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(57) ABSTRACT

A Doppler sensitivity measuring unit measures the Doppler
sensitivity of Doppler spectrum data obtained by ultrasonic
wave transmission/reception with respect to a predetermined
region of an object to be examined. A spectrum shape model
generating unit generates a spectrum shape model on the
basis of a window function used when the above Doppler
spectrum data is generated. A threshold setting unit sets a
threshold range in which trace waveform data displaces by
a predetermined amount in the frequency axis direction on
the basis of the spectrum shape model and the Doppler
sensitivity, and sets a predetermined number of thresholds at
almost equal intervals in the threshold range. A trace data
generating unit selects a threshold for the acquisition of
desired trace waveform data by generating trace waveform
data while sequentially updating the plurality of set thresh-
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ULTRASONIC DOPPLER MEASURING
APPARATUS AND CONTROL METHOD
THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2004-303440, filed Oct. 18, 2004, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic Dop-
pler measuring apparatus which measures the flow velocity
information of a blood flow and the movement information
of tissue in a living body by using the Doppler effect of
ultrasonic waves, and a control method therefor.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus is designed to
apply ultrasonic pulses generated by ultrasonic transducers
incorporated in an ultrasonic probe into an object to be
examined, receive reflected ultrasonic waves generated by
the difference in acoustic impedance between object tissues
through the ultrasonic transducers, and display the resultant
image on a monitor. This diagnostic method allows easy
observation of a real-time two-dimensional image by simple
operation of only bringing the ultrasonic probe into contact
with the body surface, and hence is widely used for func-
tional diagnosis or morphological diagnosis of various
organs of a living body. Ultrasonic diagnostic methods of
obtaining living body information by using reflected waves
from tissue or blood cells in a living body have rapidly
progressed along with two great technical developments of
an ultrasonic pulse reflection method and ultrasonic Doppler
method. B mode images and color Doppler images obtained
by these techniques have become indispensable to recent
ultrasonic image diagnosis.

[0006] A Doppler spectrum method is available as a
method of obtaining blood flow information in an arbitrary
observation region of an object quantitatively with high
accuracy. In this Doppler spectrum method, ultrasonic wave
transmission/reception is performed with respect to the same
region of an object at predetermined intervals a plurality of
number of times, and Doppler signals are detected by
performing quadrature phase detection for reflected ultra-
sonic waves from moving reflectors such as blood cells by
using a reference signal having a frequency almost equal to
the resonance frequency of the ultrasonic transducers used
for the reception of the ultrasonic waves. A Doppler signal
in the desired region is extracted from these Doppler signals
by using a range gate. Doppler spectrum data is generated by
FFT-analyzing the extracted Doppler signal.

[0007] Doppler spectrum data are continuously generated
with respect to the Doppler signal obtained from the desired
region of the object according to such a sequence. The
plurality of obtained Doppler spectrum data are sequentially
arrayed to generate Doppler spectrum image data. Note that
the range gate is set under B mode image observation to
accurately set the range gate at the desired observation

1. Field of the Invention
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region in the object, and the position of the range gate is
monitored with a B mode image.

[0008] The Doppler spectrum data obtained by this ultra-
sonic Doppler measuring apparatus is generally displayed
with the ordinate representing a frequency (f), the abscissa
representing time (1), and the power (intensity) of each
frequency component being represented by a luminance
(gray level). Various kinds of diagnosis parameters are
measured on the basis of this Doppler spectrum data. As a
typical method for this operation, there is available a method
of detecting a maximum blood flow velocity Vp correspond-
ing to a maximum frequency component fp in the frequency
axis direction and measuring a diagnosis parameter on the
basis of trace waveform data representing a temporal change
in the maximum blood flow velocity Vp.

[0009] The trace waveform data of the maximum blood
flow velocity Vp is generated by performing a method of
measuring the maximum blood flow velocity Vp from the
maximum value of Doppler spectrum components which are
not buried in a noise spectrum. Conventionally, manual
tracing operation has been basically performed with respect
to frozen (freeze-displayed) Doppler spectrum data.

[0010] In contrast to this, recently, as disclosed in, for
example, U.S. Pat. No. 6,528,321, a method of automatically
tracing the maximum blood flow velocity Vp on the basis of
a predetermined threshold set for Doppler spectrum data
obtained in real time has been developed. In addition, there
has been proposed a method of automatically setting the
above threshold on the basis of the average signal level and
average noise level of Doppler spectrum data. Furthermore,
as disclosed in Jpn. Pat. Appln. KOKAI Publication No.
7-303641, there has also been proposed a method of setting
a plurality of thresholds and selecting suitable trace wave-
form data as the trace waveform data of the maximum blood
flow velocity Vp from a plurality of trace waveform data
generated on the basis of the thresholds.

[0011] According to the method disclosed in U.S. Pat. No.
6,528.321 described above, in some case, however, the
maximum blood flow velocity Vp cannot be detected as it is
influenced by noise with temporal variations in average
signal level and average noise level. For this reason, a doctor
or examination technician (to be referred to as an operator
hereinafter) needs always to execute a sequence of sequen-
tially updating the above threshold and setting a threshold
for the acquisition of desired trace waveform data by observ-
ing sequentially generated trace waveform data.

[0012] When trace waveform data are to be generated
while a threshold for Doppler spectrum data is updated at
predetermined intervals, the displacement amount of trace
waveform data with respect to the amount of change in
threshold depends on the average signal level and average
noise level of Doppler spectrum data. If, for example, the
difference between an average signal level and an average
noise level (to be referred to as a Doppler sensitivity) is large
as in the case with Doppler spectrum data obtained from a
blood flow in the common carotid artery, a slight change in
threshold has no great influence on trace waveform data. If,
however, the Doppler sensitivity is poor as in the case with
the Doppler spectrum data of the middle cerebral artery or
vertebral artery, trace waveform data noticeably displaces in
the frequency axis direction with the same amount of change
in threshold. It is known that a Doppler sensitivity depends
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on the sex and constitutional predisposition (e.g., the degree
of obesity) of an object as well as a measurement region. The
same phenomenon as that described above occurs in trace
waveform data obtained with respect to such an object.

[0013] FIG. 1A shows trace waveform data obtained
when three thresholds are set at predetermined intervals with
respect to Doppler spectrum data obtained from the common
carotid artery with a good Doppler sensitivity. Referring to
FIG. 1A, the ordinate represents the blood flow velocity
(frequency); and the abscissa, the time. FIG. 1B shows trace
waveform data obtained when three thresholds are set at the
same intervals as those in FIG. 1A with respect to Doppler
spectrum data obtained from the middle cerebral artery with
a poor Doppler sensitivity. Referring to FIG. 1B, the ordi-
nate and abscissa represent the same as those in FIG. 1A.

[0014] Therefore, in order to efficiently select a threshold
for the generation of desired trace waveform data from a
plurality of thresholds set in advance, it is preferable to
compare and observe trace waveform data obtained while
updating a threshold at relatively short intervals with respect
to Doppler spectrum data exhibiting a poor Doppler sensi-
tivity and updating a threshold at relatively long intervals
with respect to Doppler spectrum data exhibiting a good
Doppler sensitivity. However, there is no description about
a method of setting threshold intervals accompanying dif-
ferences in Doppler sensitivity in the method disclosed in
U.S. Pat. No. 6,528,321 or Jpn. Pat. Appln. KOKAI Publi-
cation No. 7-303641 described above.

BRIEF SUMMARY OF THE INVENTION

[0015] The present invention has been made in consider-
ation of such problems in the prior art, and has as its object
to provide an ultrasonic Doppler measuring apparatus in
which when desired trace waveform data is to be generated
by setting a threshold for time-serially obtained Doppler
spectrum data, a threshold range is set with respect to the
Doppler spectrum data on the basis of a spectrum shape
model and Doppler sensitivity, and the desired trace wave-
form data can be efficiently and accurately generated by
sequentially updating a predetermined number of thresholds
set in the threshold range, and a control method for the
apparatus.

[0016] In order to achieve the above object, the present
invention uses the following techuiques.

[0017] According to an aspect of the present invention,
there is provided an ultrasonic Doppler measuring apparatus
which comprises: an ultrasonic probe having an ultrasonic
transducer which performs ultrasonic wave transmission/
reception in a predetermined direction of an object to be
examined; a transmission unit which transmits an ultrasonic
wave by driving the ultrasonic transducer; a reception unit
which receives a reception signal from the object which is
obtained by transmission/reception of the ultrasonic wave; a
Doppler signal detecting unit which detects a Doppler signal
with respect to the reception signal; a spectrum data gener-
ating unit which time-serially generates Doppler spectrum
data time-serially by repeating ultrasonic wave transmis-
sion/reception in the predetermined direction; a threshold
setting unit which sets a threshold range to a predetermined
parameter and sets a plurality of thresholds in the threshold
range, the predetermined parameter being used to set a
condition to generate waveform data from the Doppler
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spectrum data; a trace data generating unit which generates
as the trace waveform data a temporal change in Doppler
frequency of the spectrum data which corresponds to a
threshold selected from said plurality of thresholds; and a
display unit which displays the trace waveform data,
wherein the threshold setting unit sets the threshold range
and the plurality of thresholds on the basis of the Doppler
spectrum data.

[0018] According to another aspect of the present inven-
tion, there is provided an ultrasonic Doppler measuring
apparatus which comprises: an ultrasonic probe having an
ultrasonic transducer which performs ultrasonic wave trans-
mission/reception in a predetermined direction of an object
to be examined; a transmission unit which transmits an
ultrasonic wave by driving the ultrasonic transducer; a
reception unit which receives a reception signal from the
object which is obtained by transmission/reception of the
ultrasonic wave; a Doppler signal detecting unit which
detects a Doppler signal with respect to the reception signal;
a spectrum data generating unit which time-serially gener-
ates Doppler spectrum data by sefting a predetermined
window function for the Doppler signals at a predetermined
region which are time-serially obtained by repeating ultra-
sonic wave transmission/reception in the predetermined
direction; a Doppler sensitivity measuring unit which mea-
sures a Doppler sensitivity on the basis of said plurality of
Doppler spectrum data generated by the spectrum data
generating unit; a spectrum shape model generating umt
which generates a spectrum shape model on the basis of the
window function; a threshold setting unit which sets a
threshold range in which trace waveform data displaces by
a predetermined amount in a frequency axis direction and
sets a plurality of thresholds in the threshold range on the
basis of the spectrum shape model and the Doppler sensi-
tivity; a trace data generating unit which generates as the
trace waveform data a temporal change in Doppler fre-
quency of the Doppler spectrum data which corresponds to
a threshold selected from said plurality of thresholds; and a
display unit which displays the trace waveform data.

[0019] According to yet another aspect of the present
invention, there is provided an ultrasonic Doppler measuring
apparatus control method which comprises: transmitting an
ultrasonic wave by driving an ultrasonic transducer which
performs ultrasonic wave transmission/reception in a pre-
determined direction of an object to be examined; receiving
a reception signal from the object which is obtained by
transmission/reception of the ultrasonic wave; detecting a
Doppler signal from the reception signal; time-serially gen-
erating Doppler spectrum data by repeating ultrasonic wave
transmission/reception in the predetermined direction; set-
ting a threshold range to a predetermined parameter and sets
a plurality of thresholds in the threshold range, the prede-
termined parameter being used to set a condition to generate
waveform data from the Doppler spectrum data; generating
as the trace waveform data a temporal change in Doppler
frequency of the spectrum data which corresponds to a
threshold selected from said plurality of thresholds; and
displaying the trace waveform data, wherein the threshold
setting unit sets the threshold range and the plurality of
thresholds on the basis of the Doppler spectrum data.

[0020] According to yet another aspect of the present
invention, there is provided an ultrasonic Doppler measuring
apparatus control method which comprises: transmitting an
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ultrasonic wave by driving an ultrasonic transducer which
performs ultrasonic wave transmission/reception in a pre-
determined direction of an object to be examined; receiving
a reception signal from the object which is obtained by
transmission/reception of the ultrasonic wave; detecting a
Doppler signal from the reception signal; time-serially gen-
erating Doppler spectrum data by setting a predetermined
window function for the Doppler signals at a predetermined
region which are time-serially obtained by repeating ultra-
sonic wave transmission/reception in the predetermined
direction; measuring a Doppler sensitivity on the basis of
said plurality of generated Doppler spectrum data; generat-
ing a spectrum shape model on the basis of the window
function; setting a threshold range in which trace waveform
data displaces by a predetermined amount in a frequency
axis direction and setting a plurality of thresholds in the
threshold range on the basis of the spectrum shape model
and the Doppler sensitivity; generating a temporal change in
Doppler frequency of the spectrum data which corresponds
to a threshold selected from said plurality of thresholds as
the trace waveform data; and displaying the trace waveform
data.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0021] FIGS. 1A and 1B are graphs for explaining prob-
lems in the generation of trace waveform data in the prior
art;

[0022] FIG. 2A is a block diagram showing the overall

arrangement of an ultrasonic Doppler measuring apparatus
according to the first embodiment of the present invention;

[0023] FIG. 2B is a block diagram showing the arrange-
ments of a transmission/reception unit and data generating
unit in the first embodiment;

[0024] FIG. 3 is a timing chart showing the basic opera-
tions of a Doppler signal detecting unit and spectrum data
generating unit in the first embodiment;

[0025] FIGS. 4A to 4C are views showing a method of
generating Doppler spectrum data in the first embodiment;

[0026] FIGS. 5A and 5B are graphs for explaining the
average signal level, average noise level, and Doppler
sensitivity of Doppler spectrum data in the first embodiment;

[0027] FIGS. 6A and 6B are views showing specific
examples of a window shape and spectrum shape model in
the first embodiment;

[0028] FIGS.7A and 7B are graphs showing the principle
of a threshold setting method in the first embodiment;

[0029] FIG. 8 is a graph showing a method of detecting
the maximum frequency of Doppler spectrum data in the
first embodiment;

[0030] FIG. 9 is a flowchart showing a sequence for
generating and displaying trace waveform data in the first
embodiment;

[0031] FIGS. 10A to 10C are graphs each showing a
modification of a spectrum shape model in the first embodi-
ment;

[0032] FIG. 11 is a correlation diagram on which expected
values on the frequency axis and measured values obtained
by this apparatus are plotted in the respective time phases;
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[0033] FIG. 12 is a block diagram showing an ultrasonic
Doppler measuring apparatus according to the second
embodiment; and

[0034] FIG. 13 is a conceptual view for explaining a
method of calculating a mistrace waveform occurrence rate
according to the second embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] The first and second embodiments of the present
invention will be described below with reference to the
views of the accompanying drawing. Note that the same
reference numerals in the following description denote con-
stituent elements having substantially the same functions
and arrangements, and a repetitive description will be made
only when required.

(First Embodiment)
(Arrangement of Apparatus)

[0036] In the following embodiment of the present inven-
tion, a Doppler sensitivity is measured from the average
signal level and average noise level of Doppler spectrum
data obtained by ultrasonic wave transmission/reception
with respect to a predetermined region of an object to be
examined. A threshold range in which trace waveform data
changes by a predetermined amount in the frequency axis
direction is set on the basis of a spectrum shape model
generated on the basis of a window function for the gen-
eration of the above Doppler spectrum data and the above
Doppler sensitivity, and a predetermined number of thresh-
olds are set at almost equal intervals within the threshold
range. A threshold by which desired trace waveform data can
be obtained is selected from the plurality of set thresholds,
and the generation and display of trace waveform data are
continued by using the selected threshold.

[0037] The arrangement of an ultrasonic Doppler measur-
ing apparatus and the basic operation of each unit in an
embodiment of the present invention will be described
below. FIG. 2A is a block diagram showing the overall
arrangement of an ultrasonic Doppler measuring apparatus
according to this embodiment. FIG. 2B is a block diagram
of a transmission/reception unit and data generating unit
which constitute this ultrasonic Doppler measuring appara-
tus.

[0038] An ultrasonic Doppler measuring apparatus 100
shown in FIG. 2A comprises an ultrasonic probe 3 which
transmits/receives ultrasonic waves to/from an object to be
examined, a transmission/reception unit 2 which performs
transmission/reception with respect to the ultrasonic probe
3, and a data generating unit 4 which performs signal
processing for obtaining B mode data, color Doppler data,
and Doppler spectrum data from reception signals obtained
from the transmission/reception unit 2. This apparatus fur-
ther comprises a trace waveform generating unit 5 which
generates the trace waveform data of a maximum blood flow
velocity Vp on the basis of the Doppler spectrum data
generated by the data generating unit 4 and a data storage
unit 6 which generates and stores B mode image data, color
Doppler image data, and Doppler spectrum image data from
the above data time-serially obtained by the data generating
unit 4, and stores the trace waveform data generated by the
trace waveform generating unit 5.



US 2006/0084873 A1l

[0039] Furthermore, the ultrasonic Doppler measuring
apparatus 100 comprises a reference signal generating unit
1 which generates, for example, a continuous or rectangular
wave having a frequency almost equal to the center fre-
quency of ultrasonic pulses with respect to the transmission/
reception unit 2 or data generating unit 4, a display unit 7
which displays, for example, image data or trace waveform
data stored in the data storage unit 6, an input unit 8 which
is used by an operator to, for example, input patient infor-
mation, set an image display mode, set conditions for the
generation of various kinds of image data and trace wave-
form data, and input various kinds of command signals, and
a system control unit 10 which systematically controls the
above respective units of the ultrasonic Doppler measuring
apparatus 100.

[0040] The ultrasonic probe 3 transmits/receives ultra-
sonic waves to/from the surface of the object while the front
surface of the probe is in contact with the surface, and has
a one-dimensional array of a plurality of (N) minute ultra-
sonic transducers at the distal end portion of the probe. Each
ultrasonic transducer is an electroacoustic conversion ele-
ment, which has a function of converting an electrical pulse
into an ultrasonic pulse (transmission ultrasonic wave) at the
time of transmission and converting a reflected ultrasonic
wave (reception ultrasonic wave) into an electrical signal
(reception signal) at the time of reception. Each of the above
plurality of ultrasonic transducers is connected to the trans-
mission/reception unit 2 through a cable (not shown). The
ultrasonic probe 3 includes probes for sector scanning, linear
scanning, and convex scanning, one of which is arbitrarily
selected in accordance with a diagnosis region. The follow-
ing description will exemplify the ultrasonic probe 3 for
sector scanning. However, the present invention is not
limited to this, and this probe may be that for linear scanning
Or convex scanning.

[0041] The transmission/reception unit 2 shown in FIGS.
2A and 2B comprises a transmission unit 21 which gener-
ates a driving signal for making the ultrasonic probe 3 emit
transmission ultrasonic waves and a reception unit 22 which
performs phased addition of reception signals from the
ultrasonic probe 3.

[0042] The transmission unit 21 comprises a rate pulse
generator 211, transmission delay circuit 212, and driving
circuit 213. The rate pulse generator 211 generates a rate
pulse for determining the repetition period of transmission
ultrasonic waves by frequency-dividing a continuous wave
or rectangular wave supplied from the reference signal
generating unit 1, and supplies the rate pulse to the trans-
mission delay circuit 212.

[0043] The transmission delay circuit 212 is comprised of
independent delay circuits equal in number to the ultrasonic
transducers (N channels) used for transmission. The trans-
mission delay circuit 212 gives a rate pulse a delay time for
focusing a transmission ultrasonic wave to a predetermined
depth so as to obtain a small beam width at the time of
transmission and a delay time for applying a transmission
ultrasonic wave in a predetermined direction, and supplies
the resultant rate pulse to the driving circuit 213. The driving
circuit 213 has independent driving circuits corresponding to
N channels, and generates driving pulses for driving the
ultrasonic transducers incorporated in the ultrasonic probe 3
on the basis of the rate pulse.
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[0044] The reception unit 22 comprises an A/D converter
221, reception delay circuit 222, and adder 223 each com-
prising N channels. N-channel reception signals supplied
from the ultrasonic probe 3 are converted into digital signals
by the A/D converter 221 and sent to the reception delay
circuit 222. The reception delay circuit 222 gives each of the
N-channel reception signals output from the A/D converter
221 a focusing delay time for focusing a reflected ultrasonic
wave from a predetermined depth and a deflection delay
time for setting reception directivity with respect to a
predetermined direction. The adder 223 then performs
phased addition of reception signals from the reception
delay circuit 222 (addition of reception signals obtained
from a predetermined direction upon phase matching).

[0045] The data generating unit 4 comprises a B mode
data generating unit 41 which generates B mode data with
respect to the reception signal output from the adder 223 of
the reception unit 22, a Doppler signal detecting unit 42
which detects a Doppler signal by performing quadrature
detection of the reception signal, a color Doppler data
generating unit 43 which generates color Doppler data on
the basis of the detected Doppler signal, and a spectrum data
generating unit 44 which generates spectrum data by fre-
quency analysis of the Doppler signal.

[0046] The B mode data generating unit 41 comprises an
envelope detector 411 and logarithmic converter 412. The
envelope detector 411 performs envelope detection of the
reception signal after phased addition which is supplied
from the adder 223 of the reception unit 22. The amplitude
of this envelope detection signal is logarithmically con-
verted by the logarithmic converter 412. Note that the
arrangement order of the envelope detector 411 and loga-
rithmic converter 412 may be reversed.

[0047] The Doppler signal detecting unit 42 comprises a
n/2 phase shifter 421, mixers 422-1 and 422-2, and LPFs
(Low-Pass Filters) 423-1 and 423-2, and detects a Doppler
signal by performing quadrature phase detection for the
reception signal supplied from the adder 223 of the reception
unit 22 by the operation to be described later.

[0048] The color Doppler data generating unit 43 com-
prises a Doppler signal storage circuit 431, MTI filter 432,
autocorrelation computing unit 433, and the like (which are
not shown), and calculates the average flow velocity value
and variance of a blood flow on the basis of the Doppler
signal detected by the Doppler signal detecting unit 42. In
this embodiment, however, this unit is not an essential
constituent element, and hence a detailed description thereof
will be omitted.

[0049] The spectrum data generating unit 44 comprises an
SH (Sample/Hold circuit) 441, LPF (Low-Pass Filter) 442,
window function setting unit 443, and an FFT (Fast-Fourier-
Transform) analyzer 444, and performs FFT analysis for the
Doppler signal obtained by the Doppler signal detecting unit
42. Note that the SH 441 and LPF 442 each are comprised
of two channels, to each of which the complex components
of the Doppler signal output from the Doppler signal detect-
ing unit 42, ie., a real component (I component) and
imaginary component (Q component), are supplied.

[0050] The basic operations of the Doppler signal detect-
ing unit 42 and spectrum data generating unit 44 which are
important constituent elements for the generation of Doppler
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spectrum data in the present invention will be described in
detail next with reference to the timing chart of FIG. 3. For
the sake of easy explanation, FIG. 3 shows a case wherein
a Doppler component is detected from an analog reception
signal. Tn actual processing, however, such detection is
performed with respect to a digital reception signal output
from the reception unit 22.

[0051] Referring to FIG. 3, reference symbol (a) denotes
a reference signal output from the reference signal generat-
ing unit 1; (b), a rate pulse for a Doppler spectrum which is
output from the rate pulse generator 211 of the transmission/
reception unit 2; (¢), a reception signal after phased addition
which is obtained from the adder 223 of the reception unit
22; (d), a quadrature phase detection output from the LPF
423 of the Doppler signal detecting unit 42; (e), a sampling
pulse which is supplied from the system control unit 10 to
set a sampling (range gate) position of the SH 441 in the
spectrum data generating unit 44; (f), a Doppler signal
sampled/held by the SH 441; and (g), a Doppler signal in a
range gate smoothed by the LPF 442.

[0052] The reception signal ((c) in FIG. 3) output from the
reception unit 22 in FIGS. 2A and 2B is input to the first
input terminal of each of the mixers 422-1 and 422-2 of the
Doppler signal detecting unit 42. On the other hand, the
reference signal ((a) in FIG. 3) which is generated by the
reference signal generating unit 1 and has a repetition
frequency almost equal to the center frequency of this
reception signal is directly supplied to the second input
terminal of the mixer 422-1, and the reference signal
obtained by 90° phase shift in the n/2 phase shifter 421 is
sent to the second input terminal of the mixer 422-2. The
outputs from the mixers 422-1 and 422-2 are sent to the
LPFs 423-1 and 423-2, and the sum component of the
frequency of the reception signal supplied from the recep-
tion unit 22 and the repetition frequency of the reference
signal supplied from the reference signal generating unit 1 is
removed from each other, and only the difference compo-
nent is extracted as a Doppler signal ((d) in FIG. 3).

[0053] The Doppler signals output from the LPFs 423-1
and 423-2 and the sampling pulse (range gate pulse) gen-
erated by the system control unit 10 by frequency-dividing
the reference signal from the reference signal generating unit
1 are supplied to the SH 441 of the spectrum data generating
unit 44 ((e) in FIG. 3). A Doppler signal from a desired
distance is sampled/held with this sampling pulse ((f) in
FIG. 3). Note that this sampling pulse is generated a delay
time Ts after the rate pulse ((b) in FIG. 3) for determining
the timing of the emission of a transmission ultrasonic wave.
The delay time Ts can be arbitrarily set by the input unit 8.

[0054] By changing the delay time Ts of the sampling
pulse, a Doppler signal at a desired distance Lg can be
extracted from the ultrasonic probe 3. Note that letting C be
the sound velocity of an object, the delay time Ts and desired
distance Lg have the relationship represented by 2Lg/C=Ts.

[0055] The staircase noise component superimposed on
the Doppler signal at the desired distance Lg output from the
SH 441 is removed by the LPF 442 ((g) in FIG. 3). and the
Doppler signal is smoothed. For the resultant Doppler sig-
nal, the window function setting unit 443 sets the data length
of the Doppler signal in generating Doppler spectrum data,
and performs predetermined weighting processing for the
Doppler signal. The FFT analyzer 444 performs a fast
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Fourier transform of the Doppler signal for which weighting
processing is performed by the window function setting unit
443, thereby generating Doppler spectrum data.

[0056] The window function setting unit 443 comprises a
storage circuit in which coefficient data corresponding to
rectangular, Hanning, and Hamming window shapes and the
like are prestored and a computing circuit which multiplies
the Doppler signal supplied from the LPF 442 by the above
coeflicient data. The computing circuit performs weighting
processing based on the above window shape with respect to
a Doppler signal in a predetermined interval which is
extracted on the basis of the data length (observation time
width) of a preset window function. The FFT analyzer 444
comprises a computing circuit and storage circuit (not
shown), and temporarily stores, in the storage circuit, the
Doppler signal after the weighting processing which is
output from the window function setting unit 443. The
computing circuit generates Doppler spectrum data by per-
forming FFT analysis for the Doppler signal in the prede-
termined interval which is stored in this storage circuit.

[0057] FIGS. 4A to 4C show a method of generating
Doppler spectrum data by using the window function setting
unit 443 and FFT analyzer 444. FIG. 4A shows a Doppler
signal Ax input to the window function setting unit 443.
FIG. 4B shows a Hanning window shape for Doppler signal
components ql to gm having a data length m set for the
Doppler signal Ax.

[0058] FIG. 4C shows Doppler spectrum data B1, B2, B3,

. obtained by performing FFT analysis for a Doppler
signal for which a window function (i.e., a data length m and
Hanning window shape) is set by the window function
setting unit 443. That is, the first Doppler spectrum data B1
corresponding to spectrum components f1 to fim is generated
by performing weighting processing and FFT analysis for m
Doppler signal components q1 to gm of the discrete Doppler
signal (FIG. 4A) supplied from the LPF 442 of the spectrum
data generating unit 44. The first Doppler spectrum data B1
is generated for spectrum components f1 to fm. The new
Doppler spectrum data B2 is then generated by performing
weighting processing and FFT analysis for m Doppler signal
components ql+j to qm+j after AT.

[0059] Subsequently, likewise, the Doppler spectrum data
B3, B4, . .. corresponding to the spectrum components {1 to
fm are generated by sequentially performing weighting
processing and FFT analysis for m Doppler signal compo-
nents q1+2j to qm+2j after 2AT, q1+3j to qm+3j after 3AT
(FIG. 4C), . . . . Note that FIG. 4A shows a case wherein
j=3.

[0060] Referring back to FIG. 2A, the trace waveform
generating unit 5 comprises a Doppler sensitivity measuring
unit 51, spectrum shape model generating unit 52, threshold
setting unit 53, and trace data generating unit 54.

[0061] The Doppler sensitivity measuring unit 51 com-
prises a computing circuit and storage circuit (not shown).
The Doppler sensitivity measuring unit 51 measures a
time-axis direction average value (average signal level) Sa
(dB) of the maximum powers of a plurality of Doppler
spectrum data time-serially supplied from the spectrum data
generating unit 44 and a frequency-axis direction/time-axis
direction average value (average noise level) Na (dB) of
noise components, and further measures a Doppler sensitiv-
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ity Ds (dB) from the difference between the average signal
level Sa and the average noise level Na.

[0062] FIGS. 5A and 5B respectively show Doppler
spectrum data (FIG. 5A) having a good Doppler sensitivity
and Doppler spectrum data (FIG. 5B) having a poor Doppler
sensitivity. The above Doppler spectrum data of the common
carotid artery corresponds to the data shown in FIG. 5A, and
the Doppler spectrum data of the middle cerebral artery
corresponds to the data shown in FIG. 5B. Note that the
ordinate and abscissa of these Doppler spectrum data respec-
tively represent power and frequency (blood flow velocity).
The Doppler sensitivity measuring unit 51 measures the
average signal level Sa and average noise level Na of the
respective Doppler spectrum data having different Doppler
sensitivities and measures the Doppler sensitivity Ds.

[0063] The noise components of the Doppler spectrum
data in FIG. 5A include a subsidiary maximum in the
frequency axis direction which occurs when the window
function initially set by the input unit 8 is Fourier-trans-
formed, system noise of the apparatus which has small
values relative to a Doppler signal, and reflected wave
components other than those from blood cells. The noise
components of the Doppler spectrum data in FIG. 5B
include a subsidiary maximum equal in magnitude to that in
FIG. 5A, system noise having a relatively large value, and
reflected wave components other than those from blood
cells.

[0064] The spectrum shape model generating unit 52 then
receives the window function information supplied from the
system control unit 10, and generates a spectrum shape
model by Fourier-transforming the window function. FIGS.
6A and 6B show specific examples of spectrum shape
models corresponding to the respective types of window
shapes. Reference symbols bl to b3 in FIG. 6B denote
spectrum shape models corresponding to a rectangular win-
dow shape al, Hanning window shape a2, and Hamming
window shape shown in FIG. 6A.

[0065] The threshold setting unit 53 sets a plurality of
thresholds for generating desired trace waveform data on the
basis of the Doppler sensitivity Ds supplied from the Dop-
pler sensitivity measuring unit 51, the spectrum shape model
supplied from the spectrum shape model generating unit 52,
and the threshold range information and threshold count
information supplied from the system control unit 10.

[0066] The principle of a threshold setting method in this
case will be described with reference to the graphs of FIGS.
7A and 7B. Referring to each of FIGS. 7A and 7B, the
abscissa corresponds frequency; and the ordinate, power.
FIG. 7A shows a spectrum shape model MD generated by
the spectrum shape model generating unit 52 on the basis of
the window function information supplied from the system
control unit 10, and a relative noise level Nr set on the basis
of the Doppler sensitivity Ds supplied from the Doppler
sensitivity measuring unit 51. FIG. 7A shows a case with
Doppler sensitivities Dsl (dB) to Ds3 (dB). In this case,
relative noise levels Nrl to Nr3 are set to be lower than the
maximum value (0 dB) of the spectrum shape model by Ds1
to Ds3, respectively.

[0067] FIG. 7B is an enlarged view of the spectrum shape
model MD and the relative noise levels Nrl to Nr3 shown
within the broken line frame in FIG. 7A. In this graph,
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threshold ranges ATh1 to ATh3 are set, which are necessary
for displacements with respect to the relative noise levels
Nrl to Nr3 by a predetermined frequency displacement
amount Af. Note that the range AThl is the threshold range
set with reference to the relative noise level Nrl, and the
ranges ATh2 and ATh3 are the threshold ranges set with
reference to the relative noise levels Nr2 and Nr3, respec-
tively. In general, the threshold ranges AThl to ATh3
correspond to the magnitudes of the Doppler sensitivities
Dsl to Ds3 and have the relationship represented by
ATh1>ATh2>ATh3.

[0068] The threshold setting unit 53 sets preset K thresh-
olds TL1k, TL2k, and TL3k (k=1 to K) at almost equal
intervals in each of the threshold ranges ATh1 to ATh3 set
on the basis of the above spectrum shape model MD and
relative noise levels Nrl to Nr3. FIG. 7B shows a case
wherein K=5. However, the present invention is not limited
to this. Although the three relative noise levels Nrl to Nr3
have been described above, when, for example, a relative
noise level for Doppler spectrum data obtained from an
object is represented by Nrx, the threshold setting unit 53
sets a threshold TLxk (k=1 to K) according to the same
procedure as that described above.

[0069] The trace data generating unit 54 generates trace
waveform data associated with the maximum blood flow
velocity Vp by sequentially setting the thresholds TLxk (k=1
to K) obtained by the threshold setting unit 53 with respect
to the Doppler spectrum data supplied from the spectrum
data generating unit 44 of the data generating unit 4. That is,
the trace data generating unit 54 detects a maximum fre-
quency fp based on the threshold TLxk with respect to each
of a plurality of Doppler spectrum data B1, B2, B3, . . .
obtained by the spectrum data generating unit 44 at LT
intervals, and generates trace waveform data indicating a
temporal change in the maximum blood flow velocity Vp
corresponding to the maximum frequency fp. FIG. 8 shows
a method of detecting the maximum frequency fp described
above, and the maximum frequency fp is detected on the
basis of the intersection between the threshold TLxk set by
the threshold setting unit 53 and Doppler spectrum data Bx
supplied from the spectrum data generating unit 44.

[0070] The data storage unit 6 in FIG. 2A generates and
stores B mode image data, color Doppler image data, and
Doppler spectrum image data on the basis of the B mode
data, color Doppler data, and Doppler spectrum data time-
serially obtained by the data generating unit 4, and stores the
trace waveform data generated by the trace waveform gen-
erating unit 5 in correspondence with the Doppler spectrum
image data.

[0071] The display unit 7 comprises a display data gen-
erating circuit, conversion circuit, and monitor (not shown).
The above B mode image data, color Doppler image data,
Doppler spectrum image data, and trace waveform data
temporarily stored in the data storage unit 6 are combined by
the above display data generating circuit. The combined data
is then subjected to predetermined scan conversion. The
conversion circuit performs D/A conversion and TV format
conversion. The resultant image is then displayed on the
monitor. At this time, the Doppler spectrum image data and
trace waveform data are displayed while being superim-
posed. For example, on the monitor of the display unit 7, an
image data display area, spectrum data display area, and an
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accompanying information display area are set. In the image
data display area, B mode image data is displayed or B mode
image data and color Doppler image data are combined and
displayed. In the spectrum data display area, trace waveform
data superimposed on Doppler spectrum image data is
displayed. In the accompanying information display area,
accompanying information such as data acquisition condi-
tions and display conditions for these data or object infor-
mation is displayed.

[0072] The input unit 8 is an interactive interface com-
prising input devices such as a display panel on an operation
panel, a trackball, a mouse, and selection buttons, is used to
input patient information, set image data acquisition condi-
tions, select an image display mode, set a frequency dis-
placement amount Af and threshold count K, and input
various kinds of command signals such as a threshold update
command signal. Note that images in the above image
display mode include a B mode image, color Doppler image,
and Doppler spectrum image. In addition, the image display
mode of Doppler spectrum images includes selection asso-
ciated with the trace waveform data of the maximum blood
flow velocity Vp.

[0073] The system control unit 10 comprises a CPU and
storage circuit (not shown). The input information, setting
information, and selection information input from the input
unit 8 are stored in the storage circuit. The CPU systemati-
cally controls the respective units of the ultrasonic Doppler
measuring apparatus 100 and the overall system on the basis
of the above information input from the input unit 8.

(Sequence for Generating and Displaying Trace Waveform
Data)

[0074] A sequence for generating and displaying trace
waveform data in this embodiment will be described next
with reference to the flowchart of FIG. 9.

[0075] A case will be described below, in which the
threshold range ATh is set with reference to the relative
noise level Nr of Doppler spectrum data with respect to the
spectrum shape model generated on the basis of a window
function for the generation of the Doppler spectrum data,
and K thresholds TL1 to TLK are set at equal intervals in the
threshold range ATh.

[0076] Prior to the transmission/reception of ultrasonic
waves with respect to an object to be examined, an operator
operates the input unit 8 to input patient information, set
image data generation conditions, select an image display
mode, and set a window function at the time of generation
of Doppler spectrum data and the frequency displacement
amount Af and threshold count K at the time of the genera-
tion of trace waveform data. The operator then stores these
pieces of input information, setting information, and selec-
tion information in the storage circuit of the system control
unit 10. In this embodiment, a display mode for a B mode
image and Doppler spectrum image is selected as an image
display mode, and a display mode for the trace waveform
data of the maximum blood flow velocity Vp is further
selected (step S1 in FIG. 9).

[0077] When these inputting/selecting/setting operations
are complete, the operator fixes the distal end (ultrasonic
wave transmission/reception surface) of the ultrasonic probe
3 at a predetermined position on the body surface of the
object. Ultrasonic wave transmission/reception is then per-
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formed in the first ultrasonic wave transmission/reception
direction (scanning direction 61) to obtain B mode data and
Doppler spectrum data. That is, the rate pulse generator 211
in the transmission/reception unit 2 in FIGS. 2A and 2B
frequency-divides the reference signal supplied from the
reference signal generating unit 1 to generate a rate pulse for
determining the repetition period Tr of ultrasonic pulses
applied into the object, and supplies the rate pulse to the
transmission delay circuit 212.

[0078] The transmission delay circuit 212 gives the rate
pulse a focusing delay time for the focusing of ultrasonic
waves to a predetermined depth and a deflection delay time
for the transmission of ultrasonic waves in the scanning
direction 61, and supplies the resultant rate pulse to the
driving circuit 213. The driving circuit 213 then supplies
driving signals generated by the rate pulse to the N ultra-
sonic transducers of the ultrasonic probe 3 through a cable
(not shown) to apply ultrasonic pulses in the scanning
direction 01 of the object.

[0079] The ultrasonic pulses applied to the object are
partially reflected by the boundary surfaces between organs
having different acoustic impedances or tissues in the
organs. When such ultrasonic waves are reflected by a
moving reflector such as the cardiac wall and blood cells, the
ultrasonic frequency is Doppler-shifted.

[0080] The reflected ultrasonic waves (reception ultra-
sonic waves) from tissue or blood cells in the object are
received by the ultrasonic transducers of the ultrasonic probe
3 to be converted into electrical signals (reception signals).
The reception signals are converted into digital signals by
the independent N-channel A/D converter 221 in the recep-
tion unit 22. The reception delay circuit 222 gives the
reception signals converted into the digital signals predeter-
mined delay times. The resultant signals are added/com-
bined by the adder 223. The resultant signal is then supplied
to the B mode data generating unit 41 of the data generating
unit 4.

[0081] At this time, in the reception delay circuit 222, a
delay time for the focusing of reflected ultrasonic waves
from a predetermined depth and a delay time for the acqui-
sition of strong reception directivity in the scanning direc-
tion 01 with respect to reflected ultrasonic waves are set in
accordance with control signals from the system control umt
10.

[0082] The output signal from the adder 223 which is
supplied to the B mode data generating unit 41 is subjected
to envelope detection and logarithmic conversion. The
resultant signal is then stored in the B mode image data
storage area in the data storage unit 6 in FIG. 2A.

[0083] The system control unit 10 performs ultrasonic
wave transmission/reception in scanning directions 82 to BP
according to the same sequence. The B mode data obtained
at this time are stored in the B mode image data storage area
in the data storage unit 6. That is, the B mode data corre-
sponding to the scanning directions 01 to OP are sequentially
stored in the B mode image data storage area in the data
storage unit 6 to generate B mode image data corresponding
to one frame.

[0084] The display data generating circuit of the display
unit 7 performs scan conversion of the 1-frame B mode
image data stored in the data storage unit 6 according to a
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predetermined display format. The conversion circuit per-
forms D/A conversion and TV format conversion of the
image data after the scan conversion, thereby displaying the
resultant image on the monitor. Subsequently, ultrasonic
wave transmission/reception is repeated in the directions 61
to OP in the same manner as described above, and the
resultant B mode image data are displayed on the display
unit 7 in real time.

[0085] The operator then uses an input device of the input
unit 8 to set a Doppler marker in a direction 8D with respect
to the B mode image data of the object displayed on the
monitor of the display unit 7. The range gate is moved to the
position of the distance Lg on this Doppler maker to set a
measurement region for the Doppler spectrum data (step S2
in FIG. 9).

[0086] At this time, B mode ultrasonic wave transmission/
reception at a repetition period 2Tr in the scanning directions
01 to 6P and ultrasonic wave transmission/reception for the
acquisition of Doppler spectrum data at the repetition period
2Tr in the scanning direction 6D are alternately performed,
and the reception signal output from the adder 223 is
supplied to the Doppler signal detecting unit 42.

[0087] The Doppler signal detecting unit 42 performs
quadrature phase detection of the supplied reception signal
by using the mixers 422-1 and 422-2 and the LPFs 423-1 and
423-2 to detect a 2-channel Doppler signal (complex signal),
and supplies the signal to the SH 441 of the spectrum data
generating unit 44. The SH 441 samples'holds Doppler
signals from a range gate position Lg supplied from the
system control unit 10 for a predetermined period of time
(e.g., 2Tr) on the basis of sampling pulses at the range gate
position Lg.

[0088] In addition, the Doppler signals at the range gate
position which are time-serially obtained from the SH 441
by ultrasonic wave transmission/reception performed in the
scanning direction 0D at the repetition period 2Tr are
smoothed by the LPF 442. For the smoothed signals, the
window function setting unit 443 sets a data length for the
generation of Doppler spectrum data and performs weight-
ing processing for the data. The resultant data are then stored
in the storage circuit (not shown) of the FFT analyzer 444.

[0089] The computing circuit (not shown) of the FFT
analyzer 444 generates Doppler spectrum data by perform-
ing FFT analysis of the Doppler signal of the predetermined
data length set by the window function setting unit 443. That
is, the computing circuit of the FFT analyzer 444 generates
Doppler spectrum data B1 corresponding to frequencies fi to
fm by performing FFT analysis using the Doppler signals
after weighing processing which are discretely supplied with
a data length m (see FIGS. 4A to 4C). The generated
Doppler spectrum data B1 are stored in the spectrum data
storage area of the data storage unit 6 and also stored in a
storage circuit (not shown) in the Doppler sensitivity mea-
suring unit 51 of the trace waveform generating unit 5.

[0090] In the same manner, the FFT analyzer 444 of the
spectrum data generating unit 44 time-serially generates
Doppler spectrum data B2, B3, B4, . . . with respect to
Doppler signals after weighting processing which are sup-
plied after AT, 2AT, 3AT, . . . . The Doppler spectrum data
are then stored in the spectrum data storage area of the data
storage unit 6 to generate Doppler spectrum image data, and
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the generated data are stored in the storage circuit of the
Doppler sensitivity measuring unit 51 (step S3 in FIG. 9).

[0091] The computing circuit of the Doppler sensitivity
measuring unit 51 reads out a plurality of Doppler spectrum
data stored in the storage circuit, measures the average
signal level Sa and average noise level Na, and measures the
Doppler sensitivity Ds on the basis of the obtained average
signal level Sa and average noise level Na (step S4 in FIG.
9).

[0092] The spectrum shape model generating unit 52 of
the trace waveform generating unit 5 receives window
function information for the generation of Doppler spectrum
data which is supplied from the system control unit 10, and
generates the spectrum shape model MD by Fourier-trans-
forming the window function (step S5 in FIG. 9).

[0093] The threshold setting unit 53 sets the threshold
range ATh on the basis of the Doppler sensitivity Ds
supplied from the Doppler sensitivity measuring unit 51, the
spectrum shape model MD supplied from the spectrum
shape model generating unit 52, and frequency displacement
amount Af supplied from the system control unit 10 (step S6
in FIG. 9), and also sets K thresholds TL1 to TLK at almost
equal intervals in the threshold range ATh on the basis of the
threshold count K supplied from the system control unit 10
(step S7 in FIG. 9).

[0094] When the thresholds TL1 to TLK are set, the trace
data generating unit 54 automatically selects, for example,
the threshold TL1 nearest to the average noise level from the
thresholds TL1 to TLK supplied from the threshold setting
unit 53 (step S8 in FIG. 9). The trace data generating unit
54 then detects the maximum frequency fp by setting the
threshold TL 1 for each of the Doppler spectrum data
time-serially supplied from the spectrum data generating
unit 44 of the data generating unit 4, and generates trace
waveform data representing a temporal change in the maxi-
mum blood flow velocity Vp corresponding to the maximum
frequency fp (step S9 in FIG. 9). The obtained trace
waveform data is supplied to the data storage unit 6 to be
stored in correspondence with the Doppler spectrum image
data which has already been stored.

[0095] The display unit 7 combines the Doppler spectrum
image data and trace waveform data temporarily stored in
the data storage unit 6 and converts the resultant data into
data in a predetermined display format. The display unit 7
also performs D/A conversion and TV format conversion
and displays the resultant image on the monitor (step S10 in
FIG. 9).

[0096] The operator observes the above trace waveform
data displayed on the monitor of the display umt 7 in real
time, together with the Doppler spectrum image data. If the
operator determines that the proper trace waveform data of
the maximum blood flow velocity Vp is not displayed due to
noise or the like, he/she operates the input unit 8 to input a
command signal for updating the threshold. Upon receiving
the above command signal through the system control unit
10, the trace data generating unit 54 updates the threshold
TL1 to, for example, the threshold TL.2, and sets the
threshold TL2 for each of the Doppler spectrum data newly
supplied from the spectrum data generating unit 44 of the
data generating unit 4, thereby generating trace waveform
data.
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[0097] The obtained trace waveform data and the Doppler
spectrum image data generated concurrently with the trace
waveform data are displayed on the monitor of the display
unit 7. The updating of the threshold and the generation and
display of trace waveform data based on the updated thresh-
old are repeated until desired trace waveform data is dis-
played (steps S8 to S10 in FIG. 9).

[0098] When desired trace waveform data is displayed, the
generation of trace waveform data is continued while a
threshold is fixed, and the obtained trace waveform data is
displayed on the display unit 7, together with the Doppler
spectrum image data (step S11 in FIG. 9). At this time, the
B mode image data generated concurrently with the above
Doppler spectrum image data and trace waveform data is
preferably displayed on the display unit 7. The simultaneous
display of the above data with the B mode image data makes
it easy to check a measurement region.

[0099] In setting a threshold in the above embodiment, for
example, a threshold nearest to the average noise level Na
(the threshold TL1 in the above case) is automatically set,
and the first trace waveform data is generated and displayed.
When this trace waveform data is to be updated, the thresh-
old TL1 is updated to the thresholds TL2, TL3, .. .ina
stepwise manner every time a threshold update command
signal is input from the input unit 8, and the trace waveform
data generated on the basis of the updated threshold is
displayed on the display unit 7, together with Doppler
spectrum image data, in real time.

[0100] Note, however, that the threshold to be automati-
cally setis not limited to the threshold nearest to the average
noise level Na. For example, the median threshold of K
thresholds set by the threshold setting unit 53 may be
automatically set first, and the operator may instruct to
increase/decrease the threshold upon observing the trace
waveform data generated on the basis of the threshold.

[0101] As described above, according to this embodiment,
when desired trace waveform data is to be generated on the
basis of the Doppler spectrum data obtained by ultrasonic
wave transmission/reception with respect to a measurement
region of an object to be examined, an optimal threshold for
the acquisition of desired trace waveform data can be
efficiently selected by setting a threshold range on the basis
of a spectrum shape model and Doppler sensitivity and
sequentially updating the threshold to a plurality thresholds
set at predetermined intervals in the threshold range. FIG.
11 is a correlation diagram on which expected values on the
frequency axis and measured values obtained by this appa-
ratus are plotted in the respective time phases. According to
this correlation diagram, when data exist on a straight line
with a slope of 45° (i.e., the ratio between the expected
values and the measured values is 1), ideal envelope tracing
is performed. As shown in FIG. 11, according to the results
obtained by this apparatus, the ratios between the expected
values and the measured values fall between 0.9 and 1.1.
Therefore, according to this ultrasonic Doppler measuring
apparatus, an optimal threshold for the acquisition of suit-
able trace waveform data can be efficiently selected.

[0102] In selecting an optimal threshold in the above
embodiment, since the interval between adjacent thresholds
is set to make the displacement amount of trace waveform
data, i.e., the frequency displacement amount, become
almost constant, a threshold for the generation of desired
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trace waveform data can be set accurately within a short
period of time regardless of the magnitude of Doppler
sensitivity.

[0103] Therefore, not only diagnosis accuracy and diag-
nosis efficiency can be improved but also the load on the
operator can be greatly reduced.

[0104] Although an embodiment of the present invention
has been described above, the present invention is not
limited to the above embodiment, and the embodiment can
be modified. For example, a spectrum shape model in the
above embodiment is generated on the basis of a window
function. However, such a model may be generated in
consideration of a measurement region for trace waveform
data, the age and disease name of the object, ultrasonic wave
transmission/reception conditions such as a range gate
width, and the like in addition to this window function.

[0105] If, for example, the range gate is narrow, Doppler
signals with a single frequency are detected. If the range gate
is wide, Doppler signals having frequency components in a
wide band are detected. The bandwidth in this case depends
on a turbulent/laminar blood flow. It is therefore preferable
that the spectrum shape model generating unit 52 of the trace
waveform generating unit 5 generate a spectrum shape
model on the basis of a window function first, and then
correct the spectrum shape model by a correction coefficient
set in advance on the basis of the above conditions.

[0106] FIGS. 10A to 10C each show a specific example of
a spectrum shape model corrected on the basis of a range
gate width and a turbulent/laminar flow. FIG. 10A shows a
spectrum shape model when a very narrow range gate is
used. FIG. 10B shows a spectrum shape model when a
turbulent flow is measured by using a relatively wide range
gate. FIG. 10C shows a spectrum shape model when a
laminar flow is measured by using a relatively wide range
gate.

[0107] In the above embodiment, a spectrum shape model
is generated on the basis of a window function having a
Hanning window shape. However, a window function hav-
ing another window shape, e.g., a rectangular window
shape, Hamming window shape, or Gaussian window shape,
may be used.

[0108] Although the case wherein a plurality of thresholds
are set at equal intervals within the threshold range ATh has
been described, threshold intervals may be uneven. For
example, the above threshold interval may be set such that
trace waveform data are displaced at almost equal intervals
in the frequency axis direction.

(Second Embodiment)

[0109] The second embodiment of the present invention
will be described next. In this embodiment, a threshold
range and a plurality of thresholds in the threshold range are
adaptively set with reference to a mistrace wave occurrence
rate.

[0110] FIG. 12 is a block diagram of an ultrasonic Dop-
pler measuring apparatus according to this embodiment.
This ultrasonic Doppler measuring apparatus further
includes a mistrace waveform occurrence rate calculating
unit 60 in addition to the arrangement shown in FIG. 2A.

[0111] A data storage unit 6 stores the image data gener-
ated by a B mode data generating unit 41, the spectrum data
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generated by a spectrum data generating unit 44, and the
expected value data of a trace waveform for each threshold
which is obtained by tracing.

[0112] As shown in FIG. 13, the mistrace waveform
occurrence rate calculating unit 60 evaluates a tracing error
on the basis of the image data, spectrum data, expected value
data stored in the data storage unit 6, and calculates a
mistrace waveform occurrence rate for each threshold set by
initialization or the like on the basis of the obtained tracing
error. Note that any kind of technique can be used for this
tracing error evaluation. Typically, the Taguchi method in
quality engineering can be used.

[0113] A system control unit 10 calculates expected value
data of a trace waveform for each threshold which is
obtained by tracing. The system control unit 10 determines,
on the basis of the calculated mistrace occurrence rate,
whether the currently set threshold is to be changed. Upon
determining that a threshold is to be set, the system control
unit 10 controls threshold setting in a threshold setting unit
53 such that the mistrace occurrence rate becomes a prede-
termined value or less (e.g., 5% or less). This control is
executed in accordance with, for example, a table stored in
the data storage unit 6 such that the threshold increases when
a mistrace waveform appears inside the expected value
waveform of an envelope waveform displayed as a spec-
trum, whereas the threshold decreases when a mistrace
waveform appears outside the expected value waveform.

[0114] The threshold setting unit 53 changes and sets a
threshold range and a plurality of thresholds in the threshold
range in accordance with an instruction from the system
control unit 10 so as to make the mistrace occurrence rate
become a predetermined value or less.

[0115] According to the above arrangement, when desired
trace waveform data is to be generated on the basis of
Doppler spectrum data obtained by ultrasonic wave trans-
mission/reception with respect to a measurement region of
an object to be examined, a threshold range is set with
reference to a mistrace waveform occurrence rate, and a
plurality of thresholds set at predetermined intervals within
the threshold range are sequentially updated, thereby effi-
ciently selecting an optimal threshold by which desired trace
waveform data can be obtained.

[0116] The present invention is not limited to the above
embodiments, and constituent elements can be modified and
embodied in the execution stage within the spirit and scope
of the invention.

[0117] Each of the above embodiments has exemplified
the arrangement for controlling a threshold for trace wave-
forms in accordance with a predetermined reference to
obtain an optimal trace waveform. However, the present
invention is not limited to this. For example, a trace wave-
form can be optimized by controlling a noise level by
adjusting a gain in ultrasonic scanning while fixing a thresh-
old, and controlling an S/N ratio by adjusting a dynamic
range. In addition, gain and dynamic range adjusting in
ultrasonic scanning may be combined with threshold control
for trace waveform described in each embodiment.

[0118] In addition, various inventions can be formed by
proper combinations of a plurality of constituent elements
disclosed in the above embodiments. For example, several
constituent elements may be omitted from all the constituent
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elements disclosed in the above embodiments. Furthermore,
constituent elements in the different embodiments may be
properly combined.

What is claimed is:
1. An ultrasonic Doppler measuring apparatus compris-
ing:

an ultrasonic probe having an ultrasonic transducer which
performs ultrasonic wave transmission/reception in a
predetermined direction of an object to be examined,

a transmission unit which transmits an ultrasonic wave by
driving the ultrasonic transducer;

a reception unit which receives a reception signal from the
object which is obtained by transmission/reception of
the ultrasonic wave;

a Doppler signal detecting unit which detects a Doppler
signal with respect to the reception signal; a spectrum
data generating unit which time-serially generates Dop-
pler spectrum data time-serially by repeating ultrasonic
wave transmission/reception in the predetermined
direction;

a threshold setting unit which sets a threshold range to a
predetermined parameter and sets a plurality of thresh-
olds in the threshold range, the predetermined param-
eter being used to set a condition to generate waveform
data from the Doppler spectrum data;

a trace data generating unit which generates as the trace
waveform data a temporal change in Doppler frequency
of the spectrum data which corresponds to a threshold
selected from said plurality of thresholds; and

a display unit which displays the trace waveform data,

wherein the threshold setting unit sets the threshold range
and the plurality of thresholds on the basis of the
Doppler spectrum data.

2. An apparatus according to claim 1, wherein the spec-
trum data generating unit generates the Doppler spectrum
data time-serially by setting a predetermined window func-
tion for the Doppler signals at a predetermined region which
are time-serially obtained by repeating ultrasonic wave
transmission/reception in the predetermined direction.

3. An apparatus according to claim 1, wherein the thresh-
old setting unit sets the threshold range in which trace
waveform data displaces by a predetermined amount in a
frequency axis direction, and sets the plurality of thresholds
in the threshold range.

4. An apparatus according to claim 1, wherein the thresh-
old setting unit sets an interval between thresholds in the
threshold range such that trace waveform data generated on
the basis of adjacent thresholds are arranged at substantially
equal intervals in the frequency axis direction.

5. An apparatus according to claim 1,

which further comprises n input unit which inputs an
instruction signal to select or update a predetermined
threshold from said plurality of thresholds set by the
threshold setting unit, and in which

the trace data generating unit generates trace waveform
data on the basis of the threshold selected or updated by
the input unit.
6. An apparatus according to claim 1, which further
comprises:
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a Doppler sensitivity measuring unit which measures a
Doppler sensitivity on the basis of said plurality of
generated Doppler spectrum data; and

a spectrum shape model generating unit which generates
a spectrum shape model on the basis of the window
function, and in which

the threshold setting unit sets a threshold range in which
trace waveform data displaces by a predetermined
amount in the frequency axis direction, on the basis of
at least one of the spectrum shape model and the
Doppler sensitivity.

7. An apparatus according to claim 6, wherein the Doppler
sensitivity measuring unit measures the Doppler sensitivity
on the basis of an average signal level and average noise
level obtained from a plurality of time-serially obtained
Doppler spectrum data.

8. An apparatus according to claim 6, wherein the Doppler
sensitivity measuring unit measures the average signal level
from an average value of maximum signal components of a
plurality of time-serially obtained Doppler spectrum data in
a time axis direction, and measures the average noise level
from an average value of noise components in the frequency
axis direction and time axis direction.

9. An apparatus according to claim 6, wherein the spec-
trum shape model generating unit generates the spectrum
shape model by Fourier-transforming the window function.

10. An apparatus according to claim 6, wherein the
spectrum shape model generating unit comprises a model
correcting unit which corrects the spectrum shape model on
the basis of at least one of a measuring region for trace
waveform data, an ultrasonic wave transmission/reception
condition, and object information.

11. An apparatus according to claim 6, wherein the
threshold setting unit sets a relative noise level for the
spectrum shape model on the basis of the Doppler sensitiv-
ity, and sets the threshold range with reference to the relative
noise level.

12. An apparatus according to claim 6, wherein the
spectrum data generating unit generates the Doppler spec-
trum data by Fourier-transforming a Doppler signal in a
predetermined interval which has undergone weighting pro-
cessing with the window function.

13. An apparatus according to claim 12, wherein the
spectrum data generating unit performs weighting process-
ing on the basis of one of a rectangular window shape, a
Hanning window shape, a Hamming window shape, and a
Gaussian window shape.

14. An ultrasonic Doppler measuring apparatus compris-
ing:

an ultrasonic probe having an ultrasonic transducer which

performs ultrasonic wave transmission/reception in a
predetermined direction of an object to be examined,

a transmission unit which transmits an ultrasonic wave by
driving the ultrasonic transducer;

areception unit which receives a reception signal from the
object which is obtained by transmission/reception of
the ultrasonic wave;

a Doppler signal detecting unit which detects a Doppler
signal with respect to the reception signal,

a spectrum data generating unit which time-serially gen-
erates Doppler spectrum data by setting a predeter-
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mined window function for the Doppler signals at a
predetermined region which are time-serially obtained
by repeating ultrasonic wave transmission/reception in
the predetermined direction;

a Doppler sensitivity measuring unit which measures a
Doppler sensitivity on the basis of said plurality of
Doppler spectrum data generated by the spectrum data
generating unit;

a spectrum shape model generating unit which generates
a spectrum shape model on the basis of the window
function;

a threshold setting unit which sets a threshold range in
which trace waveform data displaces by a predeter-
mined amount in a frequency axis direction and sets a
plurality of thresholds in the threshold range on the
basis of the spectrum shape model and the Doppler
sensitivity;

a trace data generating unit which generates as the trace
waveform data a temporal change in Doppler frequency
of the Doppler spectrum data which corresponds to a
threshold selected from said plurality of thresholds; and

a display unit which displays the trace waveform data.
15. An ultrasonic Doppler measuring apparatus control
method comprising:

transmitting an ultrasonic wave by driving an ultrasonic
transducer which performs ultrasonic wave transmis-
sion/reception in a predetermined direction of an object
to be examined;

receiving a reception signal from the object which is
obtained by transmission/reception of the ultrasonic
wave,

detecting a Doppler signal from the reception signal,

time-serially generating Doppler spectrum data by repeat-
ing ultrasonic wave transmission/reception in the pre-
determined direction;

setting a threshold range to a predetermined parameter
and sets a plurality of thresholds in the threshold range,
the predetermined parameter being used to set a con-
dition to generate waveform data from the Doppler
spectrum data;

generating as the trace waveform data a temporal change
in Doppler frequency of the spectrum data which
corresponds to a threshold selected from said plurality
of thresholds; and

displaying the trace waveform data, and

wherein the threshold setting unit sets the threshold range
and the plurality of thresholds on the basis of the
Doppler spectrum data.

16. A method according to claim 15, wherein in the
spectrum data generating, the Doppler spectrum data is
generated time-serially by setting a predetermined window
fanction for the Doppler signals at a predetermined region
which are time-serially obtained by repeating ultrasonic
wave transmission/reception in the predetermined direction.

17. A method according to claim 15, wherein the thresh-
old setting unit sets the threshold range in which trace
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waveform data displaces by a predetermined amount in a
frequency axis direction, and sets the plurality of thresholds
in the threshold range.

18. A method according to claim 15, wherein the thresh-
old setting unit sets an interval between thresholds in the
threshold range such that trace waveform data generated on
the basis of adjacent thresholds are arranged at substantially
equal intervals in the frequency axis direction.

19. A method according to claim 15, which further
comprises:

which further comprises n input unit which inputs an
instruction signal to select or update a predetermined
threshold from said plurality of thresholds set by the
threshold setting unit, and in which

the trace data generating unit generates trace waveform
data on the basis of the threshold selected or updated by
the input unit.
20. A method according to claim 15, which further
comprises:

measuring a Doppler sensitivity on the basis of said
plurality of generated Doppler spectrum data; and

generating a spectrum shape model on the basis of the
window function, and in which

in the threshold setting, a threshold range in which trace
waveform data displaces by a predetermined amount in
the frequency axis direction is set on the basis of at least
one of the spectrum shape model and the Doppler
sensitivity.

21. A method according to claim 20, wherein in measur-
ing the Doppler sensitivity, the Doppler sensitivity is mea-
sured on the basis of an average signal level and average
noise level obtained from a plurality of time-serially
obtained Doppler spectrum data.

22. A method according to claim 20, wherein in measut-
ing the Doppler sensitivity, the average signal level is
measured from an average value of maximum signal com-
ponents of a plurality of time-serially obtained Doppler
spectrum data in a time axis direction, and the average noise
level is measured from an average value of noise compo-
nents in the frequency axis direction and time axis direction.

23. A method according to claim 20, wherein in generat-
ing the spectrum shape model, the spectrum shape model is
generated by Fourier-transforming the window function.

24. A method according to claim 20, wherein in generat-
ing the spectrum shape model, the spectrum shape model is
corrected on the basis of at least one of a measuring region
for trace waveform data, an ultrasonic wave transmission/
reception condition, and object information.
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25. Amethod according to claim 20, wherein in setting the
threshold, a relative noise level for the spectrum shape
model is set on the basis of the Doppler sensitivity, and the
threshold range is set with reference to the relative noise
level.

26. A method according to claim 20, wherein in generat-
ing the spectrum data, the Doppler spectrum data is gener-
ated by Fourier-transforming a Doppler signal in a prede-
termined interval which has undergone weighting
processing with the window function.

27. A method according to claim 26, wherein weighting
processing is performed on the basis of one of a rectangular
window shape, a Hanning window shape, a Hamming
window shape, and a Gaussian window shape.

28. An ultrasonic Doppler measuring apparatus control
method comprising:

transmitting an ultrasonic wave by driving an ultrasonic
transducer which performs ultrasonic wave transmis-
sion/reception in a predetermined direction of an object
to be examined;

receiving a reception signal from the object which is
obtained by transmission/reception of the ultrasonic
wave,

detecting a Doppler signal from the reception signal;

time-serially generating Doppler spectrum data by setting
a predetermined window function for the Doppler
signals at a predetermined region which are time-
serially obtained by repeating ultrasonic wave trans-
mission/reception in the predetermined direction;

measuring a Doppler sensitivity on the basis of said
plurality of generated Doppler spectrum data;

generating a spectrum shape model on the basis of the
window function;

setting a threshold range in which trace waveform data
displaces by a predetermined amount in a frequency
axis direction and setting a plurality of thresholds in the
threshold range on the basis of the spectrum shape
model and the Doppler sensitivity;

generating a temporal change in Doppler frequency of the
spectrum data which corresponds to a threshold
selected from said plurality of thresholds as the trace
waveform data; and

displaying the trace waveform data.
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