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Description

BACKGROUND

1. Field

[0001] The present invention relates to an ultrasound control apparatus for generating ultrasound. The present invention
additional relates to a method to generate a control signal for controlling an ultrasound irradiation device.

2. Description of Related Art

[0002] With the advancement of medical science, techniques for local treatment of tumors have been developed from
invasive surgery, such as open surgery, to minimal-invasive surgery. A recently developed method is a non-invasive
surgery using a gamma knife, a cyber knife, and a high-intensity focused ultrasound (HIFU) knife. The HIFU knife using
ultrasound has been widely used in commercial applications as part of a treatment that is environment-friendly and
harmless to the human body.
[0003] A treatment using a HIFU knife includes focusing and irradiating HIFU on a desired region of a tumor to cause
focal destruction or necrosis of tumor tissue and removing and treating the tumor.
[0004] US 2013/0079681 A1 describes a focused ultrasound therapy apparatus and focal point controlling method
thereof. The apparatus and method may be used in the treatment and removal of a lesion in a noninvasive surgical
procedure by focusing ultrasonic waves. A focal point may be controlled by acquiring tissue characteristic information
including physical characteristic values affecting propagation of an ultrasonic wave from a medical image obtained by
capturing tissues on a path through which the ultrasonic wave propagates from a position from which the ultrasonic
wave is generated to a traget position on which a focal point is desired to be formed. The position at which the focal
point is formed may be controlled by using the acquired tissue characteristic information.

SUMMARY

[0005] The present invention is defined by the appended independent claims. Preferred embodiments are disclosed
in the dependent claims.
[0006] Provided are apparatuses, and systems for controlling the generation of ultrasound. Provided are also methods
to generate a control signal for controlling an ultrasound irradiation device. Provided also are non-transitory computer-
readable recording media having recorded thereon programs for executing the method on a computer.
[0007] In accordance with an illustrative configuration, there is provided a method to generate a control signal for
controlling an ultrasound irradiation device to generate an ultrasound, the method including receiving a medical image
including anatomical information about a subject; calculating one or more characteristics of a tissue in the subject affecting
propagation of the ultrasound based on the medical image; determining a parameter of the control signal to create a
focal point on the subject using the calculated characteristics; and generating the control signal according to the deter-
mined parameter.
[0008] The calculating of the at least one characteristic includes processing the medical image to calculate the at least
one characteristic of the tissue on a path along which the ultrasound propagates from an element of the ultrasound
irradiation device to the focal point.
[0009] Receiving a medical image comprises acquiring a medical image from a CT scanner.
[0010] The characteristic may also include a speed of the ultrasound passing through the tissue, a density of the
tissue, an attenuation coefficient of the ultrasound for the tissue, or a combination thereof.
[0011] The method may also include calibrating the ultrasound irradiation device using the medical image.
[0012] The calculating of the characteristics may further include processing the ultrasound irradiation device and the
medical image to calculate the characteristics of the tissue along a path that the ultrasound propagates from an element
of the ultrasound irradiation device to the focal point.
[0013] The calibrating of the ultrasound irradiation device may include generating an ultrasound image of the subject
using a diagnostic ultrasound irradiation device; calibrating the diagnostic ultrasound irradiation device using an image
obtained by registering the ultrasound image with the medical image; and calibrating the ultrasound irradiation device
using the calibrated diagnostic ultrasound irradiation device.
[0014] The calibration may be performed by adjusting coordinates of the ultrasound irradiation device.
[0015] The medical image may include a computed tomography (CT) image.
[0016] The determining of the parameter of the ultrasound may include determining the parameter by combining
characteristics of the ultrasound with the calculated characteristics affecting the propagation of the ultrasound.
[0017] In accordance with an illustrative configuration, there is provided an apparatus for controlling the generation of
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an ultrasound, the apparatus including an interface unit configured to receive a medical image including anatomical
information about a subject; a characteristics calculation unit configured to calculate characteristics of a tissue in the
subject affecting propagation of the ultrasound based on the medical image; a parameter determiner configured to
determine a parameter of the ultrasound to create a focal point on the subject using the calculated characteristics; and
a control unit configured to produce a control signal according to the determined parameter to generate the ultrasound,
the control signal being produced for a therapeutic ultrasound irradiation device.
[0018] The characteristics calculation unit presses the medical image to calculate the one or more characteristic of
the tissue on a path along which the ultrasound propagates from an element of the therapeutic ultrasound irradiation
device to the focal point.
[0019] The characteristic may include a speed of the ultrasound passing through the tissue, a density of the tissue,
an attenuation coefficient of the ultrasound for the tissue, or a combination thereof.
[0020] The apparatus may also include a calibration unit configured to calibrate the apparatus using the medical image.
[0021] The calibration unit may be configured to acquire an ultrasound image of the subject from the interface unit, to
calibrate a diagnostic ultrasound irradiation device by using an image obtained by registering the ultrasound image with
the medical image, and calibrates the apparatus by using the calibrated diagnostic ultrasound irradiation device. Reg-
istering the ultrasound image with the medical image may comprise correlating the ultrasound image to the medical image.
[0022] Calibrating the apparatus may comprise calibrating the calculation unit and/or the control unit.
[0023] The medical image includes a computed tomography (CT) image.
[0024] A non-transitory computer-readable recording medium having recorded thereon a program for executing the
method as described above.
[0025] The image of the subject may include human internal organs.
[0026] The determining of the parameter of the ultrasound includes calculating characteristics of the heterogeneous
tissue affecting propagation of the ultrasound using the image; and determining the parameter of the ultrasound to create
a focal point on the subject using the calculated characteristic.
[0027] The determining of the parameter of the ultrasound using the calculated characteristic includes calculating a
first sound pressure representing a sound pressure at the focal point when the ultrasound propagates in homogeneous
tissue; determining an element that transmits the ultrasound among elements in the ultrasound irradiation device and
setting a particle velocity of the determined element; calculating a second sound pressure representing a sound pressure
at the focal point when the ultrasound using the particle velocity propagates in the heterogeneous tissue; and determining
the parameter of the ultrasound based on a relationship between the first sound pressure and the second sound pressure.
[0028] The determining of the parameter of the ultrasound based on the relationship between the first and second
sound pressures may include determining whether a difference between the first and second sound pressures exceeds
a threshold value; and resetting or adjusting a particle velocity of the element in response to the difference exceeding
the threshold value.
[0029] In accordance with an illustrative configuration, there is provided an ultrasound control apparatus, including a
processor configured to process a medical image of a subject to determine a parameter based on a speed of a therapeutic
ultrasound passing through a tissue, a density of the tissue, and an attenuation coefficient and to control the therapeutic
ultrasound to create a focal point onto a subject; and a controller producing a signal to generate ultrasound waves
according to the determined parameter.
[0030] The apparatus may comprise generating the ultrasound using a therapeutic ultrasound irradiation device on
the basis of the control signal. The ultrasound irradiation device may be connected to the control unit.
[0031] The characteristics calculation unit may be further configured to control an intensity and a duration of the
therapeutic ultrasound. The apparatus may also include a calibration unit processing the medical image to calibrate the
processor and the controller.
[0032] Other features and aspects may be apparent from the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects will become apparent and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompanying drawings in which:

FIG. 1 illustrates a configuration of an apparatus to control ultrasound, according to an embodiment;
FIG. 2 illustrates a configuration of an apparatus to control ultrasound according to another embodiment;
FIG. 3 illustrates a method of calibrating a therapeutic ultrasound irradiation device in a calibration unit, according
to an embodiment;
FIG. 4 illustrates an example of a characteristics calculation unit, according to the present invention;
FIG. 5 illustrates an example of a tissue located on a path along which therapeutic ultrasound travels from an element
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of a therapeutic ultrasound irradiation device to a focal point, according to an embodiment;
FIG. 6 is an example of a graph model generated by a first model generator, according to an embodiment;
FIG. 7 is an example of a table model generated by a second model generator, according to an embodiment;
FIG. 8 illustrates a construction of a high intensity focused ultrasound (HIFU) system, according to an embodiment;
FIG. 9 is a flowchart of a method to generate therapeutic ultrasound, not according to the invention.
FIG. 10 is a flowchart illustrating an operation of a parameter determiner, according to an embodiment;
FIG. 11 is a flowchart of another operation of a parameter determiner, according to an embodiment; and
FIG. 12 illustrates a relationship between a focal point and a therapeutic ultrasound irradiation device, according to
an embodiment.

[0034] Throughout the drawings and the detailed description, unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements, features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0035] The following detailed description is provided to assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described herein. Accordingly, various changes, modifications, and equiv-
alents of the systems, apparatuses and/or methods described herein will be suggested to those of ordinary skill in the
art. Also, descriptions of well-known functions and constructions may be omitted for increased clarity and conciseness.
Expressions such as "at least one of," when preceding a list of elements, modify the entire list of elements and do not
modify the individual elements of the list.
[0036] FIG. 1 illustrates an apparatus 10 to control ultrasound (hereinafter, referred to as "ultrasound control appara-
tus"), according to an embodiment. Referring to FIG. 1, the ultrasound control apparatus 10, according to an illustrative
example, includes an interface unit 110, a characteristics calculation unit 120, a parameter determiner 130, and a control
unit 140.
[0037] Although the ultrasound control apparatus 10 of FIG. 1 includes certain components, it will be understood by
those skilled in the art that the ultrasound control apparatus 10 may further include additional components to the com-
ponents shown in FIG. 1. Also, in an alternative configuration, the ultrasound control apparatus 10 may exclude, for
instance, the interface unit 110 and the characteristic calculation unit 120 may include an interface to receive a signal
representative of a medical image. The ultrasound control apparatus 10 may correspond to one or more processors.
[0038] As illustrated in FIG. 1, the interface unit 110 acquires a medical image 20 including anatomical information
about a subject. The object may include at least one tissue of a patient. For example, the object may be a heterogeneous
part of a human body, which includes different kinds of tissues such as skin, bone, muscle, blood, and an organ, or a
combination thereof, but is not limited thereto. The anatomical information about the object may be information about
locations and sizes of one or more tissues. A therapeutic ultrasound irradiation device (not shown), such as a HIFU
apparatus, may create a focal point of therapeutic ultrasound at a target position of the object, e.g. to generate the
medical image 20.
[0039] The medical image 20 may be a previously acquired and stored as a computed tomography (CT) image or
magnetic resonance (MR) image of the object, but is not limited thereto. For example, images that have been previously
acquired and stored for the same object, and images acquired just prior to ultrasound treatment may be input to the
ultrasound control apparatus 10 through the interface unit 110. Images may contain 2D and/or 3D information, e.g.
multiple 2D image slices of the subject.
[0040] The interface unit 110 may be a unit to perform data input or output or to transmit information directly input by
a user to another unit. The characteristics calculation unit 120 processes the medical image 20 to calculate characteristics
of one or more tissues in the object that may affect the propagation of therapeutic ultrasound. For example, the char-
acteristics calculation unit 120 receives the medical image 20 from the interface unit 110 to calculate characteristics of
one or more tissues in the object that may affect the propagation of therapeutic ultrasound.
[0041] Characteristics that may affect the propagation of therapeutic ultrasound may be physical characteristics of
each of the one or more tissues. The physical characteristics may include speed of the therapeutic ultrasound passing
through each of the tissues, a density of each tissue, an attenuation coefficient of the therapeutic ultrasound for the
tissue, or a combination thereof, but are not limited thereto.
[0042] Because ultrasound is a radiated wave produced by vibrations through a physical medium, propagation speed
of an ultrasound wave is affected by a density of the physical medium. More specifically, as the density of the physical
medium increases, a speed of the ultrasound wave increases. Furthermore, as the ultrasound wave travels through the
medium, the ultrasound wave may be absorbed or scattered by the medium, thereby reducing its intensity or amplitude.
A reduction in intensity or amplitude of the ultrasound wave is called an attenuation of the ultrasound wave. An amount
of attenuation of an ultrasound wave is proportional to a frequency of the ultrasound wave and an amount of protein in
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a tissue through which the ultrasound wave passes. The amount of attenuation of the ultrasound wave is inversely
proportional to water content of the tissue. The characteristics calculation unit may calculate an attenuation coefficient,
e.g. based on water or protein content or otherwise. The parameter determiner 130 determines a parameter of therapeutic
ultrasound to create a focal point onto a subject using the calculated characteristics. For example, the parameter deter-
miner 130 receives the calculated characteristics from the characteristics calculation unit 120 and determines a parameter
for the therapeutic ultrasound irradiation on the focal point by using the calculated characteristics.
[0043] The control unit 140 produces a signal to generate ultrasound waves according to the determined parameter.
For example, the control unit 140 receives the parameter determined by the parameter determiner 130 to generate a
control signal for a therapeutic ultrasound irradiation device 30 as shown in FIG. 2.
[0044] The ultrasound control apparatus 10 having the above-described configuration calculates the speed of thera-
peutic ultrasound passing through tissue, a density of the tissue, and an/or attenuation coefficient of therapeutic ultrasound
and precisely controls the therapeutic ultrasound by means of the control signal of control unit 140 so that a therapeutic
ultrasound irradiation device creates a focal point at a desired position. The ultrasound control apparatus 10 may also
control the intensity and duration of therapeutic ultrasound being transmitted.
[0045] FIG. 2 illustrates a configuration of an ultrasound control apparatus 10 according to another embodiment.
Referring to FIG. 2, the ultrasound control apparatus 10 includes an interface unit 110, a characteristics calculation unit
120, a parameter determiner 130, a control unit 140, and a calibration unit 150.
[0046] Although the ultrasound control apparatus 10 of FIG. 2 includes certain components, it will be understood by
those skilled in the art that the ultrasound control apparatus 10 may further include additional components to the com-
ponents shown in FIG. 2. Also, in an alternative configuration, the ultrasound control apparatus 10 may exclude, for
instance, the interface unit 110 and/or the calibration unit 150 and the characteristic calculation unit 120 may include an
interface to receive a signal representative of a medical image and/or a calibration function. The ultrasound control
apparatus 10 of FIG. 2 may correspond to one or more processors.
[0047] The interface unit 110 acquires an ultrasound image of a subject from a diagnostic ultrasound irradiation device
40. Alternatively or additionally, a medical image of the subject is input to the interface unit 110 from a CT scanner, MRI
scanner, or a previously stored ultrasound, CT, MRI and/or other medical image is used. The interface unit 110, the
characteristics calculation unit 120, the parameter determiner 130, and the control unit 140 have substantially the same
functions as those of their counterparts in FIG. 1.
[0048] The diagnostic ultrasound irradiation device 40 transmits diagnostic ultrasound to a subject and acquires an
ultrasound signal reflected from the subject. More specifically, in response to the diagnostic ultrasound irradiation device
40 transmitting a diagnostic ultrasound having a frequency range of 2 to 18 MHz to the subject, the diagnostic ultrasound
is partially reflected from layers between different tissues of the subject. The diagnostic ultrasound is reflected from an
area of the subject where there is a change in density, for instance, from blood cells within a blood plasma or small
structures within organs. The reflected diagnostic ultrasound vibrates a piezoelectric converter of the diagnostic ultra-
sound irradiation device 40. As the piezoelectric converter vibrates, it emits electrical pulses producing the ultrasound
signal.
[0049] The diagnostic ultrasound irradiation device 40 converts or processes the ultrasound signal to an ultrasound
image of the subject to be then transmitted to the interface unit 110. For instance, the diagnostic ultrasound irradiation
device 40 directly generates ultrasound images of the subject using electrical pulse signals, or the calibration unit 150,
which will be described below, produces ultrasound images of the subject by using the electrical pulse signals. When
the diagnostic ultrasound irradiation device 40 directly generates ultrasound images, the diagnostic ultrasound irradiation
device 40 transmits information about the ultrasound images to the interface unit 110. On the other hand, when the
calibration unit 150 generates ultrasound images, the diagnostic ultrasound irradiation device 40 transmits the electrical
pulse signals to the interface unit 110.
[0050] In addition, the diagnostic ultrasound irradiation device 40 has a particular location relationship with a therapeutic
ultrasound irradiation device 30. For example, the diagnostic ultrasound irradiation device 40 and the therapeutic ultra-
sound irradiation device 30 may be separated from each other with a predetermined distance interposed therebetween
for operation, may be located adjacent to each other, or may be integrated as a single device.
[0051] Although not shown in FIG. 2, the therapeutic ultrasound irradiation device 30 may include a combination of
one or more elements, e.g. actuator elements such as piezoelectric elements. When the therapeutic ultrasound irradiation
device 30 includes a plurality of elements, the plurality of elements receive signals from the control unit 140 to individually
transmit therapeutic ultrasound waves. Furthermore, durations of transmission of the therapeutic ultrasound may be set
differently for each of the elements. Because the plurality of elements may individually transmit therapeutic ultrasound
as described above, it is possible to change a position of a focal point of the therapeutic ultrasound while the therapeutic
ultrasound irradiation device 30 remains stationary. Thus, therapeutic ultrasound may be focused along lesions of an
internal organ moving due to a patient’s respiration or other motions. For example, the therapeutic ultrasound irradiation
device 30 may converge therapeutic ultrasound on a focal point by using a phase array technique. The phase array
technique is understood by those skilled in the art, and a detailed description thereof is omitted. In one example, ther-
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apeutic ultrasound may be high intensity focused ultrasound (HIFU) having enough energy to cause necrosis of a tumor
inside a patient’s body. A HIFU system focuses and irradiates HIFU onto a portion of a subject to be treated to cause
focal destruction or necrosis of a lesion and removes or treats the lesion.
[0052] When the therapeutic ultrasound irradiation device 30 in the HIFU system continues to irradiate the focal point
by setting the focal point of the HIFU to a certain position, the temperature of a cell irradiated with HIFU rises above a
predetermined temperature to cause necrosis of the surrounding tissue. The description of the present embodiment
may also apply to other devices that transmit focused ultrasound similar to HIFU or devices to adjust a focal point using
a sound pressure.
[0053] The calibration unit 150 uses the medical image 20 to calibrate the diagnostic ultrasound irradiation device 30,
through the control unit 140, to transmit therapeutic ultrasound. The calibration refers to a process of adjusting coordinates
of the therapeutic ultrasound irradiation device 30 so that the therapeutic ultrasound irradiation device 30 may transmit
the therapeutic ultrasound to a point corresponding to a predetermined point (for instance, a lesion) within the medical
image 20.
[0054] FIG. 3 illustrates a method of calibrating the therapeutic ultrasound irradiation device 30 in the calibration unit
150. It is assumed herein that medical images 310 are computed tomography (CT) images, but other types of medical
images may be provided.
[0055] The calibration unit 150 receives electrical pulse signals from the interface unit 110 to generate ultrasound
images 320 of a subject. In this case, the calibration unit 150 may use the electrical pulse signals to generate two-
dimensional (2D) or three-dimensional (3D) ultrasound images of the subject. For example, the diagnostic ultrasound
irradiation device 40 irradiates the subject with diagnostic ultrasound by changing a location and an orientation relative
to the subject, receives a reflected ultrasound, and transmits electrical pulse signals corresponding to the reflected
ultrasound to the interface unit 110. The calibration unit 150 uses the electrical pulse signals received from the interface
unit 110 to generate a plurality of cross-sectional images of the subject. The calibration unit 150 then accumulates the
plurality of cross-sectional images to create a 3D ultrasound image of the subject.
[0056] In response to the diagnostic ultrasound irradiation device 40 generating ultrasound images, the calibration
unit 150 acquires the ultrasound images through the interface unit 110.
[0057] As illustrated in FIG. 3, at operation 330, the method at the calibration unit 150 registers the medical image
310 received from the interface unit 110 with the ultrasound image 320 of the subject. The registration refers to a method
of configuring a first coordinate system of the medical image 310 to correspond to a second coordinate system of the
ultrasound image 320. An image obtained after the registration may be a single medical image into which the medical
image 310 and the ultrasound image 320 are combined, or an image in which the medical image 310 and the ultrasound
image 320, having the same coordinate system, are disposed in parallel. The registration may comprise correlating the
medical image to the ultrasound image, i.e. correlating the first coordinate system to the second coordinate system.
[0058] In one example, the calibration unit 150 registers the medical images 310 with the ultrasound images 320 using
geometrical correlations between tissues in the medical images 310 and those in the ultrasound images 320. The
geometrical correlations may be relationships between landmark points (also called reference points) extracted from
the tissues. The calibration unit 150 may determine a point at which anatomical structure of tissue is distinctly reflected
as a landmark point. For example, if a tissue of interest from which a landmark point will be extracted is a liver, a point
at which blood vessels branch off in a vascular structure of the liver may be determined as the landmark point. If the
tissue of interest is a heart, the landmark point may be a boundary between the right and left atria or a boundary where
the vena cava and an outer wall of the heart meet.
[0059] In another example, the calibration unit 150 may determine an uppermost or a lowermost point of tissue in a
predetermined coordinate system as a landmark point.
[0060] In another example, the calibration unit 150 may also determine uniformly spaced points, which can be inter-
polated between the landmark points selected in the above examples, as landmark points.
[0061] Referring to FIG. 3, at operation 330, the method at the calibration unit 150 registers the ultrasound image 320
with the medical image 310 and calculates a transformation relation between the first coordinate system of the medical
image 310 and the second coordinate system of the ultrasound image 310. For example, the calibration unit 150 finds
points in the ultrasound image 320 corresponding to points in the medical image 310, respectively, and calculates a
coordinate transformation matrix to map any point in the medical image 310 to the corresponding point in the ultrasound
image 320.
[0062] In one example, the calibration unit 150 may set coordinates of a predetermined position Pi (xi, yi, zi), for
instance, a position at which a focal point of therapeutic ultrasound is to be formed, in the medical image 310 with respect
to its arbitrary origin. The method at the calibration unit 150 then registers the ultrasound image 320 with the medical
image 310 (operation 330) and finds coordinates of a point Pt(xt, yt, zt) in the ultrasound image 320 corresponding to
the coordinates of the position Pi(xi, yi, zi) through the registration. The calibration unit 150 calculates variations Δ x, Δy,
and Δz in positions of the points Pi and Pt along x-, y-, and z-axes. According to a process described above, at operation
340, the method at the calibration unit 150 calibrates the diagnostic ultrasound irradiation device 40.
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[0063] At operation 350, the method at the calibration unit 150 uses the calibrated diagnostic ultrasound irradiation
device 40 to calibrate the therapeutic ultrasound irradiation device 30. The calibration is a method of adjusting coordinates
of the therapeutic ultrasound irradiation device 30 so that the therapeutic ultrasound irradiation device 30 transmits
therapeutic ultrasound to a point corresponding to a predetermined point within the medical image 310.
[0064] In one example, the diagnostic ultrasound irradiation device 40 and the therapeutic ultrasound irradiation device
30 have a predetermined position relationship with each other. Thus, the method at the calibration unit 150 calibrates
the therapeutic ultrasound irradiation device 30 based on the known relationship between coordinates of the diagnostic
ultrasound irradiation device 40 and the therapeutic ultrasound irradiation device 30.
[0065] In this example, the relationship between coordinates of the diagnostic ultrasound irradiation device 40 and
the therapeutic ultrasound irradiation device 30 are calculated by rotation and translation of a coordinate axis and
enlargement or reduction using a scale factor. The relationship between coordinates of focal points of diagnostic ultra-
sound and therapeutic ultrasound transmitted from the diagnostic ultrasound irradiation device 40 and the therapeutic
ultrasound irradiation device 30, respectively, may be calculated by rotation and translation of a coordinate axis and
enlargement or reduction using a scale factor.
[0066] For example, the calibration unit 150 calibrates the therapeutic ultrasound irradiation device 30 by calculating
a position of a focal point of a therapeutic ultrasound transmitted from the therapeutic ultrasound irradiation device 30
within the ultrasound image 320. The calibration unit 150 calculates the position of the focal point based on the known
relationship between coordinates of the diagnostic ultrasound irradiation device 40 and the therapeutic ultrasound irra-
diation device 30.
[0067] Further, the calibration unit 150 calculates a position of a focal point of therapeutic ultrasound to be transmitted
from the therapeutic ultrasound irradiation device 30 within the medical image 310.
[0068] Referring back to FIG. 2, the calibration unit 150 transmits a generated signal to the control unit 140, and the
control unit 140 changes a position to be irradiated by the therapeutic ultrasound irradiation device 30 with therapeutic
ultrasound so that the position corresponds to the calibrated coordinates.
[0069] The calibration unit 150 calibrates the therapeutic ultrasound irradiation device 30 in this way so that therapeutic
ultrasound is transmitted from the therapeutic ultrasound irradiation device 30 to precisely form a focal point at a desired
position.
[0070] FIG. 4 illustrates a configuration of the characteristics calculation unit 120, in accordance with the present
invention. Referring to FIG. 4, the characteristics calculation unit 120 includes a group generator 121, a first model
generator 122, a second model generator 123, and a calculator 124.
[0071] Although the characteristics calculation unit 120 of FIG. 4 includes certain components, it will be understood
by those skilled in the art that the characteristics calculation unit 120 may further include additional components to the
components shown in FIG. 4. The characteristics calculation unit 120 may correspond to one or more processors.
[0072] Referring back to FIG. 2, the characteristics calculation unit 120 uses the medical image 20 to calculate char-
acteristics of one or more tissues lying on a path along which therapeutic ultrasound propagates from the therapeutic
ultrasound irradiation device 30 to a position of a focal point. For example, the characteristics calculation unit 120
generates models for characteristics of each of the tissues that construct a heterogeneous subject and calculates the
characteristics of the one or more tissues on the propagation path using the generated models.
[0073] Referring to FIG. 4, the group generator 121 identifies a type of the one or more tissues on a path along which
therapeutic ultrasound propagates through the therapeutic ultrasound irradiation device 30 to a position of a focal point.
[0074] FIG. 5 illustrates an example of at least one tissue located on a path along which therapeutic ultrasound
propagates through the therapeutic ultrasound irradiation device 30 as shown in FIG. 2) to a position of a focal point.
[0075] Referring to FIG. 5, at least one tissue 520 through 550 may be located on a path along which therapeutic
ultrasound propagates through an element 510 in the therapeutic ultrasound irradiation device 30 to a focal point 560.
For example, the at least one tissue 520 through 550 may include skin, bone, muscle, blood, and an organ.
[0076] Referring back to FIG. 4, the group generator 121 identifies the type of the at least one tissue 520 through 550
shown in FIG. 5 on a path along which the therapeutic ultrasound propagates from the element 510 of the calibrated
therapeutic ultrasound irradiation device 30 to a position of the focal point 560 using information about the element 510
that is received from the calibration unit 150.
[0077] The group generator 121 divides the one or more tissues into a plurality of groups based on the identified types
of the tissues. For example, when a medical image is a CT image, the group generator 121 divides the one or more
tissues in a subject, lying on the propagation path of the therapeutic ultrasound, into first and second groups based on
a CT number obtained from the medical image of each of the tissues.
[0078] In one example, the CT number is a value that represents the degree of absorption for each pixel in a CT image.
The pixel is a pixel in a 2D image or a voxel in a 3D image. The CT number is a relative X-ray attenuation coefficient
determined for each tissue. CT numbers of air, water, and bone are -1000 Hu, 0 Hu, and +1000 Hu, respectively.
[0079] The group generator 121 divides the tissues into the first and second groups based on a distribution of the CT
numbers. In one example, the group generator 121 determines tissues having the CT numbers in a predetermined range
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as the first group and tissues having very high or very low CT numbers as the second group.
[0080] For example, as known in the art, the CT number of bone is +1000 Hu, and the CT number of fat is from about
100 Hu to about -50 Hu. The bone has a very high CT number while the fat has a very low CT number compared to the
liver (40 to 60 Hu), the kidney (30 Hu), the brain (37 Hu), and blood (40 Hu). Thus, the group generator 121 determines
tissues, other than the bone and fat, as the first group and the bone and fat as the second group.
[0081] After dividing the tissues into the first and second groups in the manner described above, the group generator
121 transmits information about the tissues in the first group and information about the tissues in the second group to
the first model generator 122 and the second model generator 123, respectively.
[0082] The first model generator 122 uses CT numbers of the tissues in the first group to generate a first model
representing characteristics of each of the tissues in the first group. In one instance, the characteristics are physical
characteristics of each of the one or more tissues. The physical characteristics may include the speed of therapeutic
ultrasound passing through each of the tissues, a density of each tissue, an attenuation coefficient of therapeutic ultra-
sound for the tissue, or a combination thereof, but are not limited thereto.
[0083] In one embodiment, the first model generator 122 uses CT numbers of the respective tissues in the first group
to generate a graph model for the speed of the therapeutic ultrasound passing through the tissues. Alternatively, the
first model generator 122 uses the CT numbers of the respective tissues in the first group to generate a table model for
the speed of therapeutic ultrasound passing through the tissues.
[0084] FIG. 6 is an example of a graph model 620 generated by the first model generator 122 shown in FIG. 4, in
accord with an embodiment.
[0085] The first model generator 122 calculates the speed of therapeutic ultrasound passing through each tissue using
Equation (1) below: 

where c is the speed of therapeutic ultrasound passing through each tissue (expressed in m/s) and h is a CT number
(expressed in Hounsfield units (Hu)) for the tissue.
[0086] The first model generator 122 calculates the speed of therapeutic ultrasound for each of the tissues in the first
group and approximates the calculated speed to generate the graph model 620 for the speeds of therapeutic ultrasound
passing through the tissues.
[0087] In another embodiment, the first model generator 122 uses CT numbers corresponding to the respective tissues
in the first group to generate a graph model or table model for densities of the tissues. The first model generator may
calculate the density of each tissue using the following Equation (2):

where ρ is a density of each tissue (expressed in kg/m3), and h is a CT number for the tissue (expressed as Hu).
[0088] The first model generator 122 calculates the density of each of the tissues in the first group and approximates
the calculated densities to generate a graph model for the densities of the tissues. In this case, the first model generator
122 generates a graph model for the density in the same manner as described above with regards to the generating of
the graph model 620 for the speed of therapeutic ultrasound.
[0089] In another embodiment, the first model generator 122 uses the CT numbers of the respective tissues in the
first group to generate a graph model or table model for attenuation coefficients of therapeutic ultrasound for the tissues.
The first model generator 122 calculates an attenuation coefficient of therapeutic ultrasound for each tissue using the
following Equation (3): 



EP 2 815 789 B1

9

5

10

15

20

25

30

35

40

45

50

55

where α is an attenuation coefficient of therapeutic ultrasound for each tissue (expressed in dB/ (MHz*cm)), and h is a
CT number for the tissue.
[0090] The first model generator 122 calculates the attenuation coefficient of the therapeutic ultrasound for each of
the tissues in the first group and approximates the calculated attenuation coefficients to generate a graph model for the
attenuation coefficients of the therapeutic ultrasound for each of the tissues. In this case, the first model generator 122
may generate a graph model for the attenuation coefficient of the therapeutic ultrasound in the same manner as described
above with regards to the generating of the graph model 620 for the speed of therapeutic ultrasound.
[0091] The first model generator 122 transmits information about the generated first model to the calculator 124.
[0092] Referring to FIG. 4, the second model generator 123 generates a second model representing characteristics
of each of the tissues in the second group. In one example, the characteristics are physical characteristics of each of
the one or more tissues. The physical characteristics may include the speed of therapeutic ultrasound passing through
each of the tissues, a density of each tissue, an attenuation coefficient of therapeutic ultrasound for the tissue, or a
combination thereof, but are not limited thereto.
[0093] For example, the second model generator 123 generates a table model including the known speed of therapeutic
ultrasound passing through each of the tissues (e.g., bone and fat) in the second group, the density of the tissue, and
the attenuation coefficient of the therapeutic ultrasound for the tissue.
[0094] FIG. 7 is an example of a table model generated by the second model generator 123, in accord with an
embodiment.
[0095] Referring to FIG. 7, the second model generator 123 generates the table model as a second model that indicates
names, CT numbers, densities, and speeds and attenuation coefficients of therapeutic ultrasound for the tissues in the
second group.
[0096] The second model generator 123 transmits information about the generated second model to the calculator 124.
[0097] The characteristics calculation unit 120 outputs a graph model or table model generated in the same manner,
as described above, to a display device (not shown) through the interface unit 110.
[0098] Although the characteristics calculation unit 120 has been described to include the group generator 121 and
the first and second model generators 122 and 123, the embodiment is not limited thereto. For example, Equations (1)
through (3) and the table model of FIG. 7 may be stored in the characteristics calculation unit 120 for future use, or
operations to generate the first and second models may be performed independently to the operation of the characteristics
calculation unit 120.
[0099] Referring back to FIG. 4, the calculator 124 uses the graph model and the table model to calculate the char-
acteristics. In one example, the calculator 124 combines information about the graph model received from the first model
generator 122 with information about the table model received from the second model generator 123. The calculator
124 also calculates characteristics of one or more tissues on a path along which therapeutic ultrasound propagates from
an element of the therapeutic ultrasound irradiation device 30 to a position of a focal point. The calculator 124 transmits
information about the calculated characteristics to the parameter determiner 130.
[0100] Referring back to FIG. 2, the parameter determiner 130 determines a parameter of the therapeutic ultrasound
to create a focal point onto a subject using calculated characteristics. In one example, the parameter determiner 130
determines a parameter by combining predetermined characteristics of the therapeutic ultrasound transmitted from the
therapeutic ultrasound irradiation device 30 with the characteristics that the calculator 124 calculated and may affect
the propagation of the therapeutic ultrasound.
[0101] In this case, the parameter is a combination of variables used to create a focal point of the therapeutic ultrasound.
The variables may include, but are not limited to, a frequency, amplitude, phase, peak intensity, pulse length, and duty
ratio of the therapeutic ultrasound and the number or positions of elements in the therapeutic ultrasound irradiation
device 30.
[0102] FIG. 10 is a flowchart illustrating an example of operation of the parameter determiner 130, in accord with an
embodiment.
[0103] A medium through which therapeutic ultrasound passes is a heterogeneous medium including several different
tissues as shown in FIG. 5. Thus, an embodiment to determine a parameter of therapeutic ultrasound that reflects the
effect of a heterogeneous medium so that a focal point is formed at a desired position will now be described with reference
to FIG. 10.
[0104] Briefly, the method includes calculating a sound pressure PHOMO at a position of a focal point created by the
therapeutic ultrasound by assuming that the therapeutic ultrasound travels through a homogeneous medium. The sound
pressure PHOMO is also calculated by adjusting a parameter of the therapeutic ultrasound so that the absolute value of
a difference between the sound pressure, PHOMO, and a sound pressure, PHET, at a position of a focal point when the
therapeutic ultrasound propagates through a heterogeneous medium is less than or equal to a threshold value. In this
example, the parameter of the therapeutic ultrasound may be a particle velocity that represents the amplitude and phase
of the therapeutic ultrasound.
[0105] FIG. 12 illustrates a relationship between a focal point and the therapeutic ultrasound irradiation device (30 in
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FIG. 2), according to an embodiment.
[0106] In this embodiment, it is assumed that therapeutic ultrasound is transmitted from N elements in the therapeutic
ultrasound irradiation device 30 and creates focal points at M target positions. The therapeutic ultrasound irradiation
device 30 may include two or more elements, all or some of which transmit the therapeutic ultrasound.
[0107] FIG. 12 illustrates position vectors of an n-th element 1210 (n=1, 2, ..., N) and an m-th focal point position 1220
(m=1, 2, ..., M). In FIG. 12, rn is a position vector of the n-th element 1210, and rm is a position vector of an m-th focal
point position 1220.
[0108] Referring back to FIG. 10, at operation 1010, when a position of a focal point is specified, the method calculates
a sound pressure PHOMO at the position of the focal point by assuming that the therapeutic ultrasound travels through
homogeneous tissue. For example, when a position at which a focal point is to be formed is designated, the method at
the parameter determiner 130 calculates a particle velocity of each element. In this case, the position of the focal point
is specified based on information input from a user through the interface unit 110, or automatically designated by the
apparatus 10 as illustrated in FIG. 2 to control an ultrasound automatically, dynamically, or without user intervention.
[0109] A phase of the particle velocity may be calculated assuming that the speed of a sound wave is constant generally
at 1540 m/s. For example, after computing a time taken for a sound wave to arrive at a focal point from each element,
based on a distance between the focal point and the element, a phase is calculated for each element to compensate
for the time difference between sound waves generated by the respective elements.
[0110] A user is enabled to determine an amplitude of the particle velocity to create a desired sound pressure PHOMO
at a focal point position. For example, when an amplitude is input through the interface unit 110, the parameter determiner
130 calculates the sound pressure PHOMO exerted by the N elements at the m-th focal point position using a Rayleigh-
Sommerfeld integral as defined by Equation (4). Furthermore, the user may adjust the amplitude so as to create the
desired sound pressure PHOMO.
[0111] Although the parameter determiner 130 calculates the sound pressure PHOMO using the Rayleigh-Sommerfeld
integral, the embodiment is not limited thereto.

where k is a wave number of therapeutic ultrasound and is related to a wavelength of ultrasound using the equation
k=2π/λ, and α, ρ, and c are attenuation coefficients of a homogeneous tissue, a density of the tissue, and a speed of a
sound wave, respectively.
[0112] Sn, Un, and PHOMO(rm) are cross-sectional areas of an n-th element, a particle velocity for the n-th element,
and a sound pressure at a focal point position having a position vector of rm, respectively. The particle velocity un (e.g.
velocity of tranducer element n) is precalculated so as to create a focal point at a desired position in the homogeneous
tissue.
[0113] At operation 1020, the method at the parameter determiner 130 sets elements that will transmit therapeutic
ultrasound among the elements in the therapeutic ultrasound irradiation device 30 and arbitrarily sets a particle velocity
of each of the set elements. For instance, the parameter determiner 130 uses a generic operator to set some or all of
the N elements in the therapeutic ultrasound irradiation device 30 as elements to transmit the therapeutic ultrasound.
The parameter determiner 130 sets particle velocities of the respective set elements and combines the particle velocities
with one another. A particle velocity u that will be described below is the combined particle velocity obtained by the
parameter determiner 130.
[0114] At operation 1030, the method at the parameter determiner 130 calculates a sound pressure PHET at a focal
point position under the assumption that therapeutic ultrasound having the combined particle velocity u obtained at
operation 1020 propagates through heterogeneous tissue. The heterogeneous tissue refers to a tissue that reflects
characteristics of one or more tissues on a path along which therapeutic ultrasound propagates. The characteristics
calculation unit 120 calculates characteristics, which may include a density of each tissue and the speed and attenuation
coefficient of therapeutic ultrasound waves within the tissue.
[0115] For example, the parameter determiner 130 calculates a sound pressure PHET (rm) at a focal point position
having a position vector of rm, which reflects characteristics of the heterogeneous tissue, using an angular spectrum
method (ASM). The ASM involves expanding a complex wave field into a sum of an infinite number of plane waves.
When a medium on the propagation path of therapeutic ultrasound is heterogeneous, the parameter determiner 130
calculates a sound pressure PHET (rm) using the ASM as follows:
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[0116] Referring back to FIG. 5, when a plurality of different media, for instance, internal tissues, are located on the
propagation path of therapeutic ultrasound, the parameter determiner 130 calculates a transmitted acoustic field w1b
that passes through a discontinuous boundary D1 of a medium by combining an incident acoustic field, w1f, incident on
the boundary D1 with a transmission coefficient T. The parameter determiner 130 then applies a 2D Fourier Transform
to the transmitted acoustic field w1b to compute an angular spectrum W1b in a plane D1. Then, the parameter determiner
130 calculates an angular spectrum W2 by correcting a phase change due to a distance difference between planes D1
and D2 based on the angular spectrum W1b. Thereafter, the parameter determiner 130 applies a 2D Inverse Fourier
Transform to the angular spectrum W2 to calculate an acoustic field w2 in a plane D2.
[0117] The parameter determiner 130 repeats the above operations a predetermined number of times corresponding
to the number of boundaries on the propagation path of the therapeutic ultrasound to calculate the sound pressure PHET
(rm) at a position of the focal point 560 having a position vector of rm, which reflects characteristics of the heterogeneous
tissue. Although the parameter determiner 130 calculates the sound pressure PHET (rm) by using the ASM, the embod-
iment is not limited thereto.
[0118] At operation 1040, the method at the parameter determiner 130 determines whether a difference between the
sound pressures PHOMO and PHET calculated in operations 1010 and 1030, respectively, is less than a predetermined
threshold value. The predetermined threshold value may be automatically determined by the method at the parameter
determiner 130 or determined by a user through the interface unit 110. In response to the difference between the sound
pressures PHOMO and PHET being less than or equal to the predetermined threshold value, the method at the parameter
determiner 130 determines the particle velocity, u, of the elements as a final value. However, when the difference exceeds
the threshold, the method proceeds to operation 1050.
[0119] At operation 1050, the method at the parameter determiner 130 resets a particle velocity of each of the elements
that are selected among the elements in the therapeutic ultrasound irradiation device 30 to transmit therapeutic ultrasound.
The method at the parameter determiner 130 then combines particle velocities of the set elements with one another and
returns to operations 1030 and 1040.
[0120] After determining a parameter, for instance, a particle velocity of an element to transmit therapeutic ultrasound
to a focal point by performing operations 1010 through 1050 as described above, the method at the parameter determiner
130 transmits the determined parameter to the control unit 140.
[0121] While FIG. 10 shows that the parameter of therapeutic ultrasound is set so that a difference between the sound
pressure PHOMO in a homogeneous medium and the sound pressure PHET in a heterogeneous medium is less than or
equal to a predetermined threshold, other methods may be used. Another method of setting a parameter of therapeutic
ultrasound in the parameter determiner 130 will now be described in detail with reference to FIG. 11.
[0122] FIG. 11 is a flowchart of another example of operation of the parameter determiner 130, in accordance with an
embodiment.
[0123] The method at the parameter determiner 130 may determine a parameter of therapeutic ultrasound using a
sound pressure PHET in a heterogeneous medium without comparing the sound pressure PHET with a sound pressure
PHOMO in a homogeneous medium. In other words, by repeating setting of the parameter of therapeutic ultrasound until
the desired sound pressure PHET is created in a heterogeneous medium, an operation of comparing the sound pressure
PHET with a sound pressure PHOMO in a homogeneous medium may be omitted.
[0124] Referring to FIG. 11, at operation 110, the method at the parameter determiner 130 sets elements to transmit
therapeutic ultrasound among the elements in the therapeutic ultrasound irradiation device 30 and arbitrarily sets a
particle velocity of each of the set elements. The process at the parameter determiner 130 combines particle velocities
of the respective set elements with one another. The method at the parameter determiner 130 sets particle velocities of
the respective set elements and combines the particle velocities with one another.
[0125] At operation 1120, the method at the parameter determiner 130 calculates a sound pressure PHET at a position
of a focal point that the therapeutic ultrasound, which includes the combined particle velocity u obtained at operation
1110, propagates through a heterogeneous tissue.
[0126] At operation 1130, the parameter determiner 130 determines whether the sound pressure PHET satisfies a
predetermined condition. When the sound pressure PHET satisfies the predetermined condition, the parameter determiner
130 determines the particle velocity of the elements as a final value. On the other hand, when the sound pressure PHET
does not satisfy the predetermined condition, the method proceeds to operation 1140.
[0127] At operation 1140, the method at the parameter determiner 130 resets or adjusts a particle velocity of each of
the elements that are selected among the elements in the therapeutic ultrasound irradiation device 30 to transmit the
therapeutic ultrasound. The parameter determiner 130 then combines particle velocities of the set elements with one
another and returns to the operations 1120 and 1130.
[0128] Referring back to FIG. 2, the control unit 140 generates a control signal for an element of the therapeutic
ultrasound irradiation device 30. In one example, the control signal is the particle velocity u of the elements that transmit
therapeutic ultrasound, e.g. the velocity of the tranducer element. The control unit 140 then transmits the control signal
to the therapeutic ultrasound irradiation device 30.
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[0129] As described above, the parameter determiner 130 determines a parameter by combining the characteristics
of therapeutic ultrasound, transmitted through elements of the therapeutic ultrasound irradiation device 30, and charac-
teristics calculated in the calculator 124, which may affect the propagation of the therapeutic ultrasound. As a result, the
parameter determiner 130 enables automatic transformation of the characteristics of tissues into characteristics of the
therapeutic ultrasound.
[0130] FIG. 8 illustrates a configuration of a HIFU system 800, according to an embodiment. Referring to FIG. 8, the
HIFU system 800 includes an ultrasound control apparatus 10, a therapeutic ultrasound irradiation device 30, and a
diagnostic ultrasound irradiation device 40.
[0131] Although the HIFU system 800 of FIG. 8 includes certain components related to the embodiment, it will be
understood by those skilled in the art that the HIFU system 800 may further include less or more components than the
components shown in FIG. 8.
[0132] Furthermore, the HIFU system 800 includes the ultrasound control apparatus 10 shown in FIGS. 1, 2, and/or
4. Thus, the descriptions of the ultrasound control apparatus 10 with reference to FIGS. 1, 2, and 4 may apply to the
HIFU system 800 of FIG. 8, and, thus, are not repeated.
[0133] The HIFU system 800 focuses therapeutic ultrasound on a focal point using the therapeutic ultrasound irradiation
device 30. For example, the HIFU system 800 controls the therapeutic ultrasound irradiation device 30 to transmit
therapeutic ultrasound using an externally input medical image 20 and an ultrasound image generated by the diagnostic
ultrasound irradiation device 40 transmitting diagnostic ultrasound to a subject 810.
[0134] The HIFU system 800 is configured to generate therapeutic ultrasound by reflecting heterogeneity in charac-
teristics of one or more tissues on a path along which the therapeutic ultrasound propagates, so that a focal point is
formed accurately at a desired position. The HIFU system 800 may also generate therapeutic ultrasound by reflecting
an examinee’s characteristics, thereby minimizing a variation in treatment effects among examinees or patients.
[0135] The diagnostic ultrasound irradiation device 40 transmits diagnostic ultrasound to the subject 810 and acquires
a reflected ultrasound signal to generate an ultrasound image of the subject 810. The diagnostic ultrasound irradiation
device 40 processes the acquired reflected ultrasound signal to generate an ultrasound image of the subject 810.
[0136] The ultrasound control apparatus 10 calibrates the therapeutic ultrasound irradiation device 30 using an image
obtained by registering the medical image 20 containing anatomical information about the subject 810 with the ultrasound
image, and generates a control signal to generate therapeutic ultrasound that the calibrated therapeutic ultrasound
irradiation device will transmit to a focal point.
[0137] The ultrasound control apparatus 10 controls generation of therapeutic ultrasound by automatically reflecting
characteristics of the one or more tissues in a path along which the therapeutic ultrasound will propagate, thereby allowing
the therapeutic ultrasound irradiation device 30 to focus the therapeutic ultrasound at a desired position without user
intervention. Furthermore, the ultrasound control apparatus 10 enables treatment of one or more tissues with a single
surgical procedure.
[0138] The therapeutic ultrasound irradiation device 30 uses the control signal generated by the ultrasound control
apparatus 10 to transmit the therapeutic ultrasound towards a position of a focal point.
[0139] FIG. 9 is a flowchart of a method to generate therapeutic ultrasound to be transmitted from a therapeutic
ultrasound irradiation device, not according to the invention. Referring to FIG. 9, the method to generate therapeutic
ultrasound includes operations that are performed in a time series by the ultrasound control apparatus 10 shown in
FIGS. 1, 2, and 4 or by the HIFU system 800 in FIG. 8. Thus, although omitted hereinafter, the above descriptions of
the ultrasound control apparatus 10 or the HIFU system 800 with reference to FIGS. 1, 2, 4, and 8 may apply to the
method to generate therapeutic ultrasound illustrated in FIG. 9.
[0140] At operation 910, the method at the interface unit 110 acquires a medical image including anatomical information
of a subject.
[0141] At operation 920, the method at the characteristics calculation unit 120 calculates characteristics of one or
more tissues in a subject, which may affect the propagation of therapeutic ultrasound, using the medical image acquired
at operation 910. More specifically, the method at the characteristics calculation unit 120 uses the acquired medical
image to calculate characteristics of the one or more tissues on a path along which therapeutic ultrasound propagates
from an element of the therapeutic ultrasound irradiation device 30 to a focal point.
[0142] For example, the method at the characteristics calculation unit 120 may generate models for characteristics of
each of the tissues that construct the subject and calculate the characteristics of the one or more tissues on the propagation
path by using the generated models.
[0143] The method at the characteristics calculation unit 120 also acquires the medical image and an ultrasound image
of the subject from the interface unit 110 and registers the medical image with the ultrasound image. The method at the
characteristics calculation unit 120 then calibrates the diagnostic ultrasound irradiation device 40 using an image obtained
after the registration, and generates a signal to calibrate the therapeutic ultrasound irradiation device using the calibrated
diagnostic ultrasound irradiation device 40.
[0144] At operation 930, the method at the parameter determiner 130 determines a parameter of therapeutic ultrasound
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to create a focal point on a subject using the characteristics calculated in operation 920.
[0145] At operation 940, the method at the control unit 140 produces a control signal to generate the therapeutic
ultrasound according to the parameter determined at operation 930.
[0146] The ultrasound control apparatus 10 and the HIFU system 800, according to various embodiments, enable
irradiation of therapeutic ultrasound by reflecting heterogeneity in characteristics of one or more tissues in a path along
which the therapeutic ultrasound propagates, thereby improving the accuracy of treatment using HIFU.
[0147] The ultrasound control apparatus 10 and the HIFU system 800 are also configured to automatically reflect
characteristics of tissues encountered on a travel path of the therapeutic ultrasound at a parameter to transmit the
therapeutic ultrasound. Thus, the ultrasound control apparatus 10 and HIFU system 800 generate therapeutic ultrasound
to create a focal point accurately at a desired position without user intervention.
[0148] The ultrasound control apparatus 10 and the HIFU system 800 may also individually generate therapeutic
ultrasound by reflecting individual examinee tissue characteristics, thereby minimizing a variation in HIFU treatment
effects among examinees or patients.
[0149] In addition, the ultrasound control apparatus 10 and the HIFU system 800 may generate therapeutic ultrasound
by reflecting characteristics of tissues along a travel path of the therapeutic ultrasound, thereby allowing treatment of
one or more organs with a single surgical procedure.
[0150] It will be understood that, although the terms first, second, third, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only used to distinguish one element, component, region, layer
or section from another region, layer or section. These terms do not necessarily imply a specific order or arrangement
of the elements, components, regions, layers and/or sections. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or section without departing from the
teachings description of the present invention.
[0151] The units described herein may be implemented using hardware components, including, but not limited to a
processing device. The processing device may be implemented using one or more general-purpose or special purpose
computers, such as, for example, a processor, a controller and an arithmetic logic unit, a digital signal processor, a
microcomputer, a field programmable array, a programmable logic unit, a microprocessor or any other device capable
of responding to and executing instructions in a defined manner. The processing device may run an operating system
(OS) and one or more software applications that run on the OS. The processing device also may access, store, manipulate,
process, and create data in response to execution of the software. For purpose of simplicity, the description of a processing
device is used as singular; however, one skilled in the art will appreciated that a processing device may include multiple
processing elements and multiple types of processing elements. For example, a processing device may include multiple
processors or a processor and a controller. In addition, different processing configurations are possible, such a parallel
processors.
[0152] Program instructions to perform methods described in FIGS. 3 and 9-11, or one or more operations thereof,
may be recorded, stored, or fixed in one or more non-transitory computer-readable storage media. The program instruc-
tions may be implemented by a computer. For example, the computer may cause a processor to execute the program
instructions. The media may include, alone or in combination with the program instructions, data files, data structures,
and the like. Examples of 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
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 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 program instructions, that is, software, may be distributed over network coupled computer
systems so that the software is stored and executed in a distributed fashion. For example, the software and data may
be stored by one or more computer readable recording mediums. Also, functional programs, codes, and code segments
for accomplishing the example embodiments disclosed herein can be easily construed by programmers skilled in the
art to which the embodiments pertain based on and using the flow diagrams and block diagrams of the figures and their
corresponding descriptions as provided herein..
[0153] A number of examples have been described above. Nevertheless, it will be understood that various modifications
may be made. For example, suitable results may be achieved if the described techniques are performed in a different
order and/or if components in a described system, architecture, device, or circuit are combined in a different manner
and/or replaced or supplemented by other components or their equivalents. Accordingly, other implementations are
within the scope of the following claims.
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Claims

1. An ultrasound control apparatus (10) for controlling the generation of an ultrasound, the apparatus comprising:

an interface unit (110) configured to receive a medical image (20) comprising anatomical information about a
subject, the medical image being a computed tomography (CT) image;
a characteristics calculation unit (120) configured to calculate at least one characteristic of a tissue (520, 530,
540, 550) in the subject affecting propagation of the ultrasound based on the medical image;
a parameter determiner (130) configured to determine at least the relative phase of each element in a phased
array of a therapeutic ultrasound irradiation device (30) to create a focal point (560) in the subject using the
calculated characteristic; and
a control unit (140) configured to produce a control signal for the therapeutic ultrasound irradiation device (30)
to generate the ultrasound according to the determined phases wherein the characteristics calculation unit is
configured to process the medical image to calculate the characteristic of the tissue on a path along which the
ultrasound propagates from an element (510, 1210) of the therapeutic ultrasound irradiation device to the focal
point,
wherein the characteristics calculation unit comprises a group generator (121), a first model generator (122),
a second model generator (123) and a calculator (124),
wherein the group generator is arranged to identify a type of one or more tissues on said path, to divide the one
or more tissues into a first group and a second group based on the identified types and to transmit information
about the tissues in the first group to the first model generator and information about the tissues in the second
group to the second model generator,
wherein the first model generator is arranged to generate a first model representing characteristics of each of
the tissues in the first group using CT numbers,
wherein the second model generator is arranged to generate a second model, different from the first model,
representing characteristics of each of the tissues in the second group.

2. The ultrasound control apparatus of claim 1, wherein the characteristic comprises a speed of the ultrasound passing
through the tissue, a density of the tissue, an attenuation coefficient of the ultrasound for the tissue, or a combination
thereof.

3. The ultrasound control apparatus of claims 1 or 2, further comprising:
a calibration unit (150) configured to calibrate the apparatus using the medical image.

4. The ultrasound control apparatus of claim 3, wherein the calibration unit is configured to receive an ultrasound image
of the subject from the interface unit, to calibrate a diagnostic ultrasound irradiation device based on the ultrasound
image and the medical image, and to calibrate the apparatus by using the calibrated diagnostic ultrasound irradiation
device.

5. The ultrasound control apparatus of the claims 1-4, wherein the apparatus is further configured to control an intensity
and a duration of the therapeutic ultrasound.

6. A computer implemented method to generate a control signal for controlling an ultrasound irradiation device to
generate an ultrasound, the method comprising:

receiving (910) a medical image comprising anatomical information about a subject, wherein the medical image
is a computer tomography (CT) image;
calculating (920) at least one characteristic of a tissue in the subject affecting propagation of the ultrasound
based on the medical image;
determining (930) at least the relative phase of each element in a phased array of a therapeutic ultrasound
irradiation device (30) for creating a focal point in the subject using the calculated characteristic; and
generating (940) the control signal according to the determined relative phases wherein the calculating of the
characteristic comprises:

processing the medical image to calculate the at least one characteristic of the tissue on a path along which
the ultrasound propagates from an element of the ultrasound irradiation device to the focal point,
wherein calculating at least one characteristic of the tissue comprises:
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identifying a type of one or more tissues on said path;
dividing the one or more tissues into a first group and a second group based on the identified types;
generating a first model representing characteristics of each of the tissues in the first group using CT
numbers; and
generating a second model, different form the first model, representing characteristics of each of the
tissues in the second group.

7. The method of claim 6, wherein the characteristics comprise a speed of the ultrasound passing through the tissue,
a density of the tissue, an attenuation coefficient of the ultrasound for the tissue, or a combination thereof.

8. The method ofclaim 6 or 7, further comprising:
calibrating the ultrasound irradiation device using the medical image.

9. The method of claim 8, wherein the calibrating of the ultrasound irradiation device preferably comprises:

generating an ultrasound image of the subject using a diagnostic ultrasound irradiation device;
calibrating the diagnostic ultrasound irradiation device using an image obtained by registering the ultrasound
image with the medical image; and
calibrating the ultrasound irradiation device using the calibrated diagnostic ultrasound irradiation device.

10. The method of claim 8, comprising adjusting coordinates of the ultrasound irradiation device.

11. The method of any of the claims 6-10, wherein the determining of the parameter of the ultrasound comprises:
determining the parameter by combining characteristics of the ultrasound with the calculated characteristic affecting
the propagation of the ultrasound.

12. The method of any of the claims 6-11, wherein the determining of the parameter of the ultrasound using the calculated
characteristics comprises:

calculating a first sound pressure representing a sound pressure at the focal point when the ultrasound propa-
gates in homogeneous tissue;
determining an element in the ultrasound irradiation device and setting a particle velocity of the determined
element, the particle velocity representing an amplitude and phase;
calculating a second sound pressure representing a sound pressure at the focal point when the ultrasound
propagates in the heterogeneous tissue using the particle velocity; and
determining the parameter of the ultrasound based on a relationship between the first sound pressure and the
second sound pressure.

13. The method of claim 12, wherein the determining of the parameter of the ultrasound based on the relationship
between the first and second sound pressures comprises:

determining whether a difference between the first and second sound pressures exceeds a threshold value; and
adjusting a particle velocity of the element in response to the difference exceeding the threshold value.

14. A non-transitory computer-readable recording medium having recorded thereon a program configured to execute
the method of any of the claims 6-11 when run on the ultrasound control apparatus of claim 1.

Patentansprüche

1. Ultraschallsteuerungsvorrichtung (10) zur Steuerung der Erzeugung von Ultraschall, wobei die Vorrichtung Folgen-
des umfasst:

eine Schnittstelleneinheit (110), die dazu konfiguriert ist, ein medizinisches Bild (20) zu empfangen, das ana-
tomische Informationen über ein Subjekt umfasst, wobei es sich bei dem medizinischen Bild um ein Compu-
tertomographiebild (CT-Bild) handelt;
eine Einheit (120) zur Berechnung von Eigenschaften, die dazu konfiguriert ist, basierend auf dem medizinischen
Bild wenigstens eine Eigenschaft eines Gewebes (520, 530, 540, 550) in dem Subjekt, welche die Ausbreitung
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des Ultraschalls beeinflusst, zu berechnen;
eine Parameterbestimmungseinrichtung (130), die dazu konfiguriert ist, wenigstens die relative Phase jedes
Elements in einer phasengesteuerten Anordnung einer therapeutischen Ultraschallausstrahlungsvorrichtung
(30) zu bestimmen, um unter Verwendung der berechneten Eigenschaft einen Fokuspunkt (560) in dem Subjekt
zu erstellen; und
eine Steuereinheit (140), die dazu konfiguriert ist, ein Steuersignal zu produzieren, damit die therapeutische
Ultraschallausstrahlungsvorrichtung (30) den Ultraschall gemäß den bestimmten Phasen erzeugt,
wobei die Einheit zur Berechnung der Eigenschaften dazu konfiguriert ist, das medizinische Bild zu verarbeiten,
um die Eigenschaft des Gewebes an einer Bahn, entlang welcher der Ultraschall sich von einem Element (510,
1210) der therapeutischen Ultraschallausstrahlungsvorrichtung aus zu dem Fokuspunkt ausbreitet, zu berech-
nen,
wobei die Einheit zur Berechnung der Eigenschaften eine Gruppenerzeugungseinrichtung (121), eine Einrich-
tung (122) zur Erzeugung eines ersten Modells, eine Einrichtung (123) zur Erzeugung eines zweiten Modells,
und eine Berechnungseinrichtung (124) umfasst,
wobei die Gruppenerzeugungseinrichtung zu Folgendem ausgerichtet ist: Identifizieren der Art von wenigstens
einem Gewebe an der Bahn, Unterteilen des wenigstens einen Gewebes in eine erste Gruppe und eine zweite
Gruppe basierend auf den identifizierten Arten, und Übertragen von Informationen über die Gewebe in der
ersten Gruppe an die Einrichtung zur Erzeugung des ersten Modells und von Informationen über die Gewebe
in der zweiten Gruppe an die Einrichtung zur Erzeugung des zweiten Modells,
wobei die Einrichtung zur Erzeugung des ersten Modells dazu ausgerichtet ist, ein erstes Modell zu erzeugen,
das unter Verwendung von CT-Zahlen die Eigenschaften jedes der Gewebe in der ersten Gruppe darstellt,
wobei die Einrichtung zur Erzeugung des zweiten Modells dazu ausgerichtet ist, ein zweites Modell zu erzeugen,
das sich von dem ersten Modell unterscheidet und die Eigenschaften jedes der Gewebe in der zweiten Gruppe
darstellt.

2. Ultraschallsteuerungsvorrichtung nach Anspruch 1, wobei die Eigenschaft eine Geschwindigkeit des durch das
Gewebe hindurch gehenden Ultraschalls, eine Dichte des Gewebes, einen gewebespezifischen Ultraschalldämp-
fungskoeffizienten, oder eine Kombination davon umfasst.

3. Ultraschallsteuerungsvorrichtung nach Anspruch 1 oder 2, die weiterhin Folgendes umfasst:
eine Kalibriereinheit (150), die dazu konfiguriert ist, die Vorrichtung unter Verwendung des medizinischen Bildes zu
kalibrieren.

4. Ultraschallsteuerungsvorrichtung nach Anspruch 3, wobei die Kalibriereinheit dazu konfiguriert ist, ein Ultraschallbild
des Subjekts von der Schnittstelleneinheit zu empfangen, eine diagnostische Ultraschallausstrahlungsvorrichtung
basierend auf dem Ultraschallbild und dem medizinischen Bild zu kalibrieren, und die Ultraschallsteuerungsvorrich-
tung unter Verwendung der kalibrierten diagnostischen Ultraschallausstrahlungsvorrichtung zu kalibrieren.

5. Ultraschallsteuerungsvorrichtung nach den Ansprüchen 1 bis 4, wobei die Vorrichtung weiterhin dazu konfiguriert
ist, eine Intensität und eine Dauer des therapeutischen Ultraschalls zu steuern.

6. Computerimplementiertes Verfahren zur Erzeugung eines Steuersignals zur Steuerung einer Ultraschallausstrah-
lungsvorrichtung, um Ultraschall zu erzeugen, wobei das Verfahren Folgendes umfasst:

Empfangen (910) eines medizinischen Bildes, das anatomische Informationen über ein Subjekt umfasst, wobei
es sich bei dem medizinischen Bild um ein Computertomographiebild (CT-Bild) handelt;
Berechnen (920) von wenigstens einer Eigenschaft eines Gewebes in dem Subjekt, welche die Ausbreitung
des Ultraschalls beeinflusst, basierend auf dem medizinischen Bild;
Bestimmen (930) von wenigstens der relativen Phase jedes Elements in einer phasengesteuerten Anordnung
einer therapeutischen Ultraschallausstrahlungsvorrichtung (30), um unter Verwendung der berechneten Eigen-
schaft einen Fokuspunkt in dem Subjekt zu erstellen; und
Erzeugen (940) des Steuersignals gemäß der bestimmten relativen Phasen, wobei das Berechnen der Eigen-
schaft Folgendes umfasst:

Verarbeiten des medizinischen Bildes, um die wenigstens eine Eigenschaft des Gewebes an einer Bahn,
entlang welcher der Ultraschall sich von einem Element der Ultraschallausstrahlungsvorrichtung aus zu
dem Fokuspunkt ausbreitet, zu berechnen,
wobei das Berechnen wenigstens einer Eigenschaft des Gewebes Folgendes umfasst:
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Identifizieren der Art von wenigstens einem Gewebe an der Bahn;
Unterteilen des wenigstens einen Gewebes in eine erste Gruppe und eine zweite Gruppe basierend
auf den identifizierten Arten;
Erzeugen eines ersten Modells, das unter Verwendung von CT-Zahlen die Eigenschaften jedes der
Gewebe in der ersten Gruppe darstellt; und
Erzeugen eines zweiten Modells, das sich von dem ersten Modell unterscheidet und die Eigenschaften
jedes der Gewebe in der zweiten Gruppe darstellt.

7. Verfahren nach Anspruch 6, wobei die Eigenschaften eine Geschwindigkeit des durch das Gewebe hindurch ge-
henden Ultraschalls, eine Dichte des Gewebes, einen gewebespezifischen Ultraschalldämpfungskoeffizienten, oder
eine Kombination davon umfassen.

8. Verfahren nach Anspruch 6 oder 7, das weiterhin Folgendes umfasst:
Kalibrieren der Ultraschallausstrahlungsvorrichtung unter Verwendung des medizinischen Bildes.

9. Verfahren nach Anspruch 8, wobei das Kalibrieren der Ultraschallausstrahlungsvorrichtung vorzugsweise Folgendes
umfasst:

Erzeugen eines Ultraschallbildes des Subjekts unter Verwendung einer diagnostischen Ultraschallausstrah-
lungsvorrichtung;
Kalibrieren der diagnostischen Ultraschallausstrahlungsvorrichtung unter Verwendung eines Bildes, das erhal-
ten wird durch Registrieren des Ultraschallbildes mit dem medizinischen Bild; und
Kalibrieren der Ultraschallausstrahlungsvorrichtung unter Verwendung der kalibrierten diagnostischen Ultra-
schallausstrahlungsvorrichtung.

10. Verfahren nach Anspruch 8, das ein Anpassen der Koordinaten der Ultraschallausstrahlungsvorrichtung umfasst.

11. Verfahren nach einem der Ansprüche 6 bis 10, wobei das Bestimmen des Parameters des Ultraschalls Folgendes
umfasst:
Bestimmen des Parameters durch Kombinieren von Eigenschaften des Ultraschalls mit der berechneten Eigenschaft,
die die Ausbreitung des Ultraschalls beeinflusst.

12. Verfahren nach einem der Ansprüche 6 bis 11, wobei das Bestimmen des Parameters des Ultraschalls unter Ver-
wendung der berechneten Eigenschaften Folgendes umfasst:

Berechnen eines ersten Schalldrucks, der einen Schalldruck darstellt, der an dem Fokuspunkt vorhanden ist,
wenn der Ultraschall sich in homogenem Gewebe ausbreitet;
Bestimmen eines Elements in der Ultraschallausstrahlungsvorrichtung und Einstellen einer Schallschnelle des
bestimmten Elements, wobei die Schallschnelle eine Amplitude und eine Phase darstellt;
Berechnen eines zweiten Schalldrucks, der einen Schalldruck darstellt, der an dem Fokuspunkt vorhanden ist,
wenn der Ultraschall sich in heterogenem Gewebe ausbreitet, unter Verwendung der Schallschnelle; und
Bestimmen des Parameters des Ultraschalls basierend auf einer Beziehung zwischen dem ersten Schalldruck
und dem zweiten Schalldruck.

13. Verfahren nach Anspruch 12, wobei das Bestimmen des Parameters des Ultraschalls basierend auf einer Beziehung
zwischen dem ersten Schalldruck und dem zweiten Schalldruck Folgendes umfasst:

Bestimmen, ob eine Differenz zwischen dem ersten und dem zweiten Schalldruck einen Schwellenwert über-
schreitet; und
Anpassen einer Schallschnelle des Elements als Reaktion darauf, dass die Differenz den Schwellenwert über-
schreitet.

14. Nicht-flüchtiges computerlesbares Aufzeichnungsmedium, auf dem ein Programm gespeichert ist zur Ausführung
des Verfahrens nach einem der Ansprüche 6 bis 11, wenn es auf der Ultraschallsteuerungsvorrichtung nach An-
spruch 1 läuft.
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Revendications

1. Dispositif de contrôle d’ultrasons (10) permettant de contrôler la génération d’ultrasons, le dispositif comprenant :

une unité d’interface (110) conçue pour recevoir une image médicale (20) renfermant des informations anato-
miques concernant un sujet, l’image médicale étant une image tomodensitométrique,
une unité de calcul de caractéristiques (120) conçue pour calculer au moins une caractéristique d’un tissu (520,
530, 540, 550) du sujet qui affecte la propagation des ultrasons, compte tenu de l’image médicale,
un déterminateur de paramètre (130) conçu pour déterminer au moins la phase relative de chaque élément
d’un réseau à commande de phase d’un dispositif de rayonnement ultrasonore thérapeutique (30) pour créer
un point focal (560) au sein du sujet au moyen de la caractéristique calculée, et
une unité de contrôle (140) conçue pour produire un signal de contrôle visant à ce que le dispositif de rayon-
nement ultrasonore thérapeutique (30) génère les ultrasons conformément aux phases déterminées ;
ladite unité de calcul de caractéristiques étant conçue pour traiter l’image médicale afin de calculer la caracté-
ristique du tissu sur un trajet le long duquel les ultrasons se propagent, d’un élément (510, 1210) du dispositif
de rayonnement ultrasonore thérapeutique jusqu’au point focal,
ladite unité de calcul de caractéristiques comprenant un générateur de groupes (121), un premier générateur
de modèle (122), un deuxième générateur de modèle (123) et un calculateur (124),
ledit générateur de groupes étant agencé pour identifier le type d’un ou plusieurs tissus sur ledit trajet, pour
diviser le ou les tissus en un premier groupe et un deuxième groupe compte tenu des types identifiés, et pour
transmettre des informations concernant les tissus du premier groupe au premier générateur de modèle et des
informations concernant les tissus du deuxième groupe au deuxième générateur de modèle,
ledit premier générateur de modèle étant agencé pour générer un premier modèle représentant des caracté-
ristiques de chacun des tissus du premier groupe en faisant appel aux nombres Hounsfield,
ledit deuxième générateur de modèle étant agencé pour générer un deuxième modèle, différent du premier
modèle, représentant des caractéristiques de chacun des tissus du deuxième groupe.

2. Dispositif de contrôle d’ultrasons selon la revendication 1, dans lequel la caractéristique comprend la vitesse des
ultrasons traversant le tissu, la densité du tissu, un coefficient d’atténuation des ultrasons propre au tissu, ou une
combinaison de ceux-ci.

3. Dispositif de contrôle d’ultrasons selon la revendication 1 ou 2, comprenant en outre :
une unité d’ajustement (150) conçue pour ajuster le dispositif au moyen de l’image médicale.

4. Dispositif de contrôle d’ultrasons selon la revendication 3, dans lequel l’unité d’ajustement est conçue pour recevoir
une image échographique du sujet en provenance de l’unité d’interface, pour ajuster un dispositif de rayonnement
ultrasonore de diagnostic compte tenu de l’image échographique et de l’image médicale, et pour ajuster le dispositif
de contrôle d’ultrasons au moyen du dispositif de rayonnement ultrasonore de diagnostic ajusté.

5. Dispositif de contrôle d’ultrasons selon les revendications 1 à 4, ledit dispositif étant conçu en outre pour contrôler
l’intensité et la durée des ultrasons thérapeutiques.

6. Procédé informatique de génération d’un signal de contrôle visant à contrôler un dispositif de rayonnement ultra-
sonore pour générer des ultrasons, le procédé comprenant :

la réception (910) d’une image médicale renfermant des informations anatomiques concernant un sujet, ladite
image médicale étant une image tomodensitométrique,
le calcul (920) d’au moins une caractéristique d’un tissu du sujet qui affecte la propagation des ultrasons, compte
tenu de l’image médicale,
la détermination (930) au moins de la phase relative de chaque élément d’un réseau à commande de phase
d’un dispositif de rayonnement ultrasonore thérapeutique (30) pour créer un point focal au sein du sujet au
moyen de la caractéristique calculée, et
la génération (940) du signal de contrôle conformément aux phases relatives déterminées ;
ledit calcul de la caractéristique comprenant :

le traitement de l’image médicale afin de calculer l’au moins une caractéristique du tissu sur un trajet le
long duquel les ultrasons se propagent, d’un élément du dispositif de rayonnement ultrasonore jusqu’au
point focal,
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ledit calcul d’au moins une caractéristique du tissu comprenant :

l’identification du type d’un ou plusieurs tissus sur ledit trajet,
la division du ou des tissus en un premier groupe et un deuxième groupe compte tenu des types
identifiés,
la génération d’un premier modèle représentant des caractéristiques de chacun des tissus du premier
groupe en faisant appel aux nombres Hounsfield, et
la génération d’un deuxième modèle, différent du premier modèle, représentant des caractéristiques
de chacun des tissus du deuxième groupe.

7. Procédé selon la revendication 6, dans lequel les caractéristiques comprennent la vitesse des ultrasons traversant
le tissu, la densité du tissu, un coefficient d’atténuation des ultrasons propre au tissu, ou une combinaison de ceux-ci.

8. Procédé selon la revendication 6 ou 7, comprenant en outre :
l’ajustement du dispositif de rayonnement ultrasonore au moyen de l’image médicale.

9. Procédé selon la revendication 8, dans lequel l’ajustement du dispositif de rayonnement ultrasonore comprend de
préférence :

la génération d’une image échographique du sujet au moyen d’un dispositif de rayonnement ultrasonore de
diagnostic,
l’ajustement du dispositif de rayonnement ultrasonore de diagnostic au moyen d’une image obtenue en recalant
l’image échographique sur l’image médicale, et
l’ajustement du dispositif de rayonnement ultrasonore au moyen du dispositif de rayonnement ultrasonore de
diagnostic ajusté.

10. Procédé selon la revendication 8, comprenant le réglage de coordonnées du dispositif de rayonnement ultrasonore.

11. Procédé selon l’une quelconque des revendications 6 à 10, dans lequel la détermination du paramètre des ultrasons
comprend :
la détermination du paramètre par combinaison de caractéristiques des ultrasons et de la caractéristique calculée
affectant la propagation des ultrasons.

12. Procédé selon l’une quelconque des revendications 6 à 11, dans lequel la détermination du paramètre des ultrasons
au moyen des caractéristiques calculées comprend :

le calcul d’une première pression sonore représentant une pression sonore existant au niveau du point focal
lorsque les ultrasons se propagent dans un tissu homogène,
la détermination d’un élément du dispositif de rayonnement ultrasonore et l’établissement de la vitesse parti-
culaire de l’élément déterminé, la vitesse particulaire représentant une amplitude et une phase,
le calcul d’une deuxième pression sonore, représentant une pression sonore existant au niveau du point focal
lorsque les ultrasons se propagent dans un tissu hétérogène, au moyen de la vitesse acoustique particulaire, et
la détermination du paramètre des ultrasons, compte tenu d’une relation entre la première pression sonore et
la deuxième pression sonore.

13. Procédé selon la revendication 12, dans lequel la détermination du paramètre des ultrasons compte tenu de la
relation entre les première et deuxième pressions sonores comprend :

la détermination du fait ou non que la différence entre les première et deuxième pressions sonores dépasse
une valeur seuil, et
le réglage de la vitesse particulaire de l’élément si la différence dépasse la valeur seuil.

14. Support d’enregistrement non transitoire lisible par ordinateur, sur lequel est enregistré un programme conçu pour
exécuter le procédé selon l’une quelconque des revendications 6 à 11 lorsqu’il est mis en œuvre sur le dispositif
de contrôle d’ultrasons selon la revendication 1.
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