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Description
BACKGROUND
1. Field

[0001] The present disclosure relates to methods and
apparatuses for analyzing a contrast enhanced ultra-
sound (CEUS) image, and more particularly, to methods
and apparatuses for analyzing a type of motion of an
object in a CEUS image and a change in a size of the
object.

2. Description of the Related Art

[0002] Due toits non-invasive and non-destructive na-
ture, an ultrasound system has become widely used in
many medical fields that require information about the
inside of an object. The ultrasound system also plays a
critical role in medical diagnosis since it can provide high-
resolution images of an inner area of an object to a med-
ical practitioner without the need for performing a surgical
procedure to directly incise the object for observation.
[0003] Among imaging methods using an ultrasound
system, contrast enhanced ultrasound (CEUS) imaging
involves administration of contrast agents to an object.
Examination using a CEUS image allows a user to quan-
titatively determine whether an object such as a tumor is
malignant or benign by observing a tendency of image
signal values of the object over time after injection of a
contrast agent into the object. In CEUS examination,
analysis using a time intensity curve (TIC) may be per-
formed. By using a TIC, it is possible to calculate an av-
erage image signal value of pixels within a region of in-
terest (ROI) set in an ultrasound image and thus observe
a change in contrast agent concentration over_time.
However, defects that may cause errors in analysis
based on a TIC, such as a deviation of an object away
from an ROI or a change in size of the object, may occur
in frames of an ultrasound image. It is time consuming
for a user to delete the defective frames, and thus effi-
ciency in examination may be degraded. WO
2009/093211 discloses an ultrasonic imaging apparatus
and method for monitoring the progress of therapy for
pathology such as lesions, tumors, and metastases by
means of contrast agent imaging. The ultrasonicimaging
apparatus disclosed in WO 2009/093211 generates a
difference curve of the time-intensity curves of the pa-
thology and normal tissue.

SUMMARY

[0004] Provided are ultrasound diagnosis methods
and apparatuses for analyzing a contrast enhanced ul-
trasound (CEUS) image that allow causes of defects in
a frame of an ultrasound image to be determined based
on a time intensity curve and provide a user interface for
quick access to the defective frame, in accordance with
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the appended independent method and apparatus
claims.

[0005] Additional aspects will be set forth in partin the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments, or may defined in the ap-
pended dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an em-
bodiment;

FIG. 2A illustrates a graph showing a change in im-
age signal values for each frame of an ultrasound
image with respect to an object;

FIG. 2B illustrates a time intensity curve (TIC) of an
ultrasound image of an object, and FIG. 2C illustrates
the TIC and a fitting curve representing a tendency
of the TIC;

FIG. 2D illustrates a TIC of an ultrasound image of
an object, a fitting curve, a difference value curve
representing a difference value between the TIC and
the fitting curve, a threshold curve, and a time area
curve quantitatively representing a size of the object
over time;

FIG. 3 is a flowchart of a method of analyzing an
ultrasound image according to an embodiment;
FIG. 4 illustrates a TIC and a fitting curve for an ul-
trasound image of an object according to an embod-
iment;

FIG.5is aflowchart of a method of analyzing a defect
in an ultrasound image by determining whether an
object has deviated away from a region of interest
(ROI), according to an embodiment;

FIGS. 6A through 6C are diagrams for explaining
setting of an ROI and an additional ROl in an ultra-
sound image according to embodiments;

FIG. 7 is a flowchart of a method of analyzing a de-
fective ultrasound image based on analysis of a mo-
tion of an object or a change in size of the object,
according to an embodiment;

FIG. 8 illustrates a TIC, a fitting curve, a difference
value curve, a threshold curve, and a time area curve
for an ultrasound image of an object, according to
an embodiment;

FIG. 9 is a flowchart of a method of analyzing a de-
fective ultrasound image based on analysis of a
change in size of an object, according to an embod-
iment;

FIG. 10 illustrates a TIC, a fitting curve, a difference
value curve, and a threshold curve for an ultrasound
image of an object, according to an embodiment;
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FIG. 11 is a flowchart of a method of analyzing a
defective ultrasound image by determining whether
or not an ultrasound probe is in contact with an ob-
ject, according to an embodiment;

FIG. 12 illustrates a TIC, a fitting curve, a difference
value curve, and a threshold curve for an ultrasound
image of an object, according to an embodiment;
FIG. 13 is a flowchart of a method of determining
whether a motion of an object or a change in size of
the object occurs periodically, according to an em-
bodiment;

FIG. 14 illustrates a user interface configured to re-
ceive a user input for selecting a frame of an ultra-
sound image related to a motion of an object and a
change in size of the object, according to an embod-
iment;

FIG. 15 is a flowchart of a method of displaying a
frame of an ultrasound image based on a user input
for selecting a frame of an ultrasound image related
to a type of motion of an object and a change in size
of the object, according to an embodiment;

FIG. 16 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an em-
bodiment; and

FIG. 17 is a block diagram of a configuration of a
wireless probe according to an embodiment.

DETAILED DESCRIPTION

[0007] Features of one or more embodiments of the
presentinventive conceptand methods of accomplishing
the same may be understood more readily by reference
to the following detailed description of embodiments and
the accompanying drawings. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete and will
fully convey the concept of the present embodiments to
one of ordinary skill in the art, and the present inventive
concept will only be defined by the appended claims.
[0008] Terms used herein will now be briefly described
and then one or more embodiments of the presentinven-
tive concept will be described in detail.

[0009] Al terms including descriptive or technical
terms which are used herein should be construed as hav-
ing meanings that are obvious to one of ordinary skill in
the art. However, the terms may have different meanings
according to the intention of one of ordinary skill in the
art, precedent cases, or the appearance of new technol-
ogies. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the disclosure. Thus, the terms used herein
have to be defined based on the meaning of the terms
together with the description throughout the specifica-
tion.

[0010] When a part "includes" or "comprises" an ele-
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ment, unless there is a particular description contrary
thereto, the part can further include other elements, not
excluding the other elements. Also, the term "unit" in the
embodiments of the present disclosure means a software
component or hardware component such as a field-pro-
grammable gate array (FPGA) or an application-specific
integrated circuit (ASIC), and performs a specific func-
tion. However, the term "unit" is not limited to software
or hardware. The "unit" may be formed so as to be in an
addressable storage medium, or may be formed so as
to operate one or more processors. Thus, for example,
the term "unit" may refer to components such as software
components, object-oriented software components,
class components, and task components, and may in-
clude processes, functions, attributes, procedures, sub-
routines, segments of a program code, drivers, firmware,
micro codes, circuits, data, a database, data structures,
tables, arrays, or variables. A function provided by the
components and "units" may be associated with the
smaller number of components and "units", or may be
divided into additional components and "units". As used
herein, the term "and/or" includes any and all combina-
tions of one or more of the associated listed items Ex-
pressions 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.

[0011] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an "object" may
be a human, an animal, or a part of a human or animal.
For example, the object may be an organ (e.g., the liver,
the heart, the womb, the brain, a breast, or the abdomen),
a blood vessel, or a combination thereof. Also, the object
may be a phantom. The phantom means a material hav-
ing a density, an effective atomic number, and a volume
thatare approximately the same as those of an organism.
For example, the phantom may be a spherical phantom
having properties similar to a human body.

[0012] Throughout the specification, a "user" may be,
but is not limited to, a medical expert, for example, a
medical doctor, a nurse, a medical laboratory technolo-
gist, or a medical imaging expert, or a technician who
repairs medical apparatuses.

[0013] Furthermore, in the present specification, the
terms "first", "second", "1-1", etc. are only used to distin-
guish one component, element, image, pixel, or patch
from another component, element, object, image, pixel,
orpatch. Thus, these terms are notlimited to representing
the order or priority among elements or components.
[0014] Embodiments will now be described more fully
hereinafter with reference to the accompanying drawings
so that they may be easily implemented by one of ordi-
nary skill in the art. In addition, parts not related to the
present inventive concept are omitted to clarify the de-
scription of embodiments.

[0015] FIG. 1 is a block diagram of a configuration of
an ultrasound diagnosis apparatus 1000 according to an
embodiment.
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[0016] Referring to FIG. 1, the ultrasound diagnosis
apparatus 1000 according to the present embodiment
may include a processor 100, a user input unit 200, and
a display 300.

[0017] The processor 100 may include an ultrasound
image processor 110 and an ultrasound image analyzer
120. The processor 100 may be an operational device
that generates an ultrasound image by performing scan
conversion on ultrasound image data received from an
ultrasound transceiver (not shown) and has an operation
capability of converting image signal values of the gen-
erated ultrasound image into numerical values. For ex-
ample, the processor 100 may be one hardware device
from among a central processing unit (CPU), a micro-
processor, and a graphics processing unit (GPU).
[0018] The ultrasound image processor 110 may re-
ceive information of echo signals reflected from an object
to obtain an ultrasound image. The ultrasound image
processor 110 may process ultrasound image data ac-
cording to an image display mode. The ultrasound image
processor 110 may acquire brightness (B) mode data by
performing processing such as amplification, logarithmic
compression, and envelope detection on echo signals
received from the ultrasound transceiver or obtain con-
trast enhanced mode data by intravenously injecting ul-
trasound contrast medium containing microbubbles into
the object. The ultrasound image processor 110 may use
strong nonlinear effects of ultrasound contrast medium
in a contrast enhanced ultrasound (CEUS) mode. Due
to the nonlinear effects of ultrasound contrast medium,
waves reflected from microbubbles are greatly distorted
compared to incident waves, which causes generation
of harmonic components. The ultrasound image proces-
sor 110 may use a contrast harmonic imaging technique
based onthe above characteristics, in which fundamental
waves are suppressed by imaging a harmonic wave hav-
ing a frequency that is twice the frequency of the funda-
mental waves while a contrast medium is further en-
hanced. By using the contrast harmonic imaging tech-
nique, it is possible to obtain an image in which waves
reflected from a contrast medium are enhanced since
waves reflected from microbubbles contain more har-
monic wave components than waves reflected from a
biological tissue.

[0019] The ultrasound image processor 110 sets a re-
gion of interest (ROI) in an obtained ultrasound image.
The ultrasound image processor 110 may set an ROl in
a B mode ultrasound image acquired from B mode image
data and/or in a CEUS image. According to an embodi-
ment, the ultrasound image processor 110 may set an
ROl in an object depicted in an ultrasound image based
on a user input received from the user input unit 200.
However, embodiments are not limited thereto, and the
ultrasound image processor 110 may detect an object
such as a tumor and automatically set an ROl along an
edge of the tumor.

[0020] The ultrasoundimage processor 110 generates
a TIC representing an image signal value for each frame
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of an ultrasound image within a set ROI. In detail, the
ultrasound image processor 110 may extract image sig-
nal values, e.g., intensity values, of respective pixels of
the ROI in the ultrasound image, convert the intensity
values of the respective pixels into numerical values, and
calculate a total sum and an average of the intensity val-
ues of the pixels for each ultrasound image frame. The
ultrasound image processor 110 may generate a graph
showing the calculated average of intensity values of pix-
els in the ROI for each ultrasound image frame and ob-
tains a TIC based on the graph. The TIC is mainly used
for an ultrasound examination using ultrasound contrast
medium.

[0021] The ultrasound image processor 110 also gen-
erates a fitting curve representing the tendency of the
TIC. The ultrasound image processor 110 analyzes a
tendency of the TIC based on a predefined mathematical
model and generate a graph showing values correspond-
ing to the analyzed tendency of frames of an ultrasound
image. According to an embodiment, the predefined
mathematical model may include at least one of a poly-
nomial model, exponential rise, gamma variant, and a
sigmoidal model. In detail, the ultrasound image proces-
sor 110 may generate a fitting curve representing the
tendency of the TIC based on a user input for selecting
atleast one from among a polynomial model, exponential
rise, gamma variant, and a sigmoidal model. However,
embodiments are not limited thereto, and the ultrasound
image processor 110 may generate a fitting curve based
on a mathematical model preset among the above math-
ematical models. Since techniques for generating afitting
curve representing the tendency of a TIC based on at
least one of the polynomial model, exponential rise, gam-
ma variant and sigmoidal model are well known to those
of ordinary skill in the art, detailed descriptions thereof
will be omitted here.

[0022] The ultrasound image analyzer 120 may ana-
lyze a type of movement of an object included in an ROI
and a change in size of the object based on a difference
between a TIC and a fitting curve generated by the ultra-
sound image processor 110 with respect to an ultrasound
image in the ROI. In one embodiment, the ultrasound
image analyzer 120 may analyze whether the object de-
viates outside the ROI, whether the object moves peri-
odically, whether a size of the object changes, and wheth-
er an ultrasound probe is not in contact with the object.
Furthermore, the ultrasound image analyzer 120 may de-
tect a frame of an ultrasound image generated for each
case, i.e., cases where it is determined that the object
has deviated outside the ROI, where itis determined that
the object has moved periodically, where itis determined
that the size of the object has changed, and where it is
determined that the ultrasound probe has not been in
contact with the object, and define the detected frame as
a defective frame.

[0023] Methods of analyzing a movement of an object
included in an ROI and a change in size of the object
based on a TIC and a fitting curve will be described in
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more detail below with reference to FIGS. 3 through 15.
[0024] The userinputunit200 may receive a user input
for selecting a frame of an ultrasound image related to
movement of the object or a change in size of the object.
According to an embodiment, the user input unit 200 may
display a user interface (Ul) configured to select a frame
having a defect associated with at least one of a type of
movement of the object or a change in size of the object.
[0025] The user input unit 200 may include, is not lim-
ited to, hardware components such as a keypad, a
mouse, a touch pad, a touch screen, a trackball, a jog
switch, etc. According to an embodiment, the user input
unit 200 may be a touch screen that displays graphics
user interfaces (GUIs) for selecting a frame having a de-
fect associated with at least one of the type of movement
of the object and a change in size of the object and re-
ceives a user touch input for selecting at least one from
among the displayed GUIs. The configuration and oper-
ation of the user input unit 200 will be described in more
detail below with reference to FIGS. 14 and 15.

[0026] The display 300 may display an ultrasound im-
age obtained by the processor 100. According to an em-
bodiment, the display 300 may display together a B mode
ultrasound image, a CEUS image, a TIC, and a fitting
curve. In one embodiment, the display 300 may display
a difference value curve representing a difference be-
tween the TIC and the fitting curve for each ultrasound
image frame and a threshold curve representing a thresh-
old value for each ultrasound image frame. The display
300 may display a selected frame based on a user input
received by the user input unit 200 for selecting a defec-
tive frame. According to an embodiment, the display 300
may display a position of a frame of an ultrasound image
related to movement of the object and a change in size
of the object in such a manner as to overlap the TIC.
[0027] In examination using a CEUS image, a frame
of an ultrasound image captured when an object such as
a tumor deviates outside an ROI, when a periodic move-
ment occurs, when a size of the object changes, or when
an ultrasound probe is not in contact with the object may
act as a frame having a defect that may degrade the
accuracy of the examination. According to an embodi-
ment, the ultrasound diagnosis apparatus 1000 may an-
alyze, based on a difference between a TIC and a fitting
curve for an ultrasound image in an ROI, the type of
movement of an object and a change in size of the object
which cause defects, and provide a Ul configured to se-
lect a defective frame based on an analysis result. Thus,
the time required for a user to directly find and delete a
defective frame may be shortened, and efficiency and
reliability in analysis of an ultrasound image may be in-
creased.

[0028] Since the ultrasound image processor 110, the
ultrasound image analyzer 120, the user input unit 200,
and the display 300 to be described below respectively
correspond to the ultrasound image processor 110, the
ultrasound image analyzer 120, the user input unit 200,
and the display 300 described with reference to FIG. 1,

10

15

20

25

30

35

40

50

55

detailed descriptions thereof will be omitted below.
[0029] FIG. 2A illustrates a graph showing a change
in image signal values for each frame of an ultrasound
image with respect to an object;

Referring to FIG. 2A, the graph has a frame F of an ul-
trasound image on an X-axis and an image signal value
forthe ultrasoundimage on a Y-axis. Indetail, successive
frames of an ultrasound image generated by the ultra-
sound image processor 110 may be shown on the X-axis
of the graph, and an average ofimage signal values, e.g.,
intensity values, of pixels in each of the successive
frames may be shown on the Y-axis. The graph shown
in FIG. 2A may be a bar graph showing a change in an
average of intensity values for each of the successive
frames. As shown in FIG. 2A, the intensity values for
each ultrasound image frame gradually increases in pro-
portion to the amount of contrast medium administered.
[0030] FIG. 2B illustrates a TIC C,,,, of an ultrasound
image of an object, and FIG. 2C illustrates the TIC C,,,,
and a fitting curve Cg; representing the tendency of the
TIC C, oy

[0031] Referring to FIG. 2B, the TIC C,,,, has time ton
an X-axis and an average of intensity values for each of
successive frames of an ultrasound image on a Y-axis.
In detail, the time t is shown on the X-axis of the TIC C,,,,
and represents the time during which the successive
frames of the ultrasound image generated by the ultra-
sound image processor 110 are arranged at a particular
samplinginterval (frames per second (FPS)). An average
of intensity values of pixels in each ultrasound image
frame with respect to the object in an ROl is shown on
the Y-axis. According to an embodiment, the TIC C,,,,
may be displayed on the display 300.

[0032] Referring to FIG. 2C, a fitting curve Cg; may be
shown on a graph together with a TIC C,,,. The fitting
curve Cg; may be a graph showing the tendency of the
TIC C,,, based on a predefined mathematical model.
According to an embodiment, the predefined mathemat-
ical model may include at least one of a polynomial mod-
el, exponential rise, gamma variant, and a sigmoidal
model. In one embodiment, the TIC C,,,, and the fitting
curve Cg; may be displayed on the display 300.

[0033] FIG. 2D illustrates a TIC C,,,, of an ultrasound
image with respect to an object included in an ROI, a
fitting curve Cy;, a difference value curve C 4 represent-
ing a difference betweenthe TIC C,,,, and the fitting curve
Cs, a threshold curve Cy,, and a time area curve (TAC)
C.req Quantitatively representing a size of the object over
time. In one embodiment, the TIC C,,,,, the fitting curve
Cst. the difference value curve Cg, the threshold curve
Cinh. and the TAC C,,4 may be displayed on the display
300.

[0034] Adifference value curve Cyis a graph showing
a difference between a TIC C,,,, of an ultrasound image
with respect to an object included in an ROI and a fitting
curve Cg; for each ultrasound image frame. A threshold
curve Cy, is a graph showing a threshold value for a dif-
ference for each ultrasound image frame. The threshold
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value may be calculated by using a preset calculation
method. In one embodiment, the threshold value may be
calculated as the sum of an average of differences for
each ultrasound image frame and a standard deviation
for the differences. In another embodiment, the threshold
value may be calculated as the sum of a value that is
twice the standard deviation for the differences and the
average of the differences. According to an embodiment,
the difference value curve Cy; and the threshold value
Cy, may be generated by the ultrasound image processor
110.

[0035] A TAC C,,, is a graph showing numerical val-
ues into which a size of an object included in an ROl is
converted for each frame of an ultrasound image with
respect to the object. In one embodiment, the ultrasound
image processor 110 may acquire a TAC C,,, by using
a tracking technique for tracking an edge of an object
such as a tumor. Since the tracking technique is known
to those of ordinary skill in the art, a detailed description
thereof will be omitted here.

[0036] Referring to FIG. 2D, a frame F1 at which a dif-
ference between a TIC C,,,, and a fitting curve exceeds
a threshold value may be included in a first time period
t1. It can be seen on the TAC C_,, that a size of the
object has decreased during the first time period t1. The
ultrasound image analyzer 120 may determine thata size
of the object included in an ROl has changed during the
firsttime period t1 and that the frame F1 of the ultrasound
image included in the first time period t1 contains infor-
mation about a defect. Referring to the difference value
curve Cy; for a second time period t2, it can be seen that
a difference between the TIC C,,, and the fitting curve
Cy exceeds a value on the threshold curve Cy,. Further-
more, a TAC C,4 does not change and remains con-
stant during the second time period t2. In this case, the
ultrasound image analyzer 120 may determine that the
object has deviated outside the ROI during the second
time period t2 and that a frame F2 of the ultrasound image
includedinthe secondtime period t2 contains information
about a defect.

[0037] FIG. 3 is a flowchart of a method of analyzing
an ultrasound image according to an embodiment.
[0038] The ultrasound diagnosis apparatus 1000 sets
an ROl in an ultrasound image (S310). According to an
embodiment, the ultrasound image processor 110 sets
anROlinan ultrasoundimage obtained by the ultrasound
transceiver. The ultrasound image processor 110 may
set an ROl in an object depicted in an ultrasound image
based on a user input received from the user input unit
200. However, embodiments are not limited thereto, and
the ultrasound image processor 110 may recognize an
object such as a tumor and automatically set an ROI
along an edge of the tumor.

[0039] The ultrasound diagnosis apparatus 1000 ac-
quires a TIC and a fitting curve for the ultrasound image
within the ROl (S320). In one embodiment, the ultra-
sound image processor 110 calculates an average of im-
age signal values, e.g., intensity values, for each ultra-
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sound image frame within the set ROl and generate a
TIC that is a graph showing the calculated average of
intensity values for frames of the ultrasound image. The
ultrasound image processor 110 also generates a fitting
curve representing the tendency of the TIC. According
to an embodiment, the ultrasound image processor 110
analyzes the tendency of the TIC based on a predefined
mathematical model and generate a fitting curve that is
a graph showing values corresponding to the analyzed
tendency for a frame of an ultrasound image.

[0040] The ultrasound diagnosis apparatus 1000 ana-
lyzes the type of movement of an object and a change
in size of the object based on a difference between the
TIC and the fitting curve (S330). In one embodiment, the
ultrasound image analyzer 120 may analyze, based on
a difference value curve representing a difference be-
tween the TIC and the fitting curve for each ultrasound
image frame, whether the object deviates outside the
ROI, whether the object moves periodically, whether a
size of the object changes, and whether an ultrasound
probe is not in contact with the object. According to an
embodiment, the ultrasound image analyzer 120 deter-
mines whether the difference between the TIC and fitting
curve exceeds a threshold value and determine a defec-
tive frame from among frames of the ultrasound image.
[0041] The ultrasound diagnosis apparatus 1000 dis-
plays a Ul configured to receive a user input for selecting
a frame of the ultrasound image related to the type of the
movement of the object or the change in size of the object
(S340). The user input unit 200 may receive a user input
for selecting a frame of the ultrasound image related to
the type of the movement of the object or the change in
size of the object. According to an embodiment, the user
input unit 200 may display a Ul configured to select a
frame of the ultrasound image related to at least one of
the type of the movement of the object or the change in
size of the object.

[0042] FIG. 4 illustrates a TIC C,,,, and a fitting curve
Cyt for an ultrasound image of an object according to an
embodiment.

[0043] Referring to FIG. 4, an X-axis represents time
during which frames of an ultrasound image are arranged
at a particular sampling interval (FPS), and a Y-axis rep-
resents a magnitude of image signal values for each ul-
trasound image frame. The TIC C,,,, representing an av-
erage of intensity values for each ultrasound image frame
and a fitting curve Cy; representing the tendency of the
TIC C,,,, based on a predefined mathematical model is
shown in FIG. 4. Furthermore, a difference value curve
Cgiff representing a difference between the TIC C,,,, and
the fitting curve Cg; for each ultrasound image frame and
a threshold curve Cy, representing a threshold value for
the difference is shown together in FIG. 4. In one em-
bodiment, the TIC C,,,,, the fitting curve Cg, the differ-
ence value curve Cy;, and the threshold curve Cy, may
be displayed together on the display 300 to allow the user
to easily analyze the ultrasound image based thereon.
[0044] As shown in FIG. 4, a difference between the
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TIC C,,,, and the fitting curve Cg; for a third time period
t3, i.e., a value on the difference value curve Cyy, ex-
ceeds a corresponding value on the threshold curve Cy,.
In one embodiment, the ultrasound image analyzer 120
may determine that an object has deviated outside an
ROI during the third time period t3. In other words, the
ultrasound image analyzer 120 may determine from
analysis_that intensity values of an ultrasound image
frame differ greatly from those of other adjacent ultra-
sound image frames, and determine the ultrasound im-
age frame F3 as being a defective frame in which_the
object has deviated outside the ROIl. A method, per-
formed by the ultrasound image analyzer 120, of analyz-
ing a deviation of an object away from an ROI will now
be described in more detail with reference to FIG. 5.
[0045] FIG. 5 is a flowchart of a method of analyzing
a defect in an ultrasound image by determining whether
an object has deviated away from an ROI, according to
an embodiment.

[0046] The ultrasound diagnosis apparatus 1000 ac-
quires a TIC and a fitting curve for an ultrasound image
within an ROI (S510). Since operations of setting an ROI
in an ultrasound image and generating a TIC and a fitting
curve based on intensity values of the ultrasound image
within the ROI, which are performed by the ultrasound
image processor 110, correspond to operations S310
and S320 described with reference to FIG. 3, the same
descriptions that are already provided above with respect
to FIG. 3 will be omitted below.

[0047] The ultrasound diagnosis apparatus 1000 cal-
culates a difference between the TIC and the fitting curve
(S520). In one embodiment, the ultrasound image ana-
lyzer 120 calculates a difference between the TIC and
the fitting curve for each ultrasound image frame and
generates a difference value curve representing the cal-
culated difference therebetween.

[0048] The ultrasound diagnosis apparatus 1000 de-
termines whether the calculated difference exceeds a
threshold value (S530). According to an embodiment,
the ultrasound image analyzer 120 compares a differ-
ence value curve for each ultrasound image frame with
a preset threshold curve to determine a frame in
which_the difference exceeds the threshold value. In this
case, the threshold value may be obtained based on an
average value obtained by dividing the sum of differences
for frames of the ultrasound image by the number of
frames and a standard deviation for the differences.
[0049] When itis determined that the calculated differ-
ence exceeds the threshold value for a frame of the ul-
trasound image, the ultrasound diagnosis apparatus
1000 determines that the frame has been captured when
the object deviates away from the ROI (S540). According
to an embodiment, when a difference value curve for a
frame of the ultrasound image is located above a thresh-
old curve, the ultrasound image analyzer 120 determines
that the object has deviated away from the ROI since
there is a large difference in intensity values for the ul-
trasound image within the ROI and thus determines the
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frame as a defective frame.

[0050] Whenitis determined that the calculated differ-
ence does not exceed the threshold value for a frame of
the ultrasound image, the ultrasound diagnosis appara-
tus 1000 determines that the frame has been captured
when the object is located within the ROI (S550).The
ultrasound diagnosis apparatus 1000. In one embodi-
ment, the ultrasound image analyzer 120 may determine
the frame of the ultrasound image at which the calculated
difference does not exceed the threshold value as a de-
fect-free frame.

[0051] FIGS. 6A through 6C are diagrams for explain-
ing setting of ROIs R1 and R2 in an ultrasound image
10A according to embodiments.

[0052] Referringto FIG. 6A, the ultrasound image 10A
generated by the ultrasound image processor 110 is dis-
played on the display 300. The ultrasound image proc-
essor 110 may set the ROI R1 in the ultrasound image
10A. In one embodiment, the user input unit 200 may
receive a user input for setting the ROl R1 in the ultra-
sound image 10A, and the ultrasound image processor
110 may set the ROI R1 in the ultrasound image 10A
based on the user input. A position, a shape, and a size
of the ROl R1 may be arbitrarily changed according to
the user input.

[0053] According to an embodiment, the ultrasound
image processor 110 may detect an object 10 such as a
tumor by using a tracking function and set the ROl R1
along an edge of the detected tumor. In one embodiment,
the ultrasound image processor 110 may set a plurality
of ROIs R1 in the ultrasound image 10A.

[0054] ReferringtoFIG.6B, the ultrasoundimage proc-
essor 110 may set an additional ROl R2 in the ultrasound
image 10A. The additional ROl R2 may be larger than
the preset ROI R1 and include the ROI R1. In one em-
bodiment, the ultrasound image processor 110 may au-
tomatically set the additional ROl R2 to be a region in-
cluding the initially set ROl R1. The additional ROI R2
may be wider than the ROl R1 by a particular amount.
When the ROI R1 and the additional ROl R2 have a cir-
cular shape as shown in FIG. 6B, the additional ROl R2
may be set to also have a circular shape with a diameter
greater than that of the ROl R2.

[0055] Inanother embodiment, the user input unit 200
may receive a user input for setting the additional ROI
R2 in the ultrasound image 10A, and the ultrasound im-
age processor 110 may set the additional ROl R2 with
respect to the object 10 in the ultrasound image 10A
based on the user input. The additional ROl R2 may be
set to be a region including the ROI R1, and may include
the object 10 to be observed by a user.

[0056] Referring to FIG. 6C, the ultrasound image
processor 110 may set an ROI R1’ and an additional ROI
R2’ to have a quadrilateral shape. The ultrasound image
processor 110 may automatically set the additional ROI
R2’ obtained by expanding the initially set ROl R1’by a
particular size. In one embodiment, the ultrasound image
processor 110 may automatically set the additional ROI
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R2’ to have a width that is greater than that of the ROI
R1’ by a first size a and a length that is greater than that
of the ROI R1’ by a second size b.

[0057] Inthe embodiments shownin FIGS. 6B and 6C,
the ultrasound image analyzer 120 may generate a TIC
for each ultrasound image frame 10A included in the ad-
ditional ROI R2 (R2’), and analyze whether the object 10
such as a tumor has changed by analyzing a change in
intensity values for the ultrasound image 10A with re-
spect to the additional ROl R2 (R2’) as will be described
in more detail with reference to FIG. 7.

[0058] FIG. 7 is a flowchart of a method of analyzing
a defective ultrasound image based on the analysis of
movement of an object or a change in size of the object,
according to an embodiment.

[0059] The ultrasound diagnosis apparatus 1000 sets
an additional ROl in an ultrasound image (S710). In one
embodiment, the user input unit 200 may receive a user
input for setting an additional ROI that is larger than and
includes an ROI, and the ultrasound image processor
110 may set the additional ROI based on the user input.
[0060] The ultrasound diagnosis apparatus 1000 ac-
quires a TIC for each frame of an ultrasound image in-
cluded in the additional ROI (S720). According to an em-
bodiment, the ultrasound image processor 110 may cal-
culate an average of intensity values for each ultrasound
image frame included in the additional ROI by converting
the intensity values into numerical values and generate
a TIC regarding the additional ROI based on the calcu-
lated average of intensity values. Since an operation of
generating a TIC corresponds to operation S320 de-
scribed with reference to FIG. 3 except for a size of the
ROI, the same descriptions already provided with respect
to FIG. 3 will be omitted below.

[0061] The ultrasound diagnosis apparatus 1000 de-
termines whether there is a change in intensity values
for the ultrasound image with respect to an object includ-
ed in an ROI (S730). According to an embodiment, the
ultrasound image analyzer 120 may generate a TIC rep-
resenting an average of intensity values for each ultra-
sound image frame with respect to an object included in
the ROI and analyze a change in intensity values for the
ultrasound image within the ROI based on the TIC.
[0062] The ultrasound diagnosis apparatus 1000 de-
termines whether there is a change in intensity values
for the ultrasound image with respect to the object includ-
ed in the additional ROI (S740). According to an embod-
iment, the ultrasound image analyzer 120 may generate
a TIC for each ultrasound image frame within the addi-
tional ROI and analyze a change in intensity values for
aframe of the ultrasound image included in the additional
ROI based on the TIC for the additional ROI.

[0063] When itis determined that there is a change in
the intensity values for the ultrasound image with respect
to the objectincluded in the additional ROI, the ultrasound
diagnosis apparatus 1000 determines that a size of the
object within the ROI has changed (S750). When it is
determined that there is a change in the intensity values
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for the ultrasound image with respect to the object includ-
ed in the ROI (S730) and that there is a change in the
intensity values for the ultrasound image with respect to
the object included in the additional ROI (S740), the ul-
trasound image analyzer 120 may determine that the size
of the object within the ROI has changed. In one embod-
iment, an ultrasound frame captured when the size of the
object changes may be a defective frame.

[0064] When the ultrasound diagnosis apparatus 1000
determines that there is no change in the intensity values
for the ultrasound image with respect to the object includ-
ed in the additional ROI but that there is a change in
intensity values for a frame of the ultrasound image in-
cluded in the ROI, the ultrasound diagnosis apparatus
1000 determines that the object has deviated away from
the ROI (S760). When it is determined that there is a
change in the intensity values for the ultrasound image
with respect to the object included in the ROI (S730) but
that there is no change in the intensity values for the
ultrasound image with respect to the object included in
the additional ROI (S740), the ultrasound image analyzer
120 may determine that the object has moved outside of
the ROI. In one embodiment, an ultrasound frame cap-
tured when the object deviates outside the ROI may be
a defective frame.

[0065] FIG. 8illustrates a TIC C,,,,, a fitting curve Cg;,
a difference value curve Cy, a threshold curve Cy,, and
a time area curve C,, for an ultrasound image of an
object, according to an embodiment. A TIC C,,, repre-
senting an average of intensity values for each frame of
an ultrasound image and a fitting curve Cg; representing
the tendency ofthe TIC C,,,, based on a predefined math-
ematical model may be shown in FIG. 8. Furthermore, a
difference value curve Cy representing a difference be-
tween the TIC C,,,, and the fitting curve Cg; for each ul-
trasound image frame, a threshold curve Cy, represent-
ing a threshold value for the difference, and a TAC C, ¢,
representing a size of the object for each ultrasound im-
age frame may be shown together in FIG. 8. In one em-
bodiment, the TIC C,,,,, the fitting curve Cg, the differ-
ence value curve Cg;, the threshold curve Cy,, and the
TAC C,,., may be displayed together on the display 300
to allow the user to easily analyze the ultrasound image
based thereon.

[0066] Referring to FIG. 8, a value on the difference
value curve C 4 exceeds a corresponding value on the
threshold curve Cy, during a fourth time period t4. In one
embodiment, a difference between the TIC C,,, and the
fitting curve Cg; corresponding to a first size Ad1 may
occur. Furthermore, the TAC C,, may fluctuate and
show a difference corresponding to a second size Ad2
during the fourth time period t4. The ultrasound image
analyzer 120 may detect that a value on the difference
value curve C 4 exceeds a threshold value for an ultra-
sound image frame F4 in the fourth time period t4 and
that the TAC C,,.5 has a value for the ultrasound image
frame F4 that is less than a value for its adjacent frame.
The ultrasound image analyzer 120 may analyze the ul-
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trasound image frame F4 as a frame captured when the
size of the object changes. In the embodiment shown in
FIG. 8, the ultrasound image analyzer 120 may deter-
mine that the size of the object has decreased at the
ultrasound image frame F4. A method of analyzing a
change in size of an object will now be described in detail
with reference to FIG. 9.

[0067] FIG. 9 is a flowchart of a method of analyzing
a defective ultrasound image based on the analysis of a
change in size of an object, according to an embodiment.
[0068] The ultrasound diagnosis apparatus 1000 sets
an additional ROl in an ultrasound image (S910). Since
an operation of setting an additional ROI corresponds to
operation S710 described with reference to FIG. 7, the
same descriptions already provided with reference to
FIG. 7 will be omitted here.

[0069] The ultrasound diagnosis apparatus 1000 ac-
quires a TAC for analyzing a size of an object included
in the additional ROI (S920). According to an embodi-
ment, the ultrasound image processor 110 may generate
a TAC as a graph showing numerical values into which
a size of the object included in the ROI is converted for
each ultrasound image frame. In one embodiment, the
TAC may be obtained by using a tracking technique for
tracking an edge of the object such as a tumor.

[0070] The ultrasound diagnosis apparatus 1000 de-
termines whether the TAC undergoes a change (S930).
The ultrasound image analyzer 120 may determine the
degree of change in the TAC. According to an embodi-
ment, when the TAC keeps a constant value across suc-
cessive frames of an ultrasound image and undergoes
a change to have a value exceeding the threshold value
at a specific frame, the ultrasound image analyzer 120
may detect the specific frame. According to an embodi-
ment, the ultrasound image analyzer may analyze a dif-
ference between a TIC and a fitting curve to detect a
frame of an ultrasound image at which the difference ex-
ceeds a predetermined threshold value and subsequent-
ly analyze a change in the degree of change in a TAC.
However, embodiments are not limited thereto, and the
ultrasound image analyzer 120 may simultaneously per-
form analyses to determine a difference between a TIC
and a fitting curve and the degree of change in a TAC.
[0071] The ultrasound diagnosis apparatus 1000 ana-
lyzes a change in the TAC and, when the change occurs
in the TAC, determines that the size of the object within
the additional ROI has changed (S940). According to an
embodiment, when the TAC keeps a constant value and
undergoes a change to have a value exceeding the
threshold value at a specific frame, the ultrasound image
analyzer 120 may analyze the change to determine that
the size of the object has changed at the specific frame.
The ultrasound image analyzer 120 may define the spe-
cific frame as a defective frame.

[0072] When the ultrasound diagnosis apparatus 1000
determines that the TAC undergoes no change, the ul-
trasound diagnosis apparatus 1000 determines that the
object has deviated away from the additional ROI (S950).
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Whenitis determined that the TAC undergoes no change
in the additional ROI, and in particular, at a frame of an
ultrasound image for which a difference between a TIC
and a fitting curve exceeds a threshold value, the ultra-
sound image analyzer 120 may determine that the object
has simply deviated away from the additional ROI. In
other words, the ultrasound image analyzer 120 may de-
termine that the size of the object does not change and
the object has deviated away from the ROI at the frame
of the ultrasound image. The ultrasound image analyzer
120 may define the frame of the ultrasound image in
which the object is determined to deviate away from the
ROI as a defective frame.

[0073] FIG. 10illustratesa TIC C,,,,, afitting curve Cg;,
a difference value curve C, and a threshold curve Cy,
for an ultrasound image for an object, according to an
embodiment.

[0074] ATIC C,,, representing an average of intensity
values for each frame of an ultrasound image and afitting
curve Cg; representing the tendency of the TIC C,,,
based on a predefined mathematical model may be
shown in FIG. 10. Furthermore, a difference value curve
Cqif representing a difference between the TIC C,,, and
the fitting curve Cg; for each ultrasound image frame and
a threshold curve Cy, representing a threshold value for
the difference may be shown together in FIG. 10. In one
embodiment, the TIC C,,,, the fitting curve Cg, the dif-
ference value curve Cgy, and the threshold curve Cy,
may be displayed together on the display 300.

[0075] In general, the TIC C,,, shows values increas-
ing over time according to a certain tendency, but may
intermittently indicate a value of 0 against the tendency
during the fifth time period t5 and the fifth’ time period t5'.
The ultrasound image analyzer 120 may detect a frame
at which the TIC has a value of 0 from among frames of
the ultrasound image. According to an embodiment, the
ultrasound image analyzer 120 may analyze a frame of
an ultrasound image at which the TIC has a value of 0
and determine the frame as a frame captured when an
ultrasound probe is not in contact with an object. In ex-
amination usinga CEUS image, an ultrasound probe may
not be in contact with the object due to movement of a
user holding the ultrasound probe or movement of an
examinee. When an ultrasound image is captured with
the ultrasound probe not being in contact with the object,
an ultrasound image of an object may not obtained, and
the captured ultrasound image may be a defective image
not suitable for the examination. In one embodiment, by
analyzing a TIC C,,,, and defining a frame of an ultra-
sound image having an intensity value of 0 as a defective
frame via the ultrasound image analyzer 120, it is possi-
ble to shorten the time required for examination using
the ultrasound image and increase reliability in the ex-
amination.

[0076] FIG. 11 is a flowchart of a method of analyzing
a defective ultrasound image by determining whether an
ultrasound probe is not in contact with an object.
[0077] The ultrasound diagnosis apparatus 1000 sets
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an ROl in an ultrasound image and acquires a TIC and
a fitting curve for the ROI (S1110). Since operations of
setting an ROl and generating a TIC and a fitting curve
respectively correspond to operations S310 and S320
described with reference to FIG. 3, the same descriptions
already provided with respect to FIG. 3 will be omitted
below.

[0078] The ultrasound diagnosis apparatus 1000 de-
termines a frame of the ultrasound image at which the
TIC has a value of 0 (S1120). In one embodiment, the
ultrasound image analyzer 120 may detect a frame of an
ultrasound image having an intensity value of 0 against
atendency of a TIC C,,.

The ultrasound diagnosis apparatus 1000 analyzes the
determined frame of ultrasound image as a frame cap-
tured when an ultrasound probe is not in contact with the
object (§1130). In one embodiment, the ultrasound im-
age analyzer 120 may analyze a TIC and define a frame
of an ultrasound image having an intensity value of 0 as
a defective frame.

[0079] FIG. 12illustratesa TIC C,,,, afitting curve Cg,
a difference value curve Cy, and a threshold curve Cy,
for an ultrasound image for an object, according to an
embodiment.

[0080] ATICC,,, representing an average of intensity
values for each frame of an ultrasound image and a fitting
curve Cg; representing the tendency of the TIC C,,,
based on a predefined mathematical model may be
shown in FIG. 12. Furthermore, a difference value curve
Cgiff representing a difference between the TIC C,,,, and
the fitting curve Cg; for each ultrasound image frame and
a threshold curve Cy, representing a threshold value for
the difference may be shown together in FIG. 12. In one
embodiment, the TIC C,,,,, the fitting curve Cg, the dif-
ference value curve Cgg, and the threshold curve Cy,
may be displayed together on the display 300.

[0081] The TIC C,,,, shown in FIG. 12 does not show
a certain tendency over time, i.e., with respect to succes-
sive frames of an ultrasound image but periodically
changes. A difference between the fitting curve Cg; rep-
resenting the tendency of the TIC C,,,, and the TIC C_,,,
does not also remain constant across successive frames
of the ultrasound image but periodically changes. In the
embodiment shown in FIG. 12, a difference between the
TIC C,,,, and the fitting curve Cq may exceed a threshold
value during a sixth time period t6, a sixth’ time period
t6’ and a sixth" time period t6". According to an embod-
iment, the ultrasound image analyzer 120 may analyze
whether a periodic movement of an object occurs by ex-
amining intensity values indicated in the TIC C,,, that
undergoes a periodic change in values and a periodic
change in a difference value curve C,,,, Cgi. For exam-
ple, when CEUS examination is performed after admin-
istration of contrast medium to an object, i.e., a tumor
located near a hepatic artery or the heart, the object (or
tumor) may periodically move due to a periodic move-
ment of the hepatic artery or beating of the heart. Since
such a periodic movement of the object causes a periodic
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changeinaTIC C,,,, the ultrasound image analyzer 120
may analyze the periodic change in the TIC C,, and
detect the periodic movement of the object based on the
periodic change in the TIC C,,,,. In this case, the periodic
movement of the object near the hepatic artery or the
heart is normal, and a frame of the ultrasound image at
which it is determined that the periodic movement of the
object occurs does not directly affect the result of the
CEUS examination. Thus, the ultrasound image analyzer
120 may not define the frame of the ultrasound image as
a defective frame.

[0082] FIG. 13isaflowchartofamethod of determining
whether movement of an object or a change in size of
the object occurs periodically, according to an embodi-
ment.

[0083] The ultrasound diagnosis apparatus 1000 sets
an ROl in an ultrasound image and acquires a TIC and
a fitting curve for an ultrasound image with respect to an
object included in the ROI (S1310). Since operations of
setting an ROI and generating a TIC and a fitting curve
respectively correspond to operations S310 and S320
described with reference to FIG. 3, the same descriptions
already provided with respect to FIG. 3 will be omitted
below.

[0084] The ultrasound diagnosis apparatus 1000 cal-
culates a difference between the TIC and the fitting curve
for each ultrasound image frame (S1320). In one embod-
iment, the ultrasound image analyzer 120 may generate
a difference value curve representing a difference be-
tween the TIC and the fitting curve for each ultrasound
image frame.

[0085] The ultrasound diagnosis apparatus 1000 de-
termines whether the difference occurs periodically for
each ultrasound image frame (S1330). According to an
embodiment, the ultrasound image analyzer 120 may de-
termine whether the difference between the TIC and the
fitting curve periodically exceeds a threshold value. Fur-
thermore, the ultrasound image analyzer 120 may deter-
mine a change pattern in which the TIC periodically
changes.

[0086] The ultrasound diagnosis apparatus 1000 de-
termines thata movementora change in size of the object
in the ROI periodically occurs (S1340). According to an
embodiment, when a difference between the TIC and the
fitting curve periodically changes or when the TIC has a
pattern in which it periodically changes, the ultrasound
image analyzer 120 may determine that the object in the
ROI periodically moves or its size periodically changes.
According to an embodiment, when it is determined that
movement or a change in size of the object periodically
occurs, the ultrasound image analyzer 120 may not de-
fine frames of the ultrasound image obtained by perform-
ing ultrasound imaging of the object as defective frames.
[0087] FIG. 14 illustrates a Ul configured to receive a
user input for selecting a frame of an ultrasound image
related to a movement of an object and a change in size
of the object, according to an embodiment.

[0088] Referring to FIG. 14, the display 300 is divided
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into first through third regions 310, 320, and 330. First
through fourth Uls 311 through 314 configured to select
atleast one of the type of movement of an object included
in an ROI R1 and a change in size of the object, both of
which are analyzed by the ultrasound image analyzer
120, may be displayed in the first region 310. Ultrasound
images 10A and 10B of the object may be displayed in
the second region 320. ATIC C,,,, and a fitting curve Cg;
for each frame of an ultrasound image with respect to
the object included in the ROl R1 may be displayed in
the third region 330.

[0089] The first through fourth Uls 311 through 314
configured to receive a user input for selecting at least
one of a periodic movement of the object in the ROI R1,
a non-contact between an ultrasound probe and the ob-
ject, a deviation of the object away from the ROI R1, and
a change in size of the object may be displayed in the
first region 310. According to an embodiment, the user
input unit 200 displays the first through fourth Uls 311
through 314. According to an embodiment, the user input
unit 200 may be a touch screen configured to receive a
user touch input or may be formed integrally with the
display 300. According to an embodiment, the first
through fourth Uls 311 through 314 may be GUIs. In de-
tail, the first through fourth Uls 311 through 314 may be
configured to respectively receive user inputs related to
a periodic movement of the object, a non-contact be-
tween an ultrasound probe and the object, a deviation of
the object away from the ROI R1, and a change in size
of the object.

[0090] When a user input for selecting at least one of
the first through fourth Uls 311 through 314 displayed in
the first region 310 is received, a frame of an ultrasound
image related to at least one of the type of movement of
the object and a change in size of the object may be
displayed in the second region 320. When a user input
for selecting the fourth Ul 314 displayed in the firstregion
310 is received, frames F7A and F7B of an ultrasound
image captured when a size of the object changes from
among successive frames of the ultrasound image with
respect to the object included in the ROI R1 may be dis-
played in the second region 320 based on the user input.
Furthermore, in the embodiment, when the user input for
selecting the fourth Ul 314 is received, a position of the
frame F7 captured when the size of the object changes,
which is displayed based on the user input, and a time
period t7 when the frame F7 is captured may be displayed
in the third region 330. The position of the frame F7 and
the time interval t7 may be displayed in the third region
330 to overlap the TIC C,,,,. Similarly, when a user input
for selecting the third Ul 313 is received, a frame F8 of
the ultrasound image captured when the object deviates
away from the ROI R1 may be displayed in the second
region 320 based on the user input. Furthermore, a po-
sition of the frame F8 related to deviation of the object
and a time period t8 when the frame F8 is captured may
be displayed in the third region 330.

[0091] Each of the first through fourth Uls 311 through
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314 displayed in the first region 310 may be activated
when a frame of the ultrasound image related to each of
the first through fourth Uls is detected. According to an
embodiment, the first Ul 311 may be a GUI configured
to receive a user input related to a periodic change in
size of the object in the ROl R1 and may be deactivated
when the periodic change in size of the object is not de-
tected by the ultrasound image analyzer 120. Similarly,
the second Ul 312 may be a GUI configured to receive
a user input related to a non-contact between the ultra-
sound probe and the object, and may be deactivated
when a frame of the ultrasound image captured when
the ultrasound probe is not in contact with the object is
not detected by the ultrasound image analyzer 120.
[0092] According to an embodiment, the ultrasound
images 10A and 10B may be a CEUS image and a B
mode ultrasound image, respectively, and may be dis-
played simultaneously in the second region 320. How-
ever, embodiments are not limited thereto, and only the
ultrasound image 10A that is a CEUS image may be dis-
played in the second region 320.

[0093] According to an embodiment, in examination
usinga CEUS image, the ultrasound diagnosis apparatus
1000 detects, based on a difference betweena TIC C,,,,
and a fitting curve Cg; for each frame of an ultrasound
image, a defective frame of the ultrasound image gener-
ated due to a movement of the object in the ROI R1, a
change in size of the object, and a non-contact between
the object and an ultrasound probe and display the de-
tected defective frame, thereby allowing the user to easily
delete the defective frame. This configuration may short-
en the time required for the examination and increase
reliability and robustness in examination results. Further-
more, according to an embodiment, by analyzing a de-
viation of an object such as a tumor, a periodic movement
of the tumor, a change in size of the tumor, and non-
contact between the tumor and an ultrasound probe and
providing a Ul configured to receive a user input for se-
lecting at least one of the analyzed type of movement of
the tumor and change in size of the tumor, it is possible
for a user to directly select or delete a defective frame
and thus increase user convenience.

[0094] FIG. 15is a flowchart of a method of displaying
a frame of an ultrasound image based on a user input
for selecting a frame of an ultrasound image related to
the type of a movement of an object and a change in size
of the object, according to an embodiment.

[0095] The ultrasound diagnosis apparatus 1000 sets
an ROl in an ultrasound image and acquires a TIC and
afitting curve for each ultrasound image frame in the ROI
(S1510). Since operations of setting an ROl and gener-
ating a TIC and a fitting curve respectively correspond
to operations S310 and S320 described with reference
to FIG. 3, the same descriptions already provided with
respect to FIG. 3 will be omitted below.

[0096] The ultrasound diagnosis apparatus 1000 ana-
lyzes the type of a movement of an object and a change
in size of the object based on a difference between the
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TIC and the fitting curve (S1520). According to an em-
bodiment, the ultrasound image analyzer 120 may ana-
lyze, based on a difference value curve representing a
difference between the TIC and the fitting curve for each
ultrasound image frame, a deviation of the object away
from the ROI, a periodic movement of the object, a
change in size of the object, and non-contact between
an ultrasound probe and the object. According to an em-
bodiment, the ultrasound image analyzer 120 may de-
termine whether a difference between the TIC and the
fitting curve exceeds a threshold value and determine a
defective frame from among frames of the ultrasound
image.

[0097] The ultrasound diagnosis apparatus 1000 re-
ceives a user input for selecting a frame of the ultrasound
image in which atleast one of the movement of the object
and the change in size of the object occur (S1530). Ac-
cording to an embodiment, the user input unit 200 may
receive a user input for selecting frames of the ultrasound
image related to the type of movement of the object and
a change in size of the object that are analyzed by the
ultrasound image analyzer 120. According to an embod-
iment, the user input unit 200 may display a GUI config-
ured to receive a user input for selecting a frame of the
ultrasound image related to at least one of a movement
of the object in the ROI, a change in size of the object, a
periodic movement of the object, and a non-contact be-
tween the ultrasound probe and the object. According to
an embodiment, the GUI may be displayed on the display
300.

[0098] The ultrasound diagnosis apparatus 1000 dis-
plays the frame of the ultrasound image related to the
movement of the object and the change in size of the
object based on the user input (S1540). According to an
embodiment, when a user input for selecting a frame of
the ultrasound image related to at least one of movement
of the object, a change in size of the object, a periodic
movement of the object, and a non-contact between the
ultrasound probe and the object is received, the display
300 may display the frame of the ultrasound image re-
lated to the at least one based on the user input. Further-
more, the frame of the ultrasound image related to the
movement of the object and the change in size of the
object may be displayed together with a TIC and a fitting
curve. According to an embodiment, a position of the
frame of the ultrasound image may be displayed to over-
lap the TIC.

[0099] FIG. 16 is a block diagram of a configuration of
an ultrasound diagnosis apparatus 1000’ according to an
embodiment. Referring to FIG. 16, the ultrasound diag-
nosis apparatus 1000 may include a probe 20, an ultra-
sound transceiver 1100, an image processor 1200, a
communication module 1300, a display 1400, a memory
1500, an input device 1600, and a controller 1700, which
may be connected to one another via buses 1800. The
ultrasound diagnosis apparatus 1000 of FIG. 1 may in-
clude the same components as those of the ultrasound
diagnosis apparatus 1000’ of FIG. 16. According to an
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embodiment, the image processor 1200, the input device
1600, and the display 1400 may respectively correspond
to the ultrasound image processor 110, the user input
unit 200, and the display 300 described with reference
to FIG. 1.

[0100] The ultrasound diagnosis apparatus 1000’ may
be a cart type apparatus or a portable type apparatus.
Examples of portable ultrasound diagnosis apparatuses
may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smart-
phone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0101] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
reflected by the object 10. The probe 20 includes a plu-
rality of transducers, and the plurality of transducers os-
cillate inresponse to electric signals and generate acous-
tic energy, that is, ultrasound waves. Furthermore, the
probe 20 may be connected to the main body of the ul-
trasound diagnosis apparatus 1000 by wire or wirelessly,
and according to embodiments, the ultrasound diagnosis
apparatus 1000 may include a plurality of probes 20.
[0102] A transmitter 1110 supplies a driving signal to
the probe 20. The transmitter 110 includes a pulse gen-
erator 1112, a transmission delaying unit 1114, and a
pulser 1116. The pulse generator 1112 generates pulses
for forming transmission ultrasound waves based on a
predetermined pulse repetition frequency (PRF), and the
transmission delaying unit 1114 delays the pulses by de-
lay times necessary for determining transmission direc-
tionality. The pulses which have been delayed corre-
spond to a plurality of piezoelectric vibrators included in
the probe 20, respectively. The pulser 1116 applies a
driving signal (or a driving pulse) to the probe 20 based
on timing corresponding to each of the pulses which have
been delayed.

[0103] A receiver 1120 generates ultrasound data by
processing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-
to-digital converter (ADC) 1124, areception delaying unit
1126, and a summing unit 1128. The amplifier 1122 am-
plifies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 1126
delays digital echo signals output by the ADC 1124 by
delay times necessary for determining reception direc-
tionality, and the summing unit 1128 generates ultra-
sound data by summing the echo signals processed by
the reception delaying unit 1126. In some embodiments,
the receiver 1120 may not include the amplifier 1122. In
other words, if the sensitivity of the probe 20 or the ca-
pability of the ADC 1124 to process bits is enhanced, the
amplifier 1122 may be omitted.

[0104] The image processor 1200 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 1100. The ultrasound
image may be not only a grayscale ultrasound image
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obtained by scanning an objectin an amplitude (A) mode,
a brightness (B) mode, and a motion (M) mode, but also
a Doppler image showing a movement of an object via
a Doppler effect. The Dopplerimage may be a blood flow
Doppler image showing flow of blood (also referred to as
a color Doppler image), a tissue Doppler image showing
a movement of tissue, or a spectral Doppler image show-
ing a moving speed of an object as a waveform.

[0105] A B mode processor 1212 extracts B mode
components from ultrasound data and processes the B
mode components. An image generator 1220 may gen-
erate an ultrasound image indicating signal intensities as
brightness based on the extracted B mode components
1212.

[0106] Similarly, a Doppler processor 1214 may ex-
tract Doppler components from ultrasound data, and the
image generator 1220 may generate a Doppler image
indicating a movement of an object as colors or wave-
forms based on the extracted Doppler components.
[0107] According to an embodiment, the image gener-
ator 1220 may generate a three-dimensional (3D) ultra-
sound image via volume-rendering with respect to vol-
ume data and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure.
Furthermore, the image generator 1220 may display var-
ious pieces of additional information in an ultrasound im-
age by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 1500.
[0108] A display 1400 displays the generated ultra-
sound image. The display 1400 may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 1000’
on a screen image via a graphical user interface (GUI).
In addition, the ultrasound diagnosis apparatus 1000’
may include two or more displays 1400 according to em-
bodiments.

[0109] The communication module 1300 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 1300 may exchange data with a hospital server or
another medical apparatus in a hospital, which is con-
nected thereto via a PACS. Furthermore, the communi-
cation module 1300 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0110] The communication module 1300 may transmit
or receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of
the object, via the network 30 and may also transmit or
receive medical images captured by another medical ap-
paratus, e.g., a computed tomography (CT) apparatus,
a magnetic resonance imaging (MRI) apparatus, or an
X-ray apparatus. Furthermore, the communication mod-
ule 1300 may receive information about a diagnosis his-
tory or medical treatment schedule of a patient from a
server and utilizes the received information to diagnose
the patient. Furthermore, the communication module
1300 may perform data communication not only with a
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server or a medical apparatus in a hospital, but also with
a portable terminal of a medical doctor or patient.
[0111] The communication module 1300 is connected
to the network 30 by wire or wirelessly to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communication module 1300 may in-
clude one or more components for communication with
external devices. For example, the communication mod-
ule 1300 may include alocal area communication module
1310, a wired communication module 1320, and a mobile
communication module 1330.

[0112] The local area communication module 1310 re-
fers to a module for local area communication within a
predetermined distance. Examples of local area commu-
nication techniques according to an embodiment may
include, but are not limited to, wireless LAN, Wi-Fi, Blue-
tooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0113] The wired communication module 1320 refers
to a module for communication using electric signals or
optical signals. Examples of wired communication tech-
niques according to an embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0114] The mobile communication module 1330 trans-
mits or receives wireless signals to or from at least one
selected from a base station, an external terminal, and
a server on a mobile communication network. The wire-
less signals may be voice call signals, video call signals,
or various types of data for transmission and reception
of text/multimedia messages.

[0115] The memory 1500 stores various data proc-
essed by the ultrasound diagnosis apparatus 1000’. For
example, the memory 1500 may store medical data re-
lated to diagnosis of an object, such as ultrasound data
and an ultrasound image that are input or output, and
may also store algorithms or programs which are to be
executed in the ultrasound diagnosis apparatus 1000’.
[0116] The memory 1500 may be any of various stor-
age media, e.g., a flash memory, a hard disk drive, EEP-
ROM, etc. Furthermore, the ultrasound diagnosis appa-
ratus 1000’ may utilize web storage or a cloud server that
performs the storage function of the memory 1500 online.
[0117] The input device 1600 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 1000’. The input device 1600 may
include hardware components, such as a keypad, a
mouse, a touch pad, a touch screen, and a jog switch.
However, embodiments are not limited thereto, and the
inputdevice 1600 may furtherinclude any of various other
input units including an electrocardiogram (ECG) meas-
uring module, a respiration measuring module, a voice
recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, etc.

[0118] The controller 1700 may control all operations
of the ultrasound diagnosis apparatus 1000’. In other
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words, the controller 1700 may control operations among
the probe 20, the ultrasound transceiver 1100, the image
processor 1200, the communication module 1300, the
display 1400, the memory 1500, and the input device
1600 shown in FIG. 16.

[0119] All or some of the probe 20, the ultrasound
transceiver 1100, the image processor 1200, the com-
munication module 1300, the display 1400, the memory
1500, the input device 1600, and the controller 1700 may
be implemented as software modules. Also, at least one
of the ultrasound transmission/reception unit 1100, the
image processor 1200, and the communication module
1300 may be included in the control unit 1700; however,
the inventive concept is not limited thereto.

[0120] FIG. 17 is a block diagram showing a configu-
ration of a wireless probe 2000 according to an embod-
iment. As described above with reference to FIG. 16, the
wireless probe 2000 may include a plurality of transduc-
ers, and, according to embodiments, may include some
or all of the components of the ultrasound transceiver
2100 shown in FIG. 16.

[0121] The wireless probe 2000 according to the em-
bodiment shown in FIG. 17 includes a transmitter 2100,
a transducer 2200, and a receiver 2300. Since descrip-
tions thereof are given above with reference to FIG. 16,
detailed descriptions thereof will be omitted here. In ad-
dition, according to embodiments, the wireless probe
2000 may selectively include a reception delaying unit
2330 and a summing unit 2340.

[0122] The wireless probe 2000 may transmit ultra-
sound signals to the object 10, receive echo signals from
the object 10, generate ultrasound data, and wirelessly
transmit the ultrasound data to the ultrasound diagnosis
apparatus 1000’ shown in FIG. 16.

[0123] The embodiments of the present disclosure
may be written as computer programs and may be im-
plemented in general-use digital computers that execute
the programs using a non-transitory computer-readable
recording medium.

[0124] Examples of the non-transitory computer-read-
able recording medium include magnetic storage media
(e.g., ROM, floppy disks, hard disks, etc.), optical record-
ing media (e.g., CD-ROMs, or DVDs), etc.

Claims

1. An ultrasound diagnosis apparatus (1000) for ana-
lyzing a contrast enhanced ultrasound image with
respect to an object to which an ultrasound contrast
medium has been administered, the contrast en-
hanced ultrasound image being obtained by trans-
mitting ultrasound waves to the object and receiving
echo signals reflected from the object, the ultrasound
diagnosis apparatus comprising:

anultrasound image processor (110) configured
to set aregion of interest (ROI) in the ultrasound
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image and acquire a time intensity curve repre-
senting an intensity value for each of ultrasound
image frames in the set ROI and a fitting curve
representing a tendency of the time intensity
curve according to a preset mathematical mod-
el; a user input unit (200) configured to display
a user interface that receives a user input, char-
acterized by an ultrasound image analyzer
(120) configured to calculate a difference be-
tween the time intensity curve and the fitting
curve for each of the ultrasound image frames;
and is further configured to determine a defec-
tive frame from among the ultrasound image
frames when the calculated difference exceeds
a threshold value for a frame, and

the user input unit (200) is further configured to
display a graphical user interface (GUI) related
to the defective frame.

The ultrasound diagnosis apparatus of claim 1,
wherein the ultrasound image analyzer (120) detects
a frame generated by at least one case of a simple
movement that is a temporary deviation of the object
away from the ROI, a periodic movement that is a
periodic deviation of the object away from the ROI,
and the change in size of the object in the ROI, and
determine the detected frame as the defective frame.

The ultrasound diagnosis apparatus of claim 1,
wherein the ultrasound image analyzer (120) recog-
nizes a state in which an ultrasound probe is not in
contact with the object.

The ultrasound diagnosis apparatus of claim 1,
wherein the user input unit (200) displays the graph-
ical user interface (GUI) corresponding to a type of
the defective frame, wherein the graphical user in-
terface (GUI) includes a first GUI relating to a frame
where movement of the object is detected, a second
GUI relating to a frame where a change in size of
the object is detected, and a third GUI relating to a
frame where non-contact between an ultrasound
probe and the object is detected.

The ultrasound diagnosis apparatus of claim 1, fur-
ther comprising a display (300) configured to display
the defective frame of the ultrasound image.

The ultrasound diagnosis apparatus of claim 1,
wherein the ultrasound image processor (110) sets
an additional ROI, which is larger than and includes
the ROI, in the ultrasound image, and

wherein the ultrasound image analyzer (120) ac-
quires a time intensity curve for each ultrasound im-
age frame within the additional ROl and analyzes a
change in intensity values of the ultrasound image
within the additional ROl based on the acquired time
intensity curve for the additional ROI.
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A method of analyzing an ultrasound image with re-
spect to an object to which an ultrasound contrast
medium has been administered, the ultrasound im-
age being obtained by transmitting ultrasound waves
to the object and receiving echo signals reflected
from the object, the method comprising: displaying
a user interface configured to receive a user input;
setting a region of interest (ROI) in the ultrasound
image;

acquiring a time intensity curve representing an av-
erage of intensity values for each of ultrasound im-
age frames in the set ROl and a fitting curve repre-
senting a tendency of the time intensity curve ac-
cording to a preset mathematical model; the method
characterized by calculating a difference between
the time intensity curve and the fitting curve for each
of the ultrasound image frames; determining a de-
fective frame from among the ultrasound image
frames when the calculated difference exceeds a
threshold value for a frame, and wherein the display-
ing the user interface comprises displaying graphical
user interface (GUI) related to the defective frame.

The method of claim 7, further comprising:
displaying, based on the received user input, the de-
fective frame of the ultrasound image.

The method of claim 7, wherein the determining the
defective frame comprising:

detecting aframe generated by atleastone case
of a simple movement that is a temporary devi-
ation of the object away from the ROI, a periodic
movement that is a periodic deviation of the ob-
ject away from the ROI, and the change in size
of the object in the ROI; and

defining the detected frame as the defective
frame.

The method of claim 7, wherein the determining the
defective frame comprises detecting a frame gener-
ated in case thatan ultrasound probe is not in contact
with the object.

The method of claim 7, wherein the threshold value
is determined based on an average of differences
between the time intensity curve and the fitting curve
for frames of the ultrasound image and a standard
deviation of the differences.

The method of claim 7 further comprising:

setting an additional ROI, which is larger than
and includes the ROI, in the ultrasound image;
acquiring a time intensity curve for each ultra-
sound image frame included in the additional
ROI; and

analyzing a change in intensity values of the ul-
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trasound image included in the additional ROI
based on the acquired time intensity curve for
the additional ROI.

13. The method of claim 7, wherein the displaying of the

user interface comprises displaying a position of the
defective frame in such a manner as to overlap the
time intensity curve.

Patentanspriiche

1.

Ultraschalldiagnosevorrichtung (1000) zur Analyse
eines kontrastverstarkten Ultraschallbildes in Bezug
aufein Objekt, dem ein Ultraschallkontrastmittel ver-
abreicht wurde, wobei das kontrastverstarkte Ultra-
schallbild erhalten wird mittels Senden von Ultra-
schallwellen auf das Objekt und Empfangen von von
dem Objekt reflektierten Echosignalen, wobei die UI-
traschalldiagnosevorrichtung Folgendes umfasst:

einen Ultraschallbildprozessor (110), der dazu
konfiguriert ist, eine Region von Interesse (ROI,
Region Of Interest) in dem Ultraschallbild ein-
zustellen und eine Zeit-Intensitats-Kurve zu er-
fassen, die einen Intensitatswert fir jedes der
Einzelbilder des Ultraschallbildes in der einge-
stellten ROI darstellt, sowie eine Anpassungs-
kurve zu erfassen, die eine Tendenz der Zeit-
Intensitats-Kurve gemaf einem vorgegebenen
mathematischen Modell darstellt; und

eine Benutzereingabeeinheit (200), die dazu
konfiguriert ist, eine Benutzeroberflache anzu-
zeigen, die eine Benutzereingabe empfangt;
gekennzeichnet durch:

eine Ultraschallbildanalyseeinrichtung
(120), die dazu konfiguriert ist, furr jedes der
Einzelbilder des Ultraschallbildes eine Dif-
ferenz zwischen der Zeit-Intensitats-Kurve
und der Anpassungskurve zu berechnen,
und weiterhin dazu konfiguriert ist, ein feh-
lerbehaftetes Einzelbild unter den Einzelbil-
dern des Ultraschallbildes zu bestimmen,
wenn die berechnete Differenz einen
Schwellenwert fir ein Einzelbild Uber-
schreitet, und

wobei die Benutzereingabeeinheit (200)
weiterhin dazu konfiguriert ist, eine grafi-
sche Benutzeroberflache (GUI, Graphical
User Interface) in Verbindung mit dem feh-
lerbehafteten Einzelbild anzuzeigen.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
wobei die Ultraschallbildanalyseeinrichtung (120)
ein Einzelbild erkennt, das im Falle wenigstens eines
der Folgenden erzeugt wurde: einer einfachen Be-
wegung, bei der es sich um eine voriibergehende
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Abweichung des Objekts von der ROl handelt, einer
periodischen Bewegung, bei der es sich um eine pe-
riodische Abweichung des Objekts von der ROl han-
delt, und einer Anderung der GroRe des Objekts in
der ROI, und die Ultraschallbildanalyseeinrichtung
das erkannte Einzelbild als das fehlerbehaftete Ein-
zelbild bestimmt.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
wobei die Ultraschallbildanalyseeinrichtung (120) ei-
nen Zustand erkennt, in dem eine Ultraschallsonde
nicht mit dem Objekt in Berlihrung ist.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
wobei die Benutzereingabeeinheit (200) die grafi-
sche Benutzeroberflaiche (GUI, Graphical User In-
terface) entsprechend einer Art des fehlerbehafteten
Einzelbildes anzeigt, wobei die grafische Benutzero-
berflache (GUI, Graphical User Interface) Folgendes
aufweist: eine erste GUI in Verbindung mit einem
Einzelbild, in dem eine Bewegung des Objektes er-
kannt wird, eine zweite GUl in Verbindung mit einem
Einzelbild, in dem eine GréRenveranderung des Ob-
jektes erkannt wird, und eine dritte GUI in Verbin-
dung mit einem Einzelbild, in dem eine fehlende Be-
rihrung der Ultraschallsonde mit dem Objekt er-
kannt wird.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
die weiterhin eine Anzeige (300) umfasst, die dazu
konfiguriertist, das fehlerbehaftete Einzelbild des Ul-
traschallbildes anzuzeigen.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
wobei der Ultraschallbildprozessor (110) eine zu-
satzliche ROI, die gréRer als die ROl ist und diese
enthéalt, in dem Ultraschallbild einstellt, und wobei
die Ultraschallbildanalyseeinrichtung (120) eine
Zeit-Intensitats-Kurve flr jedes Einzelbild des Ultra-
schallbildes innerhalb der zusatzlichen ROI erfasst
und eine Veranderung bei den Intensitatswerten des
Ultraschallbildes innerhalb der zusatzlichen ROl ba-
sierend auf der erfassten Zeit-Intensitats-Kurve fir
die zuséatzliche ROI analysiert.

Verfahren zur Analyse eines Ultraschallbildes in Be-
zug auf ein Objekt, dem ein Ultraschallkontrastmittel
verabreicht wurde, wobei das Ultraschallbild erhal-
ten wird mittels Senden von Ultraschallwellen auf
das Objekt und Empfangen von von dem Objekt re-
flektierten Echosignalen, wobei das Verfahren Fol-
gendes umfasst:

Anzeigen einer Benutzeroberflache, die dazu
konfiguriert ist, eine Benutzereingabe zu emp-
fangen;

Einstellen einer Region von Interesse (ROI, Re-
gion Of Interest) in dem Ultraschallbild;
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8.

10.

1.

30

Erfassen einer Zeit-Intensitats-Kurve, die einen
Durchschnitt von Intensitatswerten fiir jedes
Einzelbild des Ultraschallbildes in der eingestell-
ten ROI darstellt, und einer Anpassungskurve,
die eine Tendenz der Zeit-Intensitats-Kurve ge-
mal einem vorgegebenen mathematischen
Modell darstellt;

wobei das Verfahren
durch:

gekennzeichnet ist

Berechnen einer Differenz zwischen der
Zeit-Intensitats-Kurve und der Anpas-
sungskurve fir jedes der Einzelbilder des
Ultraschallbildes; und

Bestimmen eines fehlerbehafteten Einzel-
bildes unter den Einzelbildern des Ultra-
schallbildes, wenn die berechnete Differenz
einen Schwellenwert fiir ein Einzelbild tiber-
schreitet,

wobei das Anzeigen der Benutzeroberfla-
che ein Anzeigen einer grafischen Benut-
zeroberflache (GUI, Graphical User Inter-
face) in Verbindung mit dem fehlerbehafte-
ten Einzelbild umfasst.

Verfahren nach Anspruch 7, das weiterhin Folgen-
des umfasst:

Anzeigen des fehlerbehafteten Einzelbildes des Ul-
traschallbildes basierend auf der empfangenen Be-
nutzereingabe.

Verfahren nach Anspruch 7, wobei das Bestimmen
des fehlerbehafteten Einzelbildes Folgendes um-
fasst:

Erkennen eines Einzelbildes, das im Falle we-
nigstens eines der Folgenden erzeugt wurde:
einer einfachen Bewegung, bei der es sich um
eine voribergehende Abweichung des Objekts
von der ROI handelt, einer periodischen Bewe-
gung, bei der es sich um eine periodische Ab-
weichung des Objekts von der ROl handelt, und
einer Anderung der GréRe des Objekts in der
ROI; und

Definieren des erkannten Einzelbildes als das
fehlerbehaftete Einzelbild.

Verfahren nach Anspruch 7, wobei das Bestimmen
des fehlerbehafteten Einzelbildes Folgendes um-
fasst: Erkennen eines Einzelbildes, das erzeugt wur-
de, wahrend eine Ultraschallsonde nicht mitdem Ob-
jekt in Bertihrung war.

Verfahren nach Anspruch 7, wobei der Schwellen-
wert bestimmt wird basierend auf einem Durch-
schnitt von Differenzen zwischen der Zeit-Intensi-
tats-Kurve und der Anpassungskurve fir Einzelbil-
der des Ultraschallbildes und einer Standardabwei-
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chung der Differenzen.

12. Verfahren nach Anspruch 7, das weiterhin Folgen-

des umfasst:

Einstellen einer zusatzlichen ROI in dem Ultra-
schallbild, die groRer als die ROl ist und diese
enthélt;

Erfassen einer Zeit-Intensitats-Kurve fiir jedes
in der zusatzlichen ROI enthaltene Ultraschal-
leinzelbild; und

Analysieren einer Veranderung bei den Intensi-
tatswerten des in der zusatzlichen ROI enthal-
tenen Ultraschalleinzelbildes basierend auf der
erfassten Zeit-Intensitats-Kurve fiir die zusatz-
liche ROL.

13. Verfahrennach Anspruch 7, wobeidas Anzeigender

Benutzeroberflache das Anzeigen einer Position des
fehlerbehafteten Einzelbildes derart, dass es die
Zeit-Intensitats-Kurve Gberlappt, umfasst.

Revendications

Dispositif diagnostique par échographie (1000) pour
analyser une image échographique de contraste
concernant un objet auquel a été administré un mi-
lieu de contraste pour échographie, I'image écho-
graphique de contraste étant obtenue par émission
d’'ondes ultrasonores vers I'objet et réception de si-
gnaux d’écho réfléchis par I'objet, le dispositif dia-
gnostique par échographie comprenant :

un processeur d’image échographique (110)
congu pour établir une région d’intérét (ROI, re-
gion of interest) sur I'image échographique et
pour acquérir une courbe temps-intensité, re-
présentant une valeur d’intensité pour chacune
des trames de l'image échographique dans la
ROI établie, et une courbe d’ajustement repré-
sentant une tendance de la courbe temps-inten-
sité selon un modéle mathématique prédéfini, et
une unité d’entrée utilisateur (200) congue pour
afficher une interface utilisateur qui recoit une
entrée utilisateur ;

caractérisé par :

un analyseur d'image échographique (120)
qui est congu pour calculer une différence
entre la courbe temps-intensité et la courbe
d’ajustement pour chacune des trames de
limage échographique, et est congu en
outre pour déterminer une trame défectueu-
se parmi les trames de I'image échographi-
que lorsque le calcul de la différence dépas-
se une valeur seuil relativement a une
trame ;
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ladite unité d’entrée utilisateur (200) étant
congue en outre pour afficher une interface
utilisateur graphique (GUI, graphical user
interface) en lien avec la trame défectueu-
se.

Dispositif diagnostique par échographie selon la re-
vendication 1, dans lequel I'analyseur d’'image écho-
graphique (120) détecte une trame générée en cas
de simple mouvement consistant en une déviation
temporaire de I'objet par rapport a la ROI, de mou-
vement périodique consistant en une déviation pé-
riodique del'objet parrapportala ROI, et/ou de chan-
gement de taille de I'objet présent dans la ROI, et
détermine la trame détectée en tant que trame dé-
fectueuse.

Dispositif diagnostique par échographie selon la re-
vendication 1, dans lequel I'analyseur d’'image écho-
graphique (120) reconnait un état hors contact entre
une sonde a ultrasons et I'objet.

Dispositif diagnostique par échographie selon la re-
vendication 1, dans lequel I'unité d’entrée utilisateur
(200) affiche linterface utilisateur graphique (GUI,
graphical user interface) correspondant a un type de
trame défectueuse, ladite interface utilisateur gra-
phique (GUI, graphical user interface) comprenant
une premiére GUI en lien avec une trame ou un mou-
vement de I'objet a été détecté, une deuxieme GUI
en lien avec une trame ou un changement de taille
de I'objet a été détecté, et une troisieme GUI en lien
avec une trame ou une absence de contact entre
une sonde a ultrasons et I'objet a été détecté.

Dispositif diagnostique par échographie selon la re-
vendication 1, comprenant en outre un écran (300)
congu pour afficher la trame défectueuse de I'image
échographique.

Dispositif diagnostique par échographie selon la re-
vendication 1, dans lequel le processeur d’image
échographique (110) établit sur 'image échographi-
que une ROI supplémentaire de plus grande taille
que la ROI et comprenant cette derniére, et

dans lequel l'analyseur d’image échographique
(120) acquiert une courbe temps-intensité pour cha-
que trame de l'image échographique dans la ROI
supplémentaire et analyse un changement concer-
nant les valeurs d’intensité de I'image échographi-
que dans la ROI supplémentaire compte tenu de la
courbe temps-intensité acquise relativement a la
ROI supplémentaire.

Procédé d’analyse d’une image échographique con-
cernant un objet auquel a été administré un milieu
de contraste pour échographie, 'image échographi-
que étant obtenue par émission d’'ondes ultrasono-
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res vers l'objet et réception de signaux d’écho réflé-
chis par 'objet, le procédé comprenant :

I'affichage d’'une interface utilisateur congue
pour recevoir une entrée utilisateur,
I'établissement d’'une région d’intérét (ROI, re-
gion of interest) sur I'image échographique,
'acquisition d’une courbe temps-intensité, re-
présentant une moyenne des valeurs d’intensité
pour chacune des trames de I'image échogra-
phique présentes dans la ROI établie, et d’'une
courbe d’ajustement représentant une tendan-
ce de la courbe temps-intensité selon un modéle
mathématique prédéfini ;

le procédé étant caractérisé par :

le calcul d'une différence entre la courbe
temps-intensité et la courbe d’ajustement
pour chacune des trames de I'image écho-
graphique, et

la détermination d’'une trame défectueuse
parmi les trames de I'image échographique
lorsque le calcul de la différence dépasse
une valeur seuil relativement a une trame ;
I'affichage de I'interface utilisateur compre-
nant l'affichage d’une interface utilisateur
graphique (GUI, graphical user interface)
en lien avec la trame défectueuse.

Procédé selon la revendication 7, comprenant en
outre :

I'affichage, compte tenu de I'entrée utilisateur regue,
de la trame défectueuse de I'image échographique.

Procédé selon la revendication 7, dans lequel la dé-
termination de la trame défectueuse comprend :

la détection d’'une trame générée en cas de sim-
ple mouvement consistant en une déviation
temporaire de I'objet par rapport a la ROI, de
mouvement périodique consistanten une dévia-
tion périodique de I'objet par rapport a la ROI,
et/ou de changement de taille de I'objet présent
dans la ROl ; et

la définition de la trame détectée en tant que
trame défectueuse.

Procédé selon la revendication 7, dans lequel la dé-
termination de la trame défectueuse comprend la
détection d’'une trame générée pendant qu’une son-
de a ultrasons n’est pas en contact avec I'objet.

Procédé selon la revendication 7, dans lequel la va-
leur seuil est déterminée compte tenu d’'une moyen-
ne des différences entre la courbe temps-intensité
et la courbe d’ajustement relatives aux trames de
image échographique et de I'écart type des diffé-
rences.
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12. Procédé selon la revendication 7, comprenant en

outre :

I’établissement, sur l'image échographique,
d’'une ROI supplémentaire de plus grande taille
que la ROI et comprenant cette derniére,
I’acquisition d’une courbe temps-intensité pour
chaque trame de l'image échographique pré-
sente dans la ROl supplémentaire, et
I'analyse d’'un changement concernant les va-
leurs d’intensité de I'image échographique pré-
sente dans la ROl supplémentaire compte tenu
de la courbe temps-intensité acquise relative-
ment a la ROI supplémentaire.

13. Procédé selon la revendication 7, dans lequel I'affi-

chage de I'interface utilisateur comprend I'affichage
d’une position de la trame défectueuse de maniere
gu’elle chevauche la courbe temps-intensité.
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