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METHOD FOR PROVIDING MECHANICAL
INDEX MAP AND/OR PRESSURE MAP
BASED ON DEPTH VALUE AND DIAGNOSTIC
ULTRASOUND SYSTEM USING THE
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0132633, filed on Dec. 22, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field of the Invention

[0003] The present invention relates to a diagnostic ultra-
sound system, and more particularly, to an apparatus and a
method for assisting users or clinicians of a diagnostic ultra-
sound system in image diagnosis by providing a mechanical
index (MI) map or a pressure map of a signal outputted from
a pulser based on a depth value.

[0004] 2. Description of the Related Art

[0005] A diagnostic ultrasound system is configured to
transmit, from the surface of the body of a subject, an ultra-
sound wave signal toward a predetermined region inside the
body, and to visualize a cross section of soft tissues or a blood
flow using information of the ultrasound wave signal
reflected from the tissues of the body.

[0006] The diagnostic ultrasound system has advantages of
a small size, a low cost, a real-time display, and a high stabil-
ity without exposing patients and users to X-ray radiation,
and thus, the diagnostic ultrasound system is widely used
along with other diagnostic imaging systems such as X-ray
diagnosis equipment, a computerized tomography (CT) scan-
ner, magnetic resonance imaging (MRI) equipment, nuclear
medicine diagnosis equipment, and the like.

[0007] Generally, the output of the diagnostic ultrasound
system including a transmission voltage, pressure, and
energy is limited and determined by international guidelines,
for example, a mechanical index (MI). Here, an MI is a
quantitative metric of biological effects of an ultrasonic wave
on the human body.

[0008] Another parameter is a thermal index (TT). Typi-
cally, the international regulatory limits for MI and TT are less
than 1.9 and less than 6.0, respectively.

[0009] The diagnostic ultrasound system may diagnose an
object more finely by increasing a transmission voltage of a
signal outputted from a pulser, however with an increase in
transmission voltage, the image quality increases and an MI
also increases proportionally.

[0010] A higher MI means a larger effect of a diagnostic
ultrasound system on the human body. When an M1 is beyond
a predetermined level, the use of a corresponding diagnostic
ultrasound system is prohibited in accordance with interna-
tional regulations.

[0011] Accordingly, it is possible to sufficiently increase a
transmission voltage. However, when taking this problem
into consideration, a transmission voltage of a diagnostic
ultrasound system is finely controlled so as to maintain an MI
to be less than the limit.

[0012] Conventionally, when users or clinicians of a diag-
nostic ultrasound system control a transmission voltage for
image quality, the users or clinicians are simply provided with
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a reference indicated numerically without considering a dis-
tance on an ultrasonic direction axis from a pulse output unit
of'the diagnostic ultrasound system to a region of interest, that
is, a depth of interest. In other words, the users or clinicians
are not provided with a visualized reference.

SUMMARY

[0013] An aspect of the present invention provides a
method for providing a map of mechanical indices (MIs)
based on a depth of interest to enable users or clinicians to
easily and visually check the MIs for controlling configurable
values such as a transmission output and the like, thereby
improving the image quality and satisfying international M1
standards, and a diagnostic ultrasound system by the method.
[0014] Another aspect of the present invention provides a
method for visually providing, in addition to an MI map, a
pressure map or a thermal index (TT) map, thereby improving
the image quality and enabling users or clinicians to control
configurable values of a diagnostic ultrasound system, and a
diagnostic ultrasound system by the method.

[0015] According to an aspect of the present invention,
there is provided a diagnostic ultrasound system including a
calculating unit to calculate an MI at a depth value on an
ultrasonic direction axis from an ultrasonic output unit of an
ultrasonic transducer, a visualizing unit to visualize a rela-
tionship between the calculated MI and the corresponding
depth value in the form of a graph to generate an MI map, and
a display unit to display the MI map.

[0016] According to an embodiment of the present inven-
tion, the calculating unit may select a plurality of depth values
on the ultrasonic direction axis from the ultrasonic output unit
of'the ultrasonic transducer, may calculate the MIs at each of
the plurality of selected depth values, and may interpolate
MIs for non-selected depth values on the ultrasonic direction
axis with the calculated MIs.

[0017] The display unit may be implemented as a diagnos-
tic monitor of at least one of the diagnostic ultrasound system
and a separate user interface.

[0018] According to an embodiment of the present inven-
tion, the calculating unit may further calculate an axial pres-
sure at a depth value on the ultrasonic direction axis from the
ultrasonic output unit of the ultrasonic transducer.

[0019] In this instance, the visualizing unit may further
visualize a relationship between the calculated axial pressure
and the corresponding depth value in the form of a graph to
generate a pressure map, and the display unit may selectively
display at least one of the MI map and the pressure map.
[0020] According to another aspect of the present inven-
tion, there is provided a method for operating a diagnostic
ultrasound system including calculating an MI at a depth
value on an ultrasonic direction axis from an ultrasonic output
unit of an ultrasonic transducer, visualizing a relationship
between the calculated MI and the corresponding depth value
in the form of a graph to generate an MI map, and displaying
the MI map.

EFFECT OF THE INVENTION

[0021] According to an aspect of the present invention,
provided is a diagnostic ultrasound system which may pro-
vide visual information to enable users or clinicians to easily
check a map of mechanical indices (MIs) based on a depth of
interest, thereby satisfying international MI standards
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through the control of configurable values such as a transmis-
sion output and the like, and maximizing the image quality.

[0022] According to another aspect of the present inven-
tion, provided is a diagnostic ultrasound system which, in
addition to an MI map, may visually provide one of a pressure
map and a thermal index (TI) map, thereby satisfying inter-
national safety standards for diagnostic ultrasound equip-
ment in various applications and improving the image quality.
[0023] According to still another aspect of the present
invention, provided is a diagnostic ultrasound system which
may provide information for finely controlling the use of a
contrast agent or micro-bubbles in modes and applications of
the diagnostic ultrasound system using a contrast agent or
micro-bubbles, thereby providing convenience to users or
clinicians and satisfying international safety standards for
diagnostic ultrasound equipment. For example, users or cli-
nicians may perform image diagnosis while maintaining an
acoustic pressure within a predetermined range of value,
which is effective for maintaining micro-bubbles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Theseand/or other aspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0025] FIG. 1 is a block diagram illustrating a diagnostic
ultrasound system according to an embodiment of the present
invention;

[0026] FIG. 2 is a conceptual diagram illustrating a refer-
ence axis for calculating a mechanical index (MI) or an axial
pressure according to an embodiment of the present inven-
tion;

[0027] FIG. 3 is a view illustrating an example of an MI
map visualized and displayed according to an embodiment of
the present invention; and

[0028] FIG. 4 is a flowchart illustrating a method for oper-
ating the diagnostic ultrasound system according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0029] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0030] FIG. 1 is a block diagram illustrating a diagnostic
ultrasound system 100 according to an embodiment of the
present invention.

[0031] The diagnostic ultrasound system 100 according to
an embodiment of the present invention may include a calcu-
lating unit 110, a visualizing unit 120, and a display unit 130.
[0032] Thecalculating unit 110 may calculate a mechanical
index (MI) at a depth value on a direction axis of an ultrasonic
wave emitted by the diagnostic ultrasound system 100.
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[0033]
tion:

The MI may be calculated by the following equa-

_ pr,a(ZMI)fa;fl/z [Equation 1]

Mi
Cuy

[0034] where C,,=1 MPa-MHz ">, and P, (Z,,) is an
attenuated peak-rarefactional acoustic pressure at a depth
value Z, .. Also, f,, -is an acoustic-working frequency of the
diagnostic ultrasound system 100.

[0035] In this instance, the depth value Z,,; is defined in
international standard IEC 62369 for diagnostic imaging
equipment.

[0036] According to the above standard, an MI in each
mode of operation is calculated by the following equation.

[0037] (1) MI for Pulsed DTPs

M1, (LDTP, Viprp) = [Equation 2]

Voltage_InterpiM1_at_Pii3_Depth(V,prp, MDTP)} X

Interp_ HC_adj_factor MI
{NEMA_FcMHzZMDTP), HalfCycles(LDTP)}

Interp_ HC adj_factor MI x
{NEMA_FcMHz MDTP), HalfCycles(tMDTP)}

vV SysAcousticNormFactor{(Freq(LDTP)) X

\/ XdcrAcousticNormFactonFreg(LDTP))

[0038] (2) MI for CW DTPs

Ml,e,, (LDTP, Vipp) = [Equation 3]

Voltage_Interp{MI_at_Pii.3_Depth(V;prp, MDTP)} X

\/ SysAcousticNormFactor(Freg(LDTP)) X

\/ XdcrAcousticNormFacton(Freqg(LDTP))

[0039] With the above equations, the calculating unit 110
may calculate MIs at depth values on an ultrasonic direction
axis.

[0040] According to an embodiment of the present inven-
tion, the calculating unit 110 may not continuously calculate
MIs for all depths, but may select a plurality of depth values,
may calculate an MI at each of the selected depth values, and
may interpolate MIs for non-selected depth values with the
calculated Mls.

[0041] The visualizing unit 120 may visualize the calcu-
lated MIs in the form of a graph based on a depth value, which
is described in further detail with reference to FIG. 3.
[0042] Through this visualizing process, a largest MI value
of LDTPs may be visualized, and the largest MI value may be
calculated by the following equation:

MAX [Equation 4]

lit0355TOC) = e IMILDTP, Vi)
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[0043] Also, MIs for depth values left out of MI calculation
by the calculating unit 110 and MI visualization by the visu-
alizing unit 120 may be calculated by the following equation,
and the present embodiment is different from an embodiment
using linear interpolation as described below with reference
to FIG. 3.

Ml @depth <x > (LDTP, Viprp) = [Equation 5]

Voltage_InterpiMI_at_depth < x > (V. p7p, MDTP)} X

Interp_HC_adj_factor MI
{NEMA_FcMHZMDTP), HalfCycles(LDTP)}

Interp_HC _adj_factor MI x
{NEMA_FcMHz MDTP), HalfCyclestMDTP)}

\/ SysAcousticNormFactor(Freg(LDTP)) X

\/ XdcrAcousticNormFactor( Freg(LDTP))

[0044] In this instance, MIs for depth values other than
predetermined depth values for which MIs have been calcu-

lated may be calculated by P, 3/\/F_C for the calculated MIs.
In Equation 5, ‘MI@depth<x>’ represents calculation of an
MI at a depth value ‘x’ by Equation 5.

[0045] Although the above embodiments only show MI
calculation and visualization, the present invention is not
limited to calculation and visualization of an MI.

[0046] Another embodiment of the present invention may
show calculation and visualization of an axial pressure
defined in international standards, and still another embodi-
ment of the present invention may show calculation and visu-
alization of a TL.

[0047] The visualizing unit 120 may, in addition to an MI,
selectively visualize at least one of an axial pressure and a T1.
[0048] The display unit 130 may display the result visual-
ized in the form of a graph, that is, a map, to users or clini-
cians.

[0049] The display unit 130 may be implemented as a
monitor of a typical diagnostic ultrasound system or other
user interfaces depending on circumstances.

[0050] FIG. 2 is a conceptual diagram 200 illustrating a
reference axis for calculating an MI or an axial pressure
according to an embodiment of the present invention.
[0051] An ultrasonic direction axis from an ultrasonic
transducer 210 of the diagnostic ultrasound system 100 may
be an axis 230 of the depth values according to an embodi-
ment of the present invention.

[0052] The axis 230 of the depth values may correspond to
a direction of the depth values increasing within the soft
tissues from a border 220 of a target to be diagnosed using the
diagnostic ultrasound system 100.

[0053] FIG. 3 is a view illustrating an example of an MI
map 300 visualized and displayed according to an embodi-
ment of the present invention.

[0054] The calculating unit 110 may directly calculate an
MI at each of a plurality of depth values, for example, 1, 2.3,
3.1,4.2,and 5.5, using the above equations, and may apply a
proper interpolation to other depth values, for example, linear
interpolation or interpolation of Equation 5, and the visualiz-
ing unit 120 may visualize the calculated result as an MI map
300.

[0055] Another embodiment of the present invention may
show one of a pressure map and an MI map, visualized using

Jun. 28, 2012

different calculation formulas from the above embodiment.
However, visual representation of a map is commonly
straight-forward. In this instance, calculation methods used
are obvious to an ordinary person skilled in the diagnostic
imaging field.

[0056] FIG. 4 is a flowchart illustrating a method for oper-
ating the diagnostic ultrasound system 100 according to an
embodiment of the present invention.

[0057] In operation 410, the calculating unit 110 of the
diagnostic ultrasound system 100 may calculate at least one
of an MI and an axial pressure at a depth value on an ultra-
sonic direction axis.

[0058] At least one of MIs for a plurality of selective depth
values and axial pressure for the plurality of selective depth
values may be first calculated, and a proper interpolation may
be applied to the other depth values, as described above with
reference to FIGS. 1 and 2.

[0059] Inoperation 420, the visualizing unit 120 may visu-
alize at least one of the calculated result and interpolated
result, in the form of a graph, and an example of an MI map is
described above with reference to FIG. 3.

[0060] Inoperation 430, the display unit 130 may display at
least one of an MI map and a pressure map, or, in another
embodiment, may display a TT map.

[0061] This displayed map may be used for users or clini-
cians to control various configurable values related to an
ultrasonic output so that the diagnostic ultrasound system 100
may perform a more accurate imaging operation and thus, the
displayed map may assist the users or clinicians or the diag-
nostic ultrasound system 100 to recognize the control limits
of the configurable values so as to prevent the configurable
values from deviating from international safety standards.
[0062] Accordingly, the embodiments of the present inven-
tion may provide visual information to enable users or clini-
cians to easily check a map of MIs based on a depth of
interest, thereby satisfying international MI standards
through the control of configurable values such as a transmis-
sion output and the like, and maximizing the image quality.
[0063] Also, the embodiments of the present invention
may, in addition to an MI map, visually provide one of a
pressure map and a TT map, thereby satisfying international
safety standards for diagnosis equipment in various applica-
tions, and improving the image quality.

[0064] Also, the embodiments of the present invention may
provide information for finely controlling the use of at least
one of a contrast agent and micro-bubbles in modes, and for
finely controlling applications of a diagnostic ultrasound sys-
tem using at least one of a contrast agent and micro-bubbles,
thereby providing convenience to users or clinicians and sat-
isfying international safety standards for diagnostic ultra-
sound equipment. For example, users or clinicians may per-
form image diagnosis while maintaining an acoustic pressure
within a predetermined range of value, which is effective for
maintaining micro-bubbles.

[0065] The above-described exemplary embodiments of
the present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media such as optical disks; and
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hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

[0066] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

‘What is claimed is:

1. A diagnostic ultrasound system comprising:

a calculating unit to calculate a mechanical index (MI) at a
depth value on an ultrasonic direction axis from an ultra-
sonic output unit of an ultrasonic transducer;

a visualizing unit to visualize a relationship between the
calculated MI and the corresponding depth value in the
form of a graph to generate an MI map; and

a display unit to display the MI map.

2. The system of claim 1, wherein the calculating unit
selects a plurality of depth values on the ultrasonic direction
axis from the ultrasonic output unit of the ultrasonic trans-
ducer, calculates the MIs at each of the plurality of selected
depth values, and interpolates MlIs for non-selected depth
values on the ultrasonic direction axis with the calculated
MIs.

3. The system of claim 1, wherein the display unit is imple-
mented as a diagnostic monitor of at least one of the diagnos-
tic ultrasound system and a separate user interface.

4. The system of claim 1, wherein the calculating unit
further calculates an axial pressure at a depth value on the
ultrasonic direction axis from the ultrasonic output unit of the
ultrasonic transducer.
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5. The system of claim 4, wherein the visualizing unit
further visualizes a relationship between the calculated axial
pressure value and the corresponding depth value in the form
of a graph to generate a pressure map, and

the display unit selectively displays at least one of the MI

map and the pressure map.

6. A method for operating a diagnostic ultrasound system,
the method comprising:

calculating a mechanical index (MI) at a depth value on an

ultrasonic direction axis from an ultrasonic output unit
of an ultrasonic transducer;

visualizing a relationship between the calculated MI and

the corresponding depth value in the form of a graph to
generate an MI map; and

displaying the MI map.

7. The method of claim 6, wherein the calculating com-
prises:

selecting a plurality of depth values on the ultrasonic direc-

tion axis from the ultrasonic output unit of the ultrasonic
transducer;

calculating an MI at each of the plurality of selected depth

values; and

interpolating MIs for non-selected depth values on the

ultrasonic direction axis with the MI calculated at each
of the plurality of selected depth values.

8. The method of claim 6, wherein the displaying is imple-
mented as a diagnostic monitor of the diagnostic ultrasound
system or a separate user interface.

9. The method of claim 6, wherein the calculating com-
prises further calculating an axial pressure at a depth value on
the ultrasonic direction axis from the ultrasonic output unit of
the ultrasonic transducer.

10. The method of claim 9, wherein the visualizing com-
prises further visualizing a relationship between the calcu-
lated axial pressure value and the corresponding depth value
in the form of a graph to generate a pressure map, and

the displaying selectively displays at least one of the MI

map and the pressure map.
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