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(57) ABSTRACT

In an ultrasound diagnostic apparatus, a vascular wall tracker
tracks pulsation-originated vascular wall movement based on
reception signals obtained through transmission and recep-
tion of ultrasonic beams by an ultrasound probe to and from a
subject, and a pulsating timing determiner determines pulsat-
ing timing by detecting pulsation-originated periodic
changes in the vascular wall movement tracked by the vascu-
lar wall tracker in each of sound rays, obtaining a detection
time point as a pulsating timing candidate in each of the sound
rays, and statistically analyzing pulsating timing candidates
in the respective sound rays within a single pulse duration.
The ultrasound diagnostic apparatus can accurately measure
the state of a blood vessel merely using information obtained
through ultrasound examination without electrocardio-
graphic waveforms.
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ULTRASOUND DIAGNOSIS DEVICE AND
ULTRASOUND IMAGE GENERATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2012/077441 filed on Oct. 24,
2012, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-033828 filed on Feb. 20, 2012.
The above application(s) is hereby expressly incorporated by
reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus and a method for producing an ultrasound
image, and particularly to an ultrasound diagnostic apparatus
and a method for producing an ultrasound image of a vascular
wall.

[0003] Conventionally, ultrasound diagnostic apparatuses
using ultrasound images have been employed in the medical
field. In general, this type of ultrasound diagnostic apparatus
comprises an ultrasound probe having a built-in transducer
array and an apparatus body connected to the ultrasound
probe. The ultrasound probe transmits ultrasonic waves
toward a subject, receives ultrasonic echoes from the subject,
and the apparatus body electrically processes the reception
signals to produce an ultrasound image.

[0004] Inaddition, such an ultrasound diagnostic apparatus
may acquire various kinds of information indicative of the
condition of a disease based on reception signals obtained by
receiving ultrasonic echoes from the subject. For example,
ultrasonic waves are transmitted to and received from a blood
vessel, and the resulting reception signals are used to acquire
information such as elastic characteristics of a vascular wall,
athickness of the vascular wall and a thickness of the vascular
diameter in circulatory diseases including arteriosclerosis
and cerebral infarction. Values included in such information
vary with the progression of arteriosclerosis, so that the con-
dition of a circulatory disease can be estimated by observing
the values.

[0005] However, since the thickness of a vascular wall is
small and also is affected by pulsation due to cardiac beats,
the information on the blood vessels as described above con-
tains a significant amount of noise components. Accordingly,
there is a demand for an ultrasound diagnostic apparatus
capable of measuring the state of a blood vessel while sup-
pressing the noise components.

[0006] As a technology for accurately measuring the state
of a blood vessel, an ultrasound diagnostic apparatus that
tracks a position of a vascular wall based on a reception signal
to identify positions of a front wall and a rear wall of a blood
vessel, based on which a change-waveform of a blood vessel
is generated, thereby measuring changes in the vascular
diameter over time has been proposed, as disclosed by IP
2004-290408 A.

[0007] The ultrasound diagnostic apparatus presented by
JP 2004-290408 A can accurately measure the state of a blood
vessel by identifying pulsating timing using electrocardio-
graphic waveforms and, based on the pulsating timing,
removing noise components associated with cardiac beats
from a change-waveform of a blood vessel. However, there
was a problem that, due to the necessity of obtaining electro-
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cardiographic waveforms in addition to ultrasound informa-
tion, the apparatus would increase in size to thus impair its
mobility, resulting in poor applicability for diagnosis in vari-
ous places.

SUMMARY OF THE INVENTION

[0008] The present invention has been made to solve the
above-described problem of the prior art and has an object to
provide an ultrasound diagnostic apparatus and a method for
producing an ultrasound image that can accurately measure
the state of a blood vessel merely using information obtained
through ultrasound examination without electrocardio-
graphic waveforms.

[0009] The ultrasound diagnostic apparatus for transmit-
ting and receiving ultrasonic beams by an ultrasound probe to
and from a subject and producing an ultrasound image based
on reception signals outputted from the ultrasound probe
according to the present invention comprises: a vascular wall
tracker configured to track pulsation-originated vascular wall
movement based on the reception signals obtained through
transmission and reception of ultrasonic beams between a
blood vessel of the subject and the ultrasound probe; and a
pulsating timing determiner configured to determine pulsat-
ing timing by detecting pulsation-originated periodic
changes in the vascular wall movement tracked by the vascu-
lar wall tracker in each of sound rays, obtaining a detection
time point as a pulsating timing candidate in each of the sound
rays, and statistically analyzing pulsating timing candidates
in the respective sound rays within a single pulse duration.
[0010] Preferably, the pulsating timing determiner obtains
at least one of a velocity waveform of diameter-change of a
vascular wall and a diameter-change waveform of the vascu-
lar wall based on the vascular wall movement tracked by the
vascular wall tracker and detects a maximum value or a mini-
mum value periodically appearing in the obtained at least one
waveform for every sound ray to thereby detect periodic
changes of the vascular wall.

[0011] The pulsating timing determiner can calculate an
average value or a median of pulsating timing candidates in
the respective sound rays within a single pulse duration to
thereby determine the pulsating timing. The pulsating timing
determiner can calculate the average value or the median
during a period of 0.05 second including the detection time
point to thereby obtain the pulsating timing candidate.

[0012] The pulsating timing determiner can obtain a degree
as a number of, among all of the sound rays, sound rays in
which periodic vascular wall movement is detected in every
pulse duration, and exclude a pulse duration in which the
degree as the number of sound rays does not exceed a prede-
termined value from determination of the pulsating timing.
The pulsating timing determiner can obtain the degree as the
number of sound rays with which periodic vascular wall
movement is detected in a period 0f0.05 second including the
detection time point and exclude a pulse duration in which the
degree as the number of sound rays does not exceed a prede-
termined value from determination of the pulsating timing.

[0013] The pulsating timing determiner can obtain a veloc-
ity waveform of diameter-change of a vascular wall based on
the vascular wall movement tracked by the vascular wall
tracker and exclude a pulse duration in which a maximum
value periodically appearing in the obtained waveform does
not exceed a predetermined value from determination of the
pulsating timing.
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[0014] Ttis preferable that the ultrasound diagnostic appa-
ratus further comprises a vascular wall elastic characteristics
calculator configured to calculate elastic characteristics of a
vascular wall based on the pulsating timing determined by the
pulsating timing determiner. It is also preferable that the
ultrasound diagnostic apparatus further comprises a thickness
calculator configured to calculate at least one of'a thickness of
a vascular wall and a thickness of a vascular diameter based
on the pulsating timing determined by the pulsating timing
determiner.

[0015] The method for producing an ultrasound image by
transmitting and receiving ultrasonic beams by an ultrasound
probe to and from a subject and producing an ultrasound
image based on reception signals outputted from the ultra-
sound probe according to the present invention comprises:
tracking pulsation-originated vascular wall movement based
on the reception signals obtained through transmission and
reception of the ultrasonic beams between a blood vessel of
the subject and the ultrasound probe; and determining pulsat-
ing timing by detecting pulsation-originated periodic
changes in the tracked vascular wall movement in each of
sound rays, obtaining a detection time point as a pulsating
timing candidate in each of the sound rays, and statistically
analyzing pulsating timing candidates in the respective sound
rays within a single pulse duration.

[0016] According to the present invention, a periodic
change of a vascular wall is detected in every sound ray to
obtain a detection time point as a pulsating timing candidate
for each of the sound rays, and the pulsating timing candi-
dates of the respective sound rays are statistically analyzed
within a single pulse duration, thereby determining pulsating
timing. Accordingly, the state of a blood vessel can be accu-
rately measured by not using electrocardiographic wave-
forms but merely using information obtained through ultra-
sound examination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1isablockdiagram showing a configuration of
an ultrasound diagnostic apparatus according to an embodi-
ment of the present invention.

[0018] FIG.2isadiagram showing sound rays produced by
transmission and reception of ultrasonic beams to and from a
vascular wall.

[0019] FIG. 3 is a diagram showing a velocity waveform of
diameter changes and a diameter-change waveform obtained
for each of sound rays.

[0020] FIG. 4 is a graph showing degrees as numbers of
sound rays in which periodic changes of a vascular wall have
been detected.

[0021] FIG.5isablockdiagram showinga configuration of
an ultrasound diagnostic apparatus according to a modifica-
tion example.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The embodiment of the present invention will be
described below based on the appended drawings.

[0023] FIG. 1 shows a configuration of an ultrasound diag-
nostic apparatus according to the embodiment. The ultra-
sound diagnostic apparatus comprises an ultrasound probe 1
for transmission and reception of ultrasonic waves and a
diagnostic apparatus body 2 connected to the ultrasound
probe 1. The diagnostic apparatus body 2 produces image
data representing an ultrasound image based on reception
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signals acquired through transmission and reception of ultra-
sonic waves by the ultrasound probe 1 and also determines
pulsating timing based on pulsation-originated vascular wall
movement to calculate elastic characteristics of a vascular
wall.

[0024] The ultrasound probe 1 is a probe of, for example,
convex type, linear scan type, or sector scan type, which is
brought into contact with a body surface of a subject when
used. The ultrasound probe 1 comprises a plurality of ultra-
sound transducers arranged one-dimensionally or two-di-
mensionally. The ultrasound transducers transmit ultrasonic
waves toward a subject based on applied actuation signals and
receives ultrasonic echoes bounced off the subject to output
reception signals.

[0025] Each of the ultrasound transducers is composed of a
vibrator including a piezoelectric body made of, for example,
apiezoelectric ceramic typified by Pb (lead) zirconate titanate
(PZT) or a piezoelectric polymer typified by polyvinylidene
difluoride (PVDF) and electrodes provided on both ends of
the piezoelectric body. Application of a pulsed or continuous-
wave voltage to electrodes of the vibrators causes the piezo-
electric bodies to expand and contract. The expansion and
contraction cause the vibrators to produce pulsed or continu-
ous-wave ultrasonic waves, which are combined to form an
ultrasonic beam. Upon reception of propagating ultrasonic
waves, the vibrators expand and contract to produce electric
signals. The electric signals are outputted as reception signals
of ultrasonic waves.

[0026] The diagnostic apparatus body 2 comprises a trans-
mitter/receiver 3 connected to the ultrasound probe 1. The
transmitter/receiver 3 is connected to an image producer 4,
which in turn is connected through a display controller 5 to a
monitor 6. The transmitter/receiver 3 is also connected to a
vascular wall tracker 7, a pulsating timing determiner 8, and
a vascular wall elastic characteristics calculator 9 in order.
The vascular wall elastic characteristics calculator 9 is con-
nected to the display controller 5.

[0027] The transmitter/receiver 3 incorporates a transmis-
sion circuit and a reception circuit. The transmission circuit
comprises a plurality of channels and produces a plurality of
actuation signals applied to the respective ultrasound trans-
ducers of the ultrasound probe 1. Inthat process, the actuation
signals can be given respective delays based on a predeter-
mined transmission delay pattern. The transmission circuit
adjusts delay amounts of the actuation signals so as to allow
ultrasonic waves transmitted from the ultrasound transducers
to form an ultrasonic beam and supplies the adjusted actua-
tion signals to the ultrasound probe 1.

[0028] The reception circuit of the transmitter/receiver 3
comprises a plurality of channels to receive and amplify a
plurality of analog reception signals outputted from the
respective ultrasound transducers and converts the signals
into digital reception signals. The reception circuit also pro-
vides each of the reception signals with a delay corresponding
to a focus position based on a predetermined reception delay
pattern, and adds up the reception signals for each focus
position to perform reception focusing processing. By this
reception focusing processing, a plurality of sound ray signals
(sound ray data) in which the focal points of the ultrasonic
echoes are made to converge are generated.

[0029] Next, the sound ray data undergo envelope detection
processing by means of, for example, low-pass filter process-
ing, followed by attenuation correction according to the dis-
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tance depending on a depth of the ultrasonic wave reflection
position using STC (Sensitivity Time gain Control).

[0030] The sound ray data thus processed are sequentially
stored in a data memory having a sufficient memory capacity
for accumulating sound ray data for a plurality of frames.
Having an image data producing function, the reception cir-
cuit is inputted with sound ray data directly supplied in a live
mode and sound ray data supplied from the data memory in a
freeze mode, and performs pre-processing such as Log (loga-
rithmic) compression and gain adjustment on the sound ray
data to produce image data, which are outputted to the image
producer 4.

[0031] Theimage producer 4 converts the image data of an
ultrasound image supplied from the reception circuit of the
transmitter/receiver 3 into image data compatible with the
ordinary television signal scanning method through raster
conversion and performs necessary image processing such as
gradation processing before supplying the data to the display
controller 5.

[0032] The display controller 5 causes the monitor 6 to
display an ultrasound diagnostic image based on the image
data supplied from the image producer 4. The monitor 6
includes a display device such as an LCD, for example, and
displays an ultrasound diagnostic image under the control of
the display controller 5.

[0033] The vascular wall tracker 7 is capable of tracking
vascular wall movement based on the sound ray data supplied
from the reception circuit of the transmitter/receiver 3. The
phase difference tracking technique described in JP 3652791
B, for example, can be adopted for the tracking process, in
which amplitude information and phase information of the
sound ray data inputted from the transmitter/receiver 3 are
calculated, and by using the calculated information, pulsa-
tion-originated vascular wall movement is accurately
tracked. Information on the vascular wall movement obtained
through the tracking process is outputted to a pulsating timing
determiner 8.

[0034] The pulsating timing determiner 8 detects pulsa-
tion-originated periodic changes of a vascular wall for every
sound ray based on the information on the vascular wall
movement supplied from the vascular wall tracker 7 and also
finds a detection time point as a pulsating timing candidate in
each of the sound rays. Thereafter, the pulsating timing detet-
miner 8 statistically analyzes the pulsating timing candidates
of the respective sound rays within a single pulse duration to
thereby determine the pulsating timing.

[0035] A vascular wall elastic characteristics calculator 9
calculates the elastic characteristics of a vascular wall based
on the vascular wall movement tracked by the vascular wall
tracker 7 and on the pulsating timing determined by the pul-
sating timing determiner 8 and causes the monitor 6 to display
the calculated elastic characteristics of the vascular wall
through the display controller 5.

[0036] Next, the operation of this embodiment will be
described.
[0037] First, as illustrated in FIG. 2, upon being placed in

contact with a body surface of a subject S, the ultrasound
probe 1 transmits ultrasonic beams toward a blood vessel in
the subject S in response to actuation signals from the trans-
mission circuit of the transmitter/receiver 3 of the diagnostic
apparatus body 2. FIG. 2 illustrates the ultrasound probe 1 as
being placed on the body surface of the subject S such that
ultrasonic beams enter in the direction perpendicular to the
longitudinal direction of a vascular wall V. The ultrasonic
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beams that have entered into the vascular wall V are bounced
off various parts such as a front wall Vfand a rear wall Vr of
the vascular wall V, and the resulting ultrasonic echoes are
received by the respective ultrasound transducers of the ultra-
sound probe 1. At this time, the vascular wall V periodically
moves so as to repeat expansion and contraction in response
to pulsation, and the ultrasonic beams are continuously trans-
mitted and received during at least one cycle of periodic
change of the vascular wall V.

[0038] Upon receiving the ultrasonic echo, each of the
ultrasound transducers outputs a reception signal according
to the intensity of the received ultrasonic echo to the reception
circuit of the transmitter/receiver 3. Based on the outputted
reception signal, sound ray digital data are produced by the
reception circuit for each frame, and in addition, based on the
intensity (magnitude of amplitude) of the sound ray signals,
image data are produced for each frame. In an example,
B-mode tomographic image data can be produced by display-
ing intensities of sound ray signals as luminance, and
M-mode image data can be further produced by displaying
changes in the B-mode tomographic image over time. The
image data of the vascular wall V thus produced are outputted
from the transmitter/receiver 3 to the image producer 4. In the
meantine, the sound ray data of each frame are outputted
from the transmitter/receiver 3 to the vascular wall tracker 7.
[0039] Theimage data inputted to the image producer 4 are
subjected to necessary image processing such as gradation
processing and are then outputted to the display controller 5,
so that an ultrasound image such as a B-mode tomographic
image or an M-mode image is displayed on the monitor 6.
[0040] Thevascular wall tracker 7, on the other hand, tracks
pulsation-originated movement of the vascular wall V by
detecting the position of the vascular wall V in each frame
based on amplitude information and phase information of the
sound ray data inputted from the transmitter/receiver 3. More
specifically, upon comparing sound ray data among frames,
those data having changes not in amplitudes (intensities) but
only in phases (positions in the respective frames) are
regarded as representing changes in movement of a single
object, whereby movement of the vascular wall V is tracked.
[0041] The tracked movement of the vascular wall V is
outputted from the vascular wall tracker 7 to the pulsating
timing determiner 8, and based on the movement of the vas-
cular wall V, the pulsating timing determiner 8 determines the
periodic pulsating timing associated with pulsation. In this
process, pulsation-originated periodic movement of the vas-
cular wall V is detected in, for example, each 032 sound rays
L1 to L32, to thereby obtain the pulsating timing.

[0042] Specifically, in order to detect periodic movement of
a particular site of the vascular wall V, e.g., an outside diam-
eter of the vascular wall V, positional (phase) differences
between a front wall V11 and a rear wall Vrl, between a front
wall V{2 and a rear wall Vr2, . . . and between a front wall
V132 and a rear wall Vr 32 respectively positioned on the
sound rays L1 to L.32 are taken, and the outside diameter of
the vascular wall V is calculated for each of the sound rays 1.1
to L32 in each frame, thereby obtaining a velocity waveform
of diameter-change and a diameter-change waveform of the
vascular wall V. FIG. 3 illustrates an example of velocity
waveforms of diameter-change and a diameter-change wave-
forms obtained in the respective sound rays L1 to L32. FIG. 3
reveals that the velocity waveform of diameter-change and
the diameter-change waveform also have similar periodic
changes to the periodic movement of the vascular wall V
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appearing in the M-mode image. Accordingly, pulsation-
originated periodic change of the vascular wall V can be
detected by, for example, detecting the minimum value which
periodically appears in the diameter-change waveform, that
is, detecting time points T1 to TS at which the vascular diam-
eter periodically becomes smallest in each of the sound rays
L1 to L.32. Thereafter, the detection time points T1 to TS are
obtained respectively as pulsating timing candidates of the
first to fifths pulses in each of the sound rays L1 to L32. The
periodic change of the vascular wall V is not particularly
limited to that found through detection of the minimum value
in the diameter-change waveform but may be anything rep-
resenting periodic change of the vascular wall V such as the
maximum value periodically appearing in the velocity wave-
form of diameter-change.

[0043] Table 1 shows the detection time points (pulsating
timing candidates) at which the minimum value in the diam-
eter-change waveform indicative of the first to fifth pulses is
detected in each of the sound rays L1 to L32. The pulsating
timing candidates are each expressed as an elapsed time since
the start of detection and are arranged by pulse durations in
order of the sound rays L1 to L32 in the table. Pulsating
timing candidates detected in the respective sound rays L1 to
L32 in the same pulse duration were supposed to be the same
time point. However, in the first pulse, the pulsating timing
candidate in the sound ray [.4 was detected at 0.15 second,
while the pulsating timing candidate in the sound ray L5 was
detected at 0.20 second, for example. This is because noises
associated with cardiac beats varied the time points of the
pulsating timing candidates detected in the respective sound
rays L1 to L32. Meanwhile, the symbol “-” shown in the cells
of, forexample, the first and second pulses of the sound ray [.2
teaches that no pulsating timing candidate was detected
because of noise influence.

TABLE 1
Table 1
in seconds
sound ray Istpulse 2ndpulse 3rdpulse 4thpulse 5thpulse
L1 — — 1.625 — —
L2 — — 1.625 2,385 3.17
L3 0.15 — 1.625 2.375 3.165
L4 0.15 — 1.625 2.375 3.165
L5 0.2 0.9 1.625 2,375 —
128 0.21 0.905 1.625 2,385 3.165
129 — 0.905 1.625 2.385 3.165
L30 — 0.905 1.625 2,385 3.165
L31 0.2 0.905 1.625 2,385 3.165
132 0.2 0.905 1.625 2.38 3.165
average 0.19 0.904 1.625 2.383 3.165
value
median 0.2 0.905 1.625 2.385 3.165
degree as 27 20 30 29 29
number of
sound rays
[0044] Therefore, in order to prevent variation in the pul-

sating timing candidates from affecting determination of the
pulsating timing, the pulsating timing candidates in the
respective sound rays L1 to L32 are statistically processed
within the same pulse duration to determine the pulsating
timing.
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[0045] As an example, as shown in Table 1, the pulsating
timing determiner 8 calculates the average value or median of
the pulsating timing candidates in the respective sound rays
L1 to L32 in the same pulse duration, and accordingly one
pulsating timing can be determined for each pulse. Since
occurrence of the above-described variation in the pulsating
timing candidates becomes higher in the sound rays closer to
both ends (sound rays L1 and L.32) among the sound rays L1
to L32, the average value is preferably calculated using the
pulsating timing candidates detected in sound rays in the
central portion among the sound rays L1 to .32, excluding
several sound rays near the both ends. The maximum value
which periodically appears in the velocity waveform of diam-
eter-change illustrated in FIG. 3 is compared to one another
among all of the sound rays L1 to L32, and the pulsating
timing candidate in the sound ray where the maximum value
is equal to or lower than a predetermined value is judged as
containing a large amount of noise component, i.e., less reli-
able as a pulsating timing candidate, thereby being excluded
from determination of the pulsating timing.

[0046] The pulsating timing determiner 8 can also statisti-
cally evaluate reliability of each of the pulsating timings
whichhave been determined for multiple pulse durations, and
exclude a pulse duration whose reliability is low from deter-
mination of pulsating timing. For instance, reliability can be
evaluated based on variations in the pulsating timing candi-
dates among the respective pulse durations. FIG. 4 illustrates
ahistogram showing degrees as numbers of the sound rays L1
to L32 shown in Table 1 at the detection time points. Looking
at the degree of the first pulse as an example, Table 1 shows
that the pulsating timing candidates were detected in 27
sound rays out of the sound rays L1 to L32 (the pulsating
timing candidates were not detected in the other sound rays,
for which the symbol “-”” is shown), while FIG. 4 shows that
among the 27 sound rays in which the pulsating timing can-
didates were detected, the pulsating timing candidates were
detected at the same time point of 0.2 S in 16 sound rays. FIG.
4 illustrates the degrees as numbers of sound rays which
showed the same detection time point among the sound rays
L1 to L32 at each of the detection time points. In FIG. 4, the
pulse duration in which the degree as the number of, among
the sound rays L1 to .32, sound rays having the same detec-
tion time point is equal to or lower than the predetermined
value, e.g., the pulse duration in which the degree as the
number of, among the sound rays L1 to 132, sound rays
having the same detection time point is 50% or lower or 80%
or lower can be judged as less reliable due to a large variation
in the pulsating timings, that is, as the pulse duration contain-
ing a large amount of noise component, and thus can be
excluded from determination of the pulsating timing. In addi-
tion, the maximum values in the velocity waveform of diam-
eter-change obtained in the respective sound rays L1 to L.32
are averaged in each of the pulse durations, and the obtained
average values are compared among the multiple pulse dura-
tions, whereby the pulse duration having the average value
equal to or lower than the predetermined value can be judged
as less reliable and can be excluded from determination of the
pulsating timing.

[0047] In this manner, the pulsating timing can be accu-
rately obtained by statistically processing the pulsating tim-
ing candidates and determining the pulsating timing. Further,
the pulsating timing can be obtained even with the higher
accuracy by subjecting the determined pulsating timing to
statistical processing and evaluating reliability thereof.
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[0048] The determined pulsating timing is outputted from
the pulsating timing determiner 8 to the vascular wall elastic
characteristics calculator 9, where the elastic characteristics
of the vascular wall is calculated based on the pulsating
timing. For example, based on the pulsating timing, an end
stage of a diastole in which the vascular wall V becomes
thickest within one cardiac beat and a systole in which the
vascular wall V becomes thinnest within one cardiac beat are
obtained, and in addition, a thickness (h,,) of the vascular wall
V at an end stage of a diastole and the maximum value (Ah,)
of thickness variation of the vascular wall V during a systole
are both obtained, whereby a strain amount €, in the direction
of the vascular wall diameter is calculated as the elastic char-
acteristics of the vascular wall V in accordance with the
following formula (1).

&b/ M

[0049] The calculated elastic characteristics of the vascular
wall V is outputted from the vascular wall elastic character-
istics calculator 9 and displayed on the monitor 6 via the
display controller 5.

[0050] According to this embodiment, following removal
of noises associated with cardiac beats, the pulsating timing is
precisely determined. Hence, the elastic characteristics of the
vascular wall V can be accurately calculated by not using
electrocardiographic waveforms but using only information
obtained through ultrasound examination.

[0051] Intheabove-described embodiment, asingle pulsat-
ing timing candidate is obtained in each of the sound rays 1.1
to L32 based on one detection time point at which the mini-
mum value in the diameter-change waveform was detected in
every pulse duration. However, a certain period of time
including the detection time point at which the minimum
value was detected can be statistically processed to thereby
obtaina single pulsating timing candidate in each of the sound
rays L1 to L32. As an example, a range of 0.05 S in which
variation in the diameter-change waveform due to noises
stabilizes is grouped to be a certain period of time. The pul-
sating timing determiner 8 calculates, in each of the sound
rays L1 to 132 in every pulse duration, an average value or
median of detection time points of sound rays whose detec-
tion time points at which the minimum value in the diameter-
change waveform is detected are included in the certain
period of time 0f 0.05 S, to thereby statistically obtain a single
pulsating timing candidate in each of the sound rays L1 to
L32. The respective pulsating timing candidates thus
obtained are then statistically processed, whereby a single
pulsating timing can be determined. The pulsating timing
determiner 8 can also obtain, in each of the sound rays L1 to
L32 in every pulse duration, a degree as the number of sound
rays whose detection time points at which the minimum value
in the diameter-change waveform is detected are included in
the certain period of time 0of 0.05 S, to thereby judge a pulse
duration having the degree equal to or lower than the prede-
termined value as less reliable and exclude the pulse duration
from determination of pulsating timing.

[0052] As illustrated in FIG. 5, a thickness calculator 10
can be additionally provided between the vascular wall elastic
characteristics calculator 9 and the display controller 5. The
thickness calculator 10 can precisely calculate a thickness of
the vascular wall V and a diameter size of the vascular wall V
based on the pulsating timing determined by the pulsating
timing determiner 8. The thickness of the vascular wall V and
the diameter size of the vascular wall V vary depending on
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progression of arteriosclerosis. By obtaining these values
precisely without using electrocardiographic waveforms, the
condition of a circulatory disease can be accurately estimated
by using only information obtained through ultrasound
examination.

[0053] In the embodiment described above, movement of
the vascular wall V is tracked by the vascular wall tracker 7
based on the sound ray data supplied from the transmitter/
receiver 3, but this is not the sole case, and the data supplied
to the vascular wall tracker 7 only require to contain the
information used to track movement of the vascular wall V.
For example, the transmitter/receiver 3 can supply the vascu-
lar wall tracker 7 with image data, and the vascular wall
tracker 7 can track movement of the vascular wall V based on
luminance information or the like contained in the image data
supplied by the transmitter/receiver 3.

[0054] Moreover, in the embodiment described above,
periodic movement of the outside diameter of the vascular
wall V is detected by the vascular wall tracker 7 to obtain the
pulsating timing candidates, but the invention is not limited to
this embodiment, as long as periodic movement of any part of
the vascular wall V can be obtained. For example, the pulsat-
ing timing candidates can be obtained by detecting periodic
movement of the front wall Vf or of the rear wall Vr of the
vascular wall V.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe;

a transmitter/receiver configured to transmit and receive
ultrasonic beams to and from a subject;

an image producer configured to produce an ultrasound
image based on reception signals outputted from the
ultrasound probe;

a vascular wall tracker configured to track pulsation-origi-
nated vascular wall movement based on the reception
signals outputted from the ultrasound probe; and

a pulsating timing determiner configured to determine pul-
sating timing by detecting pulsation-originated periodic
changes in the vascular wall movement tracked by the
vascular wall tracker in each of sound rays, obtaining a
detection time point as a pulsating timing candidate in
each of the sound rays, and statistically analyzing pul-
sating timing candidates in the respective sound rays
within a single pulse duration.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the pulsating timing determiner obtains at least
one of a velocity waveform of diameter-change of a vascular
wall and a diameter-change waveform of the vascular wall
based on the vascular wall movement tracked by the vascular
wall tracker and detects a maximum value or a minimum
value periodically appearing in the obtained at least one
waveform for every sound ray to thereby detect periodic
changes of the vascular wall.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the pulsating timing determiner calculates an aver-
age value or a median of pulsating timing candidates in the
respective sound rays within a single pulse duration to
thereby determine the pulsating timing.

4. The ultrasound diagnostic apparatus according to claim

3, wherein the pulsating timing determiner calculates the
average value or the median during a period of 0.05 second
including the detection time point to thereby obtain the pul-
sating timing candidate.
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5. The ultrasound diagnostic apparatus according to claim
1, wherein the pulsating timing determiner obtains a degree as
anumber of, among all of the sound rays, sound rays in which
periodic vascular wall movement is detected in every pulse
duration, and excludes a pulse duration in which the degree as
the number of sound rays does not exceed a predetermined
value from determination of the pulsating timing.
6. The ultrasound diagnostic apparatus according to claim
5, wherein the pulsating timing determiner obtains the degree
as the number of sound rays with which periodic vascular
wall movement is detected in a period of 0.05 second includ-
ing the detection time point and excludes a pulse duration in
which the degree as the number of sound rays does not exceed
a predetermined value from determination of the pulsating
timing.
7. The ultrasound diagnostic apparatus according to claim
1, wherein the pulsating timing determiner obtains a velocity
waveform of diameter-change of a vascular wall based on the
vascular wall movement tracked by the vascular wall tracker
and excludes a pulse duration in which a maximum value
periodically appearing in the obtained waveform does not
exceed a predetermined value from determination of the pul-
sating timing.
8. The ultrasound diagnostic apparatus according to claim
1, further comprising a vascular wall elastic characteristics
calculator configured to calculate elastic characteristics of a
vascular wall based on the pulsating timing determined by the
pulsating timing determiner.
9. The ultrasound diagnostic apparatus according to claim
1, further comprising a thickness calculator configured to
calculate at least one of a thickness of a vascular wall and a
thickness of a vascular diameter based on the pulsating timing
determined by the pulsating timing determiner.
10. A method for producing an ultrasound image compris-
ing:
transmitting and receiving ultrasonic beams by an ultra-
sound probe to and from a subject;
producing an ultrasound image based on reception signals
outputted from the ultrasound probe;
tracking pulsation-originated vascular wall movement
based on the reception signals outputted from the ultra-
sound probe; and
determining pulsating timing by detecting pulsation-origi-
nated periodic changes in the tracked vascular wall
movement in each of sound rays, obtaining a detection
time point as a pulsating timing candidate in each of the
sound rays, and statistically analyzing pulsating timing
candidates in the respective sound rays within a single
pulse duration.
11. The method for producing an ultrasound image accord-
ing to claim 10, wherein after tracking the pulsation-origi-
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nated vascular wall movement, at least one of a velocity
waveform of diameter-change of a vascular wall and a diam-
eter-change waveform of the vascular wall is obtained based
on the vascular wall movement, and a maximum value or a
minimum value periodically appearing in the obtained at least
one waveform for every sound ray is detected to thereby
detect periodic changes of the vascular wall.

12. The method for producing an ultrasound image accord-
ing to claim 10, wherein the pulsating timing is determined by
calculating an average value or a median of pulsating timing
candidates in the respective sound rays within a single pulse
duration.

13. The method for producing an ultrasound image accord-
ing to claim 12, wherein the pulsating timing candidate is
obtained by calculating the average value or the median dur-
ing a period 0f0.05 second including the detection time point.

14. The method for producing an ultrasound image accord-
ing to claim 10, wherein after tracking the pulsation-origi-
nated vascular wall movement, a degree as a number of,
among all of the sound rays, sound rays in which periodic
vascular wall movement is detected is obtained in every pulse
duration, and a pulse duration in which the degree as the
number of sound rays does not exceed a predetermined value
is excluded from determination of the pulsating timing.

15. The method for producing an ultrasound image accord-
ing to claim 14, wherein in order to exclude the pulse duration
in which the degree as the number of sound rays does not
exceed a predetermined value, the degree as the number of
sound rays with which periodic vascular wall movement is
detected in a period of 0.05 second including the detection
time point is obtained.

16. The method for producing an ultrasound image accord-
ing to claim 10, wherein after tracking the pulsation-origi-
nated vascular wall movement, a velocity waveform of diam-
eter-change of a vascular wall based on the tracked vascular
wall movement is obtained, and a pulse duration in which a
maximum value periodically appearing in the obtained wave-
form does not exceed a predetermined value is excluded from
determination of the pulsating timing.

17. The method for producing an ultrasound image accord-
ing to claim 10, wherein after determining the pulsating tim-
ing, characteristics of a vascular wall are calculated based on
the pulsating timing.

18. The method for producing an ultrasound image accord-
ing to claim 10, wherein after determining the pulsating tim-
ing, at least one of a thickness of a vascular wall and a
thickness of a vascular diameter is calculated based on the
pulsating timing.
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