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(7) ABSTRACT

An ultrasonic diagnostic apparatus, including a transceiver
for sequentially generating multiple received signals, a color
flow mapping signal processing unit that generates blood
flow velocity data based on the multiple received signals,
and a residual image processing unit that includes an alias-
ing determination unit and a persistence calculation unit and
performs residual image processing on blood flow velocity
data, an aliasing determination unit that adds the blood flow
velocity data 'V ,,,....,,. for the most recent frame and the blood
flow velocity data V,,,,, for the frame preceding the most
recent frame, performs aliasing determination on the frame
that was determined by a frame before the most recent frame
based on the aliasing determination results of the blood flow
velocity data, and a persistence calculation unit that per-
forms a persistence calculation after performing a correction

(52)

A61B 8/06 (2006.01) to the blood flow velocity data in which aliasing has
A61B 8/00 (2006.01) occurred.
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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Japanese Patent Application No. 2016-189882 filed
on Sep. 28, 2016 including description, claims, drawings,
and abstract the entire disclosure is incorporated herein by
reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus for performing residual image processing
during color flow mapping.

Description of the Related Art

[0003] Ultrasonic diagnostic apparatuses transmit ultra-
sonic waves to a subject and analyze information included in
the reflected echoes to create an image of the subject. Due
to a technique called Color Flow Mapping (hereinafter
sometimes abbreviated as CFM), given its capability to
image blood flow in subjects, use of ultrasonic diagnostic
apparatuses that can image blood flow have become wide-
spread in all fields of medicine.

[0004] Color flow mapping is also called Color Doppler
Imaging (CDI) and is a technique that uses the Doppler
Effect. When ultrasonic waves irradiate blood flow, a Dop-
pler shift occurs in the reflected echo in proportion to the
blood flow velocity due to the Doppler Effect. Information
on this Doppler shift is detected by orthogonal detection and
subjected to a high-pass filter called an MTT (Moving Target
Indicator) filter, auto-correlation processing and noise filter-
ing, thereby obtaining information on blood flow velocity.
Information obtained on blood flow velocity is converted
into color information and superimposed on a B-mode
tomographic image (an image representing the amplitude of
the echoes as luminance) two-dimensionally, whereby blood
flow in the subject can be suitably displayed.

[0005] Received signal intensities based on the reflected
echoes from blood flow is small compared to received signal
intensities of reflected echoes from tissue scatterers and
tissue boundaries used for generating B-mode tomographic
images. Therefore, blood flow velocity and blood flow
power (moving blood flow velocity) obtained by signal
processing in color flow mapping tend to be unstable.
[0006] Particularly when the blood flow velocity of the
portion to be observed is slow or when the portion to be
observed is a peripheral blood vessel, the blood flow power
becomes small, so in the process of noise filtering, which
should primarily filter out system noise and acoustic noise,
there is a tendency for information on blood flow velocity or
blood flow power to be removed. As a result, a phenomenon
occurs in which a portion which is primarily displayed as
blood flow in the blood flow image is darkened. Specifically,
for example, when blood flow in the subject is imaged at a
rate of several frames to several tens of frames per second,
the blood flow portion is displayed in black in some of the
frames. For this reason, the blood flow portion in the
tomographic image suddenly disappears, and the image
becomes unnatural or lacks smoothness.

[0007] As an ultrasonic diagnostic apparatus that solves
such a problem, an ultrasonic diagnostic apparatus that
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performs time direction interpolation called persistence pro-
cessing (residual image processing) in the post-signal pro-
cessing stage is disclosed in, for example, JP 02-286140 A.
An example of a specific configuration of a ultrasonic
diagnostic apparatus that performs persistence processing
will be briefly described below.

[0008] In the existing ultrasonic diagnostic apparatus
shown in FIG. 8, the ultrasonic transceiver unit 402 drives
the probe 401 and transmits ultrasonic waves to the subject.
In addition, the probe 401 receives the reflected echo gen-
erated in the subject and generates a reception signal. When
generating a B-mode tomographic image, the ultrasonic
transceiver unit 402 performs transmission/reception suit-
able for generating a B-mode tomographic image and out-
puts the obtained reception signal to the tomographic image
signal processing unit 409. When generating a color flow
mapping tomographic image, transmission and reception
suitable for generating a color flow mapping tomographic
image are performed, and the obtained received signal is
outputted to a color flow mapping processing unit 403
(hereinafter, abbreviated as a CFM signal processing unit).
Generally, when generating a color flow mapping tomo-
graphic image, in order to obtain a stable color flow mapping
tomographic image, the ultrasonic transceiver unit 402 per-
forms transmission and reception of ultrasonic waves on the
same acoustic line multiple times.

[0009] The CFM signal processing unit 403 performs
orthogonal detection processing, MTI filtering, and auto-
correlation processing on the received signal, calculates
blood flow velocity and blood flow power, then performs
noise filtering to eliminate system noise or acoustic noise,
and outputs blood flow velocity and blood flow power to the
frame memory unit 404.

[0010] The frame memory unit 404 is configured by a ring
buffer, and stores the blood flow velocity and blood flow
power, frame by frame, from the current scan frame to N
frames before the current frame (where N is an integer equal
to or greater than 1). Here, the frame shows the blood flow
velocity and blood flow power data configuring the CFM
tomographic image of one screen.

[0011] The frame memory selection unit 405 selects mul-
tiple pieces of CFM frame data set in advance from the
frame memory unit 404 and outputs a command to the frame
memory unit 404 to output the data to the persistence
calculation unit 407. The persistence calculation unit 407
performs a persistence calculation based on the CFM frame
data read from the frame memory unit 404 and the persis-
tence coeflicient output from the persistence coefficient
setting unit 406, and outputs the result to a CFM DSC
(Digital Scan Converter) unit 408. The persistence calcula-
tion is a simple weighting operation, and the persistence
coeflicient output from the persistence coeflicient setting
unit 406 is a fixed coeflicient set in advance from the system.
The persistence calculation is an operation that yields a
residual image by performing a weighted addition on images
of the current and of a plurality of consecutive frames and
displaying the results.

[0012] The CFM DSC unit 408 converts the coordinates of
the CFM frame data output from the persistence calculation
unit 407, and outputs it to the image combining unit 411.
[0013] The tomographic image signal processing unit 409
performs dynamic filtering on the received signal to elimi-
nate unnecessary noise and then applies envelope detection
and dynamic range compression and outputs the tomo-
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graphic image frame data to the tomographic image DSC
unit 410. The tomographic image DSC unit 410 converts the
coordinates of the tomographic image frame data from the
tomographic image signal processing unit 409 and outputs it
to the image combining unit 411.

[0014] The image combining unit 411 combines frame
data output from the CFM DSC unit 408 and the tomo-
graphic image DSC unit 410 for each pixel to generate
combined image frame data. Specifically, when blood flow
velocity is zero, tomographic image frame data is displayed.
Otherwise, two pieces of data for each pixel or data for each
corresponding measurement point are combined such that
the CFM frame data is displayed. In addition, the tomo-
graphic image DSC unit 410 converts data into color infor-
mation according to the blood flow velocity and direction of
blood flow, and outputs it to the display 412. The display 412
displays the data received from the image combining unit
411.

SUMMARY

[0015] Blood flow velocity that can be measured by the
Doppler shift is restricted by the pulse repetition frequency
(PRF). As a result, aliasing, which is a phenomenon in which
the blood flow velocity corresponding to the frequency
change exceeding +PRF/2 is observed as blood flow velocity
in the opposite direction, occurs and it becomes difficult to
accurately evaluate the blood flow velocity.

[0016] When aliasing occurs as described above, in order
to obtain a good image, it is necessary to determine whether
or not aliasing has occurred and correct for the effect. As a
technique for detecting and correcting for the occurrence of
aliasing, there is a technique disclosed in, for example,
Japanese Patent No. 5652395. In Japanese Patent No.
5652395, after persistence coeflicients to be used for per-
sistence processing are dynamically set based on blood flow
velocity and aliasing status, a persistence calculation is
performed on CFM frame data. Thus, a technique is dis-
closed for correcting the image for the effect of aliasing.
However, there is a desire to further improve the accuracy of
determining whether or not aliasing has occurred.

[0017] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, an
ultrasonic diagnostic apparatus, reflecting one aspect of the
present invention, comprises: a transceiver that transmits
ultrasonic waves by driving a probe repeatedly, receives
echoes reflected off a subject, and successively generates a
plurality of received signals; a color flow mapping signal
processing unit that successively generates blood flow
velocity data of blood flow in the subject for each frame
based on the plurality of received signals; a residual image
processing unit that performs residual image processing on
blood flow velocity of the each frame. The residual image
processing unit includes; an aliasing determination unit that
determines whether or not aliasing occurs in a first blood
flow velocity data, being blood flow velocity data for a most
recent frame, and in a second blood flow velocity data, being
blood flow velocity data for a frame before the most recent
frame with being subjected to the residual image processing,
in which the determination is performed based on the first
blood flow velocity data, the second blood flow velocity
data, and a first aliasing determination result, being deter-
mined for the frame before the most recent frame and
indicating presence or absence of aliasing in the blood flow
velocity data for the frame with being subjected to the
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residual image processing, the aliasing determination unit
further outputting a second aliasing determination result that
is an aliasing determination result of the first blood flow
velocity data, and a third aliasing determination result that is
an aliasing determination result of the second blood flow
velocity data, and a persistence calculation unit that, based
on the second and third aliasing determination results and a
predetermined persistence coefficient for adjusting the
residual image effect, performs a persistence calculation
using the first blood flow velocity data and the second blood
flow velocity data, outputs a persistence calculation result as
a third blood flow velocity data for the most recent frame
that is the blood flow velocity data with being subjected to
residual image processing, determines whether or not alias-
ing occurs in the third blood flow velocity data, and outputs
data which is a fourth aliasing determination result.

BRIEF DESCRIPTION OF THE DRAWING

[0018] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention.

[0019] FIG. 1 is a block diagram showing an example
configuration of an ultrasonic diagnostic apparatus accord-
ing to the first embodiment of the present invention;

[0020] FIG. 2 is a schematic diagram illustrating the blood
flow velocity and blood flow direction obtained based on the
Doppler Effect;

[0021] FIG. 3A shows a complex plane V..., and V. |
of condition (10);
[0022] FIG. 3B shows a complex planeV_,_ andV,_ |
of condition (11);
[0023] FIG. 3C shows a complex plane V..., and V..
of condition (12);
[0024] FIG. 3D shows a complex plane V_,,.,,,and V_,,

of condition (13);

[0025] FIG. 3E shows a complex plane V_, _  and V.
of condition (14);

[0026] FIG. 3F shows a complex plane V,
of condition (15);
[0027] FIG. 4 is a graph showing an example of the

relationship between the reference index and the persistence
coeflicient;

[0028] FIG. 5 is a block diagram showing an example
configuration of an ultrasonic diagnostic apparatus accord-
ing to the second embodiment of the present invention;

[0029] FIG. 6A is a graph showing an example of the
relationship between the first reference index and the first
persistence coefficient;

[0030] FIG. 6B is a graph showing an example of the
correspondence relationship between the second reference
index and the second persistence coeflicient;

[0031] FIG. 7 is a block diagram showing an example
configuration of an ultrasonic diagnostic apparatus accord-
ing to the third embodiment of the present invention;

[0032] FIG. 8 is a block diagram showing an example
configuration of an existing ultrasonic diagnostic apparatus.

out-1
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DETAILED DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

First Embodiment

Example Configuration of the Ultrasound
Diagnostic Apparatus

[0034] Hereinafter, an ultrasonic diagnostic apparatus
according to the first embodiment of the present invention
will be described with reference to the drawings. FIG. 1 is
a block diagram showing an example configuration of an
ultrasonic diagnostic apparatus according to the first
embodiment of the present invention.

[0035] The ultrasonic diagnostic apparatus 11 shown in
FIG. 1 includes a probe 101, an ultrasonic transceiver unit
102, a CFM signal processing unit 103, a residual image
processing unit 115, a tomographic image signal processing
unit 111, a CFM DSC unit 110, a tomographic image DSC
unit 112, an image combining unit 113, and a display 114.
Among these configurations, it is possible to use a general-
purpose probe and a display device for the probe 101 and
display 114, which is not necessary for the ultrasonic diag-
nostic apparatus 11 to include the probe 101 and display 114.
[0036] The ultrasonic transceiver unit 102 generates a
drive signal for driving the probe 101 and outputs it to the
probe 101. In response to this, the probe 101 transmits
ultrasonic waves toward the subject. The probe 101 receives
the reflected echo of the transmitted ultrasonic waves
reflected off of the subject and generates reception signals.
The ultrasonic transceiver unit 102 corresponds to the ultra-
sonic transceiver unit of the present invention.

[0037] More specifically, the probe 101 includes multiple
piezoelectric elements, and ultrasonic waves are transmitted
from each piezoelectric element. An ultrasonic beam is
formed by ultrasonic waves transmitted from multiple piezo-
electric elements. The ultrasonic transceiver unit 102 drives
the probe 101 while performing delay control of each
piezoelectric element so as to scan the subject with multiple
ultrasonic beams.

[0038] Reflected echos from the subject are received by
each piezoelectric element. The ultrasonic transceiver unit
102 has the probe 101 generate a reception signal that
corresponds to the transmitted ultrasonic beam by control-
ling the delay of each piezoelectric element. When the
ultrasonic beam scans the subject once, data for one frame
is obtained. The probe 101 can sequentially generate recep-
tion signals of several frames to several tens of frames per
second by scanning the subject several times to several tens
of times per second.

[0039] The ultrasonic diagnostic apparatus 11 according to
the first embodiment generates a B-mode tomographic
image and a color flow mapping image, combines them, and
displays them on the display 114. Therefore, the transmis-
sion and reception of ultrasonic waves with the ultrasonic
transceiver unit 102 is performed for generating both the
B-mode tomographic image and color flow mapping image.
The number of frames per second of the B-mode tomo-
graphic image and the number of frames per second of the
color flow mapping image may be the same or different.
When the number of frames is the same, transmission and
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reception of ultrasonic waves for B-mode tomographic
image generation and transmission and reception of ultra-
sonic waves for color flow mapping image generation may
be alternately repeated.

[0040] When generating a B-mode tomographic image,
the ultrasonic transceiver unit 102 performs transmission
and reception suitable for generating a B-mode tomographic
image and outputs the obtained reception signal to the
tomographic image signal processing unit 111. On the other
hand, when generating a color flow mapping tomographic
image, the ultrasonic transceiver unit 102 performs trans-
mission and reception suitable for generating a color flow
mapping tomographic image and outputs the obtained recep-
tion signal to the CFM signal processing unit 103. Generally,
when generating a color flow mapping tomographic image,
in order to obtain a stable color flow mapping tomographic
image, the ultrasonic transceiver unit 102 performs trans-
mission and reception of ultrasonic waves on the same
acoustic line multiple times.

[0041] The CFM signal processing unit 103, after per-
forming orthogonal detection processing, MTT filtering, and
auto-correlation processing on the received signal, calcu-
lates blood flow velocity and blood flow power, and then
performs noise filtering to eliminate system or acoustic
noise, and generates CFM frame data. CFM frame data
includes at least blood flow velocity data and may also
include blood flow power data and dispersion data of the
blood flow velocity. The CFM signal processing unit 103
repeats the process for each received signal forming each
frame. CFM frame data generated by the CFM signal
processing unit 103 is output to the residual image process-
ing unit 115 for each frame. The CFM signal processing unit
103 corresponds to the color flow mapping signal processing
unit of the present invention.

[0042] The residual image processing unit 115, using the
persistence coeflicient, performs residual image processing
on the CFM frame data for each frame. In the ultrasonic
diagnostic apparatus 11 according to the first embodiment,
the residual image processing unit 115 sets the persistence
coeflicient according to the blood flow velocity of the most
recent frame. In other words, the persistence coeflicient is
not constant and is a dynamic value based on the blood flow
velocity of the most recent frame. As a result, the persistence
coeflicient can be changed according to the blood flow
velocity, and the residual image effect can be adjusted.
However, blood flow velocity that can be measured by
Doppler shift is restricted by the pulse repetition frequency
(PRF). As aresult, aliasing, which is a phenomenon in which
the blood flow velocity corresponding to the frequency
change exceeding +PRF/2 is observed as blood flow velocity
in the opposite direction, occurs and it becomes difficult to
accurately evaluate the blood flow velocity. Therefore, the
residual image processing unit 115 determines whether or
not aliasing is occurring, and if it is determined that aliasing
is occurring, corrects the blood flow velocity data, thereby,
canceling the effect of the aliasing. Thus, in the ultrasonic
diagnostic apparatus 11 according to the first embodiment,
accurate blood flow velocity can be assessed regardless of
the occurrence of aliasing.

[0043] In the ultrasonic diagnostic apparatus 11 according
to the first embodiment, the residual image processing unit
115 uses the blood flow velocity data of the most recent
frame and the blood flow velocity data of the immediately
preceding frame to determine whether or not aliasing has
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occurred. As a configuration for performing such processing,
the residual image processing unit 115 includes a frame
memory unit (first memory unit) 104, an aliasing determi-
nation unit 105, a persistence coeflicient determination unit
106, a persistence coeflicient reference memory unit (third
memory unit) 107, a persistence calculation unit 108, and a
persistence memory unit (second memory unit) 109.

[0044] The frame memory unit 104 stores the CFM frame
data of the most recent (currently being scanned) frame. The
persistence memory unit 109 stores the CFM frame data and
aliasing determination result outputted by the persistence
calculation unit 108 for the frame immediately preceding the
most recent frame. The CFM frame data stored in the
persistence memory unit 109 is subjected to the persistence
calculation, that is, residual image processing. In the fol-
lowing, blood flow velocity data of the CFM frame data
stored in the frame memory unit 104 will be referred to as
V uwrenss Dl00Od flow velocity data of CFM frame data stored
in the persistence memory unit 109 will be referred to as
V.1, and the aliasing determination result stored in the
persistence memory unit 109 for the frame before the most
recent {rame will be referred to as R ;501

[0045] The aliasing determination unit 105 performs alias-
ing determination on both the blood flow velocity data of
CFM frame data from the frame memory unit 104,V _, .
and the blood flow velocity data of CFM frame data from the
persistence memory unit 109, V_ ;. More specifically, the
aliasing determination unit 105 compares the blood flow
velocity data V... and blood flow velocity data V,,
with a plurality of threshold values respectively, so as to
determine whether or not aliasing has occurred in the blood
flow velocity data for the most recent frame V_, . and the
blood flow velocity data for the frame immediately preced-
ing the most recent frame V,, ;, and outputs the determi-
nation results to the persistence coeflicient determination
unit 106 and the persistence calculation unit 108.

[0046] The persistence coeflicient determination unit 106,
based on the two determination results from the aliasing
determination unit 105 (the determination results of V,,,,.....
and V,_, ;) and the blood flow velocity data V..., read
from the frame memory unit 104, creates a reference index
to the persistence coeflicient reference memory unit 107.
The persistence coeflicient determination unit 106 accesses
the persistence coefficient reference memory unit 107, reads
the persistence coeflicients mapped to the reference index,
and sets them in the persistence calculation unit 108. In the
persistence coeflicient reference memory unit 107, a refer-
ence table of persistence coefficients corresponding to the
values of blood flow velocity is stored in advance. The
reference table includes two or more different persistence
coeflicients mapped according to the values of blood flow
velocity.

[0047] The persistence calculation unit 108 performs the
persistence calculation on the most recent blood flow veloc-
ity data V_,,,..,., based on the persistence coeflicient set by
the persistence coeflicient determination unit 106 and two
determination results from the aliasing determination unit
105. The persistence calculation is an operation that yields
a residual image by performing a weighted addition on
images of the current and of a plurality of consecutive
frames and displaying the results.

[0048] Details regarding the processing performed by the
aliasing determination unit 105, the persistence coeflicient
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determination unit 106, and the persistence calculation unit
108 in the residual image processing unit 115 will be
described later.

[0049] The CFM DSC unit 110 converts the coordinates of
the blood flow velocity data output from the persistence
calculation unit 108 and outputs it to the image combining
unit 113.

[0050] The tomographic image signal processing unit 111
performs dynamic filtering on the received signal to remove
unnecessary noise and then performs envelope detection
processing and dynamic range compression processing, and
outputs tomographic image frame data to the tomographic
image DSC unit 112. The tomographic image DSC unit 112
converts the coordinates of the tomographic image frame
data from the tomographic image signal processing unit 111,
and outputs it to the image combining unit 113.

[0051] The image combining unit 113 combines frame
data outputted from the CFM DSC unit 110 and the tomo-
graphic image DSC unit 112 in a way such that the frame
data are combined for each pixel or for each corresponding
measurement point to generate combined image frame data.
Specifically, when blood flow velocity is zero, tomographic
image frame data 1s displayed. Otherwise, two pieces of data
for each pixel or data for each corresponding measurement
point are combined such that the CFM frame data is dis-
played. It converts the data into color information according
to the velocity and direction of blood flow and outputs it to
the display 114. The display 114 displays data received from
the image combining unit 113.

Processing of the Aliasing Determination Unit

[0052] Next, the aliasing determination method in the
aliasing determination unit 105 and the determination
method of the persistence coeflicient in the persistence
coefficient determination unit 106 will be described in more
detail.

[0053] The aliasing determination unit 105 performs alias-
ing determination on the blood flow velocity data of the most
recent CFM frame data V_,,,,,,, which is read from the
frame memory unit 104, and the residual image processed
blood flow velocity data of CFM frame data for the frame
immediately preceding the most recent frame V_,,, |, which
is read from the persistence memory unit 109. The aliasing
determination unit 105 uses the read values of V., and
V,,.1» and determines whether aliasing has occurred in
V’currem‘ or Vout—l'

[0054] FIG. 2 is a schematic diagram showing the velocity
and direction of blood flow obtained based on the Doppler
effect. FIG. 2 is a diagram showing a complex plane. Blood
flow velocity can be expressed as a vector having a phase
angle on the complex plane. That is, blood flow velocity
increasing or decreasing corresponds to a vector on the
complex plane, shown in FIG. 2, rotating around the origin.
[0055] Vectors V., and V.., shown in FIG. 2 are the
blood flow velocity data V.., and V_  ,, of a certain
frame, being generated by the CFM signal processing umt
103 and included in the CFM frame data, which are repre-
sented on a complex plane. As described above, in the
complex plane shown in FIG. 2, the magnitude of the blood
flow velocity data V..., and V_, , corresponds to the
rotation angle from the +X-axis (i.e., phase angle).

[0056] In the complex plane shown in FIG. 2, when the
blood flow velocity is a positive value, the vector corre-
sponding to the blood flow velocity is located in the first or
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second quadrant, and when the blood flow velocity is a
negative value, the vector corresponding to the blood flow
velocity is located in the third or fourth quadrant. Blood flow
velocity with a positive value means that the blood flow is
moving in a direction approaching the probe 101, whereas
blood flow velocity with a negative value means that the
blood flow is moving in a direction away from the probe
101.

[0057] In the complex plane, when the magnitude of the
velocity vector corresponding to a certain blood flow veloc-
ity gradually increases from 0, the vector corresponding to
the blood flow velocity data moves in the direction in which
the rotation angle from the +X axis increases. Specifically,
it moves in order from the first quadrant to the second
quadrant, in the direction from the +X axis to the =X axis.
When the blood flow velocity exceeds a predetermined
value +V,,,. or =V, .. (velocity corresponding to the fre-
quency variation cotresponding to £PRF/2), crosses the =X
axis and moves from the second quadrant to the third
quadrant, aliasing occurs. In this case, the blood flow
velocity, which should be a positive value, is measured as a
negative value. When the magnitude of the velocity vector
gradually decreases from 0, the vector corresponding to the
blood flow velocity data moves in the direction opposite to
the above.

[0058] Based on the above, the aliasing determination unit
105 determines whether or not aliasing has occurred in
V orens @0d V. by comparing the magnitude of the blood
flow velocity data V., of the most recent frame as
described below and the magnitude of the blood flow
velocity data V., of the frame immediately preceding the
most recent frame to a predetermined threshold Vth.
[0059] Here, as a method of aliasing determination, the
method disclosed in Japanese Patent No. 5652395, the
aliasing determination method adopted by the present inven-
tion will be described after the items that need to be
improved (items that need improvement) in the method have
been cited.

Existing Aliasing Determination Method (Method
Disclosed in Japanese Patent No. 5652395)

[0060] Table 1 below shows the aliasing determination
results obtained by using the existing aliasing method. In
Table 1, the threshold value V, is the maximum value of the
change in blood flow velocity assumed in the time interval
between adjacent frames.

TABLE 1
Conditions Aliasing
(0) Vo1 >0 and Vewrens <=V Confirmed
(1) Vaut—l <0 and chrrent ks Vth Confirmed
(2) Vet <=V, and Verrene > 0 Confirmed
) Vaur>Vaad V., <0 Confirmed
4) Other than (0) to (3) Not confirmed

[0061] As shown in condition (0) of Table 1, when the
blood flow velocity data of the frame immediately preceding
the most recent frame V_,, , is positive and the blood flow
velocity data of the most recent frame V. . is smaller than
-V, assuming that aliasing has not occurred, it is unnatural
if the blood flow that was in the positive direction (direction
approaching the probe 101) in the frame immediately pre-
ceding the most recent frame suddenly changes to high-
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velocity blood flow in the reversed negative direction (direc-
tion away from the probe 101). That is, it is presumed that
the velocity of blood flow that was positive in the frame
immediately preceding the most recent frame increases in
the most recent frame, and the blood flow velocity corre-
sponds to +PRF/2, that is, a value greater than the blood flow
velocity in which aliasing has occurred. Therefore, when
condition (0) is satisfied, aliasing is determined to have
occurred in V. Condition (1) is a case where the sign
of condition (0) is reversed. In the following, the blood flow
velocity at which aliasing occurs is specified as V__ or
-V,

[0062] As shown in condition (2), when V_ , | is smaller
than -V, and V.., becomes a positive value, assuming
that aliasing has not occurred, it is unnatural if the high-
velocity blood flow that was in the negative direction in the
frame immediately preceding the most recent frame sud-
denly changes to blood flow in the reversed positive direc-
tion in the most recent frame. That is, it is presumed that
with aliasing having occurred in V_,, ; and having a value
larger than the +PRF/2, the blood flow velocity has slowed
down in the most recent frame in the same positive direction.
Accordingly, it is determined that aliasing has occurred.
Condition (3) is a case where the sign of condition (2) is
reversed.

[0063] If none of conditions (0) to (3) are satisfied, it is
determined that aliasing has not occurred.

Items That Need Improvement in Existing Aliasing
Determination Method

[0064] However, in the existing aliasing determination
method described above, there are improvements that need
to be made as described below. The first item that needs
improvement is that, even if aliasing is determined to have

occurred, it is not specified which of V.., or V...
aliasing has occurred in.

[0065] Specifically, for example, when V_, >V, and
V orronr<=V 4, thereby fulfilling condition (0) or condition

(3) in Table 1 and aliasing is determined to have occurred,
it may not be possible to specify which of V.., or V.,
aliasing occurred in. That is, if condition (0) is true, aliasing
has occurred in V current, and if condition (3) is true,
aliasing has occurred in V_,, ;. In such a case, it is not
possible to specify which one aliasing occurred in. Also,
evenwhen vV, , <~V ,and V_, <V corresponding to
condition (1) or condition (2), there may be instances where
it is not possible to specify which one is aliasing in a similar
manner.

[0066] The second item that needs improvement is that, in
some cases, aliasing is determined not to have occurred even
though aliasing has actually occurred. Specifically, for
example, when V_,, ,<-V, and V_,,.,. <=V, thereby ful-
filling condition (4) in Table 1, aliasing is determined not to
have occurred, and in fact, the, even when aliasing is
determined to have occurred in both V_,__and V__ .
Vour1<=Vyand V. <=V, can besatisfied. It is the same
when Vout—1>Vth and \]current>vth'

[0067] The aliasing determination method of the present
invention to be described below is to improve on such

existing aliasing determination methods.
Aliasing Determination Method of the Aliasing
Determination Unit of the Present Invention

[0068] In the present invention, the aliasing determination
unit 105 performs aliasing determination based on the
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magnitude of blood flow velocity data of the most recent
frame V... the magnitude of blood flow velocity data of
the frame immediately preceding the most recent frame
V.1, and the aliasing determination result R ..., of the
frame immediately preceding the most recent frame. Table 2
below shows aliasing determination results from the aliasing
determination unit 105. In Table 2, “aliasing present” means
the aliasing determination result of the frame immediately
preceding the most recent frame R,;,,;,. , determined that
aliasing has occurred, and “aliasing absent” means the
aliasing determination result of the frame immediately pre-
ceding the most recent frame R , determined that

aliasing-
aliasing has not occurred.
TABLE 2
Aliasing in  Aliasing in
Conditions V prrent Vool
(10) V1 <-Vyand V... <-V,;  Confirmed  Confirmed
and Aliasing confirmed
a1y v, ., >VyandV,,,... >V, and Confirmed  Confirmed
Aliasing confirmed
(12) V1> 0and V. <-V4and  Confirmed Not
Aliasing not confirmed confirmed
(13) V. <0andV,_, . >Vthand Confirmed Not
Aliasing not confirmed confirmed
(14) V.1 <-Vgzand V.. > 0and Not Confirmed
Aliasingconfirmed confirmed
(15) V,_..1>V,ad V... <0and Not Confirmed
Aliasing confirmed confirmed
(16)  Other than (10) to (15) Not Not
confirmed confirmed
[0069] As shown in condition (10) of Table 2, in the case

whereV,_,, <=V, andV_, . <=V, as described above, in
practice, either aliasing has occurred in both V., and
V.1, or aliasing has occurred in neither. Therefore, the
aliasing determination unit 105 refers to R ;... and when
the aliasing determination result for the frame immediately
preceding the most recent frame R ..., is “aliasing pres-
ent” as shown in condition (10), it determines that aliasing
has also occurred in V..., and V. ;. The reason for this
is as follows. Since the aliasing determination result R ;-
mg-1 for the frame immediately preceding the most recent
frame being “aliasing present” means that aliasing has
occurredinV, , ,, V_,.  is larger than +PRE/2. In this case,
supposing that aliasing has not occurred in V., it 18
unnatural if the extremely high-velocity blood flow with a
velocity that exceeds +PRF/2 in the positive direction in the
frame immediately preceding the most recent frame sud-
denly changes to a high-velocity blood flow in the reversed
negative direction in the most recent frame. For this reason,
even in the most recent frame, it is estimated to be an
extremely high-velocity flow that exceeds a value corre-
sponding to that of the positive directional +PRF/2. Shown

in condition (11), it is the same when V_, ,<-V, and
\/curren t<_Vth .
[0070] FIG.3Ais adiagram showingV,_,,,,.,.,andV_,,, of

condition (10) on the same complex plane shown in FIG. 2.
FIG. 3B is a diagram showing V..., and V_ | of condi-
tion (11) on the same complex plane shown in FIG. 2.

[0071] As shown in condition (12), in the case where
Vo0 and V.., <-V,, and the aliasing determination
result R ;... 18 “aliasing absent” because aliasing has not
occurred in V. ;, for the same reason as in condition (0) of

Table 1, the aliasing determination unit 105 determines that
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aliasing has not occurred in V_,, and has occurred in
V omrene- Condition (13) is a case where the sign of condition
(12) is reversed.

[0072] FIG. 3Cis adiagram showingV_,,_ .andV_, , of
condition (12) on the same complex plane shown in FIG. 2.
FIG. 3D is a diagram showing V..., and V., | of condi-
tion (13) on the same complex plane shown in FIG. 2.
[0073] As shown in condition (14), in the case where
V.1 18 smaller than -V, V_  becomes positive, and in
the case where the aliasing determination result R ;... 1 is
“aliasing present”, aliasing has occurred in V. In this
case, for the same reason as in condition (2) of Table 1, the
aliasing determination unit 105 determines that aliasing has
occurredinV_ , | and has notoccurredin'V_,,_ .. Condition
(15) is a case where the sign of condition (14) is reversed.
[0074] FIG. 3E is a diagram showing V_,,....,and V., of
condition (14) on the same complex plane shown in FIG. 2.
FIG. 3F is a diagram showing V_,,,.....,and V., of condition
(15) on the same complex plane shown in FIG. 2.

[0075] Here, since, in the case where V_,, >V, and
Vsirrent<=V g, 1f the aliasing determination result R ;.. 1
is “aliasing absent”, condition (12) is fulfilled, and if the
aliasing determination result R ;...  is “aliasing present”,
condition (15) is fulfilled, the presence or absence of aliasing
can be determined for each value of V., andV_,, ;. Also,
evenwhenV,, <-V,andV_ . >V, similarly fulfilling
condition (13) or condition (14), the presence or absence of
aliasingin V..., and V_ , can be specified.

[0076] If none of conditions (10) to (15) are satisfied, the
aliasing determination unit 105 determines that aliasing has
not occurred (condition (16)).

[0077] Thus, even if whether or not aliasing has occurred
can not be accurately determined with the existing aliasing
determination method, it is possible to accurately determine
whether or not aliasing has occurred with the aliasing
determination method of the aliasing determination unit 105
of the present invention.

out-1

Processing by the Persistence Coefficient
Determination Unit

[0078] Next, the method by which the persistence coefli-
cient determination unit 106 sets persistence numbers to the
persistence calculation unit 108 will be described.

[0079] The persistence coeflicient determination unit 106
creates a reference index for the persistence coefficient
reference memory unit 107 based on the aliasing determi-
nation results, outputted from the aliasing determination unit
105, of the blood flow velocity data V., for the most
recent frame and blood flow velocity data V., for the
frame immediately preceding the most recent frame, and the
absolute value of V... read from the frame memory unit
104. Table 3 below shows the reference index created by the
persistence coeflicient determination unit 106.

TABLE 3
Aliasing in Aliasing in Reference

Condition V porent A\ Indexes {Idx)

(10) Confirmed Confirmed Vi

(1) Confirmed Confirmed Vir

(12) Confirmed Not confirmed Vs

(13) Confirmed Not confirmed Vi

(14) Not confirmed Confirmed Abs (V. mens)
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TABLE 3-continued

Aliasing in Aliasing in Reference
Condition V prirvent Vot Indexes {Idx)
(15) Not confirmed Confirmed Abs (V. prens)
(16) Not confirmed Not confirmed  Abs (V,,,yene
[0080] When aliasing has occurred in V.. it is pos-

sible that the blood flow velocity V..., has a magnitude
such that it exceeds the absolute value of V,,_or -V, . For
this reason, the reference index becomes V,,,,... Otherwise, it
becomes the absolute value of V..., AbS(V_.,0n)-
[0081] In the persistence coeflicient reference memory
unit 107, a reference table composed of persistence coeffi-
cients mapped to the reference index is stored. The persis-
tence coeflicient determination unit 106 accesses the persis-
tence coeflicient reference memory unit 107, reads the
persistence coefficients mapped to the created reference
index, and outputs them to the persistence calculation unit
108.

[0082] FIG. 4 is a graph showing an example of the
relationship between the reference index and the persistence
coeflicient. In FIG. 4, the horizontal axis represents the
reference index, and the vertical axis shows the persistence
coeflicient. As shown in Table 3, the reference index is V,, .
or the absolute value of V.., AbS(V_,,r0.)- When the
absolute value of V.- is lower than the threshold V,, , the
persistence coefficient C,,.,.;..,..., which decreases steadily
with increasing V..., 1s mappedto V... That is, when
the absolute value of V_,,,,..,.. is lower than the threshold V
a persistence coeflicient C,,,, e Which is proportional
and different from the blood flow velocity of the most recent
frame V..., is mapped to V,
[0083] As described above, the persistence calculation is a
calculation that vields a residual image effect by performing
weighted addition on images of the current and of a plurality
of consecutive frames and utilizing the display of the results.
Details regarding the persistence calculation will be
described later.

current’

Processing by the Persistence Calculation Unit 108

[0084] The persistence calculation unit 108 performs the
persistence calculation on the most recent blood flow veloc-
ity data V... based on the persistence coefficient set by
the persistence coeflicient determination unit 106 and two
determination results obtained from the aliasing determina-
tion unit 105.

[0085] When the determination result from the aliasing
determination unit 105 for V, __ is true, i.e., when aliasing
is determined to have occurred in V.., the persistence
calculation unit 108, before performing the persistence cal-
culation, performs the following correctionto V. .. Spe-
cifically, when V_,,,..,.<0, the persistence calculation unit
108 corrects V. by adding the repetition frequency PRF
o chrrem‘ (\/current'l'PRF): and Wheﬂ \/currem‘>07 V iS

current
corrected by subtracting PRF from V____ (V_ _ —PRF).
[0086]

Similarly, when the determination result from the
aliasing determination unit 105 for V., is true, i.e., when
aliasing is determined to have occurred in V__, ,, the per-
sistence calculation unit 108, before performing the persis-
tence calculation, performs a correction to V_,, | similar to
that described above for V... Specifically, when V
1<0, the persistence calculation unit 108 corrects V,

out-

to

out-1
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V,,..1+PRF. When V. >0, the persistence calculation unit
108 corrects V,, ; to V. ,+PRF.

[0087] The persistence calculation unit 108, using the
blood flow velocity data V___ and V_,,, performs the
persistence calculation with the following equation (1).

out-

Vou= (1= Cpersiszen N3 — Cpersistencex Voue1- o

[0088] Inequation (1), V,,,is the blood flow velocity data
that was subjected to the persistence calculation (residual
image processing) in the most recent frame, and C,.,; /..
is the persistence coeflicient (0=C persistence=<1) set by the
persistence coeflicient determination unit 106.

[0089] When upon performing the persistence calculation
using equation (1) as described above, V, >+PRF/2, the
persistence calculation unit 108 corrects V_,, to V_,,~PRF,
and when V_,, is <-PRF/2, V. is corrected to V_ +PRF.
The persistence calculation unit 108 outputs the corrected
V. to the CFM DSC unit 110 and the persistence memory
unit 109.

[0090] By such processing, even if aliasing has occurred
MV Vourt O Vo Vo, that has the effect of aliasing
canceled can be calculated.

[0091] The persistence calculation by the persistence cal-
culation unit 108 described above is performed for each
pixel or each measurement point of one frame of blood flow
velocity data (CFM frame data).

[0092] Thus, by using a persistence coeflicient set by the
persistence coeflicient determination unit 106, the persis-
tence calculation unit 108 can obtain the following results by
performing the persistence calculation.

[0093] That is, in the case where the magnitude of blood
flow velocity V_,,,.,., of the most recent frame is small,
because the persistence coefficient C,., ;... s€t by the
persistence coefficient determination unit 106 increases, the
weight of the blood flow velocity V., of the immediately
preceding frame increases when the persistence calculation
unit 108 performs the persistence calculation such as in
equation (1). As aresult, when V_,__ when is small, V_,,
that strongly reflects V., and is the persistence calculation
result of the persistence calculation, is calculated. Because
of this, using V__,, the change in the color flow mapping
image generated by the CFM DSC unit 110 and the image
combining unit 113 becomes smooth and black spots are less
likely to occur.

[0094] Also, in the case where V_,,,,.,,, is large, because the
petsistence coefficient C ., ..,,... set by the persistence coef-
ficient determination unit 106 decreases, the weight of V_,,, |
decreases when the persistence calculation unit 108 per-
forms the persistence calculation such as in equation (1). As
aresult, in the case where V..., is large, with the influence
of V,,, , being small, V_,, is calculated, and it is possible to
realize a color flow mapping image reflecting the sharp
increase in blood flow velocity in real time.

[0095] Moreover, the persistence coeflicient determination
unit 106 monotonically reduces the persistence coefficient
Cporsistence With increases in persistence. Therefore, in the
case where the blood flow velocity increases with time, the
persistence coeflicient determination unit 106 decreases the
persistence coefficient C,,, ;5. With time, so the residual
image effect from the persistence calculation of the persis-
tence calculation unit 108 decreases and the color flow
mapping image changes abruptly. Conversely, in the case
where the blood flow velocity decreases with time, the
persistence coeflicient determination unit 106 increases the

out
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persistence coefficient C,,,,q.,... With time, so the residual
image effect from the persistence calculation of the persis-
tence calculation unit 108 increases and the color flow
mapping image changes slowly.

[0096] Back to the description of the processing of per-
sistence calculation unit 108. The persistence calculation
unit 108, using the persistence calculation result V_,, deter-
mines whether or not aliasing has occurred in the last frame
in blood flow velocity data V_, that had been subjected to
residual image processing after performing the persistence
calculation using equation (1). Here, the persistence calcu-
lation unit 108 determines that aliasing has occurred in V,
when V_ >+PRF/2 or V_,<-PRF/2; otherwise (-PRF/
2=V ,,,<PRF/2), it determines that aliasing has not occurred.
[0097] The persistence calculation unit 108 then outputs
the aliasing determination result R ;... of the blood flow
velocity data V,,, of the most recent frame to the persistence
memory unit 109. The aliasing determination result R ;..
that is outputted from the persistence calculation unit 108 is
stored in the persistence memory unit 109, and at the time
of processing in the next frame, the aliasing determination
result R ;0 Of the frame immediately preceding the
most recent frame is outputted to the aliasing determination
unit 105.

out

Operation and Results

[0098] As described above, in the ultrasonic diagnostic
apparatus 11 according to the first embodiment of the
present invention, the aliasing determination unit 105 adds
the blood flow velocity V..., of the most recent frame and
the blood flow velocity V,,,, of the frame preceding the
most recent frame, and based on the aliasing determination
result R, of the blood flow velocity data that was
determined for the frame preceding the most recent frame,
with the frame having been subjected to residual image
processing, performs the aliasing determination. Because of
this, whether or not aliasing has occurred in the blood flow
velocity data V... of the most recent frame and the blood
flow velocity data 'V, | of the frame immediately preceding
the most recent frame can be accurately determined.
[0099] Further, in the ultrasonic diagnostic apparatus 11
according to the first embodiment of the present invention,
based on the result of the aliasing determination of such an
aliasing determination method, the persistence calculation
unit 108 is performs the persistence calculation using V__,, -
rencand V| and outputs the result. Therefore, it is possible
to generate and display a tomographic image that accurately
reflects blood flow velocity.

[0100] Furthermore, in the ultrasonic diagnostic apparatus
11 according to the first embodiment of the present inven-
tion, based on the blood flow velocity data V_, of the most
recent frame and has been subjected to residual image
processing, which is the result from the persistence calcu-
lation, the persistence calculation unit 108 determines
whether or not aliasing has occurred in V_, and outputs that
result R ;6. to the persistence memeory unit 109. Then, in
the processing of the next frame, the persistence memory
unit 109 outputs V,,, inputted in the processing of the
previous frame as V,,,, of the next frame, and outputs
R inputted in the processing of the previous frame as

aliasing
aliasing-1*

[0101] Then, in the ultrasonic diagnostic apparatus 11
according to a first embodiment of the present invention,
when aliasing is determined to have occurred in the blood
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flow velocity data V_,,,,.,,, for the most recent frame or the
blood flow velocity data V| for the frame immediately
preceding the most recent frame, the persistence calculation
unit 108 performs corrections on the blood flow velocity
data in which aliasing occurred. Furthermore, the persis-
tence calculation unit 108 determines whether or not aliasing
has occurred for the most recent frame in the blood flow
velocity data V, that has been subjected to residual image
processing, and performs a correction to V_ , when aliasing
is determined to have occurred. Therefore, even if aliasing
has occurred in V VootV V. that has the

currentd out- our’ out

effect of aliasing canceled can be calculated.

Second Embodiment

[0102] The following describes the ultrasonic diagnostic
apparatus 12 according to the second embodiment of the
present invention. FIG. 5 is a block diagram showing an
example configuration of an ultrasonic diagnostic apparatus
according to the second embodiment of the present inven-
tion.

[0103] The ultrasonic diagnostic apparatus 12 shown in
FIG. 5 is different from the first embodiment of the ultra-
sonic diagnostic apparatus 11 described above in that the
residual image processing unit has two persistence coeffi-
cient determination units, two persistence coeflicient refer-
ence memory units and two persistence calculation units. In
the following, a description will be given only for the
differences from the first embodiment.

[0104] As shown in FIG. 5, the residual image processing
unit 115" includes a frame memory unit 104, an aliasing
determination unit 105, a first persistence coeflicient deter-
mination unit 106A, a second persistence coeflicient deter-
mination unit 106B, a first persistence coeflicient reference
memory unit 107A, a second persistence coefficient refer-
ence memory unit 107B, a first persistence calculation unit
108A, a second persistence calculation unit 108B, and a
persistence memory unit 109.

[0105] The first persistence coeflicient determination unit
106 A creates the first reference index for the first persistence
coeflicient reference memory unit 107A based on the two
aliasing determination results outputted from the aliasing
determination unit 105 and the absolute value of V,,...;
read from the frame memory unit 104. Information regard-
ing the first reference index will be described later.

[0106] The first persistence coeflicient determination unit
106A accesses the first persistence coeflicient reference
memory unit 107A, reads out the first persistence coefficient
mapped to the first reference index, and sets them to the first
persistence calculation unit 108A. In the first persistence
coeflicient reference memory unit 107A, a first reference
table containing first persistence coeflicients mapped to the
magnitude of blood flow velocity data is stored in advance.
The first reference table includes two or more different
persistence coeflicients that are mapped to the magnitude of
blood flow velocity data.

[0107] In contrast, the second persistence coeflicient
determination unit 106B creates a second reference index for
the second persistence coeflicient reference memory unit
107B based on the two aliasing determination results out-
putted from the aliasing determination unit 105 and the
absolute value of V., read from the persistence memory
unit 109. Creation of the second reference index in the
second persistence coefficient determination unit 1068 will
be described later.
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[0108] The second persistence coefficient determination
unit 106B accesses the second persistence coefficient refer-
ence memory unit 107B, reads the second persistence coef-
ficients mapped to the second reference index, and sets them
in the second persistence calculation unit 108B. The second
persistence coeflicient reference memory unit 107B, a sec-
ond reference table containing second persistence coefi-
cients mapped to the magnitude of blood flow velocity data
is stored in advance. Although the second reference table
also includes persistence coeflicients of two or more differ-
ent values that are mapped according to the values of blood
flow velocity, as explained in detail below, the values are
different from the first persistence coeflicient and second
persistence coefficient that are mapped to the same blood
flow velocity value.

[0109] Similar to the persistence calculation unit 108 of
the first embodiment, after correcting for aliasing, the first
persistence calculation unit 108A performs the persistence
calculationonV_,,,,,,and'V_,, , using equation (1) based on
the persistence coeflicient set by the first persistence coef-
ficient determination unit 106 A and the two determination
results from the aliasing determination unit 105.

[0110] Similar to the persistence calculation unit 108 of
the first embodiment, after correcting for aliasing, the sec-
ond persistence calculation unit 108B performs the persis-
tence calculation on V..., and V.| using equation (1)
based on the persistence coeflicient set by the second per-
sistence coeflicient determination unit 1068 and the two
determination results from the aliasing determination unit
105.

[0111] Calculations of the first persistence calculation unit
108A and second persistence calculation unit 108B are the
same except for their differing set persistence coefficients.

[0112] The first persistence calculation unit 108A and the
second persistence calculation unit 108B output their respec-
tive results for the persistence calculation to the maximum
value selection unit 116.

[0113] Based on the persistence calculation results input-
ted from the first persistence calculation unit 108A and the
second persistence calculation unit 108B, for each pixel or
for each value of the corresponding measurement point, the
maximum value selection unit 116 compares the absolute
value of the blood flow velocity data which is the result of
the persistence calculation, the larger value is selected, and
blood flow velocity data V_,, subjected to residual image
processing is generated for the most recent frame.

[0114] The maximum value selection unit 116 corrects
V,,, for aliasing, as performed by the persistence calculation
unit 108 of the first embodiment.

[0115] Then, the maximum value selection unit 116 out-
puts the corrected V_,, to the CFM DSC unit 110 and the
persistence memory unit 109.

[0116] Furthermore, the maximum value selection unit
116, as performed by the persistence calculation unit 108 of
the first embodiment, determines whether or not aliasing has
occurred in the most recent frame in the blood flow velocity
data V_,, that are subjected to residual image processing.
The maximum value selection unit 116 then outputs the
aliasing determination result R, of the blood flow
velocity data V, in the most recent frame to the persistence
memory unit 109.

[0117] Next, a method of determining the first and second
persistance coeflicients will be described in detail. As
described above, the first persistence coefficient determina-
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tion unit 106A creates the first reference index for persis-
tence coefficient reference memory unit 107A based on the
two folded determination results outputted from the aliasing
determination unit 105 and the absolute value of V,
read from the frame memory unit 104.

current

[0118] The first reference index created in Table 4 is
shown.
TABLE 4
Reference Reference
Indexes Indexes
in First in Second
Persistence Persistence
Coeflicient Coeflicient
Determininion  Determininion
Aliasing in  Aliasing in Unit Unit
Condition V cuirrent Voot (Idx1) (Idx2)
(10) Confirmed Confirmed Vpnax Vnax
(11) Confirmed  Confirmed V e V
(12) Confirmed Not Vpnax Abs (V1)
confirmed
(13) Confirmed Not Vpnax Abs (V1)
confirmed
(14) Not Confirmed ~ Abs (Vyens) Vnax
confirmed
(15) Not Confirmed ~ Abs (Vpyens) Ve
confirmed
(16) Not Not AbS (Verpren)  AbS (V)
confirmed  confirmed
[0119] When aliasing has occurred in V..., it is pos-

sible that V_,,,.,., exceeds the absolute value of V. or
-V .- Therefore, when aliasing has occurredin'V_,,,.,.,, the
first reference index becomes V.. Otherwise, it becomes
the absolute value of V... Abs(V,
[0120] FIG. 6A is a graph showing an example of the
relationship between the first reference index and the first
persistence coefficient. In FIG. 6A, the horizontal axis
represents the first reference index and the vertical axis
shows the first persistence coefficient. As shown in Table 4,
the first reference index is V,,,. or the absolute value of
V orenes AbS(V ). When the absolute value of V..., is
lower than the threshold V,,,, the first persistence coefficient
Cersistence: Which decreases steadily with increasing V.,
rent, 18 mapped to V.. That is, when the absolute value
of Vo, 18 lower than the threshold V,, a persistence
coefficient C,,, ., one.» Which is proportional and different
from the blood flow velocity of the most recent frame
Vycurrent! IS mapped fo chrrem'

[0121] On the other hand, the second persistence coeffi-
cient determination unit 1068 creates a second reference
index for the persistence coefficient reference memory unit
107B based on the two aliasing determination results out-
putted by the aliasing determination unit 105 and the abso-
lute value of V_,, , outputted by the persistence memory umt
109. Refer to Table 4 for the second reference index.
[0122] When aliasing has occurred in V|, it is possible
that V,,, , exceeds the absolute value of V,, or -V, .
Therefore, when aliasing has occurred in 'V, |, the second
reference index becomes V.. Otherwise, it becomes the
absolute value of V_,, ;, Abs(V,_,, ).

[0123] FIG. 6B is a graph showing an example of the
correspondence relationship between the second reference
index and the second persistence coeflicient. In FIG. 6B, the
horizontal axis represents the second reference index and the
vertical axis shows the second persistence coeflicient. As

current) ‘

cur-
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shown in Table 4, the second reference index is V. or the
absolute value of V,, |, Abs(V,,,. ;). When the absolute
value of V., is lower than the threshold V,,, the second
persistence coeflicient C,,, ., ...,..., Which decreases steadily
with increasing V_,,,....... 1s mappedto V_,,,.,... That is, when
the absolute value of V_, , is lower than the threshold V,,,
a persistence coeflicient C,,, ..., Which is proportional
and different from the blood flow velocity of the frame
before the lastest frame V_, ,, is mapped to V_, ;.

[0124] As shown in FIGS. 6A and 6B, the first persistence
coeflicient is mapped to the blood flow velocity of the most
recent frame V..., and the value of the first persistence
coeflicient is as small as the magnitude of the absolute value
of V..., The greater the first persistence factor, since the
operation more considering the blood flow velocity of the
previous frame, the first persistence calculation unit 108A
reduces residual image effect, quickly changing the blood
flow velocity performing an operation to be. In contrast, the
second persistence coeflicient, blood flow velocity V of the
previous frame , , , mapped to, and, V,,,, | for a larger value
as the absolute value is large, the second persistence calcu-
lation unit 108B increases the residual image effect, reduce
operation changes in blood flow velocity.

[0125] The first persistence calculation unit 108A as
described above, to reduce the residual image effect, quickly
for performing the operation of changing the blood flow
velocity, monotonously the first persistence coeflicient as the
first reference index is increased reduced, it can realize a
color flow mapping image reflecting the sharp increase in
blood flow velocity in real time as the blood flow velocity
becomes higher.

[0126] When the second persistence calculation unit 108B
adds color to the color tone or gradation in the blood flow
image as the blood flow velocity increases to display an
image with an enhanced residual image effect, a dark display
will be shown as a residual image for an unnecessarily long
time when the blood flow velocity is low. For example, when
the probe is moved, the blood flow looks as if it had a tail.
Because of this, the second persistence coeflicient is
increased monotonically as the second reference index is
increased, and it becomes possible to suppress the residual
image effect as the blood flow velocity decreases.

Third Embodiment

[0127] The following describes the ultrasonic diagnostic
apparatus 13 according to the third embodiment of the
present invention. FIG. 7 is a block diagram showing an
example configuration of an ultrasonic diagnostic apparatus
according to the third embodiment of the present invention.
[0128] The ultrasonic diagnostic apparatus 13 shown in
FIG. 7 is different from the first embodiment of the ultra-
sonic diagnostic apparatus 11 described above in that the
residual image processing unit has two persistence coeffi-
cient determination units and two persistence coeflicient
reference memory units, and the two persistence coefficient
determination units have a persistence coeflicient selection
unit that selects from the set persistence coeflicients. In the
following, a description will be given only of the differences
from the first and second embodiments.

[0129] As shown in FIG. 7, the residual image processing
unit 115" includes a frame memory unit 104, an aliasing
determination unit 105, a first persistence coeflicient deter-
mination unit 106A, a second persistence coeflicient deter-
mination unit 106B, a persistence coeflicient selection unit
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117, a first persistence coefficient reference memory unit
107A, a second persistence coeflicient reference memory
unit 107B, a persistence calculation unit 108, and a persis-
tence memory unit 109.

[0130] The persistence coefficient selection unit 117 reads
the blood flow velocity data V_,,,,.,, for the most recent
frame from the frame memory unit 104 and the blood flow
velocity data 'V, for the frame preceding the most recent
frame from the persistence memory unit 109, compares the
absolute values of V.. and V. and based on the
comparison results, selects one of either the first persistence
coeflicient set by the first persistence coeflicient determina-
tion unit 106A or the second persistence coeflicient set by
the second persistence coeflicient determination unit 1068
to set in the persistence calculation unit 108.

[0131] Specifically, the persistence coeflicient selection
unit 117, in the case where the absolute value of V.., is
larger than the absolute value of V|, selects the first
persistence coeflicient; otherwise, it selects the second per-
sistence.

[0132] Therefore, as in the second embodiment, the first
persistence coefficient is mapped to the blood flow velocity
V prene Of the most recent frame and is as small as the
magnitude of the absolute value of V_,,,,,,.,. The greater the
first persistence factor, since the operation more considering
the blood flow velocity of the previous frame, persistence
calculation unit 108, in the case of using the first persistence
coeflicient, reduces residual image effect, it is possible to
perform an operation to quickly change the blood flow
velocity. In contrast, the second persistence coeflicient,
blood flow velocity V of the previous frame _,, , mapped to,
and, V. | for a larger value as the absolute value is large,
the second persistence persistence calculation unit 108 in the
case of using the stance factor enhances the residual image
effect, it is possible to reduce operation changes in blood
flow velocity.

[0133] Having described various embodiments with ref-
erence to the accompanying drawings, the present invention
is not limited to these examples. Within the scope of the
claims, various modifications or amendments conceivable
by those skilled in the art are also included in the technical
scope of the present invention. Further, without departing
from the scope of the disclosure, it may be any combination
of the components in the above embodiment.

[0134] Inthe above embodiment, although processing was
performed using the blood flow velocity data included in
CFM frame data, in the case where CFM frame data includes
data not other than blood flow velocity data V..., 0r V,,.,.1
(such as blood flow power data or dispersion data of the
blood flow velocity), the persistence calculation unit 108,
even with respect to data other than blood flow velocity data,
uses the blood flow velocity data for the most recent frame
and blood flow velocity data for the frame preceding the
most recent frame and the persistence coeflicient C,,;s0cc
and performs a persistence calculation in a similar way as in
the above equation (1), and may obtain residual image
processed data.

[0135] Further, in the above embodiment, it has been
performed persistence processing using the blood flow
velocity data of the most recent frame and a previous frame,
two front, or three or more previous frames of the blood flow
velocity data it may be subjected to a persistence processing
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also be used. Further, not being limited to equation (1),
persistence processing may be performed using other cal-
culation equations.

[0136] Each functional block employed in the description
of the above embodiments are typically implemented as an
LSI configured by an integrated circuit having an input
terminal and an output terminal. These may be implemented
individually as single chips, or may be integrated into one
chip including part or all. Although it is referred to here as
the LSI, depending on the degree of integration, it may also
be called an IC (Integrated Circuit), system LSI, or super
LSL

[0137] Further, the method of circuit integration is not
limited to the LSI, and may be realized using a dedicated
circuit or a general-purpose processor. After manufacturing
of the LSI, a programmable FPGA (Field Programmable
Gate Array), Reconfigurable Processor (Reconfigurable Pro-
cessor) connections or settings of circuit cells in the LSI may
be utilized.

[0138] Furthermore, if, by way of advancements in semi-
conductor technology or a derivative, an integrated circuit
technology comes out to replace LSI’s, as a matter of course,
it may be used to integrate functional blocks.

[0139] The present invention is suitable for a ultrasonic
diagnostic apparatus capable of displaying the blood flow
velocity.

[0140] According to an embodiment, there is provided an
ultrasonic diagnostic apparatus which is capable of accu-
rately determining the occurrence of aliasing, and when the
aliasing occurs, is capable of adequately correcting for the
effect.

[0141] Although embodiments of the present invention
have been described and illustrated in detail, it is clearly
understood that the same is by way of illustration and
example only and not limitation, the scope of the present
invention should be interpreted by terms of the appended
claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a transceiver that transmits ultrasonic waves by driving a
probe repeatedly, receives echoes reflected off a sub-
ject, and successively generates a plurality of received
signals;

a color flow mapping signal processing unit that succes-
sively generates blood flow velocity data of blood flow
in the subject for each frame based on the plurality of
received signals;

a residual image processing unit that performs residual
image processing on blood flow velocity of the each
frame;

the residual image processing unit further comprising;

an aliasing determination unit that determines whether or
not aliasing occurs in a first blood flow velocity data,
being blood flow velocity data for a most recent frame,
and in a second blood flow velocity data, being blood
flow velocity data for a frame before the most recent
frame with being subjected to the residual image pro-
cessing, in which the determination is performed based
on the first blood flow velocity data, the second blood
flow velocity data, and a first aliasing determination
result, being determined for the frame before the most
recent frame and indicating presence or absence of
aliasing in the blood flow velocity data for the frame
with being subjected to the residual image processing,
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the aliasing determination unit further outputting a
second aliasing determination result that is an aliasing
determination result of the first blood flow velocity
data, and a third aliasing determination result that is an
aliasing determination result of the second blood flow
velocity data, and

a persistence calculation unit that, based on the second

and third aliasing determination results and a predeter-
mined persistence coeflicient for adjusting the residual
image effect, performs a persistence calculation using
the first blood flow velocity data and the second blood
flow velocity data, outputs a persistence calculation
result as a third blood flow velocity data for the most
recent frame that is the blood flow velocity data with
being subjected to residual image processing, deter-
mines whether or not aliasing occurs in the third blood
flow velocity data, and outputs data which is a fourth
aliasing determination result.

2. The ultrasonic diagnostic apparatus according to claim
1,

wherein the persistence calculation unit performs the

persistence calculation after correcting the blood flow
velocity data of the most recent frame and a residual
image processed blood flow velocity data of the frame
before the most recent frame based on the second and
third aliasing determination results.

3. The ultrasonic diagnostic apparatus according to claim
15

wherein the residual image processing unit includes a

persistence coeflicient determination unit that sets the
persistence coeflicients based on the second and third
aliasing determination results and the first blood flow
velocity data.

4. The ultrasonic diagnostic apparatus according to claim
1, the residual image processing unit further comprising:

a first memory unit that stores the first blood flow velocity

data, and
a second memory unit that stores the second blood flow
velocity data and the first aliasing determination result,

wherein an aliasing determination unit performs aliasing
determination on the first blood flow velocity data, the
second blood flow velocity data, and the first aliasing
determination result, which are obtained from the first
memory unit and second memory unit respectively, and

wherein the persistence calculation unit performs the
persistence calculation on the first blood flow velocity
data obtained from the first memory unit, the second
blood flow velocity data and the first aliasing determi-
nation result, which are obtained from the second
memory unit, and outputs the third blood flow velocity
data, which is a result of the persistence calculation,
and the fourth aliasing determination result, to the
second memory unit.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the aliasing determination unit determines
whether or not aliasing occurs in the first blood flow velocity
data and the second blood flow velocity data based on a
result of comparing magnitudes of the first blood flow
velocity data and second blood flow velocity data with a
predetermined threshold value, and the first aliasing deter-
mination result.

6. The ultrasonic diagnostic apparatus according to claim
1, the residual image processing unit further comprising:
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a first persistence coefficient determination unit that sets
a first persistence coefficient based on the second and
third aliasing determination results and the first blood
flow velocity data;

a second persistence coefficient determination unit that
sets a second persistence coefficient based on the
second and third aliasing determination results, and the
second blood flow velocity data;

a first persistence calculation unit that performs a persis-
tence calculation using the first blood flow velocity data
and second blood flow velocity data based on the
second and third aliasing determination results and the
first persistence coeflicient;

a second persistence calculation unit that performs a
persistence calculation using the first blood flow veloc-
ity data and second blood flow velocity data based on
the second and third aliasing determination results and
the second persistence coeflicient;

a maximum value selection unit that compares absolute
values of calculation results outputted from the first and
second persistence calculation units, whereby a larger
calculation result is outputted as the third blood flow
velocity data, determines whether or not aliasing occurs
in the third blood flow velocity data, and outputs a
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fourth aliasing determination result that is an aliasing
determination result thereof.
7. The ultrasonic diagnostic apparatus according to claim

1, the residual image processing unit further comprising:

a first persistence coefficient determination unit that sets
a first persistence coeflicient based on the second and
third aliasing determination results and the first blood
flow velocity data;

a second persistence coefficient determination unit that
sets a second persistence coefficient based on the
second and third aliasing determination results, and the
second blood flow velocity data, and

a persistence coeflicient selection unit that compares an
absolute value of the first blood flow velocity data with
an absolute value of the second blood flow velocity
data, and selects the first persistence coeflicient when
the absolute value of the first blood flow velocity data
is larger and otherwise selects the second persistence
coefficient,

wherein the persistence calculation unit performs a per-
sistence calculation using the first blood flow velocity
data and the second blood flow velocity data based on
the second and third aliasing determination results and
the selected persistence coefficient.

L S S T
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