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ULTRASONIC BLOOD FLOW PARAMETER
DISPLAYING METHOD, AND ULTRASONIC
IMAGING SYSTEM THEREFOR

TECHNICAL FIELD

[0001] The present disclosure relates to blood flow imag-
ing and display techniques in ultrasonic system, particularly
to an ultrasonic blood flow parameter displaying method and
ultrasonic imaging system thereof.

BACKGROUND

[0002] In a medical ultrasonic imaging device, ultrasonic
waves are transmitted into an object to be inspected. In color
Doppler blood imaging, as in pulse-wave Doppler imaging
and continuous-wave Doppler imaging, the images may be
obtained utilizing the Doppler Effect between red blood cells
and ultrasonic waves. A color Doppler blood imaging device
may include a two-dimensional ultrasonic imaging system,
a pulse-wave Doppler (one-dimensional Doppler) blood
flow analysis system, a continuous-wave Doppler blood
flow measurement system and a color Doppler (two-dimen-
sional Doppler) blood flow imaging system. An oscillator
generates two orthogonal signals with a phase difference of
7/2. The two signals are multiplied by the Doppler blood
flow signals, respectively, and the product is converted into
digital signal by an analog-to-digital (A/D) converter. After
being filtered by a comb filter in order to remove the low
frequency components generated by vascular wall or valve,
etc., the converted digital signal is sent to an autocorrelator
where autocorrelation is performed thereon. Since each
sample includes the Doppler blood flow information gener-
ated by multiple red blood cells, the signal obtained by the
autocorrelation is a mixed signal of multiple blood flow
velocities. The results of the autocorrelation are sent to a
velocity calculator and a variance calculator to obtain mean
velocities. The mean velocities may be stored in a digital
scan converter (DSC) together with the blood flow spectrum
information processed by FFT and two-dimensional image
information. Thereafter, the blood flow information is
pseudo-color coded by a color processor based on the
directions and velocity magnitudes of the blood flow and
displayed on a color display, thereby achieving the color
Doppler blood flow imaging.

[0003] Spectral Doppler imaging is used for quantitative
diagnosis of heart valve stenosis and arteriosclerotic lesions,
etc. The direction of the blood flow may be different at
different times in a cardiac cycle. For example, the blood
flow of the carotid artery is laminar under normal conditions,
but if plaque exists and the arterial stenosis occurs, the blood
flow becomes more disordered. Vortex may occur near the
stenosis during systole. The degree of vortex is also an
important indicator for judging the stenosis rate. Usually, the
area of the vortex is used as the judgment index of the vortex
degree. However, in traditional color Doppler, the direction
of blood flow cannot be measured, and the area of the vortex
can only be manually depicted by red and blue colors and
related clinical experience. Therefore, errors are easily gen-
erated. The degree of vortex needs to be quantitatively
calculated to make the diagnosis more reliable.

SUMMARY

[0004] Based on the forgoing, it is desired to provide a
parameter display method of ultrasonic blood flow and an
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ultrasonic imaging system thereof for the deficiencies in the
prior art, and provide a new method for quantitatively
evaluating the direction of blood flow movement, and pro-
vide users with more Good observation perspective.
[0005] In one embodiment, an ultrasonic blood flow
parameter displaying method is provided, which may
include: obtaining an ultrasonic signal from a scan target
through a probe; obtaining blood flow velocity directions in
the scan target according to the ultrasonic signal; extracting
multiple blood flow velocity directions; quantifying a dis-
persion of the extracted multiple blood flow velocity direc-
tions; and displaying a quantification result of the disper-
sion.

[0006] In one embodiment, an ultrasonic imaging system
is provided, which may include: a probe configured to
transmit an ultrasonic beam to a scan target; a receiving
circuit and a beam-former configured to receive an echo
signal of the ultrasonic beam and perform a beam-forming
on the echo signal to obtain an ultrasonic signal; an image
processor configured to obtain blood flow velocity directions
in the scan target according to the ultrasonic signal, extract
multiple blood flow velocity directions and quantify a dis-
persion of the extracted multiple blood flow velocity direc-
tions; and a display configured to display a quantification
result of the dispersion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a block diagram of an ultrasonic imaging
system according to one embodiment of the present disclo-
sure;

[0008] FIG. 2 is a schematic diagram of a vertically
transmitted plane ultrasonic beam according to one embodi-
ment of the present disclosure;

[0009] FIG. 3 is a schematic diagram of a steered plane
ultrasonic beam according to one embodiment of the present
disclosure;

[0010] FIG. 4 is a schematic diagram of multi-angle
reception in one embodiment of the present disclosure;
[0011] FIG. 5 is a schematic flowchart of a method accord-
ing to one embodiment of the present disclosure;

[0012] FIG. 6 is a schematic diagram of a calculation
method of the blood flow velocity vector according to one
embodiment of the present disclosure;

[0013] FIG. 7 is a schematic diagram showing the spatial
coordinate of the direction of the blood flow velocity in one
embodiment of the present disclosure;

[0014] FIG. 8 is a schematic diagram of calculation of the
dispersion image in one embodiment of the present disclo-
sure;

[0015] FIG. 9A is a schematic diagram of calculation of
the blood flow velocity vector information in the first mode
in one embodiment of the present disclosure;

[0016] FIG. 9B is a schematic diagram of calculation of
the blood flow velocity vector information in the second
mode in one embodiment of the present disclosure;

[0017] FIG. 10 is a schematic flowchart of a method
according to one embodiment of the present disclosure;
[0018] FIG. 11 is a schematic flow chart of a method
according to one embodiment of the present disclosure;
[0019] FIG. 12 is a schematic flow chart of a method
according to one embodiment of the present disclosure;
[0020] FIG. 13 is a schematic diagram showing a display
effect of the dispersion image according to one embodiment
of the present disclosure;
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[0021] FIG. 14 is a schematic line diagram of FIG. 13; and
[0022] FIG. 15, FIG. 16, FIG. 17, FIG. 18 and FIG. 19 are
schematic views comparatively showing the ultrasonic
images and the discrete quantized structures in various
embodiments of the present disclosure, respectively.

DETAILED DESCRIPTION

[0023] FIG. 1 schematically shows a block diagram of an
ultrasonic imaging system according to one embodiment of
the present disclosure. As shown in FIG. 1, the ultrasonic
imaging system may generally include a probe 1, a trans-
mitting circuit 2, a transmitting/receiving switch 3, a receiv-
ing circuit 4, a beam-former 5, a signal processor 6, an image
processor 7 and a display 8. In the present disclosure,
“multiple” may mean two or greater.

[0024] In an ultrasonic imaging process, the transmitting
circuit 2 may transmit transmitting pulses, which have been
delay focused and have certain amplitude and polarity, to the
probe 1 through the transmitting/receiving switch 3. The
probe 1 may be excited by the transmitting pulses and
thereby transmit ultrasonic waves to a scan target (for
example, organs, tissues, blood vessels or the like within a
human or animal body, not shown), receive ultrasonic
echoes which are reflected by a target region and carry
information related to the scan target after a certain time
interval, and convert the ultrasonic echoes into electric
signals. The receiving circuit may receive the electric signals
converted by the probe 1 to obtain ultrasonic echo signals
and send the ultrasonic echo signals to the beam-former 5.
The beam-former 5 may perform processing such as a focus
delaying, a weighting and a channel summing, etc. on the
ultrasonic echo signals and then send the ultrasonic echo
signals to the signal processor 6, where related signal
processing procedures will be performed on the ultrasonic
echo signals, such as filtering, etc. The ultrasonic echo
signals processed by the signal processor 6 may be sent to
the image processor 7. The image processor 7 may process
the signals in different ways according to the imaging mode
desired by the user, so as to obtain image data in different
mode. Then, the image data may undergo the processing
such as logarithmic compression, dynamic range adjustment
and digital scan conversion, etc. to form ultrasonic images of
different modes, for example, two-dimensional images such
as B images, C images or D images, etc. In addition, the
ultrasonic images may also include three-dimensional ultra-
sonic images. The ultrasonic images formed in the image
processor 7 may be sent to the display 8 where they are
displayed. In addition, the image processor 7 may further
calculate a blood flow velocity vector of the target point
within the scan target according to the ultrasonic echo
signals, and may add the calculated blood flow velocity
vector to the display for display by the rendering process,
and/or send the calculated blood flow velocity vector to the
display for display. The image processor 7 and the signal
processor 6 may be provided separately in different proces-
sors or integrated in one single processor 9.

[0025] The target point mentioned in this embodiment
may be one pixel point on the ultrasonic image or a region
block containing at least two pixel points. The blood flow
velocity vector of the target point, including the velocity
value and the velocity direction, is used to represent the flow
velocity information of the blood flow motion state within
the scan target. The calculation of the blood flow velocity
vector will be explained in detail below.
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[0026] The probe 1 may generally include an array of
multiple transducers. Each time the ultrasonic waves are
transmitted, all or a part of the transducers of the probe 1
may be used. In this case, each or each part of the used
transducers may be respectively excited by the transmitting
pulse and respectively transmit ultrasonic waves. The ultra-
sonic waves transmitted by the transducers may superpose
with each other during the propagation thereof to form a
resultant ultrasonic beam transmitted to the scan target. The
direction of the resultant ultrasonic beam may be the trans-
mitting angle of ultrasonic waves mentioned in the present
disclosure. The used transducers may be simultaneously
excited by the transmitting pulses. Alternatively, a certain
time delay may exist between the excitation times of the
used transducers by the transmitting pulses. By controlling
the time delay between the excitation times of the used
transducers by the transmitting pulses, the propagation
direction (i.e. the transmitting angle) of the resultant ultra-
sonic beam can be changed, as described in details below.

[0027] By controlling the time delay between the excita-
tion times of the used transducers by the transmitting pulses,
it may also be possible that the ultrasonic waves transmitted
by the used transducers neither focus nor completely diffuse
during the propagation thereof, but form a plane wave which
is substantially planar as a whole. Alternatively, by control-
ling the time delay between the excitation times of the used
transducers by the transmitting pulses, it may also be pos-
sible that the ultrasonic waves transmitted by the transducers
are superposed at a predetermined position such that the
strength of the ultrasonic waves at the predetermined posi-
tion is maximum, in other words, such that the ultrasonic
waves transmitted by the transducers may be “focused” at
the predetermined position. Such predetermined position
may be referred to as a “focus”. In this case, the obtained
resultant ultrasonic beam may be a beam focused at the
focus, which may be referred to as a “focused ultrasonic
beam” in the present disclosure. During the transmission of
the focused ultrasonic beam, the used transducers may work
with a predetermined transmission time delay (i.e., a prede-
termined time delay may exist between the excitation times
of the used transducers by the transmitting pulses) and the
ultrasonic waves transmitted by the transducers may be
focused at the focus to form the focused ultrasonic beam.
Alternatively, by controlling the time delay between the
excitation times of the used transducers by the transmitting
pulses, it may also be possible that the ultrasonic waves
transmitted by the used transducers diffuse during the propa-
gation to form a diffused wave which is substantially dif-
fused as a whole. In the present disclosure, such diffused
ultrasonic wave may be referred to as a “diffused ultrasonic
beam”.

[0028] In the case that multiple transducers linearly
arranged are excited simultaneously by electronic pulses, the
transducers will simultaneously transmit ultrasonic waves
and the propagation direction of the resultant ultrasonic
beam will be the same as the normal direction of the plane
on which the transducers are arranged. For example, for the
plane beam vertically transmitted shown in FIG. 2, there is
no time delay between the used transducers (i.e. there is no
time delay between the excitation times of the transducers
by the transmitting pulses) and the transducers are excited
simultaneously. The ultrasonic beam formed thereby is a
plane beam, i.e. a plane ultrasonic beam. The propagation
direction of this plane ultrasonic beam is substantially
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perpendicular to the surface of the probe 1 from which the
ultrasonic waves are transmitted, i.e. the angle between the
propagation direction of the resultant ultrasonic beam and
the normal direction of the plane on which the transducers
are arranged is zero degree. However, in the case that there
is time delay between the excitation pulses applied to the
transducers, the transducers will successively transmit ultra-
sonic waves according to the time delay, and there will be an
certain angle between the propagation direction of the
resultant ultrasonic beam and the normal direction of the
plane on which the transducers are arranged. This angle is
the transmitting angle of the resultant beam. By changing the
time delay, the magnitude of the transmitting angle, and the
direction of the transmission in the scanning plane of the
resultant beam with respect to the normal direction of the
plane on which the transducers are arranged, of the resultant
beam may be adjusted. For example, FIG. 3 schematically
shows a plane beam with a steered angle. In this case, there
is a predetermined time delay between the used transducers
(i.e., between the excitation times of the used transducers by
the transmitting pulses), and the transducers are excited in a
predetermined order by the transmitting pulses. The ultra-
sonic beam generated thereby is a plane beam, i.e. a plane
ultrasonic beam, and there is an angle (for example, the
angle o in FIG. 3) between the propagation direction of this
plane ultrasonic beam and the normal direction of the plane
on which the transducers of the probe 1 are arranged. This
angle is the transmitting angle of the plane ultrasonic beam.
By changing the time delay, the magnitude of the angle o
may be adjusted. Similarly, regardless of the plane ultrasonic
beam, the focused ultrasonic beam or the diffused ultrasonic
beam, the “transmitting angle” of the resultant beam formed
between the direction of the resultant beam and the normal
direction of the plane on which the transducers are arranged
can be adjusted by adjusting the time delay between the
excitation times of the used transducers by the transmitting
pulses. The “resultant beam” herein may be the plane
ultrasonic beam, the focused ultrasonic beam or the diffused
ultrasonic beam mentioned above, etc.

[0029] Furthermore, with reference to the foregoing, for a
two-dimensional ultrasonic transducer, it can be considered
as a combination of multiple linear arrays. Therefore, for the
two-dimensional ultrasonic transducer, the “transmitting
angle” of the resultant beam formed between the resultant
beam and the normal direction of the plane on which the
transducers are arranged can also be adjusted by adjusting
the time delay between the excitation times of the used
transducers by the transmitting pulses.

[0030] Furthermore, by controlling the aperture position
of the transducer participating in the reception of the ultra-
sonic wave (referred to as the receiving transducer herein),
the receiving angle of the received ultrasonic signal can be
adjusted. For example, as shown in FIG. 4, the ultrasonic
probe may include an transducer portion 1, an transducer
portion 2, an transducer portion 3 and an transducer portion
4. The transducer portion 1, the transducer portion 2, the
transducer portion 3 and the transducer portion 4 may
include one transducer or multiple transducers. One or more
of the transducer portion 1, the transducer portion 2, the
transducer portion 3 and the transducer portion 4 may be
used as the receiving element. In FIG. 4, when an ultrasonic
beam in a transmitting angle is transmitted to a scan target
including the target point position A, the transducer 1 is used
as the receiving element, and the ultrasonic beam reflected
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back from a certain target point position A in the scan target
is received. According to the line connecting the aperture
position of the element unit 1 and the target point position
A (shown as a solid line in FIG. 4), the receiving angle al
of the echo of the ultrasonic beam received at the current
time can be determined. At the same time, the transducer
portion 2 may be used as the receiving transducer to receive
the echo of the ultrasonic beam reflected from a certain
target point position A in the scan target, and the receiving
angle a2 of the echo of the ultrasonic beam received at the
current time cab be determined according to the line con-
necting the aperture position of the transducer portion 2 and
the target point position A (shown as dotted line in FIG. 4).
Two echoes with different receiving angles may be obtained
form the echoes of the ultrasonic beam returned from the
same target position A. Therefore, the “receiving angle” of
the echo of the ultrasonic beam may be defined according to
the angle between the line connecting the aperture position
of the receiving element and the position of the target point
and the normal direction of the plane on which the ultrasonic
transducers are arranged. By changing the aperture position
of the receiving element in the probe, the “receiving angle”
of the echo of the ultrasonic beam can be changed, thereby
obtaining ultrasonic signals with different receiving angles
returned from the scan target.

[0031] Based on the above explanation, when transmitting
an ultrasonic beam to the scan target so as to obtain
ultrasonic signals in multiple angles from the scan target, the
receiving angle of the echo of the ultrasonic beam may be
changed by changing the position of the aperture of the
receiving element in the probe, thereby obtaining ultrasonic
signals corresponding to different receiving angles from the
scan target, and alternatively, the transmitting angle of the
ultrasonic beam may be changed by controlling the time
delay between the excitation time of the transducers partici-
pating in the transmission of the ultrasonic waves by the
transmitting pulse, thereby obtaining the ultrasonic signals
corresponding to different transmitting angles from the scan
target. The image processor 7 may calculate the blood flow
velocity vectors of multiple target points in the region of
interest in the scan target or in the scan target according to
the ultrasonic signals in different angles.

[0032] In addition, the ultrasonic imaging system shown
in FIG. 1 may further include an operation control device 10
for receiving an adjustment signal from an user. The adjust-
ment signal may be used to adjust the imaging parameters
such as the transmitting angle of the ultrasonic beam, the
receiving angle, and the ultrasonic beam type, etc., or adjust
the image of the image processor, the region of interest or
the calculation result of the blood flow velocity vector. The
operation control device 10 may be a human-computer
interaction interface, such as a keyboard, a scroll wheel, a
touch gesture receiving and calculating module connected to
a touch screen with a touch function, a mouse, a transceiver
module for a gesture control signal, and the like. The display
8 in FIG. 1 may include one or more display screens. The
display screen in the embodiment may be a touch screen, an
LED display screen, or the like.

[0033] The image data or the quantification result output
by the image processor may also be transmitted to a remote
display through a wireless transmission device for display.
The solution of the embodiment is not limited to the cart-
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type ultrasonic device, but may include all devices which are
included in a medical internet system and able to display the
ultrasonic images.

[0034] FIG. 5 provides a method for displaying the param-
eter of blood flow, which provides a method for evaluating
the degree of vortex or turbulence in blood flow in a blood
vessel and can be used as a more intuitive quantitative
analysis method for determining the degree of vascular
stenosis. The details will be described below.

[0035] In step S100 in FIG. 5, the receiving circuit 4 and
the beam-former 5 may obtain the received ultrasonic signal
from the scan target through the probe 1.

[0036] In one embodiment, the probe 1 may be excited by
the transmitting circuit 2 to transmit an ultrasonic beam to
the scan target, and the echoes of the ultrasonic beam may
be received to obtain the ultrasonic signal mentioned in the
step S100. The ultrasonic beam transmitted to the scan target
in this embodiment may include the focused ultrasonic beam
and the unfocused ultrasonic beam. The unfocused ultra-
sonic beam may include at least one or a combination of the
virtual source ultrasonic beam, the non-diffracting ultrasonic
beam, the divergent ultrasonic beam and the plane ultrasonic
beam, etc. Of course, the embodiments of the present
disclosure will not be limited to the types of ultrasonic
beams above. It can be seen that the ultrasonic signal in step
S100 may be the echo signal of the ultrasonic beam.
[0037] In one embodiment, the step S100 may include a
step 121 in which a focused ultrasonic beam may be
transmitted to the scan target and the echoes of the focused
ultrasonic beam may be received to obtain a focused ultra-
sonic signal which may be used to obtain an ultrasonic
image or calculate a blood flow velocity vector, etc. Alter-
natively, the step S100 may include a step 122 in which a
plane ultrasonic beam may be transmitted to the scan target
and the echoes of the plane ultrasonic beam may be received
to obtain a plane ultrasonic signal which may be used to
obtain an ultrasonic image or calculate a blood flow velocity
vector, etc. Alternatively, the step S100 may include step 121
and step 122 above, i.e. a focused ultrasonic beam may be
transmitted to the scan target to obtain a focused ultrasonic
signal and a plane ultrasonic beam may be transmitted to the
scan target to obtain a plane ultrasonic signal. The focused
ultrasonic signal may be used to obtain at least a portion of
the ultrasonic image of the scan target, so as to obtain an
ultrasonic image with better quality as a background image,
and the plane ultrasonic signal may be used to calculate the
blood flow velocity vector in step S200 of FIG. 5.

[0038] In the case that two types of beam are transmitted
in step S100, the two types of ultrasonic beams may be
alternately transmitted to the scan target. For example, the
transmission of the focused ultrasonic beam to the scan
target may be inserted between the transmissions of the
plane ultrasonic beam to the scan target, that is, the steps 121
and 122 above may be alternately performed. This way, the
synchronization of the acquisition of the image data of the
two types of ultrasonic beams may be ensured, and the
accuracy of the blood flow velocity vector obtained by the
multi-beam angle transmission may be improved.

[0039] In addition to that the beam type is freely select-
able, in step S100, the ultrasonic signals in multiple angles
may be received for calculating the blood flow velocity
vector or obtaining the ultrasonic image. For example, in
step S100, ultrasonic beams with different transmitting
angles may be transmitted to the scan target, and ultrasonic
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signals corresponding to the multiple transmitting angles
may be received. Alternatively, ultrasonic signals corre-
sponding to different receiving angles may be received from
the scan target. Therefore, the ultrasonic signals of multiple
angles may correspond to multiple transmitting angles or
multiple receiving angles. The details will be described
below.

[0040] 1. For the ultrasonic beams that are transmitted to
the scan target in different transmitting angles, the ultrasonic
signals of multiple angles may be received along different
transmitting angles.

[0041] In one embodiment, in step S100, the method may
include transmitting ultrasonic beams to the scan target in
multiple transmitting angles and receiving the echoes of the
ultrasonic beams to obtain the ultrasonic signals correspond-
ing to the multiple transmitting angles as the ultrasonic
signals of multiple angles in step S100.

[0042] In one embodiment, in step S100, the ultrasonic
beams may be transmitted to the scan target in multiple
transmitting angles. In this process, the ultrasonic beams in
different transmitting angles may be alternately transmitted
to the scan target. For example, in the case that the ultrasonic
beams will be transmitted to the scan target along two
transmitting angles, the ultrasonic beam may be first trans-
mitted to the scan target along the first transmitting angle,
and then the ultrasonic beam may be transmitted to the scan
target along the second transmitting angle, thereby complet-
ing a scanning cycle. Thereafter, the above scanning cycle
may be sequentially repeated. Alternatively, all ultrasonic
beams in one transmitting angle may be transmitted to the
scan target first, and then all ultrasonic beams in another
transmitting angle may be transmitted to the scan target, and
so on, until the ultrasonic beams in all transmitting angles
are transmitted. The different transmitting angles may be
obtained by changing the delay time of each transducers or
each portion of transducers participating in the ultrasonic
transmission, as specifically described with reference to
FIG. 2 or FIG. 3.

[0043] Inone embodiment, multiple ultrasonic beams may
be transmitted to the scan target in each transmitting angle
to obtain multiple ultrasonic signals which may be used for
subsequent processing of the ultrasonic image data. For
example, multiple unfocused ultrasonic beams or multiple
focused ultrasonic beams may be respectively transmitted to
the scan target in multiple transmitting angles. And each
time the ultrasonic beam is transmitted, the ultrasonic signal
is obtained once.

[0044] Alternately transmitting the multiple ultrasonic
beams in different transmitting angles to the scan target may
enable the calculation of the blood flow velocity vector of
the target point substantially at the same moment using the
echo data, thereby increasing the accuracy of the calculation
of the velocity vector information. For example, in the case
that the ultrasonic beams will be transmitted to the scan
target for N times respectively in three transmitting angles,
the ultrasonic beam may be transmitted to the scan target in
a first transmitting angle for at least one time, then the
ultrasonic beam may be transmitted to the scan target in a
second transmitting angle for at least one time, and then the
ultrasonic beam may be transmitted to the scan target in a
third transmitting angle for at least one time, thereby com-
pleting one scanning cycle. The scanning cycle above may
be repeated until all scanning in all transmitting angles are
completed. The numbers of the transmission of the ultra-
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sonic beam in different transmitting angles in one scanning
cycle may be the same or different. For example, in the case
that the ultrasonic beam will be transmitted in two trans-
mitting angles, the transmission sequence may be A1 B1 A2
B2 A3 B3 A4 B4 ... Ai Bi, and so on, where Ai may be the
ith transmission in a first transmitting angle and Bi may be
the ith transmission in a second transmitting angle. In the
case that the ultrasonic beam will be transmitted in three
transmitting angles, the transmission sequence may be Al
B1 BIC1 A2 B2 B2C2 A3 B3 B3C3 . . . Ai Bi Bi Ci, and
so on, where Ai may be the ith transmission in a first
transmitting angle, Bi may be the ith transmission in a
second transmitting angle, and Ci may be the ith transmis-
sion in a third transmitting angle.

[0045] In addition, in the case that two types of ultrasonic
beams will be transmitted to the scan target in step S100, the
two types of ultrasonic beams may be transmitted alter-
nately. For example, the step S100 may include a step S101
in which the focused ultrasonic beams may be transmitted to
the scan target for multiple times to obtain the image data
used for obtaining the ultrasonic images. In step S102, the
plane ultrasonic beams may be transmitted to the scan target
for multiple times in one or more transmitting angles to
obtain the image data to be used for calculating the flow
velocity vector information. The transmissions of the
focused ultrasonic beams to the scan target may be inserted
between the transmissions of the plane ultrasonic beams to
the scan target. For example, the multiple transmissions of
the focused ultrasonic beam to the scan target may be evenly
inserted into the process of step S102 above. Alternatively,
it is also possible to employ any of the alternate transmission
modes that enable at least a portion of the multiple plane
ultrasonic beams transmitted to the scan target to be alter-
nately executed with at least a portion of the multiple
focused ultrasonic beams transmitted to the scan target. In
this embodiment, the focused ultrasonic beam may be used
to obtain an ultrasonic image with better quality, and high
real-time velocity vector information may be obtained by
using the plane ultrasonic beam due to the high frame rate
of plane ultrasonic beam. Furthermore, in order to have
better synchronization in data acquisition, the two types of
ultrasonic beams may be transmitted alternately.

[0046] The receiving circuit 4 and the beam-former 5 may
receive the echoes of the transmitted ultrasonic beams and
perform beam-forming to obtain the ultrasonic signals. For
example, when the echoes of the focused ultrasonic beam
are received, the focused ultrasonic signals may be obtained.
When the echoes of the plane ultrasonic beam are received,
the plane ultrasonic signal may be obtained, and so on. The
type of the ultrasonic beam transmitted in step S100 corre-
sponds to the type of ultrasonic signal generated according
to the received echoes of such type of ultrasonic beams. For
example, the focused ultrasonic beam corresponds to the
focused ultrasonic signal, the plane ultrasonic beam corre-
sponds to the plane ultrasonic signal, the divergent ultra-
sonic beam corresponds to the divergent ultrasonic signal,
and the like, which will not be enumerated one by one here.

[0047] When the receiving circuit 4 and the beam-former
5 receive the echoes of the ultrasonic beam transmitted in the
above step S100, each or each portion of the transducers
participating in the transmission of the ultrasonic beam may
be used to receive the echoes of the ultrasonic beam trans-
mitted in step S100. Alternatively, the transducers in the
probe may be divided into receiving portion and transmitting
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portion, and each of each portion of the receiving portion
may be used to receive the echoes of the ultrasonic beam
transmitted in step S100.

[0048] When the ultrasonic beam is transmitted in one
transmitting angle in step S100, the echoes of the ultrasonic
beam in such transmitting angle may be received to corre-
spondingly obtain a group of ultrasonic signals. When the
ultrasonic beams are transmitted in multiple transmitting
angles in step S100, the echoes of the ultrasonic beams in the
multiple transmitting angles may be received to obtain
multiple groups of ultrasonic signals corresponding to the
multiple transmitting angles. Based on the different trans-
mitting angles, multiple groups of ultrasonic signals corre-
sponding to the different transmitting angles may be
received. Further, one group of ultrasonic signals may
include multiple ultrasonic signals, and the multiple ultra-
sonic signals may correspond to the multiple received echo
signals of the multiple ultrasonic beams transmitted in each
transmitting angle, where one transmission of the ultrasonic
beam may correspondingly obtain one ultrasonic signals.
For example, in step S100, multiple plane ultrasonic beams
may be respectively transmitted to the scan target in multiple
different transmitting angles, and then echoes of the plane
ultrasonic beams corresponding to the multiple transmitting
angles may be respectively received to obtain multiple
groups of plane ultrasonic signals belonging to different
transmitting angles, where each group of plane ultrasonic
signals may include at least two plane ultrasonic signals and
each plane ultrasonic signal may be derived from the echoes
of the ultrasonic beam transmitted in one transmitting angle
for one time. For another example, in the case that multiple
focused ultrasonic beams are transmitted to the scan target
in step S100, the echoes of the focused ultrasonic beams
may be received to obtain multiple focused ultrasonic sig-
nals.

[0049] 2. Receiving ultrasonic signals of multiple angles
from the scan target in different receiving angles.

[0050] When the transmitting circuit 2 excites the probe 1
to transmit the ultrasonic beam to the scan target in one or
more transmitting angles in step S100, the echoes of the
ultrasonic beam from the scan target may be received to
obtain the ultrasonic signals in different receiving angles as
the ultrasonic signals of different angles obtained in step
S100 by adjusting the aperture position of the receiving
transducers in the probe, as shown in FIG. 4 and related
description. The process of transmitting the ultrasonic beam
to the scan target in multiple transmitting angles is described
in the foregoing.

[0051] For example, in one embodiment, in step S100,
when receiving the echoes of the ultrasonic beam from the
scan target, the aperture position of the receiving transducers
in the probe may be adjusted to the first position for
receiving the echoes of the ultrasonic beam transmitted in
such transmitting angle to obtain the first group of ultrasonic
signals belonging to the first receiving angle; and the aper-
ture of the receiving transducer may be adjusted to the
second position for receiving the echoes of the ultrasonic
beam transmitted in such transmitting angle to obtain the
second group of ultrasonic signals belonging to the second
receiving angle. Similarly, multiple groups of ultrasonic
signals may be obtained based on different receiving angles.
[0052] Referring to the foregoing sequence and rules in
multiple transmitting angles, in the process of receiving the
ultrasonic signals of multiple angles from the scan target in
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different receiving angles in the embodiments above, the
receiving of the multiple groups of ultrasonic signals may be
performed alternately according to the different receiving
angles. In one embodiment of the present disclosure, the
transmitting circuit 2 may excite the probe 1 to transmit the
ultrasonic beam to the scan target, and the echoes of the
ultrasonic beam may be received respectively in multiple
different receiving angles to obtain multiple groups of
ultrasonic signals belonging to different receiving angles,
where the echoes of one group of ultrasonic beams may be
correspondingly received from the scan target in one receiv-
ing angle which may be used for subsequent beam-forming,
ultrasonic image data processing and calculation of the
blood flow velocity vector. The echoes of the multiple
groups of ultrasonic beams may be respectively received
from the scan target in multiple receiving angles. For
example, in step S100, the plane ultrasonic beams may be
transmitted to the scan target, and the echoes of the ultra-
sonic beams may be received in one receiving angle for
multiple times to obtain one group of plane ultrasonic
signals, where the one group of plane ultrasonic signals may
include multiple plane ultrasonic signals. The echoes of
multiple groups of plane ultrasonic beams may be received
in different receiving angles, thereby obtaining multiple
groups of plane ultrasonic signals belonging to different
receiving angles.

[0053] 3. The ultrasonic signal obtained based on one
transmitting angle or one receiving angle may also be used
to calculate the blood flow velocity vector and/or obtain the
ultrasonic image in subsequent steps. For example, in step
S100, the plane ultrasonic beam may be transmitted to the
scan target in one transmitting angle, and the echoes of the
ultrasonic beam may be received in one receiving angle for
multiple times to obtain one group of plane ultrasonic
signals, where said one group of plane ultrasonic signals
may include multiple plane ultrasonic signals. This embodi-
ment can also be suitable for other type of ultrasonic beam
above.

[0054] Based on the adjustment to the transmitting angle
or the receiving angle mentioned above, the ultrasonic
signals in one or more angles may be obtained in step S100,
where the angle here may include the transmitting angle or
the receiving angle. Corresponding to one transmitting angle
or receiving angle, one group of ultrasonic signals may be
obtained, and therefore multiple groups of ultrasonic signals
may be obtained corresponding to different transmitting
angles or receiving angles. Each group of ultrasonic signals
may include at least one ultrasonic signal obtained in the
transmitting angle or the receiving angle. The ultrasonic
image of at least a portion of the scan target may be obtained
based on any one or two or more of the multiple groups of
ultrasonic signals. In addition, based on any one or two or
more of the multiple groups of ultrasonic signals, the blood
flow velocity vector of the target point in the region of
interest may be obtained.

[0055] In step S100, in order to facilitate the calculation
and improve the image display effect, the ultrasonic signals
of multiple angles obtained from the scan target by the probe
may belong to different receiving angles or transmitting
angles. According to the different angles corresponding to
the ultrasonic signals, the ultrasonic signals of multiple
angles may be stored as at least one group of data frame set
associated with the angle. That is, the obtained one group of
ultrasonic signals above may be stored as one group of data
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frame set associated with the angle, and the data frame set
may include at least one frame of image data.

[0056] FIG. 12 shows a modification based on FIG. 5, in
which step S100 may include:

[0057] step S191, transmitting the plane ultrasonic beams
with different transmitting angles to the scan target through
the probe;

[0058] step S192, transmitting the focused ultrasonic
beams to the scan target through the probe;

[0059] step S193, receiving the echoes of the plane ultra-
sonic beams to obtain the plane ultrasonic signals belonging
to different transmitting angles as, or as a part of, the
ultrasonic signals obtained in step S100, which may be used
to calculate the blood flow velocity vector in step S200, so
as to increase the calculation speed of the blood flow
velocity vector;

[0060] step S194, receiving the echoes of the focused
ultrasonic beams to obtain the focused ultrasonic signals as,
or as a part of, the ultrasonic signals obtained in step S100,
which may be used to obtain the ultrasonic image of at least
a part of the scan target in step S601. The ultrasonic image
obtained in this embodiment may have better quality.
[0061] Instep S200 in FIG. 5, the image processor 7 may
obtain the direction of the blood flow velocity within the
scan target according to the ultrasonic signals obtained in
step S100.

[0062] In step S200, the directions of the blood flow
velocities corresponding to all target points in the entire
imaging region of the scan target may be first calculated, and
then the directions of the blood flow velocities at multiple
target points may be selected. Alternatively, multiple target
points at which the directions of the blood flow velocity are
desired to be obtained may be first determined, and there-
after, the ultrasonic image may be obtained to calculate the
blood flow velocity directions at the multiple target points.
The target point in step S200 may be a pixel point or a pixel
area input by the user in the region of interest, or may be
multiple discrete pixel points or pixel regions automatically
generated by the imaging system in the region of interest,
which may be used for determining association points for
calculating the blood flow velocity direction or blood flow
velocity vector at a certain coordinate or at coordinates of a
certain image block.

[0063] Before obtaining the blood flow velocity direction,
the blood flow velocity vector at the multiple target points in
the scan target may be obtained according to the ultrasonic
signal. The blood flow velocity vector may include the blood
flow velocity value and the blood flow velocity direction.
Thereafter, the blood flow velocity directions at the multiple
target points may be extracted. Alternatively, it is also
possible that the blood flow velocity directions are calcu-
lated directly without calculating the blood flow velocity
values.

[0064] In addition, based on the subsequent display man-
ner of the blood flow velocity vector on the ultrasonic image,
the target points mentioned in step S200 may be the actual
positions selected, or may be the positions calculated
according to the blood flow velocity vector calculated at the
previous time. For details, reference may be made to the
following descriptions about the first display mode and the
second display mode.

[0065] Regarding both obtaining the blood flow velocity
direction and obtaining the blood flow velocity value, ref-
erence may be made to the following methods.
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[0066] 1In the first method, the blood flow velocity vector
may be calculated based on speckle tracking which utilizing
the displacement of the same speckle between two adjacent
image frames. Specifically, it is shown in FIG. 6.

[0067] First, the ultrasonic signals may be obtained as
described above, and the ultrasonic signals may include at
least one group of ultrasonic signals.

[0068] Secondly, at least two frames of ultrasonic image
may be obtained according to the ultrasonic signal. For
example, at least a first frame of ultrasonic image (e.g., the
largest box on the left in FIG. 6) and a second frame of
ultrasonic image (e.g., the largest box on the right in FIG. 6)
may be obtained. As described above, in this embodiment,
the plane ultrasonic signals may be used to obtain the
ultrasonic images for calculating the blood flow velocity
vectors of the target points. The plane ultrasonic beam
propagates substantially in the entire imaging region. There-
fore, generally, one plane ultrasonic signal obtained by
transmitting the plane ultrasonic beam one time may be
processed to obtain one frame of plane beam echo image
data. Herein, the ultrasonic image data of the scan target
obtained by processing the plane beam echo signal of the
plane ultrasonic beam is referred to as a “plane beam echo
image”.

[0069] Thereafter, a tracking area may be selected in the
first frame of ultrasonic image. The tracking area may
include the target point at which the velocity vector or
velocity direction is desired to be obtained. For example, the
tracking area may be a neighborhood of the target point or
a data block containing the target point, as shown by the
smallest box on the left in FIG. 6.

[0070] Next, an area corresponding to the tracking area
may be searched for in the second frame of ultrasonic image.
For example, an area having the greatest similarity with the
tracking area may be searched for as a tracking result area
(e.g., the second small box at lower position in the largest
square on the right in FIG. 6, where the first small box at top
position in the largest square on the right in FIG. 6 represents
the position in the second frame of ultrasonic image corre-
sponding to the tracking area). Here, the following formulas
may be used to find a similarity matrix, and the area having
the greatest similarity with the tracking area may be
obtained based on the similarity matrix.

[0071] The similarity matrix in the two-dimensional
image may be calculated by the following formula (1) or (2).
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[0072] Where, X, is the first frame of ultrasonic image, X,
is the second frame of ultrasonic image, i and j are the
horizontal and vertical coordinates of the two-dimensional
image,
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argmin
KL

represents the value of K and L when the result of the
expression on the right side thereof is minimum, K and L
represent a new position in the image, M and N are the sizes
of the tracking area in the image, and X; and X, is the
average of the tracking area and tracking result area in the
first and second frames.

[0073] The similarity matrix in the three-dimensional
image may be calculated by the following formula (3) or (4).
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[0074] Where, X, is the first frame of ultrasonic image, X,
is the second frame of ultrasonic image, 1, j and k are the
coordinates of the two-dimensional image,

argmin
AB,C

represents the value of A, B and C when the result of the
expression on the right side thereof is minimum, A, B and C
represent a new coordinate position in the image, M, N and
L are the sizes of the tracking area in the image, and X, and
X, is the average of the tracking area and tracking result area
in the first and second frames.

[0075] Finally, the velocity vector of the target point may
be obtained according to the positions of the tracking area
and the tracking result area and the time interval between the
first frame of image data and the second frame of image data.
For example, the velocity value may obtained by dividing
the distance between the tracking area and the tracking result
area (i.e., the displacement of the target point within a preset
time interval) by the time interval between first frame of
plane beam echo image data and the second frame of plane
beam echo image data, and the velocity direction may be the
direction of the line from the tracking area to the tracking
result area, that is, the moving direction of the target point
within the preset time interval.

[0076] Based on the method above, the blood flow veloc-
ity direction in step S200 may be obtained, and the blood
flow velocity value may also be obtained. The blood flow
velocity vector may be obtained according to the blood flow
velocity direction and the blood flow velocity value.
[0077] In addition, before calculating the velocity, wall
filtering may be performed on the obtained at least two
frames of ultrasonic images, that is, wall filtering may be
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performed on each position in the image in the time direc-
tion. The signals representing the tissue in the image change
less with time, while signals representing the blood flow
change greatly due to the flow of the blood. Therefore, a
high-pass filter may be used as the wall filter for the blood
flow signals. After the wall filtering, the blood flow signals
with higher frequencies may be retained, and the tissue
signals with lower frequencies may be filtered out. The
wall-filtered signals will have enhanced signal-to-noise
ratio.

[0078] In the second method, the blood flow velocity
vector of the target point may be obtained based on the time
gradient and the spatial gradient at the target point, as
described below.

[0079] First, the ultrasonic signals may be obtained as
described above, which may include at least one group of
ultrasonic signals. The ultrasonic signals may be in one or
more angles. The angle here may be the transmitting angle
or the receiving angle. The following embodiment will be
described taking the transmitting angle as an example.
[0080] Secondly, at least two frames of ultrasonic images
may be obtained according to the ultrasonic signals.
[0081] Thereafter, a first gradient in the time direction, a
second gradient, a second gradient along the transmitting
angle and a third gradient along a direction perpendicular to
the transmitting angle at the target point may be obtained
according to the ultrasonic image, and a fifth velocity
component of the target point in the transmitting angle and
a sixth velocity component of the target point in the direction
perpendicular to the transmitting angle may be calculated
according to the first gradient, the second gradient and the
third gradient.

[0082] Next, the blood flow velocity vector of the target
point may be obtained by synthesizing the fifth velocity
component and the sixth velocity component. The blood
flow velocity vector may include the blood flow velocity
value and the resultant angle obtained by the synthesis. The
resultant angle may point to the blood flow velocity direc-
tion.

[0083] In the embodiments above, the transmitting angle
is used as an example. In the case that the at least two frames
of ultrasonic images are obtained by using the ultrasonic
signals obtained in receiving angles as mentioned above, the
method described above may also be used, where the
“transmitting angle” in the steps will be replaced by “receiv-
ing angle”. In one embodiment, the plane ultrasonic signals
may be used, thereby improving the speed and accuracy of
the calculation of the velocity vector. Based on the method
above, the blood flow velocity direction in step S200 may be
obtained, and the blood flow velocity value may also be
obtained. The blood flow velocity vector may be obtained
according to the blood flow velocity direction and the blood
flow velocity value.

[0084] In the third method, the blood flow velocity com-
ponents in multiple different angles at the target point may
be obtained according to the image frame set of different
angle. The blood flow velocity vector at the target point may
be obtained by synthesizing the blood flow velocity com-
ponents in the multiple different angles.

[0085] In one embodiment, the Doppler imaging tech-
nique may be used to calculate the blood flow velocity
component at the target point in an angle.

[0086] First, the ultrasonic signals may be obtained as
described above, which may be in multiple angles. The angle
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here may be the transmitting angle or the receiving angle.
The following embodiment will be described taking trans-
mitting the ultrasonic beams to the scan target in multiple
transmitting angles and receiving the echo signals of the
ultrasonic beams as the ultrasonic signals in step S100 as an
example. In the Doppler ultrasonic imaging method, the
ultrasonic beams may be transmitted to the scan target in the
same transmitting angle multiple times. The echoes of the
multiple ultrasonic beams may be received to obtain mul-
tiple ultrasonic signals. Each value of each ultrasonic signal
may correspond to a value at a target position when scanning
at one transmitting angle.

[0087] In step S200, the calculation may be performed as
follows.
[0088] A Hilbert transform may be performed on the

multiple ultrasonic signals in one group of ultrasonic signals
corresponding to one transmitting angle along the direction
of the transmitting angle to obtain multiple image data
which represents the value on each target point by complex
number. After N times of transmission and reception, at each
target point, there are N complex values that vary with time.
Thereafter, the velocity magnitude at the target point z in the
direction of the transmitting angle may be calculated accord-
ing to the following two formulas (5) and (6):

c (S{R(l)}] formula (5)
R formula (6)
R(l)= N1 2, x(Dx(+ 1) +
Y@+ 1) + jly( + D) - %0 + Dy(@]
[0089] Where Vz is the calculated velocity value in the

transmitting angle, ¢ is the speed of sound, f, is the center
frequency of the probe, T,,,is the time interval between two
transmissions, N is the number of the transmission, x(i) is
the real part of the i transmission, y(i) is the imaginary part
of the i transmission,  is the operator for taking the
imaginary part, and R is operator for taking the real part.
The formulas (5) and (6) above are formulas for calculating
the velocity values at a fixed position.

[0090] Similarly, the velocity value at each target point
may be calculated by the N complex values.

[0091] In the case that the method above is used to
calculate the blood flow velocity components, the Doppler
velocity value Vz may be used to represent the blood flow
velocity value at the target point along the corresponding
transmitting angle, and the transmitting angle may be used
to represent the blood flow velocity direction at the target
point. The blood flow velocity component along the corre-
sponding transmitting angle may be obtained according to
the blood flow velocity value and the blood flow velocity
direction. The blood flow velocity component may be
expressed in a vector manner.

[0092] In the embodiments above, the transmitting angle
is used as an example. In the case that the multiple ultrasonic
signals obtained in one receiving angle described above are
used, the method above may also be used where the trans-
mitting angle is replaced with the receiving angle and the
blood flow velocity direction is represented by the receiving
angle, thereby the blood flow velocity component along the
corresponding receiving angle may be obtained.



US 2019/0365354 A1l

[0093] With the Doppler method above, according to the
ultrasonic signals in different angles, the blood flow velocity
values in different angular directions may be respectively
obtained, which may be represented by the Doppler fre-
quency.

[0094] Generally, in ultrasonic imaging, Doppler process-
ing may be performed on the ultrasonic signal utilizing the
Doppler principle to obtain the velocity of the movement of
the scan target or the moving portion therein. For example,
after the ultrasonic signals are obtained, the velocity of the
movement of the scan target or the moving portion therein
may be obtained from the ultrasonic signals by the autocor-
relation estimation or the cross-correlation estimation. The
method for performing the Doppler processing on the ultra-
sonic signals to obtain the velocity of the movement of the
scan target or the moving portion therein may be any method
being used currently or to be used in the future in the art
which is able to be used to calculate the velocity of the
movement of the scan target or the moving portion therein
according to the ultrasonic signals, which will not be
described in detail here.

[0095] According to the method above, the blood flow
velocity components at the target point in different trans-
mitting angles or receiving angles may be obtained, and
these velocity components may be synthesized at the target
point, thereby obtaining the resultant velocity at the target
point, that is, the blood flow velocity vector at the target
point. As shown in FIG. 10, the details will be described as
follows.

[0096] First, at least two groups of ultrasonic signals may
be obtained as described above. The at least two groups of
ultrasonic signals may be in different angles, and the differ-
ent angles here may include different transmitting angles or
different receiving angles (step S110). The ultrasonic signals
corresponding to different angles may be stored as at least
two groups of data frame sets associated with the angle. In
step S210, the ultrasonic signals corresponding to different
angles may be stored as at least two groups of data frame sets
associated with the angle.

[0097] Secondly, based on the data frame set belonging to
different angles, the blood flow velocity component corre-
sponding to each group of data frame set may be respec-
tively calculated, as the calculation process above in Dop-
pler imaging techniques, thereby obtaining at least two
blood flow velocity components associated with the angles
(step S220). At least two blood flow velocity components
may be obtained at each target point.

[0098] Thereafter, the at least two blood flow velocity
components may be synthesized to obtain the blood flow
velocity vector desired to be obtained in step S200, which
may include the blood flow velocity value and the resultant
angle obtained by the synthesis, where the resultant angle
points to the blood flow velocity direction (step S230). By
this way, the blood flow velocity vectors corresponding to
multiple target points may be obtained.

[0099] In the embodiment above, the transmitting angle is
taken as an example. In the case that the multiple groups of
ultrasonic echo signals obtained along multiple receiving
angles described above are used, the method above may also
be used, but in each step the transmitting angle will be
replaced by the “receiving angle”.

[0100] Regarding the blood flow velocity component cor-
responding to one transmitting angle or receiving angle, the
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present disclosure will not be limited to the method above.
Other methods known in the art or possible in the future may
also be used.

[0101] A variety of methods for calculating the blood flow
velocity vectors have been proposed in the foregoing. The
velocity values in the blood flow velocity vector may
include one of the statistics at the target point representing
the velocity state, such as the approximate or true velocity,
acceleration, velocity variance evaluation values, etc.

[0102] In step S120 or alternatively, the following steps
may further be included.

[0103] The image processor may obtain the ultrasonic
image of at least a portion of the scan target according to the
ultrasonic signals. The ultrasonic image herein may be a
three-dimensional ultrasonic image, or a two-dimensional
ultrasonic image, such as a B image, an image in a three-
dimensional ultrasonic image database obtained by the scan-
ning body used for display, or an enhanced B image obtained
by two-dimensional blood flow display technology. In one
embodiment of the present disclosure, the ultrasonic image
may be obtained using plane ultrasonic beam or focused
ultrasonic beams. However, since the focused ultrasonic
beam is more concentrated in each transmission and the
image is obtained at the concentration position, the obtained
echo signals will have high signal-to-noise ratio, and the
obtained ultrasonic image will have better quality. Further-
more, since the focused ultrasonic beam has narrow main
lobe and low side lobe, the obtained ultrasonic image will
have higher lateral resolution. Therefore, in one embodiment
of the present disclosure, the ultrasonic image can be
obtained using the focused ultrasonic beams. In order to
obtain ultrasonic images with higher quality, multiple
focused ultrasonic beams may be transmitted in step S100 to
obtain one frame of ultrasonic image.

[0104] In one embodiment of the present disclosure, mul-
tiple focused ultrasonic beams may be transmitted to the
scan target in step S100, and the echoes of the focused
ultrasonic beams may be received in step S200 to obtain one
group of focused beam echo signals. The ultrasonic image of
at least a portion of the scan target may be obtained
according to the focused beam echo signals. Using the
focused ultrasonic beams, ultrasonic images with high qual-
ity may be obtained. Regarding the transmission process
combining the plane ultrasonic beam and the focused ultra-
sonic beam, reference may be made to the description above.

[0105] In addition, the data for obtaining the ultrasonic
image may be obtained based on any group of ultrasonic
signals or any group of data frame set in step S100 above.
The ultrasonic image may be displayed by the display, and
the sampling box may also be displayed on the ultrasonic
image. In this embodiment, there may be one or more
sampling boxes, and multiple sampling boxes may overlap.
When there are multiple sampling boxes, the quantification
results of multiple dispersions may be comparatively
observed simultaneously. In one embodiment, the sampling
box may be adjusted by the user. Based on the adjustment
signal of the user to the sampling box, the sampling box may
be redefined to obtain the size and shape of the sampling
box.

[0106] In step S300, the image processor 7 may extract
multiple blood flow velocity directions.
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[0107] The extracted multiple blood flow velocity direc-
tions may include at least one of:

[0108] 1. the directions of the blood flow velocity at
multiple locations at the same time; and

[0109] 2. multiple blood flow velocity directions corre-
sponding to different times at the same position.

[0110] In this embodiment, the same time may include the
same time, or the same time period. The time may include
at least one real time point, and the time period may include
at least one moment.

[0111] The moment in this embodiment may also be
determined by the frame rate of the image. Using the blood
flow velocity directions at multiple positions at the same
time, it is possible to evaluate the vortex states at the
multiple positions at the same time. Using the blood flow
velocity directions corresponding to the same position at
different times, it is possible to evaluate the vortex states at
the same position in a certain time period. For example, in
a cardiac echocardiogram, the extracted multiple blood flow
velocity directions may include multiple blood flow velocity
directions corresponding to any phase in the same cardiac
cycles, so as to evaluate the change in the blood flow
direction at the same position in different or same time
period in one cardiac cycle. Alternatively, the extracted
multiple blood flow velocity directions may include multiple
blood flow velocity directions corresponding to the same
phase in different cardiac cycles, which may be used to
quantitatively evaluate the change in the direction of the
blood flow velocity during the systolic or diastolic period.
The phase herein may include any moment or time period of
time in the cardiac cycle, including systolic and/or diastolic
phases.

[0112] In this embodiment, the position may be a point or
region of interest within the scan target, which may typically
be represented as a point or region of interest in at least a
portion of the ultrasonic image of the scan target displayed
on the display that may be marked or may be displayed. For
example, in one embodiment, the position described above
may include at least one target point. When a position
includes multiple target points, the direction of the blood
flow velocity at the position may be the direction of the
resultant angle of the blood flow velocity vectors corre-
sponding to the multiple target points at the position, be one
of the blood flow velocity directions corresponding to the
multiple target points at the position, or be the blood flow
velocity direction with the largest number in the blood flow
velocity directions corresponding to the multiple target
points at the position, etc. Similarly, the blood flow velocity
vector at the position may be the resultant velocity of the
blood flow velocity vectors corresponding to the multiple
target points at the position, be one of the blood flow
velocity vectors corresponding to the multiple target points
at the position, be the blood flow velocity vector with largest
number in the blood flow velocity vectors corresponding to
the multiple target points at the position, or be the mean of
the blood flow velocity vectors corresponding to the mul-
tiple target points at the position, etc.

[0113] In one embodiment, the multiple positions where
the blood flow velocity directions are to be obtained may be
determined according to a set region of interest. The set
region of interest may include one of the region of interest
selected by the user, the vascular region automatically
obtained by the system using image segmentation tech-
niques, the region of interest selected by the system by
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default and the entire imaging region of the scan target, etc.,
or any combination thereof. The multiple positions may be
multiple discrete or continuous positions in the region of
interest, which may be automatically assigned by the system
or selected by the user. Therefore, in step S300, multiple
blood flow velocity directions in the region of interest may
be extracted to quantitatively estimate the region of interest.

[0114] In one embodiment, the region of interest may be
determined by the sampling box, which may be an area that
the system automatically set on the ultrasonic image, the
entire imaging area, or an area obtained by the user entering
a selection instruction on the ultrasonic image, etc. Genet-
ally, the region of interest may include at least one target
point, or a neighborhood (data block) containing at least one
target point, such as 31 in FIG. 13, 41 in FIG. 14, 51 or A32
in FIG. 15, 61 or 62 in FIG. 16, and 71 or 72 in FIG. 17.

[0115] The multiple locations, multiple moments and mul-
tiple time periods may be discretely obtained, but not
necessarily continuous. The obtained multiple blood flow
velocity directions may be a combination of 1 and 2 above.
For example, the obtained multiple blood flow velocity
directions may include the blood flow velocity directions
corresponding to multiple positions at multiple times. In the
embodiment above, the flow state of the flow in the vessel
may be comprehensively evaluated from the spatial and
temporal dimensions.

[0116] In addition, in one embodiment, referring to the
modification of FIG. 11 based on that of FIG. 5, the image
processor may perform step S600 to obtain the ultrasonic
image of at least a portion of the scan target according to the
ultrasonic signal, and the display may perform step S700 to
display the ultrasonic image. In step S800, the sampling box
on the ultrasonic image may be obtained by the operation
control device. After the step S200, step S310 may be
performed, in which the image processor may obtain mul-
tiple blood flow velocity directions associated with the
sampling box. The multiple blood flow velocity directions
may be the blood flow velocity directions at multiple dis-
crete or continuous positions in the sampling box or the
blood flow velocity directions at multiple positions corre-
sponding to the multiple sampling boxes. In one embodi-
ment, the obtained multiple blood flow velocity directions
may include at least a portion of the blood flow velocity
directions related with positions within the sampling box at
the same time and at least a portion of the blood flow
velocity directions related with the sampling box and the
time. The obtained multiple blood flow velocity directions
may be the multiple blood flow velocity directions corre-
sponding to all or a part of the positions in the sampling box.
In this way, the part of positions in the sampling box that is
desired to be measured may be obtained. These desired
positions may be close to or distant from each other, such
that the dispersion of the blood flow velocity direction in a
relatively large range may be macroscopically analyzed
more flexibly.

[0117] In the present embodiment, before obtaining the
multiple blood flow velocity directions, the method may
further includes recording the correspondence relationship
between the blood flow velocity vector at each position and
time. When obtaining the multiple blood flow velocity
directions, the blood flow velocity directions respectively
corresponding to the multiple times may be obtained accord-
ing to the corresponding relationship. This way, the time
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information about the blood flow velocity direction may be
more clearly obtained, which is convenient for display in the
subsequent process.

[0118] The blood flow velocity direction may be repre-
sented by an angle value or a direction vector. For example,
the blood flow velocity direction may be represented by an
angle value in 0-360 degrees. Alternatively, the blood flow
velocity direction may be represented by coordinates in
spherical coordinates or Cartesian coordinates.

[0119] In step S400, the image processor may quantize the
dispersion of the obtained multiple blood flow velocity
directions. The dispersion represents the degree of difference
between the obtained multiple blood flow velocity direc-
tions. Quantization may refer to representing the dispersion
with values.

[0120] In this embodiment, the dispersion of the obtained
multiple blood flow velocity directions may be obtained by
one of the following ways:

[0121] calculating the variance of the multiple blood flow
velocity directions, calculating the extremum of the angle
difference of the multiple blood flow velocity directions, and
calculating the standard deviation of the multiple blood flow
velocity directions. The details of such calculation will be
described below.

[0122] Referring to FIG. 7, the calculation of the variance
and the standard deviation will be illustrated by way of
expressing the blood flow velocity direction in a Cartesian
coordinate system.

[0123] The conversion formula between the spherical
coordinate and the Cartesian coordinate system may be
expressed as the following formula (7):

x=rsin 0 cos ¢
y=rsin O sin ¢

z=r cos 0 7
[0124] The velocity direction of each point in the space
may be represented by two angle values, thatis, 0 and ¢p. The
magnitude of the velocity may be represented by r. By
coordinate conversion, it may also be represented by a
vector in the Cartesian coordinate system, that is, (X, y, z),
which includes the magnitude and direction information of
the velocity. The dispersion of the velocity direction (angle)
at multiple points may be calculated using the following
formulas for calculating the vector variance or standard
deviation.

[0125] The two-dimensional vector of the blood flow
velocity vector may be expressed as (X,,¥,), (Xa, V), - « - (X

. - — .
V). The unit vectors e |, €,,. .. €,, ctc. may be obtained
by processing, which contain only blood flow velocity
direction information. (a, b) represents a two-dimensional
unit vector representing the direction of blood flow velocity.

2 7y (x1, Y1) @b )
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[0126] The average in each dimension may be calculated

according to the following formula (9):

& ©)
a=— a;
N i=1
1
b==> b
N i=1
[0127] The two-dimensional vector variance Var2 used to

quantify the dispersion of multiple blood flow velocity
directions may be expressed as:

Var = %[(al—a)2+(a2—a)2+...+ 10

(ay —af +(by =B + (b = B) + ...+ (by = B)']

[0128] The two-dimensional vector standard deviation
SD2 used to quantify the dispersion of multiple blood flow
velocity directions may be:

SD2=y/Var2 an

[0129] The three-dimensional vector of the blood flow
velocity vector may be (X, V,, Z,), (X2, ¥a5 Z2)s - - - (Xps Yo
Zy)-

[0130]

?1, ?2, ce EN etc. may be obtained, which have only

direction information, and (a, b, ¢) represents a three-
dimensional unit vector representing the blood flow velocity
direction.

In the same manner, by processing, unit vectors

- s]
L (1, y1, 21) 12)
€)= —=——o—=(a, by, 1)
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L _h (2, ¥2, 22)
6= —=———=(m, 0, 2)

2

Vol \ad+ 33+
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[0131] The average in each dimension may be calculated
according to the following formula (13):
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-continued

[0132] The three-dimensional vector variance Var3 used to
quantify the dispersion of multiple blood flow velocity
directions may be expressed as:

Var3 = (14)

1 Y _ _
e (T R O N T

ot by =B ey =P+ (e =0+ ey — )

[0133] The standard deviation SD3 used to quantify the
dispersion of multiple blood flow velocity directions may
be:

—
SD3=Var3 s

[0134] In the two-dimensional space, the extremum of the
angle difference of the multiple blood flow velocity direc-
tions may be obtained in the following manner.

[0135] In several angles (assuming N), the angle differ-
ence between any two angles may be calculated. The largest
angle difference may be obtained, that is, the maximum of
the angle difference may be obtained by the formula (16).
The smallest angle difference may be obtained, that is, the
minimum of the angle difference may be obtained by the
formula (17).

maxi-| {Zarcsin } (16
=L

v
N

(di—d;
i 157
Sln( 7 ]

[0136] Where d, represents the magnitude of the angle
value of the i-th blood flow velocity direction, and d,
represents the magnitude of the angle value of the j-th blood
flow velocity direction. d; or d, is an angle value in 0-360
degrees.

} (17

mini-| {Zarcsin
=N

[0137] Regardless of the number of angles and the angle,
the extremums of the angle difference calculated according
to the formulas (16) and (17) above are values varying
between 0 and 180 degrees. The larger the value, the larger
the extremum of the angle difference.

[0138] The extremum of the angle difference of the mul-
tiple blood flow velocity directions in two or three dimen-
sions may be calculated in the form of vectors, as shown by
the formulas (18) and (19) below.

[0139] The angle difference maximum in two-dimensional
or three-dimensional space may be calculated as follows:

i=L..

J=LLN

max lé; —?j|] (18
2

angle difference maximum= Zarcsin[
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N
N

L.
j=1...

[
i

nﬁnvlz‘—?jll 19

angle difference minimums= 2arcsin 5

[0140] The angle difference maximum may also be mea-
sured by distance, such as the following formulas (20) and

1)

angle difference maximum= max 6 -2, 20)
i=1..
N

angle difference minimum= r{linN [¢; - ¢; 2D
=1...
N

[0141] Where €, €, ... €, are 2D or 3D unit vectors,
as defined above. What is obtained is the distance between
two vectors (suitable for both two-dimensional and three-
dimensional space).

[0142] It can be seen that when calculating the angle
difference extremum of the multiple blood flow velocity
directions, the angle difference between any two angles may
be first calculated. Thereafter, the maximum or minimum of
the angle differences may be obtained. In the present
embodiment, the angle difference may be obtained by the
formulas (18) and (19) or the formulas (20) and (21).

[0143] In addition, the variance of the multiple blood flow
velocity directions may also be calculated using another
method.

[0144] Theblood flow velocity direction may be quantized
to a value between 0 and 360 degrees (or -180 to 180
degrees), and the variance Var may be calculated using the
following formula (22).

i=N (22)
C= ) cosf

-1

i=N
S=) sinf

i=1

V2482

Var=|1- N

[0145] Inthe formula, 0 is the quantized angle value of the
blood flow velocity direction, and N represents the number
of the target points in the sampling box or the number of the
positions of different sampling boxes. Var is a number in 0-1.
The Var may be multiplied by 100, such that the variance is
a number in 0-100. Other modifications of the Var may be
similarly obtained. The larger the Var, the greater the change
of the velocity direction in the sampling box (the greater the
dispersion, the greater the degree of turbulence or vortexs,
etc.). The smaller the Var, the higher the consistency of the
velocity directions in the sampling box and the closer the
flow to laminar flow. For example, when Var is 0, the blood
flow velocity directions at all points in the sampling box will
be completely the same, which is a typical laminar flow
state.
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[0146] Although several methods have been provided
above in this embodiment, the method for quantifying the
dispersion of the multiple blood flow velocity directions will
not be limited thereto in the present disclosure. Other
user-selected methods may also be used. A variety of quan-
titative methods may be provided in the system for the user
to select, and a comparative view of the dispersion obtained
by different quantization methods may be provided, so as to
achieve comprehensive evaluation.

[0147] In step S500, the quantification result of the dis-
persion may be displayed by the display. The ultrasonic
image may also be displayed by the display, and the sam-
pling box may be marked on the ultrasonic image for
comparatively observing the quantification results of the
dispersions at the associated regions.

[0148] Inthe present embodiment, the quantification result
of the dispersion may be displayed by at least one of the
following ways:

[0149] displaying the quantification result of the disper-
sion by text;
[0150] displaying an icon model constructed based on the

quantification result; and

[0151] superimposing the quantification result of the dis-
persion on the ultrasonic image.

[0152] In one embodiment, superimposing the quantifica-
tion result of the dispersion on the ultrasonic image may
include:

[0153] generating a particle block associated with a spe-
cific region using the image processor, where the coded
color of the particle block is associated with the quantifica-
tion result of the dispersion of the blood flow velocity
directions within the specific region, and displaying the
particle block with the coded color at a certain area in the
ultrasonic image to obtain a dispersion image. Regarding the
particle block, reference may be made to the color spots and
the color block Al, A2, A3, and A4 in FIG. 13 and FIG. 14.
[0154] Inthe present embodiment, the specific region may
mean that, the quantization results of the blood flow velocity
directions in a specific region in the ultrasonic image cor-
respond to one particle block, and the specific region may
have a size set by the system or selected by the user, e.g.,
3%8, 4*%4, 5*5. The vultrasonic image may be segmented
according to the size of the specific region, and the quanti-
zation results of the dispersion of the blood flow velocity
directions in the multiple specific regions in the ultrasonic
image may be calculated. The multiple specific regions may
be obtained by non-overlapping segmentation to the ultra-
sonic image. The area size of the specific regions may be the
same or different. For example, the ultrasonic image may be
80*80, and may be equally divided into 100 8*8 specific
regions which do not overlap with each other. The dispersion
of the blood flow velocity directions of each specific region
may be calculated according to the blood flow velocity
directions at the target points in each specific region. The
calculation result may be the quantization result of the
dispersion of the center point in the specific region. The
specific region may be color-coded according to the mag-
nitude of the quantization result of the dispersion and
displayed on the ultrasonic image.

[0155] The multiple specific regions here may also be
obtained by continuous overlapping segmentation to the
ultrasonic image. For example, as shown in FIG. 8, a small
sampling box (e.g., the small box in FIG. 8) may be moved
in the entire sampling box (e.g., the large box in FIG. 8) by
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a step of one or more pixel points to obtain new image
regions, thereby achieving the continuous overlapping seg-
mentation. The multiple image regions obtained by moving
the small sampling box may be the multiple specific regions.
When calculating the dispersion of the blood flow velocity
directions in the entire sampling box in FIG. 8, a small
sampling box (e.g., the small box in FIG. 8) may first be
selected, and the dispersion of the blood flow velocity
directions may be calculated according to the blood flow
velocity directions at the target points in the small sampling
box, where the calculation result may be the quantization
result of the center point of the small sampling box. This
small sampling box may be moved and the calculation may
be performed again to obtain the dispersion of the blood flow
velocity direction at the center position thereof, and so on.
This way, the dispersion of the blood flow velocity direction
in multiple overlapping specific regions in the large sam-
pling box may be obtained. The size of this small sampling
box may be variable, and the distance of the movement after
each calculation may also be variable. In FIG. 8, the two
overlapping boxes represent the small sampling boxes in
two calculations, and the calculated value may be the
quantization result of the dispersion at the corresponding
center point. According to the magnitude of the quantization
results, the small sampling boxes may be color coded and
displayed on the ultrasonic image to form the dispersion
image. The two sampling boxes can have overlapping por-
tions. The bigger the overlapping portion, the higher the
spatial resolution of the calculated dispersion image.

[0156] FIG. 13 shows a dispersion image with color effect,
in which the quantization result of the dispersion of corre-
sponding specific regions are superimposed on the vessel in
the sampling box 31 to obtain a dispersion image with
multiple color blocks as shown in FIG. 13. Furthermore, a
color code bar 32 may be provided on the interface to
prompt the user to identify the magnitude of the dispersion.
FIG. 14 is a line diagram of FIG. 13, in which 41 is the
sampling box, 42 is the ultrasonic image, and A1, A2, A3
and A4 are respectively displayed with different colors to
show the difference in dispersion in the current region. In
addition, in the case that the method in FIG. 8 is used, the
color blocks A1, A2, A3 and A4 will be further subdivided
such that the spatial resolution of the dispersion image may
be improved. Therefore, a new displaying method is pro-
vided in the present embodiment, which can provide a more
intuitive observation angle to the doctor, and exhibit the
blood flow movement in the vessel by the superimposed
display on the ultrasonic image. In FIG. 13, green indicates
the smallest dispersion, and red indicates the largest disper-
sion.

[0157] In one embodiment, the quantification result of the
dispersion may be displayed directly at any position on the
display interface using text, such as “SD 0.01/100” shown in
FIG. 16 and FIG. 17.

[0158] In one embodiment, the icon model may be con-
structed based on the quantification results. The icon model
may be displayed to show the quantification results of the
dispersion associated with the sampling frames. The icon
mode may be displayed in many ways. For example, as
shown by 642 in FIG. 16, a rectangular column with coded
color may be used, and the coded color may be related to the
magnitude of the quantization result of the dispersion. Also,
as shown by 641 in FIG. 16, a circular icon with an arrow



US 2019/0365354 A1l

may be used, where the direction of the arrow may be related
to the quantification result of the dispersion.

[0159] Itis also possible to construct the icon model based
on the positional relationship. For example, as shown in
FIG. 18, the icon modulo 84 corresponding to the image
region of the vessel or a part of the vessel may be con-
structed according to the sampling box 81 in the display area
80 in the ultrasonic image or the identifier 83 representing
the blood flow velocity vectors in the region of interest 91.
The icon model 84 may be divided into multiple blocks (B1,
B2, B3, B4), and the quantification result of dispersion in the
region in the ultrasonic image corresponding to each block
may be calculated. The quantification results of dispersion
may be superimpose on the corresponding blocks in texts or
coded colors for presentation on the display.

[0160] Inaddition, the icon model may also be constructed
based on time change. For example, a coordinate represent-
ing the relationship between the dispersion and the time may
be constructed to record the change of the quantification
result of the dispersion with time. The change of the
quantification results of dispersion with time may be dis-
played. The change of the quantification result of dispersion
with time may be plotted in the coordinate to form a
dispersion change diagram associated with the sampling
box. The dispersion change diagram is one type of the icon
model. Referring to FIG. 15, a display effect diagram is
shown, in which the ultrasonic image 50 includes a large
sampling box 51 and a small sampling box A32. The
quantization results of dispersion corresponding to the small
sampling box A32 are shown by diagram 53. The coordinate
representing the relationship between the dispersion (e.g.,
the variance SD) and the time may be constructed, and the
quantization results of dispersion at time t31, 132, t33, t34
and 35 may be obtained and plotted in the coordinate,
thereby obtaining the dispersion change diagram shown by
the diagram 53, which may be used to show the quantifi-
cation result of dispersion in the small sampling box A32 at
different times. In addition, the diagram 53 may also be
marked with a black inverted triangle which indicating the
position of the small sampling box A32 or indicating the
position corresponding to the current time. In addition, FIG.
19 provides another display effect diagram in which the
ultrasonic image 90 includes a large sampling box 91 and a
small sampling box 92. The quantization results of disper-
sion corresponding to the small sampling box 92 are shown
by the diagram 93. A time axis may be constructed, and the
quantization results of dispersion at times t31, t32, t33, t34
and t35 may be plotted in the time axis. Rectangular
columns corresponding to the times may be drawn on the
time axis, where the color or height of each rectangular
column may be related to the quantization result of disper-
sion corresponding to the current time, thereby forming the
dispersion change diagram.

[0161] Regardless of which of the display modes above is
used, the quantification result of the dispersion may be
associated with the corresponding position range in the
ultrasonic image. When the position range is changed, the
quantification result may also be updated accordingly. For
example, the sampling box may be used to mark the target
point or the target point area of interest in the ultrasonic
image. When the adjustment signal to the sampling box
inputted by the user is obtained and the sampling box is
redefined according to the adjustment signal, the multiple
blood flow velocity directions associated with the redefined
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sampling box may be obtained in step S300. The meaning of
being associated with the sampling box may include that the
multiple blood flow velocity directions are selected in the
sampling box or the number of the blood flow velocity
directions is determined according to the number of the
sampling boxes. When displaying the quantification results
of the dispersion, the quantization results will change as the
sampling box is updated. The change here may include that
the number of quantification results and/or the value of the
quantification result changes as the sampling box is updated.

[0162] The dispersion quantification results of the blood
flow velocity directions may be displayed separately. Alter-
natively, they may be displayed together with the ultrasonic
image on the display interface of the display. The ultrasonic
image here may be one of a Doppler blood flow image, a
blood flow projectile image and a B image, etc. That is,
when displaying the quantification result of the dispersion,
the ultrasonic image may be simultaneously displayed, and
the blood flow velocity vectors may be superimposed on the
ultrasonic image. A display method in which the blood flow
velocity vectors are superimposed on the ultrasonic image
will be provided below.

[0163] In one embodiment, the step S200 may include
calculating, according to the ultrasonic signal obtained in the
step S100, a blood flow velocity vectors at a first display
position in the ultrasonic images of the target point at
different times to obtain the blood flow velocity vector
information of the target point in the ultrasonic images at
different times. In the following process, the blood flow
velocity vector information at the first display position in the
ultrasonic images at the times may be comparatively dis-
played. As shown in FIG. 9A, according to the ultrasonic
signals obtained in the step S200 above, the ultrasonic image
data P1, P2, . . ., Pn corresponding to the times t1, t2, . . .
, tn may be respectively obtained, and the blood flow
velocity vectors of the target point at the first display
position (the position of the black dot in the figure) in the
ultrasonic images at the times may be calculated. In this
embodiment, the first display position of the target point in
the ultrasonic images at the times may be always located at
the position (H1, W1) in the two-dimensional image. Based
on this, when comparatively displaying the blood flow
velocity vector information in subsequent step S800, the
blood flow velocity vectors corresponding to the different
times may be displayed at the target point (H1, W1) in the
ultrasonic image PO displayed by the display. In the case that
all or a part of the target points are selected by the user or
by the system by default as described in the embodiments
above, the first display positions may be correspondingly
obtained, and the blood flow velocity vector information at
the first display position in the ultrasonic image correspond-
ing to the current time may be calculated for comparative
display. This display mode is referred to herein as the first
mode in which the blood flow velocity vector is superim-
posed on the ultrasonic image. FIG. 9 (a) shows a display
effect diagram of the two-dimensional image P0. This
method may also be applied to three-dimensional image,
that is, the ultrasonic image at the times may be the
three-dimensional image database obtained by the scanning
body above, and the first display position may be a spatial
three-dimensional position in the three-dimensional image
database, which will not be described again here.

[0164] In another embodiment, the step S200 may include
calculating, according to the ultrasonic signals obtained in
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the step S100, the blood flow velocity vectors at the posi-
tions to which the target point is sequentially moved in the
ultrasonic image, thereby obtaining the blood flow velocity
vectors of the target points. In the present embodiment, the
blood flow velocity vectors at the positions to which the
target point is sequentially moved from an initial position in
the ultrasonic image may be obtained by repeatedly calcu-
lating the blood flow velocity vector by which the target
point is moved from one position to another position in the
ultrasonic image in a time interval. That is, in the present
embodiment, the calculation position for determining the
blood flow velocity vector in the ultrasonic image may be
obtained by calculation. Therefore, in the following process,
what are comparatively displayed may be the blood flow
velocity vectors at the positions obtained by calculation in
the ultrasonic images at the times.

[0165] As shown in FIG. 9B, the ultrasonic image data
P11, P12 .. . P1n corresponding to the times t1,t2. .. to may
be respectively obtained according to the ultrasonic signals
obtained in step S100. Thereafter, the initial position of the
target point may be determined according to the part or all
of the target points selected by the user or the density of
target points determined by the system by default, etc. in the
embodiment above, such as the first point (H1, W1) in FIG.
9B. And then, the blood flow velocity vector Al at the initial
position in the ultrasonic image P11 at the time t1 may be
calculated. Next, the position (H2, W2) in the ultrasonic
image P12 at the time t2 to which the target point (i.e., the
black dot in the figure) is moved from the initial position in
the ultrasonic image P11 at time t1 may be calculated, and
the blood flow velocity vector at the position (H2, W2) in the
ultrasonic image P12 may be obtained according to the
ultrasonic signals for comparative display. For example, the
displacement when reaching the second time t2 along the
direction of the blood flow velocity vector at (H1, W1) in the
ultrasonic image P11 at the time t1 in a time interval (the
time interval=time t2-time t1) may be calculated, thereby
obtaining the second display position of the target point at
the first time t1 in the ultrasonic image at the second time.
Thereafter, the blood flow velocity vector at this second
display position may be obtained according to the ultrasonic
signals obtained in the step S100 above, thereby obtaining
the blood flow velocity vector information of the target point
in the ultrasonic image P12 at the time t2, and so on. At each
of two adjacent times, the displacement during the time
interval between the two adjacent times along the direction
of the blood flow velocity vector of the target point at the
first time may be obtained, and the corresponding position of
the target point in the ultrasonic image at the second time
may be determined according to the displacement amount,
and thereafter, the blood flow velocity vector at the position
in the ultrasonic image at the second time to which the target
point is moved from the first time may be obtained according
to the ultrasonic signals. This way, the blood flow velocity
vectors by which the target point is moved sequentially from
(H1, wl) to (Hn, Wn) in the ultrasonic image may be
obtained, thereby obtaining the blood flow velocity vectors
at the positions in the ultrasonic images at different times to
which the target point is sequentially moved from the initial
position. Therefore, the blood flow velocity vectors of the
target point may be obtained, which may be displayed
simultaneously with the ultrasonic image.

[0166] In the display mode of the present embodiment, the
displacement of the target point in a time interval may be
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calculated, and the corresponding position of the target point
in the ultrasonic image may be determined according to the
displacement. The movement may begin from an initially
selected target point according to the time interval. The time
interval may be determined by the transmission frequency of
the system or by the display frame rate. Alternatively, the
time interval may be a time interval inputted by the user. The
position to which the target point will be moved may be
calculated according to the time interval inputted by the user,
and the blood flow velocity vector information at this
position may be obtained for comparative display. Initially,
N initial target points may be marked in the image using the
ways described above. Each initial target point may have an
arrow to indicate the magnitude and direction of the flow
velocity at this point, as shown in FIG. 9B. In the process of
displaying, the blood flow velocity vectors at the positions
to which the target point is sequentially moved may be
marked to form flowing markers which flow over time. By
marking the blood flow velocity vectors obtained by the way
as shown in FIG. 9B, the position of the arrow of each point
will change in the newly generated image as time changes.
This way, a flowing flow similar to the blood flow may be
generated by the movement of the arrow, such that the user
can observe the flow approximate to a true blood flow. This
display mode is referred to herein as the second mode.
Similarly, the effect diagram of the two-dimensional image
P10 is shown in the example of FIG. 9B. It may also be
applied to the three-dimensional image, that is, the ultra-
sonic images at the times may be the three-dimensional
image database obtained by the scanning body above and the
first display position may be a spatial three-dimensional
position in the three-dimensional image database, which will
not described again here.

[0167] In order to improve the display effect and prevent
the human eye from being unrecognizable because the
displayed blood flow velocity is too fast, in one embodi-
ment, superimposing the blood flow velocity vector may
further include slowing down the displaying of the blood
flow velocity vector obtained in step S200. For example, the
blood flow velocity vector may first be slowed down to
obtain a slow blood flow velocity vector. And thereafter, the
slow blood flow velocity vector may be superimposed on the
ultrasonic image to form the blood flow projectile image,
thereby achieving the comparative display of the blood flow
velocity vector and the dispersion quantification results.

[0168] In one embodiment, particle projectile may be
generated to show the change of the blood flow velocity at
the target point. The coded color and/or length of the particle
projectile may be associated with the blood flow velocity
value at a particular location in the vessel. The particle
projectile may be displayed on the display. The change of the
particle projectile over time may be displayed on a specific
position on the ultrasonic image to dynamically display the
movement of the blood flow in the vessel by the dynamic
display of the particle projectile, thereby obtaining the blood
flow projectile image. Further, the particle projectile may
further include a direction indicator whose direction is
associated with the direction of the blood flow velocity. With
the method of the present embodiment, the actual flowing
state of the target point in the scan target may be clearly
depicted in the displayed blood flow projectile image. Com-
pared with the method of displaying the magnitude and
direction of the blood flow velocity at the current position
changed over time only at a corresponding display position
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in the image, the actual flowing state in the scan target may
be displayed more precisely, more realistically and more
vividly. Here, the flowing points or arrows, or other marks
that can depict the direction may be used to present the
flowing state of the blood flow. Referring to FIG. 15 to FIG.
19, the particle projectiles are arrows 83.

[0169] In addition, the particle projectile may also include
only the direction indicator without carrying blood flow
velocity value information. The direction of the direction
indicator may be associated with the direction of blood flow
velocity at a specific position in the scan target. The particle
projectile including the direction indicator may be displayed
at a specific position in the ultrasonic image to dynamically
present the moving direction of the blood flow in the scan
target.

[0170] In the present embodiment, the particle projectiles
may be arrows. The length and/or thickness of the arrow
may be used to represent the blood flow velocity value, and
the direction of the arrow may be used to represent the
direction of blood flow velocity. The specific position in this
embodiment may mean that the blood flow velocity vector
displayed at a specific position on the ultrasonic image
corresponds to one particle projectile and the specific posi-
tion may be a position used for marking the blood flow
velocity value, e.g., the first display position or the second
display position in FIG. 9A and FIG. 9B.

[0171] The multiple blood flow velocity directions used
for calculating the dispersion may include the multiple blood
flow velocity directions corresponding to any phase in the
same cardiac cycle (e.g., systolic phase and/or diastolic
phase) or the multiple blood flow velocity directions corre-
sponding to the same phase (e.g., systolic phase or diastolic
phase) in different cardiac cycles. When it is desired to select
the blood flow velocity directions at multiple times in the
cardiac cycle, reference may be made to the embodiment
shown in FIG. 17. The ultrasonic image 70 may include a
large sampling box 71 and a small sampling box 72. The
small sampling box 72 may be used to select the position to
be observed. The blood flow velocity directions correspond-
ing to the frames at different times in the systole and/or
diastolic phase may be selected by the cursor 73 based on the
electrocardiogram or the Doppler spectrum image 74 pro-
vided on the display interface. Thereafter, the dispersion of
the blood flow velocity directions in a systole phase or
diastolic phase or in one cardiac cycle may be calculated.
Therefore, in one embodiment, the graphic representing the
cardiac cycle (including an electrocardiogram, a Doppler
spectrogram, a video browsing axis including multiple
frames of image of a cardiac cycle, and the like) may be
displayed to visually determine the graphic at any time in the
cardiac cycle. The selection signal of the user on the graphic
representing the cardiac cycle may be obtained, and the
multiple blood flow velocity directions corresponding to
multiple times at the same position may be obtained accord-
ing to the selection signal. In the present embodiment, the
operation guide may be provided to the user very conve-
niently in the echocardiography mode.

[0172] FIG. 5 is a schematic flow chart of a parameter
display method in an embodiment. It should be understood
that although the various steps in the flowchart of FIG. 5 are
sequentially displayed as indicated by the arrows, these
steps are not necessarily performed in the order indicated by
the arrows. Unless explicitly stated herein, the order of
performance of these steps will not be strictly limited. They
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may be performed in other order. Moreover, at least a part of
the steps in FIG. § may include multiple sub-steps or stages,
which are not necessarily performed at the same time, but
may be performed at different times. The sub-steps or stages
will not be necessarily performed sequentially, but may be
performed in parallel or altemately with other steps or at
least a portion of the sub-steps or stages of the other steps.
FIG. 10 to FIG. 12 show the extended embodiments of the
embodiment in FIG. 5. Regarding the steps of the extended
embodiments, reference may be made to the related descrip-
tions above.
[0173] The various embodiments above have been
described in the specific description only for the implemen-
tation of the corresponding steps. In the case of no logic
conflict, the embodiments above may be combined with
each other to form new technical solutions, which will be
still within the scope of the present disclosure.
[0174] Through the description of the embodiments
above, those skilled in the art can clearly understand that the
method of foregoing embodiments may be implemented by
software plus general hardware platform, or by hardware.
Based on this understanding, the essential part or the part
contributing to the prior art of the technical solution of the
present disclosure may be embodied in the form of a
software product carried on a non-transitory computer read-
able storage (e.g., a ROM, a disk, an optical disk, or a server
cloud space). The software product may include instructions
which may cause a terminal device (which may be a mobile
phone, a computer, a server, or a network device, etc.) to
perform the methods described in various embodiments of
the present disclosure.
[0175] In the imaging method based on the blood flow
velocity vector in the embodiments, the directions of the
blood flow may be first calculated, and then be used to
evaluate the degree of vortex or turbulence, thereby acting
as a quantitative analysis method for judging the degree of
stenosis. By calculating the variance of the blood flow
directions at different positions at the same time or at the
same positions at different times, the specific data used for
diagnosis may be obtained, which provides a more intuitive
image analysis result for the doctor and improves the
intelligence of the ultrasonic imaging system.
[0176] The embodiments above have merely illustrated
several implementations of the present disclosure, and the
description thereof is relatively specific and detailed. How-
ever, it shall not be construed as limitation to the scope of the
present disclosure. It should be noted that a number of
changes and improvenents may be made by those skilled in
the art without departing from the spirit of the present
disclosure, which shall all be within the scope of the present
disclosure. Therefore, the protection scope of the present
disclosure shall be determined by the appended claims.
We claim:
1. An ultrasonic blood flow parameter displaying method,
comprising:
obtaining an ultrasonic signal from a scan target through
a probe;
obtaining blood flow velocity directions in the scan target
according to the ultrasonic signal;
extracting multiple blood flow velocity directions;
quantifying a dispersion of the extracted multiple blood
flow velocity directions; and

displaying a quantification result of the dispersion.
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2. The method of claim 1, wherein obtaining the blood
flow velocity directions in the scan target according to the
ultrasonic signal comprises:

obtaining blood flow velocity vectors in the scan target

according to the ultrasonic signal, wherein the blood
flow velocity vectors comprise a blood flow velocity
value and a blood flow velocity direction.

3. The method of claim 1 or 2, before extracting the
multiple blood flow velocity directions, further comprising:

obtaining an ultrasonic image of at least a portion of the

scan target according to the ultrasonic signal;
displaying the ultrasonic image; and

obtaining a sampling box on the ultrasonic image;

wherein extracting the multiple blood flow velocity direc-

tions comprises extracting multiple blood flow velocity
directions associated with the sampling box.

4. The method of claim 1, wherein the multiple blood flow
velocity directions comprises at least one of:

blood flow velocity directions at multiple positions at a

same time; and

multiple blood flow velocity directions at a same position

at different times.

5. The method of claim 1, wherein quantifying the dis-
persion of the extracted multiple blood flow velocity direc-
tions comprises at least one of:

calculating a variance of the multiple blood flow velocity

directions;

calculating an angle difference extremum of the multiple

blood flow velocity directions; and

calculating a standard deviation of the multiple blood flow

velocity directions.

6. The method of claim 5, wherein calculating the angle
difference extremum of the multiple blood flow velocity
directions comprises:

calculating an angle difference between any two angles;

and

obtaining a maximum or a minimum of the angle differ-

ence.

7. The method of claim 2, wherein obtaining the ultra-
sonic signal from the scan target through the probe and
obtaining the blood flow velocity vectors in the scan target
according to the ultrasonic signal comprises:

obtaining ultrasonic signals in multiple different angles

from the scan target by the probe, wherein the ultra-
sonic signals in the multiple different angles are in
different receiving angles or different transmitting
angles;

storing the ultrasonic signals in different angles as at least

two groups of data frame sets associated with the
angles;

calculating a blood flow velocity component correspond-

ing to each group of data frame set according to the data
frame set belonging to different angles to obtain at least
two blood flow velocity components associated with
the angles; and

synthesizing the at least two blood flow velocity compo-

nents to obtain the blood flow velocity vector.

8. The method of claim 7, wherein obtaining the ultra-
sonic signal from the scan target by the probe comprises:

transmitting plane ultrasonic beams in different transmit-

ting angles to the scan target through the probe; and
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receiving echoes of the plane ultrasonic beams to obtain
plane ultrasonic signals in different transmitting angles
which are used for calculating the blood flow velocity
vector.
9. The method of claim 3, wherein obtaining the ultra-
sonic signal from the scan target by the probe comprises:
transmitting a focused ultrasonic beam to the scan target
through the probe; and
receiving an echo of the focused ultrasonic beam to obtain
a focused ultrasonic signal which is used for obtaining
the ultrasonic image.
10. The method of claim 1, wherein displaying the quan-
tification result of the dispersion comprises at least one of:
displaying the quantification result of the dispersion by
text; and
displaying an icon model which is constructed according
to the quantification result.
11. The method of claim 1, wherein displaying the quan-
tification result of the dispersion comprises:
obtaining an ultrasonic image of at least a portion of the
scan target according to the ultrasonic signal;
displaying the ultrasonic image:
generating a particle block, wherein a coded color of the
particle block is associated with the quantification
result of the dispersion of the blood flow velocity
directions in a specific region; and
displaying the particle block with the coded color at a
specific region in the ultrasonic image.
12. (canceled)
13. (canceled)
14. (canceled)
15. The method of claim 3, wherein the extracted multiple
blood flow velocity directions comprises at least one of:
at least a portion of blood flow velocity directions asso-
ciated with positions in the sampling box at a same
time; and
at least a portion of blood flow velocity directions asso-
ciated with times in the sampling box.
16. The method of claim 3, further comprising:
obtaining an adjustment signal to the sampling box input-
ted by an user;
determining a redefined sampling box according to the
adjustment signal,
extracting multiple blood flow velocity directions associ-
ated with the redefined sampling box; and
changing the displayed quantification result of the disper-
sion as the sampling box is redefined.
17. (canceled)
18. (canceled)
19. The method of claim 1, before displaying the quan-
tification result of the dispersion, further comprising:
recording a change of the quantification result of the
dispersion over time;
wherein displaying the quantification result of the disper-
sion comprises:
displaying the change of the quantification result of the
dispersion over time to generate a dispersion change
diagram associated with the sampling box.
20. The method of claim 1, wherein the extracted multiple
blood flow velocity directions comprise:
multiple blood flow velocity directions corresponding to
any phases in a same cardiac cycle; or
multiple blood flow velocity directions corresponding a
same phase in different cardiac cycles.
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21. An ultrasonic imaging system, comprising:

a probe configured to transmit an ultrasonic beam to a
scan target;

a receiving circuit and a beam-former configured to
receive an echo signal of the ultrasonic beam and
perform a beam-forming on the echo signal to obtain an
ultrasonic signal;

an image processor configured to obtain blood flow
velocity directions in the scan target according to the
ultrasonic signal, extract multiple blood flow velocity
directions and quantify a dispersion of the extracted
multiple blood flow velocity directions; and

a display configured to display a quantification result of
the dispersion.

22. The ultrasonic imaging system of claim 21, wherein
the image processor is further configured to obtain blood
flow velocity vectors in the scan target according to the
ultrasonic signal, wherein the blood flow velocity vectors
comprises a blood flow velocity value and a blood flow
velocity direction.

23. The ultrasonic imaging system of claim 21, wherein,
the image processor is further configured to obtain an
ultrasonic image of at least a portion of the scan target
according to the ultrasonic signal, obtaining a sampling box
on the ultrasonic image, and extract multiple blood flow
velocity directions associated with the sampling box; and

the display is further configure to display the ultrasonic
image.

24. (canceled)

18
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25. (canceled)

26. The ultrasonic imaging system of claim 21, wherein
the quantification result of the dispersion is displayed on the
display in at least one of:

displaying the quantification result of the dispersion by

text; and

displaying an icon model which is constructed according

to the quantification result.

27. The ultrasonic imaging system of claim 21, wherein
the image processor is configured to:

obtain an ultrasonic image of at least a portion of the scan

target according to the ultrasonic signal;

display the ultrasonic image using the display;

generate a particle block, wherein a coded color of the

particle block is associated with the quantification
result of the dispersion of the blood flow velocity
directions in a specific region, and display the particle
block with the coded color at a specific region in the
ultrasonic image using the display.

28. (canceled)

29. The ultrasonic imaging system of claim 23, wherein a
change of the quantification result of the dispersion over
time is displayed on a display interface of the display to
generate a dispersion change diagram associated with the
sampling box.

30. (canceled)

31. (canceled)
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