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(57) ABSTRACT

Embodiments of the present disclosure disclose a method
and a device for adjusting ultrasonic cavitation intensity. The
adjusting method includes: controlling to adjust a i cavi-
tation coefficient according to an i” cavitation intensity
value and a target cavitation intensity value, so as to
calculate to obtain an (i+1)” cavitation intensity value; and
continuing to control to adjust a (j+1)” cavitation coefficient
according to the (i+1)” cavitation intensity value and the
target cavitation intensity value, so as to calculate to obtain
an (i+2)™ cavitation intensity value if the absolute value of
a difference between the (i+1)” cavitation intensity value
and the target cavitation intensity value is greater than a set
threshold value, and ending the method when it is deter-
mined that the absolute value of the difference between the
(+1)™ cavitation intensity value and the target cavitation
intensity value is less than or equal to the set threshold value.

Return the method and continue to calculate to obtain a cavitation AL
intensity value if an absolute value of a difference between the (i+1)" |
cavitation intensity value and the target cavitation intensity value is
greater than a set threshold value, untit it is determined that an
absolute value of a difference between an obtained cavitation
intensity value and the target cavitation intensity value is less than or
equal to the set threshold value

Control to adjust a j"" cavitation coefficient according to an i cavitation}{ )
intensity value and a target cavitation intensity value, so as to
calculate to obtain an (i+1)" cavitation intensity value
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Control to adjust a j cavitation coefficient according to an i cavitation} . 1
intensity value and a target cavitation intensity value, so as to ’
calculate to obtain an (i+1)" cavitation intensity value
¥
Return the method and continue to calculate to obtain a cavitation 20

intensity value if an absolute value of a difference between the {i+1)» {
cavitation intensity value and the target cavitation intensity value is
greater than a set threshold value, until it is determined that an
absolute value of a difference between an obtained cavitation
intensity value and the target cavitation intensity value is less than or
equal to the set threshold value

FIG. 1
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METHOD AND DEVICE FOR ADJUSTING
ULTRASONIC CAVITATION INTENSITY

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to the
field of ultrasonic transmission technologies, and particu-
larly relate to a method and a device for adjusting ultrasonic
cavitation intensity.

TECHNICAL BACKGROUND

[0002] Ultrasonic equipments are applied to fields of
medical ultrasonic imaging and therapy on basis of cavita-
tion effect of ultrasonic waves, and can also be applied as
cleaning instruments. Medical ultrasonic equipments are
used for medical therapy on basis of a transient cavitation
phenomenon; partial high-temperature and high-pressure
phenomena will be generated due to transient cavitation,
accompanied by generation of a strong shock wave, a
high-speed micro-jet and free radicals; and a great destruc-
tive effect can be formed on structures of normal cells and
biological activities of enzymes, and meanwhile, tumour
cells can be effectively killed.

[0003] Cavitation bursting intensity of the transient cavi-
tation is an important factor influencing safety and efliciency
in clinical use of medical ultrasonic equipments. There are
many factors influencing the cavitation bursting intensity,
such as transmit frequency, transmit voltage, transmit pulse
length, liquid properties and the like. In the related art,
ultrasonic equipments achieve a purpose of controlling to
adjust the cavitation bursting intensity in a manner of
forward mapping, namely, operators passively change the
cavitation bursting intensity by adjusting parameters such as
the transmit frequency, the transmit voltage, the transmit
pulse length, transmit pulse repetition frequency, transmit
pulse continuous times and the like.

[0004] In actual clinical use, when operators need to
change the cavitation bursting intensity to B from A, it is
quite difficult to quickly and accurately adjust such a set of
combined parameters of the transmit frequency, the transmit
voltage, the transmit pulse length, the transmit pulse repeti-
tion frequency, the transmit pulse continuous times and the
like; and however, operators can only adjust and try param-
eters one by one, which is time-consuming and effects are
hard to ensure, so that patients may miss best imaging and
therapy.

SUMMARY

[0005] Embodiments of the present disclosure provide a
method and a device for adjusting ultrasonic cavitation
intensity, so as to solve a problem of time consuming of
adjusting process and poor adjusting effect.

[0006] In a first aspect, embodiments of the present dis-
closure provide a method for adjusting ultrasonic cavitation
intensity, including:

[0007] controlling to adjust a j* cavitation coefficient
according to an i cavitation intensity value and a target
cavitation intensity value, so as to calculate to obtain an
(i+l)”’ cavitation intensity value, where i=0, 1,2 . . ., j=1,
2,...,n,and 7zn=22; and

[0008] continuing to control to adjust a (j+1)” cavitation
coeflicient according to the (i+1)™ cavitation intensity value
and the target cavitation intensity value, so as to calculate to
obtain an (i+2)” cavitation intensity value if the absolute
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value of a difference between the (i+1)™ cavitation intensity
value and the target cavitation intensity value is greater than
a set threshold value, and ending the method when it is
determined that the absolute value of the difference between
the (1+1)™ cavitation intensity value and the target cavitation
intensity value is less than or equal to the set threshold value.
[0009] Further, the j* cavitation coefficient includes any
one or more of transmit frequency coefficient k1, pulse
length coefficient k2, pulse frequency coefficient k3, pulse
times coefficient k4, scanning line density coeflicient k5,
region-of-interest size coeflicient k6, and transmit voltage
coefficient k7.

[0010] Further, a calculation formula of a cavitation inten-
sity value Q is specifically as follows.

((1+ k1) ><Frequency)’1/2 % (1 +4k2) xPulse Length,
(1 +43)% PRF X (1 + k4) x Pulse Times,
Q=] (1+k5)xLine Densityx ((1 +k6)x RO Size) ™!,

X P((1 +7) % Transmit Voltage)* /Z

r2 =

[0011] where the Frequency represents ultrasonic transmit
frequency, the Pulse Length represents ultrasonic transmit
pulse length, the PRF represents ultrasonic transmit pulse
repetition frequency, the Pulse Times represents ultrasonic
transmit pulse continuous times, the Line Density represents
ultrasonic transmit scanning line density, the ROI Size
represents ultrasonic cavitation busting region-of-interest
size, and the Transmit Voltage represents ultrasonic transmit
voltage.

[0012] Further, controlling to adjust the j* cavitation coef-
ficient according to the i? cavitation intensity value and the
target cavitation intensity value, so as to calculate to obtain
the (i+1)™ cavitation intensity value, includes:

[0013] judging whether the target cavitation intensity
value is greater than the i cavitation intensity value;
[0014] controlling to correspondingly adjust the value of
the * cavitation coefficient as a i coefficient value set
according to a set rule if the target cavitation intensity value
is greater than the i” cavitation intensity value, so as to
calculate to obtain the (i+1)™ cavitation intensity value; and,
controlling to correspondingly adjust the value of the
cavitation coefficient to a negative j* coefficient value set
according to a set rule if the target cavitation intensity value
is not greater than the i” cavitation intensity value, so as to
calculate to obtain the (i+1)” cavitation intensity value.
[0015] Further, the set rule includes: a j* coefficient value
in a next adjustment is 1/m of j* coefficient value in a
previous adjustment, where m>1.

[0016] Further, an absolute value of the j* coefficient
value is greater than or equal to 0, and less than or equal to
L.

[0017] Further, after calculating to obtain the (i+1)™ cavi-
tation intensity value, the method further includes:

[0018] calculating a difference between the (i+1)" cavita-
tion intensity value and the target cavitation intensity value
and judging whether an absolute value of the difference is
less than or equal to the set threshold value.

[0019] Further, the method further includes: controlling to
stop the adjustment for the cavitation coeflicients if the
absolute value of the difference between the (i+1)™ cavita-
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tion intensity value and the target cavitation intensity value
is less than or equal to the set threshold value.

[0020] Further, the set threshold value is 0.001.

[0021] In a second aspect, embodiments of the present
disclosure further provide a device for adjusting ultrasonic
cavitation intensity, including:

[0022] at least one processor; and

[0023] a memory communicably connected with the at
least one processor for storing instructions executable by the
at least one processor, wherein execution of the instructions
by the at least one processor causes the at least one processor
to:

[0024] control to adjust a j? cavitation coefficient accord-
ing to an i” cavitation intensity value and a target cavitation
intensity value, so as to calculate to obtain an (i+1)”
cavitation intensity value, where i=0, 1,2 .. .,j=1,2, ...
, 1, and 7zn=2; and

[0025] continue to control to adjust a (j+1)” cavitation
coeflicient according to the (i+1)™ cavitation intensity value
and the target cavitation intensity value, so as to calculate to
obtain an (1+2)™ cavitation intensity value if an absolute
value of a difference between the (i+1)” cavitation intensity
value and the target cavitation intensity value is greater than
a set threshold value, and end the method when it is
determined that the absolute value of the difference between
the (i+1)” cavitation intensity value and the target cavitation
intensity value is less than or equal to the set threshold value.
[0026] In the present disclosure, the (i+1)” cavitation
intensity value is obtained through calculation by adjusting
the i cavitation coeflicient according to the i cavitation
intensity value and the target cavitation intensity value, and
subsequent judgment is carried out; if the absolute value of
the difference between the (i+1)” cavitation intensity value
and the target cavitation intensity value is greater than the set
threshold value, the method returns, the calculation for the
cavitation intensity value is continued and the judgement is
carried out, until it is determined that the absolute value of
the difference between the obtained cavitation intensity
value and the target cavitation intensity value is less than or
equal to the set threshold value. In the present disclosure, the
target cavitation intensity value is known, the purpose of
adjusting an initial cavitation intensity value as the target
cavitation intensity value by adjusting cavitation coefficients
is achieved, and cavitation coeflicients are adjusted accord-
ing to the target cavitation intensity value in a manner of
reverse mapping. The adjusting manner has advantages of
high adjusting speed and quite small adjusting error, and
solves defects in the related art.

DESCRIPTION OF DRAWINGS

[0027] In order to illustrate technical solutions in embodi-
ments of the present disclosure more clearly, drawings
which are needed in descriptions of embodiments are simply
introduced below. Apparently, the drawings in the descrip-
tions below are merely a part of embodiments of the present
disclosure, based on which other drawings may also be
obtained by those ordinary skilled in the art without any
creative effort.

[0028] FIG. 1 is a flow diagram illustrating a method for
adjusting ultrasonic cavitation intensity provided by
embodiment 1 of the present disclosure;

[0029] FIG. 2 is a flow diagram illustrating a method for
adjusting ultrasonic cavitation intensity provided by
embodiment 2 of the present disclosure; and
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[0030] FIG. 3 is a schematic diagram illustrating a device
for adjusting ultrasonic cavitation intensity provided by
embodiment 3 of the present disclosure.

DETAILED DESCRIPTION

[0031] In order to make the purposes, technical solutions
and advantages of the present disclosure more clear, tech-
nical solutions of the present disclosure are clearly and
completely described below by reference to the drawings in
embodiments of the present disclosure through implemen-
tations. Apparently, embodiments described are a part of
embodiments of the present disclosure, rather than all
embodiments. Based on embodiments in the present disclo-
sure, all other embodiments obtained by those ordinary
skilled in the art without any creative effort shall still fall
within the scope of protection of the present disclosure.

Embodiment 1

[0032] FIG. 1is a flow diagram illustrating a method for
adjusting ultrasonic cavitation intensity provided by
embodiment 1 of the present disclosure. Technical solutions
of the present embodiment is applicable to a case of auto-
matically adjusting cavitation parameters through a known
target cavitation intensity value; and the method can be
executed by a device for adjusting ultrasonic cavitation
intensity, and the adjusting device is configured in an
ultrasonic equipment.

[0033] A method for adjusting ultrasonic cavitation inten-
sity provided by the present embodiment specifically
includes following steps.

[0034] 1In S110, a j* cavitation coefficient is adjusted by
controlling according to an i” cavitation intensity value and
a target cavitation intensity value, so as to calculate to obtain
an (i+1)™ cavitation intensity value, wherei=0,1,2 .. .,j=1,
2,...,n,and 7znz2.

[0035] As described above, a current initial cavitation
intensity value to be adjusted and a needed cavitation
intensity value input by an operator are displayed on a panel
of the ultrasonic equipment, then the device for adjusting
ultrasonic cavitation intensity (referred to as an adjusting
device) acquires the current initial cavitation intensity value
to be adjusted and the input needed cavitation intensity
value; and then the adjusting device takes the initial cavi-
tation intensity value to be adjusted as a 0% cavitation
intensity value, and takes the needed cavitation intensity
value as a target cavitation intensity value. It can be seen that
the adjusting device has a function of automatically adjust-
ing the initially-displayed 0” cavitation intensity value as
the target cavitation intensity value input by the operator.
[0036] Cavitation coeflicients are coefficients of cavitation
parameters, and cavitation parameters influence the cavita-
tion intensity value; thus change of cavitation coefficients
changes cavitation parameter values corresponding to cavi-
tation coefficients, and then the cavitation intensity value is
changed, so that the purpose of changing the cavitation
intensity value is achieved by adjusting cavitation coefi-
cients. There are a plurality of cavitation parameters influ-
encing the cavitation intensity value, and cavitation coefi-
cients are in one-to-one correspondence with cavitation
parameters; and by taking seven cavitation parameters as an
example here, number of adjustable cavitation coefficients is
not greater than seven. Those skilled in the art can under-
stand that the (i+1)” cavitation intensity value obtained
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through calculation and/or cavitation parameter values can
also be optionally displayed on the panel of the ultrasonic
equipment in real time and viewed by the operator, and more
than or less than seven cavitation parameters can also be
optionally adjusted. The cavitation intensity value here
means an ultrasonic cavitation bursting intensity value of the
ultrasonic equipment, and cavitation parameters are param-
eters influencing the ultrasonic cavitation bursting intensity
value.

[0037] Specifically, the adjusting device controls to adjust
a first cavitation coefficient according to the 0 cavitation
intensity value and the target cavitation intensity value, and
calculates to obtain a first cavitation intensity value. The first
cavitation intensity value is detected through subsequent
steps; and the adjusting device controls, if it is decided that
further adjustment is needed, to adjust a second cavitation
coeflicient according to the first cavitation intensity value
and the target cavitation intensity value, and calculates to
obtain a second cavitation intensity value; and so on, until
the adjusting device controls to stop adjusting.

[0038] In the above operation, adjustment for cavitation
coeflicients is carried out according to the i cavitation
intensity value and a known target cavitation intensity value,
so as to achieve the purpose of adjusting the cavitation
intensity value, namely, cavitation coefficients are adjusted
according to the known target cavitation intensity in a
manner of reverse mapping, so that the initial cavitation
intensity value is adjusted as the target cavitation intensity
value.

[0039] In S120, the method returns and the calculation is
continued to obtain a cavitation intensity value if an absolute
value of a difference between the (i+1)" cavitation intensity
value and the target cavitation intensity value is greater than
a set threshold value, until it is determined that an absolute
value of a difference between an obtained cavitation inten-
sity value and the target cavitation intensity value is less than
or equal to the set threshold value.

[0040] As described above, after calculating to obtain the
(i+1)” cavitation intensity value by adjusting the j* cavita-
tion coeflicient, the adjusting device carries out difference
calculation on the (i+1)” cavitation intensity value obtained
through calculation and the target cavitation intensity value,
where the set threshold value is preset in the adjusting
device, and then the adjusting device judges whether to
continue adjusting according to a comparison result of the
difference and the set threshold value. Specifically, after
calculating to obtain the difference, the adjusting device
judges whether an absolute value of the difference is greater
than the set threshold value; if the absolute value of the
difference is greater than the set threshold value, it is
indicated that the difference between the (i+1)” cavitation
intensity value and the target cavitation intensity value is
large, and adjustment for cavitation coeflicients needs to be
continued, and the method returns to step S110 and calcu-
lation for subsequent cavitation intensity values is contin-
ued.

[0041] Initially, i=0, and then a difference calculation is
carried out on the first cavitation intensity value obtained
through calculation and the target cavitation intensity value
for the first time; and if an absolute value of the difference
is greater than the set threshold value, the method returns
and the second cavitation intensity value is obtained through
calculation according to the first cavitation intensity value
and the target cavitation intensity value. When an absolute
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value of a difference between the second cavitation intensity
value and the target cavitation intensity value is greater than
the set threshold value, the method returns and calculation is
continued to obtain a third cavitation intensity value; and so
on, until it is determined that an absolute value of a
difference between an obtained cavitation intensity value
and the target cavitation intensity value is less than or equal
to the set threshold value, then the adjusting process is
completed and adjustment is stopped by controlling; and at
this moment, the cavitation intensity value obtained through
adjustment is taken as a finally-determined cavitation inten-
sity value. That is to say, when an absolute value of a
difference between the finally-determined cavitation inten-
sity value and the target cavitation intensity value is less than
or equal to the set threshold value, it is decided that the
adjustment is successful, namely, the initial 0” cavitation
intensity value is already adjusted as the target cavitation
intensity value.

[0042] In the above operation, whether the absolute value
of the difference between the (i+1)” cavitation intensity
value and the target cavitation intensity value is greater than
the set threshold value is taken as a basis for judging whether
the adjustment is successful; and the steps 110 to 120 are
circulated when the adjustment is unsuccessful, until the
adjustment is successful, namely, the absolute value of the
difference between the finally-determined cavitation inten-
sity value and the target cavitation intensity value is less than
or equal to the set threshold value. The adjusting device
automatically adjusts the cavitation intensity value through
set circulation steps, so that adjusting speed is high and
adjusting error is quite small.

[0043] In the present embodiment, the (i+1)* cavitation
intensity value is obtained through calculation by adjusting
the i cavitation coeflicient according to the i” cavitation
intensity value and the target cavitation intensity value, and
subsequent judgment is carried out; if the absolute value of
the difference between the (i+1)” cavitation intensity value
and the target cavitation intensity value is greater than the set
threshold value, the method returns, the calculation for the
cavitation intensity value is continued and the judgement is
carried out, until it is determined that the absolute value of
the difference between the obtained cavitation intensity
value and the target cavitation intensity value is less than or
equal to the set threshold value. In the present embodiment,
the target cavitation intensity value is known, the purpose of
adjusting an initial cavitation intensity value as the target
cavitation intensity value by adjusting cavitation coefficients
is achieved, and cavitation coeflicients are adjusted accord-
ing to the target cavitation intensity value in a manner of
reverse mapping. The adjusting manner has advantages of
high adjusting speed and quite small adjusting error.

Embodiment 2

[0044] Technical solutions of the present embodiment is
applicable to a case of automatically adjusting cavitation
parameters through a known target cavitation intensity
value; and the method can be executed by a device for
adjusting ultrasonic cavitation intensity, and the adjusting
device is configured in an ultrasonic equipment.

[0045] It should be noted here that there are many param-
eters influencing the cavitation intensity value. In the present
embodiment, only seven cavitation parameters are selected
as main factors influencing the cavitation intensity value,
and the seven cavitation parameters specifically include:
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ultrasonic transmit frequency (Frequency), ultrasonic trans-
mit pulse length (Pulse length), ultrasonic transmit pulse
repetition frequency (PRF), ultrasonic transmit pulse con-
tinuous times (Pulse times), ultrasonic transmit scanning
line density (Line density), ultrasonic cavitation busting
region-of-interest size (ROI size), and ultrasonic transmit
voltage (Transmit voltage). Correspondingly, each cavita-
tion parameter corresponds to a cavitation coefficient, which
is respectively as follows: transmit frequency coeflicient k1,
pulse length coeflicient k2, pulse frequency coefficient k3,
pulse times coeflicient k4, scanning line density coeflicient
kS, region-of-interest size coeflicient k6, and transmit volt-
age coeflicient k7. Those skilled in the art can understand
that parameters influencing the cavitation intensity value
further include liquid temperature, liquid surface tension and
the like, and more than or less than seven cavitation param-
eters can also be selected as main parameters, which is not
described redundantly here. In the present embodiment, only
influence of the above seven cavitation parameters on the
cavitation intensity value is taken as an example.

[0046] For any adjusting process, adjustment to only one
of cavitation coefficients is allowable, and simultaneous
adjustment to at least two cavitation coeflicients is also
allowable. Therefore, the i cavitation coefficient includes at
least one cavitation coefficient to be adjusted. It can be seen
that the j” cavitation coefficient includes: any one or more
of transmit frequency coefficient k1, pulse length coeflicient
k2, pulse frequency coeflicient k3, pulse times coeflicient
k4, scanning line density coeflicient k5, region-of-interest
size coeflicient k6, and transmit voltage coeflicient k7.
[0047] Here, if a case is taken as an example that adjusting
objects of a first cavitation coeflicient include k1, k6 and k7,
adjusting objects of a second cavitation coeflicient include
k2 and k5, an adjusting object of a third cavitation coefficient
includes k3, and an adjusting object of a fourth cavitation
coefficient includes k4, when a fifth cavitation intensity
value is calculated, the fifth cavitation intensity value can be
obtained through calculation by controlling to adjust k1, k6
and k7 according to the fourth cavitation intensity value and
the target cavitation intensity value. Those skilled in the art
can understand that adjusting objects of a i cavitation
coefficient can also be set according to other sequences or
amounts, which is not described redundantly here.

[0048] In the present embodiment, it is known that factors
influencing the cavitation intensity value are set to mainly
include seven cavitation parameters which respectively are
Frequency, Pulse Length, PRF, Pulse Times, Line Density,
ROI Size and Transmit Voltage. Then the cavitation intensity
value is set as Q, and a function equation of Q and the seven
cavitation parameters is shown in following formula (1):

(Frequency, PulseLength, PRF, Pulse Times, ] (D
Q= Transmit Voltage, Line Density, ROI Size
1 5
~ = X (P(Transmit Voltage)” / Z) x Pulse Lengthx PRF'x
<
Pulse Timesx Line Densityx Freguency Y* x ROI Size™
[0049] where the P(Transmit Voltage)ec Transmit Voltage

represents an acoustic pressure, and the Z represents an
acoustic impedance (the 7 is a constant when substance is
determined). It is known that the adjusting device obtains the
target cavitation intensity value; therefore, the function
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equation is converted to the known Q, and a group of
optional solutions Frequency, Pulse Length, PRF, Pulse
Times, Transmit Voltage, Line Density and ROI Size
enabling the value of the function to be Q is solved.
[0050] Inorder to simplify combination of the formula (1),
cavitation parameters can be combined here according to
influence of cavitation parameters on the cavitation intensity
value, and then function equation of Q is converted to
following formula (2) from the formula (1):

g, (Frequency, Pulse Length), )
2,(PRF, Pulse Times),

g3(Line Density, ROI Size),
g4(Transmit Voltage)

[0051] where function equations of g, (Frequency, Pulse
Length), g,(PRF, Pulse Times), g;(Line Density, ROI Size)
and g,(Transmit Voltage) are as follows:

g1(Frequency, Pulse Length)=((1+k1)xFrequency)-"
2x(1+k2)xPulse Length,

2>(PRF, Pulse Times)=(1+k3)xPREx(1+k4)xPulse
Times,

g3(Line Density, ROI Size)=(1+k5)xLine Densityx
((1+k6)xROI Size)™!,

g4(Transmit Voltage)=(42)xP((1+k7)x Transmit Volt-
age)%/Z.
[0052] In conclusion, calculation formula of the cavitation
intensity value Q is specifically shown in following formula

QF

((1 + k1) x Frequency) /2 x (1 + k2) x Pulse Length, (3)
(1 +&3) X PRF % (1 + k4) x Pulse Times,
Q=] (1+5)xLine Densityx ((1 +k6) x ROI Size)™",

1
5% P((1 + £7) x Transmit Voltage)® /Z

[0053] where the Frequency represents ultrasonic transmit
frequency, the Pulse Length represents ultrasonic transmit
pulse length, the PRF represents ultrasonic transmit pulse
repetition frequency, the Pulse Times represents ultrasonic
transmit pulse continuous times, the Line Density represents
ultrasonic transmit scanning line density, the ROI Size
represents ultrasonic cavitation busting region-of-interest
size, and the Transmit Voltage represents ultrasonic transmit
voltage. The cavitation intensity value obtained through
calculation is enabled to be close to or equal to the target
cavitation intensity value by adjusting k1 to k7 according to
the above formula (3).

[0054] Based on the above, as shown in FIG. 2, a method
for adjusting ultrasonic cavitation intensity provided by the
present embodiment specifically includes following steps.
[0055] In S210, whether a target cavitation intensity value
is greater than an i” cavitation intensity value is judged.
[0056] As described above, an adjusting device acquires a
needed target cavitation intensity value input by operator on
a panel of an ultrasonic equipment, and directly acquires an
initial cavitation intensity value as the 0 cavitation intensity
value, and the first cavitation intensity value can be obtained
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through calculation according to the 07 cavitation intensity
value and the target cavitation intensity value, and so on; and
the i” cavitation intensity value is known. Therefore, the
adjusting device can judge whether the target cavitation
intensity value is greater than the i” cavitation intensity
value according to the known i# cavitation intensity value
and target cavitation intensity value, and execute subsequent
operations on the basis of a judgement result.

[0057] Here, if the target cavitation intensity value is
greater than the i cavitation intensity value, S220 is
executed; and if the target cavitation intensity value is less
than or equal to the i” cavitation intensity value, the method
Jjumps to execute S230.

[0058] In S220, if the target cavitation intensity value is
greater than the i cavitation intensity value, a value of the
i cavitation coefficient is correspondingly adjusted as a j*
coeflicient value set according to a set rule by controlling, so
as to calculate to obtain the (i+1)™ cavitation intensity value.
[0059] As described above, a case is taken as an example
that adjusting objects of the second cavitation coeflicient
include k3 and k4; and when the target cavitation intensity
value is greater than the first cavitation intensity value, a
specific process of adjusting a value of the second cavitation
coeflicient is as follows: a current value of k3 is adjusted as
a coeflicient value of k3 set according to a set rule, and a
current value of k4 is adjusted as a coeflicient value of k4 set
according to a set rule. The (i+1)" cavitation intensity value
is obtained through calculation and then S240 is executed.
[0060] If the coeflicient value of k3 is a3, and the coeffi-
cient value of k4 is -a4; the current value of k3 is adjusted
as a3, and the current value of k4 is adjusted as —a4 when
the target cavitation intensity value is greater than the first
cavitation intensity value. Those skilled in the art can
understand that adjustment for the j* cavitation coefficient
means that a value of each adjusting object in the i
cavitation coefficient is adjusted as a corresponding coeffi-
cient value, and at least one adjusting object is included in
the j cavitation coefficient here.

[0061] In S230, if the target cavitation intensity value is
not greater than the i cavitation intensity value, a value of
the j* cavitation coeflicient is correspondingly adjusted as a
negative j* coefficient value set according to a set rule by
controlling, so as 1o calculate to obtain the (i+1)” cavitation
intensity value.

[0062] As described above, a case is taken as an example
that adjusting objects of the second cavitation coefficient
include k3 and k4; and when the target cavitation intensity
value is less than or equal to the first cavitation intensity
value, a specific process of adjusting a value of the second
cavitation coefficient is as follows: a current value of k3 is
adjusted as a negative coeflicient value of k3 set according
to a set rule, and a current value of k4 is adjusted as a
negative coeflicient value of k4 set according to a set rule.
The (i+1)” cavitation intensity value is obtained through
calculation and then S240 is executed.

[0063] If the coefficient value of k3 is a3, and the coeffi-
cient value of k4 is -a4; in the above operation, the current
value of k3 is adjusted as -a3, and the current value of k4
is adjusted as a4. Those skilled in the art can understand that
adjustment for the j# cavitation coefficient means that a
value of each adjusting object in the j* cavitation coefficient
is adjusted as a corresponding coeflicient value, and at least
one adjusting object is included in the i cavitation coeffi-
cient here.
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[0064] In S240, a difference between the (i+1)” cavitation
intensity value and the target cavitation intensity value is
calculated, and whether an absolute value of the difference
is less than or equal to the set threshold value is judged.
[0065] As described above, the target cavitation intensity
value is known and the (i+1)” cavitation intensity value is
obtained through calculation, and then the adjusting device
calculates a difference between the (i+1)” cavitation inten-
sity value and the target cavitation intensity value. The set
threshold value is also preset in the adjusting device, and the
adjusting device judges whether the absolute value of the
difference is less than or equal to the set threshold value
according to the set threshold value; and if the absolute value
of the difference is not less than or equal to the set threshold
value, S250 is executed; if the absolute value of the differ-
ence 1s less than or equal to the set threshold value, the
method jumps to execute S260.

[0066] In S250, the method returns and the calculation is
continued to obtain a cavitation intensity value if the abso-
lute value of the difference between the (i+1)™ cavitation
intensity value and the target cavitation intensity value is
greater than the set threshold value, until it is determined
that an absolute value of a difference between an obtained
cavitation intensity value and the target cavitation intensity
value is less than or equal to the set threshold value.
[0067] In S260, adjustment for cavitation coeflicients is
stopped by controlling if the absolute value of the difference
between the (i+1)” cavitation intensity value and the target
cavitation intensity value is less than or equal to the set
threshold value.

[0068] As described above, when the absolute value of the
difference between the (i+1)” cavitation intensity value and
the target cavitation intensity value is less than or equal to
the set threshold value, it is considered that the (i+1)”
cavitation intensity value is close to the target cavitation
intensity value and the difference therebetween is negligible;
and at this moment, the adjusting device determines that the
currently-obtained (i+1)” cavitation intensity value can be
taken as the cavitation intensity value needed by the opera-
tor. Therefore, the adjusting device controls to stop the
adjustment for cavitation coeflicients, namely, the adjusting
process is completed.

[0069] It should be noted that the set threshold value is
optionally 0.001; and those skilled in the art can understand
that the set threshold value can be automatically set accord-
ing to different use conditions of the ultrasonic equipment.
[0070] On the basis of the above technical solution, it
should be noted that the set rule optionally includes the
following. A j coefficient value in a next adjustment is 1/m
of a i" coeflicient value in a previous adjustment, where
m>1. A case is taken as an example that a cavitation intensity
value corresponds to four cavitation coeflicients and adjust-
ing objects of a second cavitation coeflicient include k3 and
k4; the second cavitation coeflicient is used for calculating
a second cavitation intensity value while being adjusted for
a first time; and at this moment, a coeflicient value of k3 in
the second cavitation coefficient is adjusted as a3, and a
coeflicient value of k4 is adjusted as -a4; and then the
second cavitation coefficient is used for calculating a sixth
cavitation intensity value while being adjusted for a second
time, a coefficient value of k3 in the second cavitation
coeflicient is adjusted as (1/m)*a3, and a coeflicient value of
k4 is adjusted as (1/m)*(-a4). Those skilled in the art can
understand that the m can be adjusted according to different
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adjusting sequences; and for example, m=1.5 is set in a
second adjustment, m=2 is set in a third adjustment and the
like, and the m can be appropriately adjusted according to
conditions.

[0071] On the basis of the above technical solution, it
should be noted that the absolute value of the i coefficient
value is greater than or equal to 0, and less than or equal to
1. The second cavitation coeflicient is taken as an example,
where Osla3| and la4|<1, and the coeflicient value can be
automatically adjusted in a range from O to 1.

[0072] In the present embodiment, the adjusting device
carries out reverse mapping according to the target cavita-
tion intensity value and adjusts coeflicients of cavitation
parameters influencing the cavitation intensity value, so that
the finally-determined cavitation intensity value is close to
the target cavitation intensity value. In the present embodi-
ment, since the adjusting device circulates according to the
set threshold value which is preset, the cavitation coeflicient
values and the set steps, and obtains the finally-determined
cavitation intensity value, the whole adjusting process is
quick, and the difference between the cavitation intensity
value determined after the adjustment and the target cavi-
tation intensity value is quite small; and therefore, the
adjusting method of the present embodiment has advantages
of high adjusting speed, high error adjusting speed and
accurate adjusting result.

[0073] Embodiments of the present disclosure further pro-
vide a specific example of a method for adjusting ultrasonic
cavitation intensity, and the example is based on any of the
above embodiments. In the specific example, cavitation
parameters influencing the cavitation intensity value are set
to include Frequency, Pulse Length, PRF, Pulse Times, Line
Density, ROI Size and Transmit Voltage, and then the
cavitation intensity value can be calculated through the
formula (3).

[0074] Here, n=4 is further set, and then cavitation coef-
ficients respectively include a first cavitation coeflicient, a
second cavitation coefficient, a third cavitation coefficient
and a fourth cavitation coeflicient, where adjusting objects
of the first cavitation coeflicient are coefficient k1 of the
Frequency and coefficient k2 of the Pulse Length; adjusting
objects of the second cavitation coeflicient are coeflicient k3
of the PRF and coeflicient k4 of the Pulse Times; adjusting
objects of the third cavitation coefficient are the coeflicient
k5 of the Line Density and coefficient k6 of the ROI Size;
and an adjusting object of the fourth cavitation coefficient is
coeflicient k7 of the Transmit Voltage.

[0075] A coeflicient value of k1 is -al, and a negative
coeflicient value of k1 is al; a coefficient value of k2 is a2,
and a negative coeflicient value of k2 is -a2; a coeflicient
value of k3 is a3, and a negative coeflicient value of k3 is
-a3; a coefficient value of k4 is a4, and a negative coeflicient
value of k4 1s —a4; a coeflicient value of k5 is a5, and a
negative coefficient value of k5 is —a$5; a coefficient value of
k6 is —ab, and a negative coeflicient value of k6 is a6; and
a coeflicient value of k7 is a7, and a negative coeflicient
value of k7 is —a7; and Oslall, la2l, la3l, la4l, la5l, la6l,
la71<1. The set threshold value is 0.001. It should be noted
that the set threshold value and al to a2 can be automatically
set by the operator, or can be set by default when the
ultrasonic equipment leaves a factory, or can be set by
counting historical data according to application conditions
of the ultrasonic equipment; and those skilled in the art can
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understand that setting manners for the set threshold value
and al to a2 values include but are not limited to the above
conditions.

[0076] According to the above specific value settings, the
adjusting device here acquires a current cavitation intensity
value A0, and a needed cavitation intensity value A' input by
the operator, then the adjusting device automatically adjusts
the cavitation intensity value to A' from A0, and a specific
process is as follows.

[0077] In Step 1, if the adjusting device calculates that
A">A0, the adjusting device sets k1=-al, and k2=a2; if the
adjusting device calculates that A'<A0, the adjusting device
sets kl=al, and k2=-a2, so as to achieve the purpose of
adjusting the Frequency and the Pulse Length; and the first
cavitation intensity value A1 is obtained through calculation;
if IA1-A'<0.001, the adjustment is stopped, otherwise Step
2 is continued.

[0078] In Step 2, if the adjusting device calculates that
A">Al, the adjusting device sets k3=a3, and kd4=a4; if the
adjusting device calculates that A'<Al, the adjusting device
sets k3=-a3, and k4=-a4, so as to achieve the purpose of
adjusting the PRF and the Pulse Times; and the second
cavitation intensity value A2 is obtained through calculation;
if IA2-A'<0.001, the adjustment is stopped, otherwise Step
3 is continued.

[0079] In Step 3, if the adjusting device calculates that
A">A2, the adjusting device sets k5=a5, and k6=-a6; if the
adjusting device calculates that A'sA2, the adjusting device
sets k5=-a5, and k6=a6, so as to achieve the purpose of
adjusting the Line Density and the ROI Size; and the third
cavitation intensity value A3 is obtained through calculation;
if IA3-A'<0.001, the adjustment is stopped, otherwise Step
4 is continued.

[0080] In Step 4, if the adjusting device calculates that
A">A3, the adjusting device sets k7=a7; if the adjusting
device calculates that A'sA3, the adjusting device sets
k7=-a7, so as to achieve the purpose of adjusting the
Transmit Voltage; and the fourth cavitation intensity value
A4 is obtained through calculation; if 1A4-A'1<0.001, the
adjustment is stopped, otherwise Step 5 is continued.
[0081] In Step 5, ¥ of a step length is taken and step 1 to
step 4 are repeated until |Ai-A'l<0.001; in this repeated
circulation, k1 in a second adjustment is one half of al in a
first adjustment, and k2 is one half of a2 in the first
adjustment, . . ., and so on; k1 in a third adjustment is one
half of al in a previous adjustment, k2 is one half of a2 in a
previous adjustment.

[0082] The above specific examples are embodiments of
the present disclosure; those skilled in the art can understand
that they can further obtain the target cavitation intensity
value in a manner of modifying cavitation parameters or
modifying cavitation coefficients or adjusting cavitation
coeflicients, namely, resetting related values or adjusting
sequences, according to technical solutions provided by
embodiments of the present disclosure, which are not
described redundantly here.

Embodiment 3

[0083] FIG. 3 is a schematic diagram illustrating a device
for adjusting ultrasonic cavitation intensity provided by
embodiment 3 of the present disclosure. Technical solutions
of the present embodiment is applicable to a case of auto-
matically adjusting cavitation parameters according to a
known target cavitation intensity value; and the device can
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be configured to execute the method for adjusting ultrasonic
cavitation intensity in any of the above embodiments, and
the device can be configured in an ultrasonic equipment.
[0084] A device for adjusting ultrasonic cavitation inten-
sity provided by the present embodiment includes: a cavi-
tation intensity calculation module 310 and a cavitation
intensity determination module 320.

[0085] The cavitation intensity calculation module 310 is
configured to control to adjust a j* cavitation coefficient
according to an i” cavitation intensity value and a target
cavitation intensity value, so as to calculate to obtain an
(i+1)™ cavitation intensity value, where i=0, 1,2 .. ., j=1,
2, ... n, and 7zn=2; and the cavitation intensity determi-
nation module 320 is configured to return the method and
continue to calculate to obtain a cavitation intensity value if
the absolute value of the difference between the (i+1)”
cavitation intensity value and the target cavitation intensity
value is greater than a set threshold value, until it is
determined that the absolute value of the difference between
the obtained cavitation intensity value and the target cavi-
tation intensity value is less than or equal to the set threshold
value.

[0086] Optionally, the i cavitation coefficient includes
any one or more of transmit frequency coefficient k1, pulse
length coefficient k2, pulse frequency coeflicient k3, pulse
times coefficient k4, scanning line density coeflicient k5,
region-of-interest size coeflicient k6, and transmit voltage
coefficient k7.

[0087] Optionally, the calculation formula of the cavita-
tion intensity calculation module for calculating the cavita-
tion intensity value Q is specifically as follows:

(1 +4D) ><Frequency)’1/2 X (1 +k2)xPulse Length,
(1 +k3)x PRF x (1 + k4) x Pulse Times,
= (1 +&5) xLine Density X ((1 + k6) X ROI Size)™",
Q=1 (1+k5) xLine Densityx ((1 + k6 Sizey!

1
5 X P((1 +k7) x Transmit Voltage)’ /Z

[0088] where the Frequency represents ultrasonic transmit
frequency, the Pulse Length represents ultrasonic transmit
pulse length, the PRF represents ultrasonic transmit pulse
repetition frequency, the Pulse Times represents ultrasonic
transmit pulse continuous times, the Line Density represents
ultrasonic transmit scanning line density, the ROI Size
represents ultrasonic cavitation busting region-of-interest
size, and the Transmit Voltage represents ultrasonic transmit
voltage.

[0089] Optionally, the cavitation intensity calculation
module 310 includes: a cavitation intensity judgement unit
311 and a cavitation coefficient adjusting unit 312.

[0090] The cavitation intensity judgement unit 311 is
configured to judge whether the target cavitation intensity
value is greater than the i”” cavitation intensity value; and the
cavitation coeflicient adjusting unit 312 is configured to
control to correspondingly adjust a value of the j* cavitation
coefficient as a j* coefficient value set according to a set rule
when the target cavitation intensity value is greater than the
i cavitation intensity value, so as to calculate to obtain the
(i+1)th cavitation intensity value, and control to correspond-
ingly adjust a value of the i cavitation coefficient as a
negative j coefficient value set according to a set rule when
the target cavitation intensity value is less than or equal to
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the i cavitation intensity value, so as to calculate to obtain
the (i+1)th cavitation intensity value.

[0091] Optionally, the set rule includes the following. A j*
coeflicient value in a next adjustment is 1/m of a j*
coeflicient value in a previous adjustment, where m>1.
[0092] Optionally, an absolute value of the i coefficient
value is greater than or equal to 0, and less than or equal to
L.

[0093] Optionally, the adjusting device further includes: a
cavitation intensity judgement module 330.

[0094] The cavitation intensity judgement module 330 is
configured to calculate a difference between the (i+1)”
cavitation intensity value and the target cavitation intensity
value after the (i+1)” cavitation intensity value is obtained
through calculation, and judge whether an absolute value of
the difference is less than or equal to the set threshold value.
[0095] Optionally, the adjusting device further includes: a
coefficient adjusting control module 340.

[0096] The coeflicient adjusting control module 340 is
configured to control to stop adjustment for cavitation
coefficients if the absolute value of the difference between
the (1+1)™ cavitation intensity value and the target cavitation
intensity value is less than or equal to the set threshold value.
[0097] Optionally, the set threshold value is 0.001.
[0098] In the present embodiment, the adjusting device
obtains the target cavitation intensity value, and achieves the
purpose of adjusting an initial cavitation intensity value to
the target cavitation intensity value by adjusting cavitation
coeflicients; and cavitation coeflicients are adjusted accord-
ing to the target cavitation intensity value in a manner of
reverse mapping, and the adjusting manner has advantages
of high adjusting speed and quite small adjusting error.
[0099] Embodiments of the present disclosure further pro-
vide an ultrasonic equipment; the device for adjusting the
ultrasonic cavitation intensity in any of the above embodi-
ments is configured in the ultrasonic equipment; and the
ultrasonic equipment further includes a display panel. The
device for adjusting the ultrasonic cavitation intensity can
execute the method for adjusting the ultrasonic cavitation
intensity in any of the above embodiments. The ultrasonic
equipment can be applied to fields of medical ultrasonic
equipment imaging and therapy as a medical instrument, and
can also be applied to laboratories and other places as a
cleaning equipment.

[0100] It should be noted that the adjusting device
acquires the initial cavitation intensity value and the target
cavitation intensity value input by the operator from the
display panel, adjusts the cavitation intensity value of the
ultrasonic equipment according to the method for adjusting
the ultrasonic cavitation intensity, and adjusts to enable the
absolute value of the difference between the finally-deter-
mined cavitation intensity value and the target cavitation
intensity value to be less than or equal to the set threshold
value; and at this moment, the adjusting device controls to
complete the adjustment, and the current cavitation intensity
value of the ultrasonic equipment is the finally-determined
cavitation intensity value. After the adjustment is completed,
the adjusting device may transmit a completion instruction
to the display panel of the ultrasonic equipment, then the
display panel displays adjusting completion information
according to the completion instruction, the operator views
the adjusting completion information so as to determine that
the adjustment is completed, and then the operator operates
the ultrasonic equipment to execute a working process.
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[0101] Tt should be noted that the above descriptions are
merely optional embodiments and the applied technical
principles of the present disclosure. Those skilled in the art
may understand that the present disclosure is not limited to
the specific embodiments here, and for those skilled in the
art, various apparent modifications, readjustments and sub-
stitutions could be made without departing from the protec-
tion scope of the present disclosure. Therefore, although the
present disclosure is illustrated in detail through the above
embodiments, the present disclosure is not merely limited to
the above embodiments; and more other equivalent embodi-
ments can be further included without departing from the
concept of the present disclosure, and the scope of the
present disclosure is decided by the scope of the attached
claims.

What is claimed is:

1. A method for adjusting ultrasonic cavitation intensity,
comprising:

controlling to adjust a j* cavitation coefficient according

to an i” cavitation intensity value and a target cavitation
intensity value, so as to calculate to obtain an (i+1)”
cavitation intensity value, wherein i=0, 1, 2 . . ., j=I,
2,...,n,and 7=n=2; and

continuing to control to adjust a (j+1)” cavitation coeffi-

cient according to the (i+1)” cavitation intensity value
and the target cavitation intensity value, so as to
calculate to obtain an (i+2)” cavitation intensity value
if an absolute value of a difference between the (i+1)”
cavitation intensity value and the target cavitation
intensity value is greater than a set threshold value, and
ending the method when it is determined that the
absolute value of the difference between the (i+1)”
cavitation intensity value and the target cavitation
intensity value is less than or equal to the set threshold
value.

2. The adjusting method according to claim 1, wherein,
the i™ cavitation coeflicient comprises any one or more of
transmit frequency coeflicient k1, pulse length coefficient
k2, pulse frequency coeflicient k3, pulse times coeflicient
k4, scanning line density coeflicient k5, region-of-interest
size coefficient k6, and transmit voltage coefficient k7.

3. The adjusting method according to claim 2, wherein, a
calculation formula of a cavitation intensity value Q is
specifically as follows:

((1 + k1) xFrequencyy /2 x (1 +k2) x Pulse Length,
(1 +k3)x PRFx (1 + k4) xPulse Times,
Q=1 (1 +£5) x Line Density x (1 + k6) x ROI Size)™,

1
5 XP((1 +k7)x Transmit Voltage)’ /Z

wherein the Frequency represents ultrasonic transmit fre-
quency, the Pulse Length represents ultrasonic transmit
pulse length, the PRF represents ultrasonic transmit
pulse repetition frequency, the Pulse Times represents
ultrasonic transmit pulse continuous times, the Line
Density represents ultrasonic transmit scanning line
density, the ROI Size represents ultrasonic cavitation
busting region-of-interest size, and the Transmit Volt-
age represents ultrasonic transmit voltage.
4. The adjusting method according to claim 1, wherein,
controlling to adjust the j* cavitation coeflicient according
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to the i” cavitation intensity value and the target cavitation
intensity value, so as to calculate to obtain the (i+1)”
cavitation intensity value, comprises:

judging whether the target cavitation intensity value is

greater than the i cavitation intensity value;

controlling to correspondingly adjust a value of the j*

cavitation coefficient as a j# coeflicient value set
according to a set rule if the target cavitation intensity
value is greater than the i” cavitation intensity value, so
as to calculate 1o obtain the (i+1)” cavitation intensity
value; and, controlling to correspondingly adjust the
value of the i cavitation coefficient to a negative j*
coeflicient value set according to a set rule if the target
cavitation intensity value is not greater than the i
cavitation intensity value, so as to calculate to obtain
the (i+1)* cavitation intensity value.

5. The adjusting method according to claim 4, wherein,
the set rule comprises:

aj™ coeflicient value in a next adjustment is 1/m of a j**

coeflicient value in a previous adjustment, wherein
m>1.

6. The adjusting method according to claim 4, wherein, an
absolute value of the j coefficient value is greater than or
equal to 0, and less than or equal to 1.

7. The adjusting method according to claim 1, wherein,
after calculating to obtain the (i+1)” cavitation intensity
value, further comprising:

calculating a difference between the (i+1)” cavitation

intensity value and the target cavitation intensity value
and judging whether an absolute value of the difference
is less than or equal to the set threshold value.

8. The adjusting method according to claim 1, further
comprising: controlling to stop an adjustment for the cavi-
tation coefficients if the absolute value of the difference
between the (i+1)” cavitation intensity value and the target
cavitation intensity value is less than or equal to the set
threshold value.

9. The adjusting method according to claim 1, wherein,
the set threshold value is 0.001.

10. A device for adjusting ultrasonic cavitation intensity,
comprising:

at least one processor; and

a memory communicably connected with the at least one

processor for storing instructions executable by the at
least one processor, wherein execution of the instruc-
tions by the at least one processor causes the at least
one processor 1o:

control to adjust aj™ cavitation coefficient according to an
i cavitation intensity value and a target cavitation
intensity value, so as to calculate to obtain an (i+1)™
cavitation intensity value, wherein i=0, 1, 2 . . ., j=I,
2, ...n, and 7zn=2; and

continue to control to adjust a (j+1)™ cavitation coefficient
according to the (i+1)” cavitation intensity value and
the target cavitation intensity value, so as to calculate to
obtain an (i+2)* cavitation intensity value if an abso-
lute value of a difference between the (i+1)” cavitation
intensity value and the target cavitation intensity value
is greater than a set threshold value, and end the method
when it is determined that the absolute value of the
difference between the (i+1)” cavitation intensity value
and the target cavitation intensity value is less than or
equal to the set threshold value.
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11. The adjusting method according to claim 3, wherein,
controlling to adjust the j* cavitation coefficient according
to the i” cavitation intensity value and the target cavitation
intensity value, so as to calculate to obtain the (i+1)%
cavitation intensity value, comprises:

judging whether the target cavitation intensity value is
greater than the i cavitation intensity value;

controlling to correspondingly adjust a value of the j*
cavitation coefficient as a j* coeflicient value set
according to a set rule if the target cavitation intensity
value is greater than the i” cavitation intensity value, so
as to calculate to obtain the (i+1)” cavitation intensity
value; and, controlling to correspondingly adjust the
value of the i cavitation coefficient to a negative j*
coeflicient value set according to a set rule if the target
cavitation intensity value is not greater than the i”
cavitation intensity value, so as to calculate to obtain
the (i+1)” cavitation intensity value.

12. The adjusting method according to claim 11, wherein,

the set rule comprises:

a jth coeflicient value in a next adjustment is 1/m of a jth
coeflicient value in a previous adjustment, wherein
m>1.

13. The adjusting method according to claim 11, wherein,

an absolute value of the jth coeflicient value is greater than
or equal to 0, and less than or equal to 1.
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