device which generates velocity
image data on the basis of the velocity of the mobile
object.
16. A method of controlling an ultrasonic diagnostic
equipment, comprising:

a transmission/reception step of driving piezoelectric
transducers of an ultrasonic probe which includes the
piezoelectric transducers for transmitting/receiving
ultrasounds to and from a mobile object within a
patient, so as to transmit/receive the ultrasounds at
unequal intervals in a predetermined scan direction
within a patient;

a Doppler signal detection step of executing a filtering
process for a plurality of reception signals obtained in
time series at the unequal intervals from a predeter-
mined position within the patient by said transmission/
reception step, thereby to detect Doppler signals based
on the mobile object;

a velocity calculation step of selecting Doppler signals
obtained at a predetermined time interval, from among
the plurality of Doppler signals obtained at the unequal
intervals by said Doppler signal detection step/and then
calculating a velocity of the mobile object on the basis
of the selected Doppler signals; and

an image data generation step of generating velocity

image data on the basis of the velocity of the mobile

object as calculated by said velocity calculation step.

17. A method of controlling an ultrasonic diagnostic
equipment, comprising:

a transmission/reception step of driving piezoelectric
transducers of an ultrasonic probe which includes the
piezoelectric transducers for transmitting/receiving
ultrasounds to and from a mobile object within a
patient, so as to transmit/receive the ultrasounds at
unequal intervals having a first interval and a second
interval longer than the first interval, in a first scan
direction and a second scan direction within the patient,
respectively;

a Doppler signal detection step of executing a filtering
process for a plurality of reception signals obtained in
time series at the unequal intervals from a predeter-
mined position within the patient by said transmission/
reception step, thereby to detect Doppler signals based
on the mobile object;

a velocity calculation step of selecting Doppler signals
adjacent at the first interval, from among the plurality
of Doppler signals obtained at the unequal intervals by
said Doppler signal detection step, and then calculating
a velocity of the mobile object on the basis of the
sclected Doppler signals;
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a scan control step of performing ultrasonic scans within
the patient while the first scan direction and the second
scan direction are being successively altered,

an image data generation step of generating velocity
image data on the basis of the velocities of the mobile
object as calculated by said velocity calculation step, in
the ultrasonic transmissions/receptions at the unequal
intervals in the respective scan directions of the ultra-
sonic scans; and

a display step of displaying the generated image data;

wherein the ultrasonic transmissions/receptions in the
second scan direction are performed at the second
interval of the ultrasonic transmissions/receptions in
the first scan direction.
18. A method of controlling an ultrasonic diagnostic
equipment, comprising:
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a transmission/reception step of driving piezoelectric

transducers of an ultrasonic probe which includes the
piezoelectric transducers for transmitting/receiving
ultrasounds to and from a mobile object within a
patient, so as to perform interleave scan at unequal
intervals in a predetermined scan direction within the
patient;

a step of executing a filtering process for a plurality of

reception signals obtained in time series at the unequal
intervals from a predetermined position within the
patient by said transmission/reception step, thereby to
measure a velocity of the mobile object; and

an image data generation step of generating velocity

image data on the basis of the velocity of the mobile
object.
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