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(37 ABSTRACT

Provided are a blood flow displaying method, apparatus and
device for an ultrasonic system. The method includes:
determining a current pulse recurrence frequency of the
ultrasonic system, determining a current extraction factor
according to the current pulse recurrence frequency and a
preset reference pulse recurrence frequency, extracting a
target gradation sequence from a preset gradation set accord-
ing to the current extraction factor, and displaying a blood
flow velocity currently detected by the ultrasonic system
using a spectrum of the target gradation sequence.
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BLOOD FLOW DISPLAYING METHOD,
APPARATUS AND DEVICE FOR
ULTRASONIC SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and benefits of
Chinese Patent Application Serial No. 201810179560.6,
filed with the State Intellectual Property Office of P. R. China
on Mar. 5, 2018, the entire content of which is incorporated
herein by reference.

FIELD

[0002] The present disclosure relates to the field of medi-
cal instruments, and more particularly to a blood flow
displaying method, apparatus and device for an ultrasonic
system.

BACKGROUND

[0003] In clinical applications, in order to reflect true
situations of human tissues and organs more completely and
effectively, a color flow (CF) mode is usually superimposed
with a brightness (B) mode of an ultrasonic equipment, such
that pulses are transmitted repeatedly to a detected site,
blood flow velocities are obtained according to a correlation
between pulses, and are displayed in different colors and
depths so as to real-timely obtain color flow images, based
on which, a doctor may observe blood flow characteristics so
as to discover a disease timely.

[0004] At present, for the flow image display of the
ultrasonic equipment in the CF mode, it is common that
blood flow velocities or motion velocities of other tissues are
calculated and directly mapped to gradations of a fixed
spectrum, so as to display different blood flow velocities in
different colors and depths. In this way, however, a dynamic
range of the blood flow varies very little under high pulse
recurrence frequency (prf), such that color display of the
blood flow is mostly concentrated at a lower part of the
spectrum in poor gradation, based on which medical staffs
cannot well distinguish a low flow velocity from a high flow
velocity, so as to further affect the accuracy and reliability of
the diagnosis. Moreover, the higher the pulse recurrence
frequency 1s, the more serious the above defects are, thereby
seriously affecting the beauty of the flow image display and
diagnosis results.

SUMMARY

[0005] Embodiments of the present disclosure seek to
solve at least one of the problems existing in the related art
to at least some extent.

[0006] According to a first aspect of embodiments of the
present disclosure, a blood flow displaying method for an
ultrasonic system is provided, the method includes: deter-
mining a current pulse recurrence frequency of the ultra-
sonic system; determining a current extraction factor accord-
ing to the current pulse recurrence frequency and a preset
reference pulse recurrence frequency; extracting a target
gradation sequence from a preset gradation set according to
the current extraction factor; and displaying a blood flow
velocity currently detected by the ultrasonic system using a
spectrum of the target gradation sequence.

[0007] According to a second aspect of embodiments of
the present disclosure, there is provided a computer device,
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including: a processor; and a memory having stored therein
computer programs executable by the processor, when
executed by the processor, the computer programs cause the
processor to implement the blood flow displaying method
for an ultrasonic system as described in the first aspect of
embodiments of the present disclosure.

[0008] According to a third aspect of embodiments of the
present disclosure, there is provided a computer-readable
storage medium having stored therein computer programs
that, when executed by a processor, causes the processor to
implement the blood flow displaying method for an ultra-
sonic system as described in the first aspect of embodiments
of the present disclosure.

[0009] Additional aspects and advantages of embodiments
of present disclosure will be given in part in the following
descriptions, become apparent in part from the following
descriptions, or be learned from the practice of the embodi-
ments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other aspects and advantages of embodi-
ments of the present disclosure will become apparent and
more readily appreciated from the following descriptions
made with reference to the drawings, in which:

[0011] FIG. 1 is a flow chart of a blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure;

[0012] FIG. 2 is a schematic diagram of a preset gradation
set having 1024 gradations according to embodiments of the
present disclosure;

[0013] FIG. 3 is a flow chart of a blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure;

[0014] FIG. 4 is a schematic diagram of a gradation
sequence corresponding to a preset reference pulse recur-
rence frequency according to embodiments of the present
disclosure;

[0015] FIG. 5 is a schematic diagram showing a display of
blood flow velocity information using a gradation sequence
corresponding to a preset reference pulse recurrence fre-
quency according to embodiments of the present disclosure;
[0016] FIG. 6 is a schematic block diagram of a blood flow
displaying apparatus for an ultrasonic system according to
embodiments of the present disclosure;

[0017] FIG. 7is a schematic diagram of a computer device
according to embodiments of the present disclosure;
[0018] FIG. 8 is a schematic diagram of a blood flow
displaying device according to embodiments of the present
disclosure; and

[0019] FIG. 9 illustrates comparisons between blood flow
displaying results obtained by a blood flow displaying
method according to embodiments of the present disclosure
and that obtained by a method in related art.

DETAILED DESCRIPTION

[0020] Reference will be made in detail to embodiments of
the present disclosure. The embodiments described herein
with reference to drawings are explanatory, illustrative, and
used to generally understand the present disclosure. The
embodiments shall not be construed to limit the present
disclosure. The same or similar elements and the elements
having same or similar functions are denoted by like refer-
ence numerals throughout the descriptions.
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[0021] Inthe related art, a dynamic range of the blood flow
varies very little under high pulse recurrence frequency
(prf), such that when blood flow velocities or motion veloci-
ties of other tissues are calculated and mapped to gradations,
color display of the blood flow is mostly concentrated at a
lower part of a spectrum in poor gradation, based on which
medical staffs cannot well distinguish a low flow velocity
from a high flow velocity, so as to further affect the accuracy
and reliability of the diagnosis. Moreover, the higher the
pulse recurrence frequency is, the more serious the above
defects are, thereby seriously affecting the beauty of the flow
image display and diagnosis results. For these problems,
embodiments of the present disclosure provide a blood flow
displaying method, apparatus and a device for an ultrasonic
system.

[0022] According to a first aspect of embodiments of the
present disclosure, a blood flow displaying method for an
ultrasonic system is provided, the method includes: deter-
mining a current pulse recurrence frequency of the ultra-
sonic system; determining a current extraction factor accord-
ing to the current pulse recurrence frequency and a preset
reference pulse recurrence frequency; extracting a target
gradation sequence from a preset gradation set according to
the current extraction factor; and displaying a blood flow
velocity currently detected by the ultrasonic system using a
spectrum of the target gradation sequence.

[0023] With the blood flow displaying method for an
ultrasonic system provided in embodiments of the present
disclosure, by determining the current pulse recurrence
frequency of the ultrasonic system, determining the current
extraction factor according to the current pulse recurrence
frequency and the preset reference pulse recurrence fre-
quency, extracting the target gradation sequence from the
preset gradation set according to the current extraction
factor, and displaying the blood flow velocity currently
detected by the ultrasonic system using the spectrum of the
target gradation sequence, the target gradation sequence is
obtained, and the blood flow is displayed using the spectrum
of the target gradation sequence. Therefore, the blood flow
display is not only enhanced in gradation, but also may be
optimized according to requirements of medical staffs,
which greatly improves the flexibility of the blood flow
display, and provides reliable basis and conditions for accu-
rate diagnosis and analysis of the medical staffs.

[0024] Alternatively, in an embodiment of the present
disclosure, determining a current extraction factor includes
determining the current extraction factor according to a ratio
of the current pulse recurrence frequency to the preset
reference pulse recurrence frequency.

[0025] Alternatively, in an embodiment of the present
disclosure, extracting a target gradation sequence from a
preset gradation set includes: extracting the target gradation
sequence from the preset gradation set according to the
current extraction factor if the current extraction factor is
greater than or equal to 1; or determining a gradation
sequence corresponding to the preset reference pulse recur-
rence frequency as the target gradation sequence if the
current extraction factor is less than 1.

[0026] Alternatively, in an embodiment of the present
disclosure, the preset gradation set includes M gradations,
and the number of gradations displayed by the ultrasonic
system is N, and N is less than M; before determining the
gradation sequence corresponding to the preset reference
pulse recurrence frequency as the target gradation sequence,
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the method further includes: extracting N gradations from
the M gradations according to a preset rule to constitute the
gradation sequence corresponding to the preset reference
pulse recurrence frequency.

[0027] Alternatively, in an embodiment of the present
disclosure, extracting N gradations from the M gradations
according to a preset rule includes: extracting N/2 gradations
starting from a central position to each of two ends of the M
gradations, respectively.

[0028] Alternatively, in an embodiment of the present
disclosure, if the current extraction factor k is a non-integer
greater than 1, and k=a/b where both a and b are positive
integers, extracting the target gradation sequence from the
preset gradation set according to the current extraction factor
includes: determining the target gradation sequence through
an interpolation processing according to the current extrac-
tion factor and gradations included in the preset gradation
set; or extracting b gradations per a gradations of the preset
gradation set to constitute the target gradation sequence.
[0029] Alternatively, in an embodiment of the present
disclosure, displaying a blood flow velocity currently
detected by the ultrasonic system using a spectrum of the
target gradation sequence includes: determining a blood
flow velocity range corresponding to the current pulse
recurrence frequency; and one-to-one mapping the blood
flow velocity range to the spectrum of the target gradation
sequence successively.

[0030] According to a second aspect of embodiments of
the present disclosure, there is provided a computer device,
including: a processor; and a memory having stored therein
computer programs executable by the processor, when
executed by the processor, the computer programs cause the
processor to implement the blood flow displaying method
for an ultrasonic system as described in the first aspect of
embodiments of the present disclosure.

[0031] With the computer device provided in embodi-
ments of the present disclosure, by determining the current
pulse recurrence frequency of the ultrasonic system, deter-
mining the current extraction factor according to the current
pulse recurrence frequency and the preset reference pulse
recurrence frequency, extracting the target gradation
sequence from the preset gradation set according to the
current extraction factor, and displaying the blood flow
velocity currently detected by the ultrasonic system using
the spectrum of the target gradation sequence, the target
gradation sequence is obtained, and the blood flow is dis-
played using the spectrum of the target gradation sequence.
Therefore, the blood flow display is not only enhanced in
gradation, but also may be optimized according to require-
ments of medical staffs, which greatly improves the flex-
ibility of the blood flow display, and provides reliable basis
and conditions for accurate diagnosis and analysis of the
medical staffs.

[0032] According to a third aspect of embodiments of the
present disclosure, there is provided a computer-readable
storage medium having stored therein computer programs
that, when executed by a processor, causes the processor to
implement the blood flow displaying method for an ultra-
sonic system as described in the first aspect of embodiments
of the present disclosure.

[0033] According to a fourth aspect of embodiments of the
present disclosure, a blood flow displaying apparatus for an
ultrasonic system is provided, the apparatus includes: a first
determining module configured to determine a current pulse
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recurrence frequency of the ultrasonic system; a second
determining module configured to determine a current
extraction factor according to the current pulse recurrence
frequency and a preset reference pulse recurrence frequency;
an extracting module configured to extract a target gradation
sequence from a preset gradation set according to the current
extraction factor; and a displaying module configured to
display a blood flow velocity currently detected by the
ultrasonic system using a spectrum of the target gradation
sequence.

[0034] With the blood flow displaying apparatus for an
ultrasonic system provided in embodiments of the present
disclosure, by determining the current pulse recurrence
frequency of the ultrasonic system, determining the current
extraction factor according to the current pulse recurrence
frequency and the preset reference pulse recurrence fre-
quency, extracting the target gradation sequence from the
preset gradation set according to the current extraction
factor, and displaying the blood flow velocity currently
detected by the ultrasonic system using the spectrum of the
target gradation sequence, the target gradation sequence is
obtained, and the blood flow is displayed using the spectrum
of the target gradation sequence. Therefore, the blood flow
display is not only enhanced in gradation, but also may be
optimized according to requirements of medical staffs,
which greatly improves the flexibility of the blood flow
display, and provides reliable basis and conditions for accu-
rate diagnosis and analysis of the medical staffs.

[0035] In the following, a blood flow displaying method,
apparatus and device for an ultrasonic system according to
embodiments of the present disclosure will be described in
detail referring to drawings.

[0036] FIG. 1 is a flow chart of a blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure.

[0037] With reference to FIG. 1, the blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure will be illustrated in detail below.
[0038] As shown in FIG. 1, the blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure may include the following opera-
tions at blocks illustrated in FIG. 1.

[0039] At block 101, a current pulse recurrence frequency
of the ultrasonic system is determined.

[0040] Specifically, the blood flow displaying method for
an ultrasonic system in embodiments of the present disclo-
sure may be carried out by the blood flow displaying
apparatus for an ultrasonic system of the present disclosure,
and the apparatus is configured in a computer device of the
present disclosure to control the blood flow display.

[0041] The computer device in embodiments of the pres-
ent disclosure may be any hardware device having the
ultrasonic system, which will not be specifically limited in
present disclosure.

[0042] In an implementation, the current pulse recurrence
frequency of the ultrasonic system may be determined by
querying a function setting module of the blood flow dis-
playing apparatus for an ultrasonic system or by other
means, which will not be specifically limited in present
disclosure.

[0043] At block 102, a current extraction factor is deter-
mined according to the current pulse recurrence frequency
and a preset reference pulse recurrence frequency.
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[0044] The preset reference pulse recurrence frequency
may be adaptively set according to an actual demand, for
example, may be set to be 2.6 kHz, 3.8 kHz, etc., which will
not be specifically limited in present disclosure.

[0045] Insome embodiments, the current extraction factor
may be determined according to a ratio of the current pulse
recurrence frequency to the preset reference pulse recur-
rence frequency.

[0046] In an implementation, the current extraction factor
may be determined according to the following formula (1):

factor = %, (1)

[0047] where factor represents the current extraction fac-
tor, f; represents the current pulse recurrence frequency, and
f, represents the preset reference pulse recurrence frequency.
[0048] For example, if the current pulse recurrence fre-
quency is 6, the preset reference pulse recurrence frequency
is 3, the current extraction factor may be calculated to be 2
according to the formula (1).

[0049] At block 103, a target gradation sequence is
extracted from a preset gradation set according to the current
extraction factor.

[0050] The preset gradation set may be such a gradation
set that is generated based on three primary colors, i.e., red
(R), green (G) and blue (B), and has any data volume, such
as 1024 gradations, 2048 gradations and so on, which will
not be specifically limited in present disclosure. In an
implementation, as shown in FIG. 2, the preset gradation set
includes 1024 gradations.

[0051] Specifically, in some embodiments, after the cur-
rent extraction factor is determined, a corresponding grada-
tion sequence may be extracted from the preset gradation set
according to the current extraction factor and taken as the
target gradation sequence.

[0052] For example, if the preset gradation set includes
1024 gradations, and the current extraction factor is 2,
extraction is performed every other gradation from the
preset gradation set to obtain a gradation sequence having
512 gradations as the target gradation sequence.

[0053] It should be illustrated that, implementations of
extracting the target gradation sequence from the preset
gradation set according to the current extraction factor will
be described in detail below and will not be elaborated here.
[0054] At block 104, a blood flow velocity currently
detected by the ultrasonic system is displayed using a
spectrum of the target gradation sequence.

[0055] In order to completely and effectively display the
blood flow velocity currently detected, after the target gra-
dation sequence is obtained, a corresponding spectrum may
be constituted by the target gradation sequence, and the
blood flow velocity currently detected is displayed using the
spectrum.

[0056] It should be illustrated that, the blood flow velocity
is a part of blood flow information, which is detected by a
sensor of the ultrasonic system. Therefore, in some embodi-
ments of the present disclosure, the blood flow displaying
method further includes receiving the blood flow informa-
tion from a sensor of the ultrasonic system. According to the
blood flow information, the blood flow velocity currently
detected by the ultrasonic system is displayed using the
spectrum of the target gradation sequence.
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[0057] Specifically, when blood flows in a blood vessel,
the blood flow velocity is proportional to a blood flow
volume and inversely proportional to a cross section of the
blood vessel. For example, in a quiet state, an average blood
flow velocity is about 18 to 22 cm/sec in aorta and about 0.3
to 0.7 in capillary. Therefore, in order to accurately and
reliably present the blood flow velocity in the spectrum, in
some embodiments, a blood flow velocity range correspond-
ing to the current pulse recurrence frequency may be deter-
mined, and then one-to-one mapped to the spectrum of the
target gradation sequence successively.

[0058] In some embodiments, a mapping mode of the
blood flow velocity to the spectrum may be linear mapping.
For example, if the blood flow velocity range outputted is in
a range from -128 to +127, the blood flow velocities are
mapped to color data of the spectrum point by point, i.e., the
-128 of the blood flow velocity is mapped to a color
represented by a negative maximum value, and the +127 of
the blood flow velocity is mapped to a color represented by
a positive maximum value.

[0059] In an implementation, the blood flow velocity
range corresponding to the current pulse recurrence fre-
quency may be determined according to formula (2), such
as:

V_C*prf 2

dsfy

[0060] where V represents the blood flow velocity
detected under the current pulse recurrence frequency, C
represents a ultrasound propagation velocity of the ultra-
sonic system, generally being 1540 m/s, prf represents the
current pulse recurrence frequency, and f, represents a
central frequency.

[0061] Further, in addition to the blood flow velocity,
blood flow information actually detected includes a blood
flow direction. Therefore, in embodiments of the present
disclosure, the blood flow direction can be displayed
together with the blood flow velocity currently detected by
the ultrasonic system. It should be illustrated that, in the
present disclosure, the blood flow information including the
blood flow velocity and blood flow direction is acquired
from a subject by a sensor of the ultrasonic system.

[0062] For example, if the blood flow velocity currently
detected includes a low blood flow velocity and a high blood
flow velocity, the blood flow direction includes a forward
blood flow direction and a reversed blood flow direction, and
the obtained target gradation sequence includes 1024 gra-
dations, luminous vellow and dark red in 512 positive
gradations of the target gradation sequence may be used to
represent a highest-velocity forward blood flow and a low-
est-velocity forward blood flow, respectively, and bright
green and dark blue in 512 negative gradations of the target
gradation sequence may be used to represent a highest-
velocity reversed blood flow and a lowest-velocity reversed
blood flow, respectively.

[0063] Accordingly, color information presented in the
spectrum includes in turn: luminous yellow, transition colors
(509 gradations) between the luminous yellow and the dark
red, dark red, black (2 gradations), dark blue, transition
colors (509 gradations) between the dark blue and the bright
green, and bright green.
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[0064] With the blood flow displaying method for an
ultrasonic system provided in embodiments of the present
disclosure, by determining the current pulse recurrence
frequency of the ultrasonic system, determining the current
extraction factor according to the current pulse recurrence
frequency and the preset reference pulse recurrence fre-
quency, extracting the target gradation sequence from the
preset gradation set according to the current extraction
factor, and displaying the blood flow velocity currently
detected by the ultrasonic system using the spectrum of the
target gradation sequence, the target gradation sequence is
obtained, and the blood flow is displayed using the spectrum
of the target gradation sequence. Therefore, the blood flow
display is not only enhanced in gradation, but also may be
optimized according to requirements of medical staffs,
which greatly improves the flexibility of the blood flow
display, and provides reliable basis and conditions for accu-
rate diagnosis and analysis of the medical staffs.

[0065] According to the above analysis, in embodiments
of the present disclosure, the current extraction factor is
determined according to the current pulse recurrence fre-
quency and the preset reference pulse recurrence frequency,
the target gradation sequence is extracted according to the
current extraction factor, and the blood flow velocity cur-
rently detected by the ultrasonic system is displayed using
the spectrum of the target gradation sequence. In implemen-
tations, as the current extraction factor determined according
to the current pulse recurrence frequency and the preset
reference pulse recurrence frequency may be an integer or an
rational number, in order to accurately and effectively
extract the target gradation sequence from the preset grada-
tion set according to current extraction factor, different ways
may be used to extract the target gradation sequence depend-
ing on specific situations of the extraction factor. Referring
to FIG. 3, the above situations of the blood flow displaying
method for an ultrasonic system of the present disclosure
will be described in detail below.

[0066] FIG. 3 is a flow chart of a blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure.

[0067] As shown in FIG. 3, the blood flow displaying
method for an ultrasonic system according to embodiments
of the present disclosure may include the following opera-
tions at blocks illustrated in FIG. 3.

[0068] At block 301, a current pulse recurrence frequency
of the ultrasonic system is determined.

[0069] At block 302, a current extraction factor is deter-
mined according to the current pulse recurrence frequency
and a preset reference pulse recurrence frequency.

[0070] At block 303, it is judged whether the current
extraction factor is greater than or equal to 1, if yes, an
operation at block 304 is executed, otherwise, an operation
at block 307 is executed.

[0071] Specifically, by judging whether the current extrac-
tion factor is greater than or equal to 1, a way to obtain a
target gradation sequence is determined. For example, if the
extraction factor is greater than or equal to 1, the target
gradation sequence is extracted from a preset gradation set
directly according to the extraction factor.

[0072] At block 304, it is judged whether the current
extraction factor is an integer greater than 1, if yes, an
operation at block 305 is executed, otherwise, an operation
at block 306 is executed.
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[0073] At block 305, a target gradation sequence is
extracted from a preset gradation set according to the current
extraction factor.

[0074] In implementations, the target gradation sequence
may be extracted from the preset gradation set through
several ways, some of which will be illustrated below as
examples.

[0075] As an implementation, the target gradation
sequence is extracted with the same intervals from the preset
gradation set according to the current extraction factor.
[0076] For example, if the extraction factor is 2, and the
preset gradation set includes 1024 gradations, extraction is
performed from the preset gradation set with 2 as the
extraction factor, to obtain the target gradation sequence
having 512 gradations.

[0077] As another implementation, extraction is respec-
tively performed starting from a central position to each of
two ends of the preset gradation set, according to the
extraction factor, so as to obtain the target gradation
sequence.

[0078] For example, if the extraction factor is 2, and the
preset gradation set includes 1024 gradations, extraction is
respectively performed starting from the central position to
each of two ends of the preset gradation set with 2 as the
extraction factor, to obtain the target gradation sequence
having 512 gradations.

[0079] It should be illustrated that, the above implemen-
tations are only illustrative, and shall not be construed to
limit the present disclosure.

[0080] At block 306, a target gradation sequence is deter-
mined through an interpolation processing according to the
current extraction factor and gradations included in the
preset gradation set.

[0081] That is, if it is judged that the current extraction
factor k is a non-integer greater than 1, and k=a/b where both
a and b are positive integers, the target gradation sequence
may be determined through the interpolation processing.
[0082] For example, if

it can be determined that k is 1.2, the interpolation process-
ing may be performed on 1.2 by 10 times, then based on an
extraction factor obtained thereafter, extraction is performed
every other 11 gradations from the preset gradation set
having 1024 gradations to obtain a gradation sequence as the
target gradation sequence.

[0083] In embodiments of the present disclosure, b gra-
dations may be extracted per a gradations of the preset
gradation set to constitute the target gradation sequence.

[0084] For example, if

5 gradations may be extracted per 6 gradations of the preset
gradation set to constitute the target gradation sequence.

[0085] In embodiments of the present disclosure, the rule
of extracting b gradations per a gradations of the preset
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gradation set may be extracting b gradations from a front
part, a middle part, or a rear part of a gradations, which will
not be limited herein.

[0086] At block 307, a gradation sequence corresponding
to the preset reference pulse recurrence frequency is deter-
mined as the target gradation sequence.

[0087] The gradation sequence corresponding to the preset
reference pulse recurrence frequency may be adaptively set
according to an actual demand, and for example, as shown
in FIG. 4, may be a gradation sequence having 256 grada-
tions, which will not be limited herein.

[0088] Specifically, when the extraction factor is less than
1, gradations extracted from the preset gradation set is not
stretched, thereby decreasing a dynamic range of the blood
flow display. Therefore, when the extraction factor is cal-
culated to be less than 1, extraction operation of the target
gradation sequence will not be performed, but directly
taking the gradation sequence corresponding to the preset
reference pulse recurrence frequency as the target gradation
sequence to display blood flow information, such as the
blood flow velocity, as shown in FIG. 5.

[0089] Commonly, in practice, in order to better display
the blood flow situation, the number (M) of gradations in the
preset gradation set is generally set to be greater than the
number (N) of gradations displayed by the ultrasonic sys-
tem, i.e., N is less than M.

[0090] Therefore, in some embodiments, before block
307, N gradations are extracted from the M gradations
according to a preset rule to constitute the gradation
sequence corresponding to the preset reference pulse recur-
rence frequency.

[0091] In an implementation, the gradation sequence cor-
responding to the preset reference pulse recurrence fre-
quency may be obtained according to the following rules,
which will be illustrated with reference to examples.
[0092] N/2 gradations are extracted starting from a central
position to each of two ends of the M gradations, respec-
tively.

[0093] For example, if M is 1024, and N is 256, 128
gradations may be extracted starting from gradation 0
towards each of positive and negative directions of the 1024
gradations, respectively, and 128 positive gradations and
128 negative gradations extracted thereby constitute the
gradation sequence.

[0094] It should be illustrated that, in addition to the above
implementations, other implementations may also be
included, which will not be limited herein.

[0095] At block 308, a blood flow velocity currently
detected by the ultrasonic system is displayed using a
spectrum of the target gradation sequence.

[0096] With the blood flow displaying method for an
ultrasonic system provided in embodiments of the present
disclosure, after the current extraction factor is determined,
an extraction way corresponding to the current extraction
factor is obtained by judging the current extraction factor,
the target gradation sequence is extracted from the preset
gradation set according to the current extraction factor or the
gradation sequence corresponding to the preset reference
pulse recurrence frequency is directly determined as the
target gradation sequence, and the blood flow velocity
currently detected by the ultrasonic system is displayed
using the spectrum of the obtained target gradation
sequence. Therefore, the corresponding way to obtain the
target gradation sequence is obtained by judging the extrac-
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tion factor, by which a corresponding target gradation
sequence is obtained, such that the display of the dynamic
range of the detected blood flow velocities meets the actual
demands more and an effect of the blood flow display is
improved.

[0097] In the following, the blood flow displaying appa-
ratus for an ultrasonic system according to embodiments of
the present disclosure will be described with reference to
drawings.

[0098] FIG. 61s a schematic block diagram of a blood flow
displaying apparatus for an ultrasonic system according to
embodiments of the present disclosure.

[0099] As shown in FIG. 6, the blood flow displaying
apparatus includes: a first determining module 11, a second
determining module 12, an extracting module 13, and a
displaying module 14.

[0100] The first determining module 11 is configured to
determine a current pulse recurrence frequency of the ultra-
sonic system.

[0101] The second determining module 12 is configured to
determine a current extraction factor according to the current
pulse recurrence frequency and a preset reference pulse
recurrence frequency.

[0102] The extracting module 13 is configured to extract a
target gradation sequence from a preset gradation set accord-
ing to the current extraction factor.

[0103] The displaying module 14 is configured to display
a blood flow velocity currently detected by the ultrasonic
system using a spectrum of the target gradation sequence.
[0104] Insome embodiments of the present disclosure, the
blood flow displaying apparatus further includes a receiving
module 15 configured to receive blood flow information
from a sensor of the ultrasonic system.

[0105] It should be illustrated that, regarding implemen-
tations and technical principles of the blood flow displaying
apparatus for an ultrasonic system, reference can be made to
explanations and illustrations of the blood flow displaying
method for an ultrasonic system as described hereinbefore,
which will not be elaborated herein.

[0106] With the blood flow displaying apparatus for an
ultrasonic system provided in embodiments of the present
disclosure, by determining the current pulse recurrence
frequency of the ultrasonic system, determining the current
extraction factor according to the current pulse recurrence
frequency and the preset reference pulse recurrence fre-
quency, extracting the target gradation sequence from the
preset gradation set according to the current extraction
factor, and displaying the blood flow velocity currently
detected by the ultrasonic system using the spectrum of the
target gradation sequence, the target gradation sequence is
obtained, and the blood flow is displayed using the spectrum
of the target gradation sequence. Therefore, the blood flow
display is not only enhanced in gradation, but also may be
optimized according to requirements of medical staffs,
which greatly improves the flexibility of the blood flow
display, and provides reliable basis and conditions for accu-
rate diagnosis and analysis of the medical staffs.

[0107] In embodiments of the present disclosure, a com-
puter device is provided.

[0108] FIG. 7 is a schematic diagram of a computer device
according to embodiments of the present disclosure.
[0109] As shown in FIG. 7, the computer device 20
includes: a processor 22; and a memory 21 having stored
therein computer programs executable by the processor 22,
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when executed by the processor 22, the computer programs
cause the processor 22 to implement the blood flow display-
ing method for an ultrasonic system as described hereinbe-
fore. The blood flow displaying method for an ultrasonic
system includes: determining a current pulse recurrence
frequency of the ultrasonic system; determining a current
extraction factor according to the current pulse recurrence
frequency and a preset reference pulse recurrence frequency;
extracting a target gradation sequence from a preset grada-
tion set according to the current extraction factor; and
displaying a blood flow velocity currently detected by the
ultrasonic system using a spectrum of the target gradation
sequence.

[0110] In some embodiments of the present disclosure, the
blood flow displaying method further includes receiving
blood flow information from a sensor of the ultrasonic
system.

[0111] Tt should be illustrated that, regarding implemen-
tations and technical principles of the computer device,
reference can be made to explanations and illustrations of
the blood flow displaying method for an ultrasonic system as
described hereinbefore, which will not be elaborated herein.
[0112] With the computer device provided in embodi-
ments of the present disclosure, by determining the current
pulse recurrence frequency of the ultrasonic system, deter-
mining the current extraction factor according to the current
pulse recurrence frequency and the preset reference pulse
recurrence frequency, extracting the target gradation
sequence from the preset gradation set according to the
current extraction factor, and displaying the blood flow
velocity currently detected by the ultrasonic system using
the spectrum of the target gradation sequence, the target
gradation sequence is obtained, and the blood flow is dis-
played using the spectrum of the target gradation sequence.
Therefore, the blood flow display is not only enhanced in
gradation, but also may be optimized according to require-
ments of medical staffs, which greatly improves the flex-
ibility of the blood flow display, and provides reliable basis
and conditions for accurate diagnosis and analysis of the
medical staffs.

[0113] In embodiments of the present disclosure, a com-
puter-readable storage medium is provided.

[0114] The computer-readable storage medium has stored
therein computer programs that, when executed by a pro-
cessor, causes the processor to implement the blood flow
displaying method for an ultrasonic system as described
hereinbefore. The blood flow displaying method for an
ultrasonic system includes: determining a current pulse
recurrence frequency of the ultrasonic system; determining
a current extraction factor according to the current pulse
recurrence frequency and a preset reference pulse recurrence
frequency; extracting a target gradation sequence from a
preset gradation set according to the current extraction
factor; and displaying a blood flow velocity currently
detected by the ultrasonic system using a spectrum of the
target gradation sequence.

[0115] In embodiments of the present disclosure, there is
provided a blood flow displaying device for an ultrasonic
system. The blood flow displaying device is configured to
execute the blood flow displaying method for an ultrasonic
system as described hereinbefore.

[0116] FIG. 8 is a schematic diagram of the blood flow
displaying device according to embodiments of the present
disclosure, as shown in FIG. 8. The flow displaying device
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includes an upper display screen 1; a lower display screen 2,
an operation panel 3; a processor; and a memory having
stored therein computer programs executable by the proces-
sor. The operation panel 3 includes a plurality of buttons 4
for operating the blood flow displaying device. The lower
display screen 2 includes a plurality of operating modes,
among which an operating mode can be chose by a user as
required. When the operating mode such as for displaying
blood flow is determined, the processor is activated, and the
computer programs cause the processor to implement the
blood flow displaying method for an ultrasonic system as
described hereinbefore. The display screen 1 is configured to
display a result obtained by the blood flow displaying
method of the present disclosure. In embodiments of the
present disclosure, the display screen 1 is configured to
display a blood flow velocity currently detected by the
ultrasonic system using a spectrum of the target gradation
sequence, as shown in diagrams 9A-1 to 9A-4 of FIG. 9.
[0117] It should be illustrated that, regarding implemen-
tations and technical principles of the blood flow displaying
device for an ultrasonic system, reference can be made to
explanations and illustrations of the blood flow displaying
method for an ultrasonic system as described hereinbefore,
which will not be elaborated herein.

[0118] It should be illustrated that, as described above, the
blood flow velocity is determined according to blood flow
information, which is detected by a sensor of the ultrasonic
system. Therefore, in some embodiments of the present
disclosure, the blood flow displaying device is further con-
figured to receive blood flow information from a sensor of
the ultrasonic system. According to the blood flow informa-
tion, the blood flow velocity is displayed by the display
screen 1 of the blood flow displaying device using the
spectrum of the target gradation sequence.

[0119] FIG. 9 illustrates comparisons between blood flow
displaying results obtained by the blood flow displaying
method according to embodiments of the present disclosure
and that obtained by a method in related art, where diagrams
9A-1 to 9A-4 illustrate blood flow display results and
corresponding spectrums obtained using the blood flow
displaying method according to embodiments of the present
disclosure; and diagrams 9B-1 to 9B-4 illustrate blood flow
displaying results and corresponding spectrums obtained
using the blood flow displaying method in the related art, in
which the prf increases gradually from 9A-1 to 9A-4 and
from 9B-1 to 9B-4, and the diagrams 9A-1 and 9B-1 are
obtained at the same prf, and this is also true for diagrams
9A-2 and 9B-2, for diagrams 9A-3 and 9B-3, and for
diagrams 9A-4 and 9B-4. It should be illustrated that these
diagrams are obtained using the blood flow displaying
device as illustrated in FIG. §.

[0120] From comparisons of these diagrams, it can be seen
that the blood flow displayed with the method according to
embodiments of the present disclosure looks bright no
matter the prfis; however, the blood flow displayed with the
method in the related art darkens gradually and imaging of
blood flow is not distinct enough with the increase of the prf.
Moreover, the blood flow displayed with the method accord-
ing to embodiments of the present disclosure looks brighter
than that displayed with the method in the related art at the
same prf.

[0121] Reference throughout this specification to “an
embodiment,” “some embodiments,” “one embodiment”,
“another example,” “an example,” “a specific example,” or
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“some examples,” means that a particular feature, structure,
material, or characteristic described in connection with the
embodiment or example is included in at least one embodi-
ment or example of the present disclosure.
[0122] In addition, terms such as “first” and “second” are
used herein for purposes of description and are not intended
to indicate or imply relative importance or significance or to
imply the number of indicated technical features. Thus, the
feature defined with “first” and “second” may comprise one
or more of this feature.
[0123] Any process or method described in a flow chart or
described herein in other ways may be understood to include
one or more modules, segments or portions of codes of
executable instructions for achieving specific logical func-
tions or steps in the process, and the scope of a preferred
embodiment of the present disclosure includes other imple-
mentations, in which the order of execution is different from
what is shown or discussed, including executing functions in
a substantially simultaneous manner or in an opposite order
according to the related functions. These and other aspects
should be understood by those skilled in the art.
[0124] It should be understood that each part of the present
disclosure may be realized by the hardware, software, firm-
watre or their combination. In the above embodiments, a
plurality of steps or methods may be realized by the software
or firmware stored in the memory and executed by the
appropriate instruction execution system. For example, if it
is realized by the hardware, likewise in another embodiment,
the steps or methods may be realized by one or a combina-
tion of the following techniques known in the art: a discrete
logic circuit having a logic gate circuit for realizing a logic
function of a data signal, an application-specific integrated
circuit having an appropriate combination logic gate circuit,
a programmable gate array (PGA), a field programmable
gate array (FPGA), etc.
[0125] It can be understood that all or part of the steps in
the method of the above embodiments can be implemented
by instructing related hardware via programs, the program
may be stored in a computer readable storage medium, and
the program includes one step or combinations of the steps
of the method when the program is executed.
[0126] The computer readable storage medium may be,
but is not limited to, read-only memories, magnetic disks, or
optical disks.
[0127] Although embodiments have been shown and
described, it would be appreciated by those skilled in the art
that the above embodiments cannot be construed to limit the
present disclosure, and changes, alternatives, and modifica-
tions can be made in the embodiments without departing
from spirit, principles and scope of the present disclosure.
What is claimed is:
1. A blood flow displaying method for an ultrasonic
system, comprising:
determining a current pulse recurrence frequency of the
ultrasonic system;
determining a current extraction factor according to the
current pulse recurrence frequency and a preset refer-
ence pulse recurrence frequency;
extracting a target gradation sequence from a preset
gradation set according to the current extraction factor;
and
displaying a blood flow velocity currently detected by the
ultrasonic system using a spectrum of the target gra-
dation sequence.
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2. The method according to claim 1, wherein determining
a current extraction factor comprises: determining the cut-
rent extraction factor according to a ratio of the current pulse
recurrence frequency to the preset reference pulse recur-
rence frequency.

3. The method according to claim 1, wherein extracting a
target gradation sequence from a preset gradation set com-
prises:

extracting the target gradation sequence from the preset

gradation set according to the current extraction factor
if the current extraction factor is greater than or equal
to 1; or

determining a gradation sequence corresponding to the

preset reference pulse recurrence frequency as the
target gradation sequence if the current extraction fac-
tor is less than 1.

4. The method according to claim 3, wherein the preset
gradation set comprises M gradations, and the number of
gradations displayed by the ultrasonic system is N, and N is
less than M;

wherein before determining the gradation sequence cor-

responding to the preset reference pulse recurrence
frequency as the target gradation sequence, the method
further comprises:

extracting N gradations from the M gradations according

to a preset rule to constitute the gradation sequence
corresponding to the preset reference pulse recurrence
frequency.

5. The method according to claim 4, wherein extracting N
gradations from the M gradations according to a preset rule
comprises: extracting N/2 gradations starting from a central
position to each of two ends of the M gradations, respec-
tively.

6. The method according to claim 3, wherein if the current
extraction factor k is a non-integer greater than 1, and k=a/b
where both a and b are positive integers, extracting the target
gradation sequence from the preset gradation set according
to the current extraction factor comprises:

determining the target gradation sequence through an

interpolation processing according to the current
extraction factor and gradations comprised in the preset
gradation set; or

extracting b gradations per a gradations of the preset

gradation set to constitute the target gradation
sequence.

7. The method according to claim 2, wherein extracting a
target gradation sequence from a preset gradation set com-
prises:

extracting the target gradation sequence from the preset

gradation set according to the current extraction factor
if the current extraction factor is greater than or equal
to 1; or

determining a gradation sequence corresponding to the

preset reference pulse recurrence frequency as the
target gradation sequence if the current extraction fac-
tor is less than 1.

8. The method according to claim 7, wherein the preset
gradation set comprises M gradations, and the number of
gradations displayed by the ultrasonic system is N, and N is
less than M;

wherein before determining the gradation sequence cor-

responding to the preset reference pulse recurrence
frequency as the target gradation sequence, the method
further comprises:

Sep. 5,2019

extracting N gradations from the M gradations according
to a preset rule to constitute the gradation sequence
corresponding to the preset reference pulse recurrence
frequency.

9. The method according to claim 8, wherein extracting N
gradations from the M gradations according to a preset rule
comprises: extracting N/2 gradations starting from a central
position to each of two ends of the M gradations, respec-
tively.

10. The method according to claim 7, wherein if the
current extraction factor k is a non-integer greater than 1,
and k=a/b where both a and b are positive integers, extract-
ing the target gradation sequence from the preset gradation
set according to the current extraction factor comprises:

determining the target gradation sequence through an

interpolation processing according to the current
extraction factor and gradations comprised in the preset
gradation set; or

extracting b gradations per a gradations of the preset

gradation set to constitute the target gradation
sequence.

11. The method according to claim 1, wherein displaying
a blood flow velocity currently detected by the ultrasonic
system using a spectrum of the target gradation sequence
comprises:

determining a blood flow velocity range corresponding to

the current pulse recurrence frequency; and
one-to-one mapping the blood flow velocity range to the
spectrum of the target gradation sequence successively.

12. A computer device, comprising:

a processor; and

a memory having stored therein computer programs

executable by the processor,

wherein when executed by the processor, the computer

programs cause the processor to implement a blood
flow displaying method for an ultrasonic system, the
method comprising;

determining a current pulse recurrence frequency of the

ultrasonic system;

determining a current extraction factor according to the

current pulse recurrence frequency and a preset refer-
ence pulse recurrence frequency;

extracting a target gradation sequence from a preset

gradation set according to the current extraction factor;
and

displaying a blood flow velocity currently detected by the

ultrasonic system using a spectrum of the target gra-
dation sequence.

13. The computer device according to claim 12, wherein
determining a current extraction factor comprises: determin-
ing the current extraction factor according to a ratio of the
current pulse recurrence frequency to the preset reference
pulse recurrence frequency.

14. The computer device according to claim 12, wherein
extracting a target gradation sequence from a preset grada-
tion set comprises:

extracting the target gradation sequence from the preset

gradation set according to the current extraction factor
if the current extraction factor is greater than or equal
to 1; or

determining a gradation sequence corresponding to the

preset reference pulse recurrence frequency as the
target gradation sequence if the current extraction fac-
tor is less than 1.
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15. The computer device according to claim 14, wherein
the preset gradation set comprises M gradations, and the
number of gradations displayed by the ultrasonic system is
N, and N is less than M;

wherein before determining the gradation sequence cor-

responding to the preset reference pulse recurrence
frequency as the target gradation sequence, the method
further comprises:

extracting N gradations from the M gradations according

to a preset rule to constitute the gradation sequence
corresponding to the preset reference pulse recurrence
frequency.

16. The computer device according to claim 15, wherein
extracting N gradations from the M gradations according to
a preset rule comprises: extracting N/2 gradations starting
from a central position to each of two ends of the M
gradations, respectively.

17. The computer device according to claim 14, wherein
if the current extraction factor k is a non-integer greater than
1, and k=a/b where both a and b are positive integers,
extracting the target gradation sequence from the preset
gradation set according to the current extraction factor
comprises:

determining the target gradation sequence through an

interpolation processing according to the current
extraction factor and gradations comprised in the preset
gradation set; or

extracting b gradations per a gradations of the preset

gradation set to constitute the target gradation
sequence.
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18. The computer device according to claim 12, wherein
displaying a blood flow velocity currently detected by the
ultrasonic system using a spectrum of the target gradation
sequence comprises:

determining a blood flow velocity range corresponding to

the current pulse recurrence frequency; and
one-to-one mapping the blood flow velocity range to the
spectrum of the target gradation sequence successively.

19. A computer-readable storage medium having stored
therein computer programs that, when executed by a pro-
cessor, causes the processor to implement a blood flow
displaying method for an ultrasonic system, the method
comprising:

determining a current pulse recurrence frequency of the

ultrasonic system,;

determining a current extraction factor according to the

current pulse recurrence frequency and a preset refer-
ence pulse recurrence frequency;

extracting a target gradation sequence from a preset

gradation set according to the current extraction factor;
and

displaying a blood flow velocity currently detected by the

ultrasonic system using a spectrum of the target gra-
dation sequence.

20. The method according to claim 1, further comprising:
receiving blood flow information from a sensor of the
ultrasonic system.
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