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(54) ULTRASOUND IMAGING APPARATUS AND CONTROL METHOD THEREOF

(57) Disclosed is an ultrasound imaging apparatus
and control method thereof, which may improve diagnos-
tic reproducibility and accuracy in diagnosing a fatty liver
based on ultrasound images by automatically establish-
ing a region of interest of a liver appearing in the ultra-
sound image and a region of interest of another internal
organ to be compared with the liver, automatically calcu-
lating diagnostic parameters for the respective regions
of interest, and providing the diagnostic parameters for
the user. The ultrasound imaging apparatus includes an
image processor configured to generate an ultrasound
image based on an ultrasound echo signal; a display;

and a main controller configured to detect a liver area
and a kidney area in the ultrasound image, extract a bor-
der line between the liver area and the kidney area, au-
tomatically establish a region of interest of the liver and
a region of interest of the kidney based on the border
line, obtain a diagnostic parameter for the region of in-
terest of the liver and a diagnostic parameter for the re-
gion of interest of the kidney, and control the display to
display information about the diagnostic parameter for
the region of interest of the liver and the diagnostic pa-
rameter for the region of interest of the kidney.
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Description

BACKGROUND

1. Field of the Invention

[0001] The present disclosure relates to an ultrasound
imaging apparatus and control method thereof, which us-
es ultrasound to acquire an image of the inside of an
object.

2. Discussion of Related Art

[0002] An ultrasound imaging apparatus acquires im-
ages of internal parts of an object by irradiating an ultra-
sound signal generated from a transducer in a probe to
an object and receiving information of an echo signal
reflected from the object.
[0003] The ultrasound imaging apparatus is widely
used in medical diagnostic applications because it has
higher stability than the X-ray imaging apparatus, is able
to display images in real time, inexpensive as compared
to a magnetic resonance imaging apparatus, and mov-
able.

SUMMARY OF THE INVENTION

[0004] The present disclosure provides an ultrasound
imaging apparatus and control method thereof, which
may improve diagnostic reproducibility and accuracy in
diagnosing a fatty liver based on ultrasound images by
automatically establishing a region of interest of a liver
appearing in the ultrasound image and a region of interest
of another internal organ to be compared with the liver,
automatically calculating diagnostic parameters for the
respective regions of interest, and providing the diagnos-
tic parameters for the user.

[SUMMARY]

[0005] In accordance with an aspect of the present dis-
closure, an ultrasound imaging apparatus includes an
image processor configured to generate an ultrasound
image based on an ultrasound echo signal; a display;
and a main controller configured to detect a liver area
and a kidney area in the ultrasound image, extract a bor-
der line between the liver area and the kidney area, au-
tomatically establish a region of interest of the liver and
a region of interest of the kidney based on the border
line, obtain a diagnostic parameter for the region of in-
terest of the liver and a diagnostic parameter for the re-
gion of interest of the kidney, and control the display to
display information about the diagnostic parameter for
the region of interest of the liver and the diagnostic pa-
rameter for the region of interest of the kidney.
[0006] The main controller may establish the region of
interest of the liver and the region of interest of the kidney
at positions separated by a predetermined distance from

the border line.
[0007] The main controller may establish the region of
interest of the liver and the region of interest of the kidney
to be larger than a predetermined reference size.
[0008] The main controller may establish the region of
interest of the liver and the region of interest of the kidney
to have a difference in size less than a predetermined
reference value.
[0009] The diagnostic parameter may include at least
one of a representative gray scale, a distribution of back-
scattering, and a change in RF signal frequency.
[0010] The main controller may calculate representa-
tive gray scales of the region of interest of the liver by
depth and calculate representative gray scales of the re-
gion of interest of the kidney by depth.
[0011] The main controller may calculate ratios of the
representative gray scales of the region of interest of the
liver by depth and the representative gray scales of the
region of interest of the kidney by depth.
[0012] The main controller may control the display to
display the ratios of the representative gray scales by
depth on the ultrasound image.
[0013] The main controller may control the display to
the representative gray scales of the region of interest of
the liver by depth and the representative gray scales of
the region of interest of the kidney by depth on the ultra-
sound image.
[0014] The main controller may calculate a represent-
ative gray scale of the entire region of interest of the liver
and calculate a representative gray scale of the entire
region of interest of the kidney.
[0015] The main controller may perform regression
analysis on the representative gray scale of the entire
region of interest of the liver and the representative gray
scale of the entire region of interest of the kidney.
[0016] The main controller may display the the repre-
sentative gray scale of the entire region of interest of the
liver and the representative gray scale of the entire region
of interest of the kidney along with the results of regres-
sion analysis.
[0017] The main controller may control the display to
display a notification to reacquire the ultrasound image
when detection of the liver area or the kidney area is
failed.
[0018] The ultrasound imaging apparatus may further
include an input device configured to receive from a user
a selection of an automatic setting mode for automatically
establishing the region of interest of the liver and the re-
gion of interest of the kidney or a manual setting mode
for manually establishing the region of interest of the liver
and the region of interest of the kidney.
[0019] The main controller may control the display to
display windows having the same size and same shape
on the ultrasound image when the manual setting mode
is selected, and set a position of the window to the region
of interest of the liver or the region of interest of the kidney
when the position of the window is input from the user.
[0020] The main controller may, when the window at
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the input position contains an area other than the actual
liver area or an area other than the actual kidney area,
change at least one of position, size, and shape of the
window to exclude the area other than the actual liver
area or the area other than the actual kidney area.
[0021] The main controller may control the display to
display at least one of the changed position, size, and
shape of the window.
[0022] The ultrasound imaging apparatus may further
include an input device configured to receive a command
from a user to change at least one of position and size
of the region of interest of the liver or the region of interest
of the kidney.
[0023] The main controller may, when a command to
change the size of one of the region of interest of the liver
and the region of interest of the kidney, change the size
of the other one of the region of interest of the liver and
the region of interest of the kidney.
[0024] In accordance with another aspect of the
present disclosure, an ultrasound imaging apparatus in-
cludes an image processor configured to generate an
ultrasound image based on an ultrasound echo signal; a
display; and a main controller configured to detect a first
object and a second object in the ultrasound image, ex-
tract a border line between the first and second objects,
automatically establish a region of interest of the first ob-
ject and a region of interest of the second object based
on the border line, obtain a diagnostic parameter for the
region of interest of the first object and a diagnostic pa-
rameter for the region of interest of the second object,
and control the display to display information about the
diagnostic parameter for the region of interest of the first
object and the diagnostic parameter for the region of in-
terest of the second object.
[0025] In accordance with an aspect of the present dis-
closure, a control method of an ultrasound imaging ap-
paratus includes obtaining an ultrasound image; detect-
ing a liver area and a kidney area in the ultrasound image;
extracting a border line between the liver area and the
kidney area; automatically establishing a region of inter-
est of the liver and a region of interest of the kidney based
on the border line; obtaining a diagnostic parameter for
the region of interest of the liver and a diagnostic param-
eter for the region of interest of the kidney; and displaying
information about the diagnostic parameter for the region
of interest of the liver and the diagnostic parameter for
the region of interest of the kidney.
[0026] The control method may further include receiv-
ing from a user a selection of an automatic setting mode
for automatically establishing the region of interest of the
liver and the region of interest of the kidney or a manual
setting mode for manually establishing the region of in-
terest of the liver and the region of interest of the kidney.
[0027] The control method may further include display-
ing windows having the same size and same shape on
the ultrasound image when the manual setting mode is
selected, and setting a position of the window to the re-
gion of interest of the liver or the region of interest of the

kidney when the position of the window is input from the
user.
[0028] The control method may further include, when
the window at the input position contains an area other
than the actual liver area or an area other than the actual
kidney area, changing at least one of position, size, and
shape of the window to exclude the area other than the
actual liver area or the area other than the actual kidney
area.
[0029] The control method may further include display-
ing at least one of the chaged position, size, and shape
of the window.
[0030] The control method may further include receiv-
ing a command from a user to change at least one of
position and size of the region of interest of the liver or
the region of interest of the kidney.
[0031] The control method may further include, when
a command to change the size of one of the region of
interest of the liver and the region of interest of the kidney,
changing the size of the other one of the region of interest
of the liver and the region of interest of the kidney.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other objects, features and ad-
vantages of the present disclosure will become more ap-
parent to those of ordinary skill in the art by describing
in detail exemplary embodiments thereof with reference
to the accompanying drawings, in which:

FIG. 1 is a control block diagram of an ultrasound
imaging apparatus, according to an embodiment of
the present disclosure;
FIG. 2 shows the exterior of an ultrasound imaging
apparatus, according to an embodiment of the
present disclosure;
FIG. 3 is a diagram for explaining a procedure of
transmitting ultrasound;
FIG. 4 is a diagram for explaining a procedure of
receiving ultrasound;
FIG. 5 shows an example of an ultrasound image
generated by an ultrasound imaging apparatus, ac-
cording to an embodiment of the present disclosure;
FIG. 6 is a diagram for explaining operation of an
ultrasound imaging apparatus detecting particular
objects in an ultrasound image, according to an em-
bodiment of the present disclosure;
FIG. 7 shows an example of a notification screen
displayed in an ultrasound imaging apparatus, ac-
cording to an embodiment of the present disclosure;
FIG. 8 is a diagram for explaining operation of an
ultrasound imaging apparatus extracting a border
line between particular objects, according to an em-
bodiment of the present disclosure;
FIG. 9 is a diagram for explaining operation of an
ultrasound imaging apparatus establishing regions
of interest based on an extracted border line, accord-
ing to an embodiment of the present disclosure;
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FIGS. 10 and 11 show how an ultrasound imaging
apparatus displays diagnostic parameters for re-
gions of interest, according to an embodiment of the
present disclosure;
FIG. 12 shows how an ultrasound imaging apparatus
receives a selection of a mode for establishing re-
gions of interest, according to an embodiment of the
present disclosure;
FIG. 13 shows how an ultrasound imaging apparatus
receives settings of a region of interest from the user,
according to an embodiment of the present disclo-
sure;
FIGS. 14 and 15 show how an ultrasound imaging
apparatus receives a change of a region of interest
from the user, according to an embodiment of the
present disclosure;
FIG. 16 shows an example of a selection of diagnos-
tic parameters received by an ultrasound imaging
apparatus, according to an embodiment of the
present disclosure.
FIG. 17 is a flowchart illustrating a control method of
an ultrasound imaging apparatus, according to an
embodiment of the present disclosure; and
FIG. 18 is a flowchart illustrating a control method of
an ultrasound imaging apparatus in an occasion
when a first object is a liver and a second object is
a kidney, according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0033] Like numerals refer to like elements throughout
the specification. Not all elements of embodiments of the
present disclosure will be described, and description of
what are commonly known in the art or what overlap each
other in the embodiments will be omitted. The terms as
used throughout the specification, such as "∼ part", "∼
module", "∼ member", "∼ block", etc., may be implement-
ed in software and/or hardware, and a plurality of "- parts",
"- modules", "- members", or "- blocks" may be imple-
mented in a single element, or a single "∼ part", "∼ mod-
ule", "∼ member", or "∼ block" may include a plurality of
elements.
[0034] It will be further understood that the term "con-
nect" or its derivatives refer both to direct and indirect
connection, and the indirect connection includes a con-
nection over a wireless communication network.
[0035] The term "include (or including)" or "comprise
(or comprising)" is inclusive or openended and does not
exclude additional, unrecited elements or method steps,
unless otherwise mentioned.
[0036] Throughout the specification, when a compo-
nent is mentioned to send or transmit a signal to another
component, it does not exclude a possibility of an inter-
mediate component that exists between the two compo-
nents, through which to send or transmit the signal, un-
less otherwise mentioned.

[0037] It is to be understood that the singular forms "a,"
"an," and "the" include plural references unless the con-
text clearly dictates otherwise.
[0038] Reference numerals used for method steps are
just used to identify the respective steps, but not to limit
an order of the steps. Thus, unless the context clearly
dictates otherwise, the written order may be practiced
otherwise.
[0039] Embodiments of an ultrasound imaging appa-
ratus and control method thereof will now be described
in detail with reference to accompanying drawings.
[0040] FIG. 1 is a control block diagram of an ultra-
sound imaging apparatus, according to an embodiment
of the present disclosure, and FIG. 2 shows the exterior
of an ultrasound imaging apparatus, according to an em-
bodiment of the present disclosure.
[0041] Referring to both FIGS. 1 and 2, an ultrasound
imaging apparatus 100 in accordance with an embodi-
ment includes a transducer module 110 for converting
between electrical signals and ultrasound signals, a
beamformer 120 for generating transmit beams and re-
ceive beams, a pulse controller 130 for generating and
sending a control signal for pulse generation to the beam-
former 120, an image processor 140 for using an echo
signal output from the beamformer 120 to generate an
ultrasound image, a main controller 150 for controlling
general operation of the ultrasound imaging apparatus
100, a display 160 for displaying the generated ultra-
sound image and various data required for making a di-
agnosis, and an input device 170 for receiving inputs from
the user.
[0042] The transducer module 110 may be provided
inside an ultrasonic probe P, which may be connected
to a main body 101 of the ultrasound imaging apparatus
100 through a cable 106.
[0043] For this, one or more female connectors 102
may be mounted on the lower front of the main body 101.
The female connector 102 may be mechanically coupled
with a male connector 104 formed at one end of the cable
106.
[0044] On the bottom side of the main body 101, there
may be multiple casters 103 for mobility of the ultrasound
imaging apparatus 100. Using the multiple casters 103,
the user may fix or move the ultrasound imaging appa-
ratus 100. Such an ultrasound imaging apparatus 100
may be referred to as a cart-type ultrasonic apparatus.
[0045] The main body 10 may have a control panel 105
at the front. The input device 170 may be formed on the
control panel 105 to receive an input from the user. The
user may input a command to start a diagnosis, select a
portion to be diagnosed, select a diagnosis type, select
a mode for the ultrasound image, and/or the like, through
the input device 170. As an example of the mode for the
ultrasound image, there may be Amplitude mode (A
mode), Brightness mode (B mode), Color Doppler mode
(C mode), Doppler mode (D mode), Elastography mode
(E mode), Motion mode (M mode), etc.
[0046] The display 160 may be provided on the top of
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the main body 101. The display 160 may be implemented
with at least one of various display panels, such as a
Liquid Crystal Display (LCD) panel, Light Emitting Diode
(LED) panel, an Organic Light Emitting Diode (OLED)
panel, or the like.
[0047] Furthermore, the display 160 may be comprised
of two or more displays capable of displaying different
images at the same time. For example, one of the dis-
plays may display a two dimensional (2D) ultrasound im-
age and the other display may display a three dimension-
al (3D) ultrasound image. In another example, one of the
displays may display a B mode image and the other dis-
play may display a contrast media image.
[0048] There may be one or more probe holders 107
on the outer surface of the main body 101 to hold the
ultrasonic probe P. Accordingly, the user may keep the
probe 200 in the probe holder 107 while the ultrasonic
probe P is not used.
[0049] The beamformer 120 may be provided in the
main body 101 or in the probe P. Although the beam-
former 120 is shown in the present embodiment as being
separated from the probe 100 and provided in the main
body 101, embodiments of the ultrasound imaging ap-
paratus 100 are not limited thereto.
[0050] The main body 101 may contain the pulse con-
troller 130, the image processor 140, and the main con-
troller 150. The pulse controller 130, the image processor
140, and the main controller 150 may include at least one
memory for storing a program for carrying out operations,
which will be described later, and at least one processor
for executing the program. The pulse controller 130, the
image processor 140, and the main controller 150 may
use respective memories and processors, or may share
some memories and processors.
[0051] In the meantime, the exterior of the ultrasound
imaging apparatus 100 is not limited to what is shown in
FIG. 2. For example, the ultrasound imaging apparatus
100 may be implemented in a portable type. In this case
where the ultrasound imaging apparatus 100 is of a port-
able type, the main body 101 may be shaped like a laptop
computer, a portable digital assistant (PDA), a tablet per-
sonal computer (PC), etc., and coupled to the ultrasonic
probe P to generate ultrasound images.
[0052] FIG. 3 is a diagram for explaining a procedure
of transmitting ultrasound, and FIG. 4 is a diagram for
explaining a procedure of receiving ultrasound.
[0053] Referring to FIGS. 3 and 4, the transducer mod-
ule 110 may include a transducer array 111 having a
plurality of transducer elements, and may further include
a switch, such as a multiplexer (MUX) for selecting a
transducer element to be used in transmitting or receiving
an ultrasound signal.
[0054] For convenience of explanation, it is assumed
in the following embodiment that the transducer array
111 has fiver transducer elements 111a, 111b, 111c,
111d, and 111e.
[0055] The transducer array 111 may convert ultra-
sound signals to electric signals, and vice versa. For ex-

ample, the transducer array 111 may be implemented
with piezoelectric ultrasonic transducers that use piezo-
electric effects. For this, the transducer elements 111a
to 111e may include piezoelectric materials or piezoe-
lectric thin films. When an alternate current (AC) current
is applied from an internal charger or external power sup-
plier to the piezoelectric material or piezoelectric thin film,
the piezoelectric material or piezoelectric thin film vi-
brates at a certain frequency, which in turn generates a
certain frequency of ultrasound depending on the vibra-
tion frequency.
[0056] On the contrary, when a certain frequency of
echo ultrasound reaches the piezoelectric material or pi-
ezoelectric thin film, the piezoelectric material or piezo-
electric thin film vibrates depending on the frequency of
the echo ultrasound and outputs an AC current of a fre-
quency corresponding to the vibration frequency.
[0057] It is also possible for the transducer elements
111a to 111e to be implemented with other types of trans-
ducers, such as magnetostrictive ultrasonic transducers
using magnetostrictive effects of a magnetic substance
or capacitive micromachined ultrasonic transducers
(cMUTs) that use hundreds or thousands of microma-
chined thin films to transmit or receive ultrasound.
[0058] As shown in FIG. 1, the beamformer 120 may
include a transmit beamformer 121 and a receive beam-
former 122.
[0059] The transmit beamformer 121 performs trans-
mit beamforming. As shown in FIG. 3, distances between
a focal point F and the plurality of transducer elements
111a to 111e are different. Accordingly, the transmit
beamformer 121 may generate a transmit beam by ap-
plying time delays such that ultrasound signals transmit-
ted from the respective transducer elements 111a to
111e reach the focal point F on a transmit scan line at
the same time. Since the focused ultrasound signal nar-
rows the ultrasound beam, the resolution in the lateral
direction may be enhanced.
[0060] The transmit beamformer 121 may include a
pulse generator 121a and a first delayer 121b.
[0061] The pulse generator 121a generates pulses ac-
cording to a control signal of the pulse controller 130. For
example, the pulses generated by the pulse generator
121a may have a pulse repetition frequency (PRF). The
pulses generated by the pulse generator 121a are input
to the first delayer 121b.
[0062] The first delayer 121b outputs each pulse output
from the pulse generator 121a by delaying it by a prede-
fined time. The first delayer 121b may include a plurality
of delaying elements d1 to d5 connected to the plurality
of transducer elements 111a to 111e, respectively.
[0063] The delay time of each delaying element d1 to
d5 is determined based on a distance between the cor-
responding transducer element 111a to 111e and the
focal point F. Specifically, each of the second to fourth
delaying elements d2 to d4 delays input pulses by a pre-
defined time and outputs the delayed pulses such that
ultrasound signals transmitted from the second to fourth
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transducer elements 111b to 111d reach the focal point
F at the same time when the ultrasound signals trans-
mitted from the first and fifth transducer elements 111a
and 111e relatively far from the focal point F reach the
focal point F.
[0064] As described above, the ultrasound transmitted
through the transducer array 111 is reflected by an object
and entered back into the transducer array 111. Upon
receiving the echo ultrasound reflected from the object,
each of the transducer elements 111a to 111e outputs
an echo signal corresponding to the received echo ultra-
sound. The echo signal is entered into the receive beam-
former 122.
[0065] Referring to FIG. 4, the receive beamformer 122
includes a second delayer 122a and a combiner 122b.
Although not shown, the receive beamformer 122 may
further include a receiver for receiving the echo signal
and performing amplification and gain adjustment on the
echo signal, or the receive beamformer 122 may further
include an analog-to-digital converter (ADC), when im-
plemented digitally, for converting the analog echo sig-
nal, which underwent the amplification and gain adjust-
ment, to a digital echo signal.
[0066] The second delayer 122a may include a plural-
ity of delaying elements d1 to d5 connected to the plurality
of transducer elements 111a to 111e, respectively.
[0067] Since the echo ultrasound reaches the trans-
ducer elements 111a to 111e at different points of time,
the delaying elements d1 to d5 delay the input echo sig-
nals to have them focused.
[0068] For example, the third delaying element d3, at
which the echo signal arrives first, delays the input echo
signal until the echo signal is entered into the first and
fifth delaying elements d1 and d5.
[0069] The combiner 122b combines echo signals out-
put from the respective delaying elements d1 to d5. In
this case, the combiner 122b may apply weights to the
respective echo signals and combine them.
[0070] The image processor 140 generates an ultra-
sound image based on the echo signal output from the
receive beamformer 122. For example, the image proc-
essor 140 may generate at least one of A mode image,
B mode image, D mode image, E mode image, and M
mode image, based on the echo signal. Furthermore, the
image processor 140 may generate a 3D ultrasound im-
age based on a plurality of ultrasound images acquired
from the echo signals.
[0071] The main controller 150 detects first and second
objects adjacent to each other in the ultrasound image
and extracts a border line between the first and second
objects. The main controller 150 may establish regions
of interest, i.e., first and second regions of interest of the
first and second objects, respectively, based on the ex-
tracted border line, and obtain a diagnostic parameter to
be used in diagnosing a particular disease of each of the
established regions of interest. In this regard, to increase
objectivity, reliability, and reproducibility of a diagnosis
result by minimizing a deviation of diagnostic parameter

between the two regions, caused by other reasons than
diseases, the first and second regions of interest may be
established to have a size larger than a certain reference
and to be the same or similar in size to each other. This
will be described in more detail later.
[0072] The diagnostic parameters are provided for the
user in various forms, which will be described later in
detail.
[0073] The main controller 150 controls the display 160
to display the ultrasound image generated by the image
processor 140 and associated diagnostic parameters.
[0074] FIG. 5 shows an example of an ultrasound im-
age generated by an ultrasound imaging apparatus, ac-
cording to an embodiment of the present disclosure, FIG.
6 is a diagram for explaining operation of an ultrasound
imaging apparatus detecting particular objects in an ul-
trasound image, according to an embodiment of the
present disclosure, and FIG. 7 shows an example of a
notification screen displayed in an ultrasound imaging
apparatus, according to an embodiment of the present
disclosure.
[0075] The user, such as a doctor, may use the ultra-
sound image displayed on the display 160 to diagnose
a particular disease, and a portion from which to obtain
an ultrasound image may vary depending on a target
disease to be diagnosed. For example, an abdominal
ultrasound image may be used in diagnosing a fatty liver.
[0076] The fatty liver is a disease caused by fat depo-
sition in the liver, and is known to develop into a steato-
hepatitis or a hepatic fibrosis, or even into a terminal liver
disease such as cirrhosis or hepatocellular carcinoma.
Furthermore, since it is reported worldwide that the fatty
liver disease is highly prevalent and especially, the dis-
ease shows a close link with obesity and metabolic syn-
drome, detection of a fatty liver is considered very impor-
tant in ultrasonography.
[0077] Referring to FIG. 5, an abdominal ultrasound
image IUS generated by the ultrasound imaging appara-
tus 100 may have a liver area L and a neighboring kidney
area K. In a case of a normal liver, echo levels in the liver
and the kidney cortex are similar, but in a case of a fatty
liver, the echo level increases as fats scatter ultrasound
beams. Accordingly, comparison of brightness between
the liver area L and the kidney area K in the ultrasound
image may be used in detecting a fatty liver. For example,
if the liver area L is brighter than the kidney area K, the
difference in brightness may be diagnosed as the fatty
liver.
[0078] The user may make a diagnosis with his/her
naked eyes by looking at an ultrasound image displayed
on the display 160, or may make a diagnosis by desig-
nating regions of interest in the ultrasound image through
the input device 170 and reviewing a particular diagnostic
parameter displayed for the designated regions of inter-
est if the particular diagnostic parameter is displayed.
[0079] In the former case, the diagnosis result may de-
pend on the user’s proficiency and is hard to be corrected
because it is affected by the user’s subjective judgment.

9 10 



EP 3 505 070 A1

7

5

10

15

20

25

30

35

40

45

50

55

Even in the latter case where the user designates regions
of interest in person, the designated regions of interests
may have different sizes and positions without clear ref-
erences for the size and position of the region of interest,
and accordingly, there may be a gray scale deviation.
[0080] However, in accordance with an embodiment,
the ultrasound imaging apparatus 100 may have in-
creased accuracy and reproducibility of diagnosis by au-
tomatically designating regions of interest of the two
neighboring objects based on a border line between the
two objects and obtaining diagnostic parameters for the
respective regions of interest.
[0081] In the following description, it will be assumed
that the first object is a liver and the second object is a
kidney for explaining embodiments in more detail. How-
ever, it is only for convenience of explanation, and the
embodiment will be equally applied to other various or-
gans.
[0082] Referring to FIG. 6, the main controller 150 may
detect the liver area L and the kidney area K in the ultra-
sound image IUS. For example, the main controller 150
may detect the liver area L and the kidney area K with a
feature extraction algorithm or outline extraction algo-
rithm that uses anatomical characteristics of the liver and
kidney. It is also possible for the main controller 150 to
use machine learning, especially ’deep learning’, in de-
tecting the liver area L and kidney area K.
[0083] In the meantime, there may be an occasion
when the main controller 150 fails to properly detect the
liver area or kidney area due to too much noise contained
in the ultrasound image or due to an error in the procedure
of acquiring the ultrasound image. In this case, the main
controller 150 may control the display 160 to display a
notification screen 160a notifying a failure of region de-
tection and prompting to reacquire the ultrasound image,
as shown in FIG. 7. Accordingly, the possibility of making
a wrong diagnosis based on a bad image may be re-
duced.
[0084] FIG. 8 is a diagram for explaining operation of
an ultrasound imaging apparatus extracting a border line
between particular objects, according to an embodiment
of the present disclosure, and FIG. 9 is a diagram for
explaining operation of an ultrasound imaging apparatus
establishing regions of interest based on an extracted
boundary, according to an embodiment of the present
disclosure.
[0085] The main controller 150 may extract a border
line BL between the detected liver area L and kidney area
K as shown in FIG. 8, and establish regions of interest
RL and RK in the liver area L and kidney area K, respec-
tively, based on the extracted border line BL as shown
in FIG. 9. The region of interest of the liver RL and the
region of interest of the kidney RK may share the border
or may be separated by a certain distance. For example,
the regions of interest RL and RK may be separated by
a predefined distance from the border liner BL, the pre-
defined distance having a certain range.
[0086] Furthermore, the main controller 150 may es-

tablish the regions of interest of the liver and kidney RL
and RK to have a size larger than a predetermined ref-
erence.
[0087] In addition, the main controller 150 may estab-
lish the regions of interest of the liver and kidney RL and
RK to have the same size. Alternatively, the sizes of the
two regions of interest may have a difference less than
a predetermined reference.
[0088] By establishing the two regions of interest to
have similar or large sizes, the deviation of diagnostic
parameter between the two regions caused by other rea-
sons than diseases may be reduced.
[0089] Once the regions of interest of the liver and kid-
ney RL and RK are established, the main controller 150
may obtain diagnostic parameters for the respective re-
gions of interest RL and RK.
[0090] Prior to obtaining the diagnostic parameters,
the main controller 150 may eliminate other areas than
the actual liver and kidney areas from the regions of in-
terest. For example, the main controller 150 may elimi-
nate the non-actual areas included in the region of inter-
est based on features of brightness, morphology, or po-
sition of the actual liver and kidney areas. Elimination of
the non-actual areas included in the regions of interest,
which is performed by the main controller 150, may in-
crease reliability of the diagnostic parameters which will
be described later.
[0091] FIGS. 10 and 11 show how an ultrasound im-
aging apparatus displays diagnostic parameters for re-
gions of interest, according to an embodiment of the
present disclosure.
[0092] In this embodiment, the diagnostic parameters
refer to parameters used in diagnosis for a fatty liver, and
may be obtained based on brightness values of the ul-
trasound image. For example, the main controller 150
may calculate a representative gray scale of the region
of interest of the liver and a representative gray scale of
the region of interest of kidney, at different depths of the
ultrasound image. The representative gray scale may as-
sume an average value or a median value.
[0093] Alternatively, the main controller 150 may cal-
culate a distribution of backscattering of the liver and a
distribution of backscattering of the kidney at the different
depths or calculate ratios of gray scales of the liver and
kidney areas at the different depths, and even obtain their
reliabilities.
[0094] Alternatively, the main controller 150 may cal-
culate a representative gray scale of the entire region of
interest of the liver and a representative gray scale of the
entire region of interest of the kidney and then a ratio of
the representative gray scales of the two regions of in-
terest.
[0095] Alternatively, the main controller 150 may cal-
culate distributions of backscattering of the entire region
of interest of the liver and the entire region of interest of
the kidney, or calculate changes in RF frequency of the
entire region of interest of the liver and the entire region
of interest of the kidney. The ratio of them may also be
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calculated.
[0096] The main controller 150 may provide the diag-
nostic parameters for the user in various ways. For ex-
ample, as shown in FIG. 10, the main controller 150 may
control the display 160 to display ratios of representative
gray scales of the liver and kidney areas at different
depths in the ultrasound image IUS and may also display
the reliabilities along with the ratios of representative gray
scales. The user may check and use the ratios of repre-
sentative gray scales and reliabilities displayed on the
display 160 in diagnosis for fat liver.
[0097] It is also possible to display representative gray
scales of the regions of interest of the liver and kidney,
respectively, at different depths, or display the distribu-
tions of backscattering, or display representative gray
scales, distributions of backscattering or changes in RF
frequency, and the ratios for the entire regions of interest.
[0098] In another example, as shown in FIG. 11, the
main controller 150 may control the display 160 to rep-
resent the representative gray scales of the regions of
interest of the liver and kidney, respectively, at different
depths on a graph and also display results of regression
analysis on their relations. For example, a straight line,
regression formula or slope obtained by the linear regres-
sion analysis may also be displayed.
[0099] In an embodiment, the ultrasound imaging ap-
paratus 100 may allow the user to select how to establish
a region of interest, how to obtain or display a diagnostic
parameter, etc. This will be described in detail in connec-
tion with FIGS. 12 to 15.
[0100] FIG. 12 shows how an ultrasound imaging ap-
paratus receives a selection of a mode for establishing
regions of interest, according to an embodiment of the
present disclosure, and FIG. 13 shows how an ultrasound
imaging apparatus receives settings of a region of inter-
est from the user, according to an embodiment of the
present disclosure.
[0101] Referring to FIG. 12, the main controller 150
may control the display 160 to display a mode selection
screen 160b. The mode selection screen 160b may in-
clude an automatic setting button 160b-1 to select an
automatic setting mode and a manual setting button
160b-2 to select a manual setting mode. When the user
inputs a mode selection to the mode selection screen
160b through the input device 170, a region of interest
may be established according to the selected mode.
[0102] For example, when the user selects the manual
setting button 160b-2, the user may establish a region of
interest as he/she wants by manipulating the input device
170 in person. For example, when an ultrasound image
is displayed on the display 160, a tool for establishing a
region of interest may be displayed on the ultrasound
image for the user to establish a region of interest.
[0103] The tool for establishing a region of interest may
provide windows, e.g., WL and WK, as shown in FIG. 13,
having a shape corresponding to a region of interest, in
which case the user may input a selection of a region of
interest by moving a window displayed on the ultrasound

image to an area at which the user intends to establish
a region of interest.
[0104] In this regard, the main controller 150 may dis-
play the windows, e.g., WL and WK, having the same or
similar sizes in the liver and kidney areas, thereby guiding
the user to establish a region of interest in an objective
and reproducible manner as in an occasion when the
main controller 150 automatically establishes regions of
interest.
[0105] Furthermore, once the user establishes a re-
gion of interest, the main controller 150 may determine
whether the region of interest contains any non-actual
area. When the region of interest established by the user
contains the non-actual area, the non-actual area may
be excluded from the region of interest by changing the
shape, size, or position of the region of interest, as shown
in FIG. 13.
[0106] In the case of changing the shape or size of the
region of interest to exclude the non-actual area from the
region of interest, the shape or size of the other region
of interest may be correspondingly changed.
[0107] FIGS. 14 and 15 show how an ultrasound im-
aging apparatus receives a change of a region of interest
from the user, according to an embodiment of the present
disclosure.
[0108] When the user selects the automatic setting but-
ton 160b-1 in the embodiment of FIG. 12, the main con-
troller 150 may detect the liver area L and the kidney area
K in the ultrasound image, extract a border line between
the two areas, and automatically establish regions of in-
terest based on the extracted border line, as described
above.
[0109] As shown in FIG. 14, when the display 160 dis-
plays the regions of interest of the liver RL and kidney
RK automatically established by the main controller 150,
the user may input a command to change a position of
one of the regions of interest through the input device
170.
[0110] For example, if the input device 170 includes a
mouse, the user may manipulate the mouse to move a
cursor displayed on the display 160 onto the region of
interest, of which the user intends to change the position,
e.g., RL, and click and drag the mouse to a desired po-
sition. If the input device 170 includes a touch panel, the
user may directly touch the region of interest RL dis-
played on the display 160 and drag it to a desired position.
[0111] Furthermore, as shown in FIG. 15, it is also pos-
sible for the user to input a command to change the size
of the region of interest RL by manipulating the input de-
vice 170. If the user changes the size of one of the two
regions of interest RL and RK, the main controller 150
may measure the changed size of the region of interest
RL and set the other region of interest RK to have the
same or similar size to the changed size of the region of
interest RL.
[0112] FIG. 16 shows an example of a selection of di-
agnostic parameters received by an ultrasound imaging
apparatus, according to an embodiment of the present
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disclosure.
[0113] As described above, once the regions of interest
are established, the main controller 150 obtains diagnos-
tic parameters for the established regions of interest. The
diagnostic parameters may be set and obtained by de-
fault. Alternatively, as shown in FIG. 16, the display 160
may display a diagnostic parameter selection screen
160c from which to select diagnostic parameters and al-
low the user to input a selection of diagnostic parameters
to be obtained by the main controller 150 or displayed
by the display 160.
[0114] For example, the diagnostic parameter selec-
tion screen 160c may include a plurality of buttons to
select types of the diagnostic parameters, a plurality of
buttons to select methods for providing the diagnostic
parameters, and a plurality of buttons to select regions
for obtaining the diagnostic parameters.
[0115] The plurality of buttons to select types of the
diagnostic parameters may include buttons 160c-1,
160c-2, and 160c-3 corresponding to representative gray
scale, distribution of backscattering, change in RF fre-
quency, respectively, and the plurality of buttons to select
methods for providing the diagnostic parameters may in-
clude buttons 160c-4, 160c-5, and 160c-6 corresponding
to calculated value, ratio, and regression. Furthermore,
the plurality of buttons to select regions for obtaining the
diagnostic parameters may include buttons 160c-7 and
160c-8 corresponding to obtaining the diagnostic param-
eters by depth and for the whole region, respectively.
[0116] If the user selects the representative gray scale
button 160c-1, ratio button 160c-5, and depth button
160c-7, the main controller 150 may calculate represent-
ative gray scales of the regions of interest of the liver and
kidney RL and RK by depth and calculate the ratio of the
representative gray scales of the regions of interest be-
tween the liver and the kidney. The main controller 150
may control the display 160 to display the calculated ratio
of the representative gray scales and also display the
reliability of the calculated ratio if the reliability is calcu-
lated.
[0117] If the user selects the representative gray scale
button 160c-1, calculated value button 160c-4, and depth
button 160c-7, the main controller 150 may calculate rep-
resentative gray scales of the regions of interest of the
liver and kidney RL and RK by depth and control the
display 160 to display the calculated representative gray
scales by depth.
[0118] A control method of an ultrasound imaging ap-
paratus in accordance with an embodiment will now be
described in detail. The control method of an ultrasound
imaging apparatus may be performed by the ultrasound
imaging apparatus 100 according to the previous em-
bodiments. Accordingly, what are described above with
reference to FIGS. 1 to 16 may also be applied in the
control method of the ultrasound imaging apparatus with-
out being specifically mentioned.
[0119] FIG. 17 is a flowchart illustrating a control meth-
od of an ultrasound imaging apparatus, according to an

embodiment of the present disclosure.
[0120] The control method of the ultrasound imaging
apparatus starts with obtaining an ultrasound image, in
310. The portion from which to obtain the ultrasound im-
age may be changed depending on the target to be di-
agnosed. The ultrasound image may be generated in any
of A mode, B mode, D mode, E mode, and M mode having
different characteristics, but in the following description,
it is assumed that the ultrasound image is generated as
a B mode image.
[0121] First and second objects adjacent to each other
in the ultrasound image are detected in 311, and a border
line between the first and second objects is extracted in
312. The first and second objects are substances includ-
ed inside the target for examination. For example, if the
target for examination is a human body, the first and sec-
ond objects may be some organs in the human body. For
example, the main controller 150 may detect the first and
second objects with a feature extraction algorithm or out-
line extraction algorithm that uses anatomical character-
istics of the first and second objects.
[0122] First and second regions of interest are estab-
lished based on the border line, in 313. In this regard, to
increase objectivity, reliability, and reproducibility of a di-
agnosis result by minimizing a deviation of diagnostic
parameters between the two regions caused by other
reasons than diseases, the first and second regions of
interest may be established to have a size larger than a
certain reference and to be the same or similar in size to
each other.
[0123] Diagnostic parameters of the first and second
regions of interest are calculated in 314, and information
about the calculated diagnostic parameters are provided
to the user in 315. The diagnostic parameters may in-
clude representative gray scales, distributions of back-
scattering, changes in RF frequency, etc., and the main
controller 150 may calculate at least one of the various
diagnostic parameters. The calculated diagnostic param-
eters may be provided for the user by being displayed
on the display 160, in which case, the calculated values,
the ratio of them, or the result of regression analysis may
be displayed on the ultrasound image.
[0124] FIG. 18 is a flowchart illustrating a control meth-
od of an ultrasound imaging apparatus in an occasion
when a first object is a liver and a second object is a
kidney, according to an embodiment of the present dis-
closure.
[0125] The control method of the ultrasound imaging
apparatus starts with obtaining an ultrasound image, in
320. As described above, a fatty liver may be diagnosed
using an abdominal ultrasound image including a liver
and a kidney. In other words, to diagnose a fatty liver, an
abdominal ultrasound image may be acquired to include
a liver and a kidney.
[0126] A liver area and a kidney area, which are adja-
cent to each other, are detected from the ultrasound im-
age in 321, and a border line between the liver area and
the kidney area is extracted in 322. In a case of a normal
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liver, echo levels in the liver and the kidney cortex are
similar, but in a case of a fatty liver, the echo level in-
creases as fats scatter ultrasound beams. Accordingly,
comparison of brightness between the liver area L and
the kidney area K in the ultrasound image may be used
in detecting a fatty liver.
[0127] The main controller 150 may detect the liver ar-
ea and the kidney area by using anatomical characteris-
tics of the liver and kidney. However, there may be an
occasion when the main controller 150 fails to properly
detect the liver area or kidney area due to too much noise
contained in the ultrasound image or due to an error in
the procedure of acquiring the image. In this case, the
main controller 150 may guide a retake by controlling the
display 160 to display a notification screen that notifies
a failure of region detection and prompts to reacquire an
ultrasound image.
[0128] A region of interest of each of the liver and kid-
ney is established based on the border line, in 323. The
region of interest of the liver RL and the region of interest
of the kidney RK may share the border or may be sepa-
rated by a certain distance.
[0129] Furthermore, the main controller 150 may es-
tablish the regions of interest of the liver and kidney RL
and RK to be larger than a predetermined reference size.
In addition, the main controller 150 may establish the
regions of interest of the liver and kidney RL and RK to
have the same size. Alternatively, the sizes of the two
regions of interest may have a difference less than a pre-
determined reference. By establishing the two regions of
interest to have similar or large sizes, the deviation of
diagnostic parameter between the two regions caused
by other reasons than diseases may be reduced.
[0130] The display 160 may display the regions of in-
terest of the liver and kidney RL and RK, which are au-
tomatically established by the main controller 150, allow-
ing the user to input a change of the position or size of
the regions of interest. Furthermore, if the user changes
the size of one, e.g., RL, of the two regions of interest
RL and RK, the main controller 150 may measure the
changed size of the region of interest RL and set the
other region of interest RK to have the same or similar
size to the changed size of the region of interest RL.
[0131] Diagnostic parameters of the regions of interest
of the liver and kidney are calculated, in 324. In this em-
bodiment, the diagnostic parameters refer to parameters
used in diagnosis for a fatty liver, and may be obtained
based on brightness values of the ultrasound image. For
example, the main controller 150 may calculate a repre-
sentative gray scale of the region of interest of the liver
and a representative gray scale of the region of interest
of kidney, at different depths of the ultrasound image.
The representative gray scale may assume an average
value or a median value.
[0132] Alternatively, the main controller 150 may cal-
culate a distribution of backscattering of the liver and a
distribution of backscattering of the kidney at the different
depths or calculate ratios of gray scales of the liver and

kidney areas at the different depths, and even obtain their
reliabilities.
[0133] Alternatively, the main controller 150 may cal-
culate a representative gray scale of the entire region of
interest of the liver and a representative gray scale of the
entire region of interest of the kidney and then a ratio of
the representative gray scales of the two regions of in-
terest.
[0134] Alternatively, the main controller 150 may cal-
culate distributions of backscattering of the entire region
of interest of the liver and the entire region of interest of
the kidney, or calculate changes in RF frequency of the
entire region of interest of the liver and the entire region
of interest of the kidney. The ratio of them may also be
calculated.
[0135] The diagnostic parameters may be set and ob-
tained by default. Alternatively, as shown in FIG. 16, the
display 160 may display a diagnostic parameter selection
screen 160c from which to select diagnostic parameters
and allow the user to input a selection of diagnostic pa-
rameters to be obtained by the main controller 150 or
displayed by the display 160.
[0136] Information about the obtained diagnostic pa-
rameters are provided to the user, in 325. The main con-
troller 150 may provide the diagnostic parameters ob-
tained by the main controller 150 for the user in various
ways. For example, as described above in connection
with FIG. 10, the main controller 150 may control the
display 160 to display ratios of representative gray scales
of the liver and kidney areas at different depths in the
ultrasound image IUS and may also display the reliabilities
along with the ratios of representative gray scales. The
user may check and use the ratios of representative gray
scales and reliabilities displayed on the display 160 in
diagnosis for fat liver.
[0137] It is also possible to display representative gray
scales of the regions of interest of the liver and kidney,
respectively, at different depths, or display the distribu-
tions of backscattering, or display representative gray
scales, distributions of backscattering or changes in RF
frequency, and the ratios for the entire regions of interest.
[0138] In another example, as shown in FIG. 11, the
main controller 150 may control the display 160 to rep-
resent the representative gray scales of the regions of
interest of the liver and kidney, respectively, at different
depths on a graph and also display results of regression
analysis on their relations.
[0139] As described above, it is also possible for the
user to select a method for providing the diagnostic pa-
rameter.
[0140] In an embodiment of the control method of an
ultrasound imaging apparatus, the user may input a se-
lection of the automatic setting mode or the manual set-
ting mode.
[0141] When the automatic setting mode is selected,
the regions of interest are automatically established and
the diagnostic parameters are automatically obtained as
described above, and when the manual setting mode is
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selected, the user may input a selection of the region of
interest by moving a window displayed on the ultrasound
image to an area at which the user intends to establish
the region of interest.
[0142] In this regard, with the windows, e.g., WL and
WK, having the same or similar sizes displayed in the
liver and kidney areas, the user may be guided to estab-
lish regions of interest in an objective and reproducible
manner as in an occasion when the main controller 150
automatically establishes regions of interest.
[0143] Furthermore, once the user establishes a re-
gion of interest, the main controller 150 may determine
whether the region of interest contains any non-actual
area. When the region of interest established by the user
contains the non-actual area, the non-actual area may
be excluded from the region of interest by changing the
shape, size, or position of the region of interest.
[0144] In the case of changing the shape or size of the
region of interest to exclude the non-actual area from the
region of interest, the shape or size of the other region
of interest may be correspondingly changed.
[0145] According to the embodiments of the present
disclosure, an ultrasound imaging apparatus and control
method thereof may improve diagnostic reproducibility
and accuracy in diagnosing a fatty liver based on an ul-
trasound image by automatically establishing a region of
interest of a liver appearing in the ultrasound image and
a region of interest of another internal organ to be com-
pared with the liver, automatically calculating diagnostic
parameters for the respective regions of interest, and pro-
viding the diagnostic parameters for the user.
[0146] Furthermore, in establishing the regions of in-
terest, the sizes of the two regions may be set to be the
same or similar or to be larger than a certain reference
size so that the deviation of diagnostic parameter be-
tween the two regions caused by other reasons than dis-
eases may be minimized to increase objectivity, reliabil-
ity, and reproducibility.
[0147] In addition, various user interfaces (UIs) are
provided for the user to select an automatic setting mode
or a manual setting mode. When the automatic setting
mode is selected, the UI may allow the user to change
the automatically established region of interest, thereby
reflecting the user’s request, and when the manual set-
ting mode is selected, an error of the manually estab-
lished region may be automatically corrected, thereby
increasing objectivity and accuracy in diagnosis.
[0148] Several embodiments have been described
above, but a person of ordinary skill in the art will under-
stand and appreciate that various modifications can be
made without departing the scope of the present disclo-
sure. Thus, it will be apparent to those ordinary skilled in
the art that the true scope of technical protection is only
defined by the following claims.

Claims

1. An ultrasound imaging apparatus comprising:

an image processor configured to generate an
ultrasound image based on an ultrasound echo
signal;
a display; and
a main controller configured to detect a liver area
and a kidney area in the ultrasound image, ex-
tract a border line between the liver area and
the kidney area, automatically establish a region
of interest of the liver and a region of interest of
the kidney based on the border line, obtain a
diagnostic parameter for the region of interest
of the liver and a diagnostic parameter for the
region of interest of the kidney, and control the
display to display information about the diagnos-
tic parameter for the region of interest of the liver
and the diagnostic parameter for the region of
interest of the kidney.

2. The ultrasound imaging apparatus of claim 1, where-
in the main controller is configured to establish the
region of interest of the liver and the region of interest
of the kidney at positions separated by a predeter-
mined distance from the border line.

3. The ultrasound imaging apparatus of claim 1, where-
in the main controller is configured to establish the
region of interest of the liver and the region of interest
of the kidney to be larger than a predetermined ref-
erence size.

4. The ultrasound imaging apparatus of claim 1, where-
in the main controller is configured to establish the
region of interest of the liver and the region of interest
of the kidney to have a difference in size less than a
predetermined reference value.

5. The ultrasound imaging apparatus of claim 1, where-
in the diagnostic parameter comprises at least one
of a representative gray scale, a distribution of back-
scattering, and a change in RF signal frequency.

6. The ultrasound imaging apparatus of claim 5, where-
in the main controller is configured to calculate rep-
resentative gray scales of the region of interest of
the liver by depth and calculate representative gray
scales of the region of interest of the kidney by depth;
and calculate ratios of the representative gray scales
of the region of interest of the liver by depth and the
representative gray scales of the region of interest
of the kidney by depth.

7. The ultrasound imaging apparatus of claim 6, where-
in the main controller is configured to control the dis-
play to display the ratios of the representative gray
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scales by depth on the ultrasound image.

8. The ultrasound imaging apparatus of claim 6, where-
in the main controller is configured to control the dis-
play to the representative gray scales of the region
of interest of the liver by depth and the representative
gray scales of the region of interest of the kidney by
depth on the ultrasound image.

9. The ultrasound imaging apparatus of claim 5, where-
in the main controller is configured to calculate a rep-
resentative gray scale of the entire region of interest
of the liver and calculate a representative gray scale
of the entire region of interest of the kidney.

10. The ultrasound imaging apparatus of claim 1, where-
in the main controller is configured to control the dis-
play to display a notification to reacquire the ultra-
sound image when detection of the liver area or the
kidney area is failed.

11. The ultrasound imaging apparatus of claim 1, further
comprising: an input device configured to receive
from a user a selection of an automatic setting mode
for automatically establishing the region of interest
of the liver and the region of interest of the kidney or
a manual setting mode for manually establishing the
region of interest of the liver and the region of interest
of the kidney.

12. The ultrasound imaging apparatus of claim 11,
wherein the main controller is configured to control
the display to display windows having the same size
and same shape on the ultrasound image when the
manual setting mode is selected, and set a position
of the window to the region of interest of the liver or
the region of interest of the kidney when the position
of the window is input from the user; and , when the
window at the input position contains an area other
than the actual liver area or an area other than the
actual kidney area, change at least one of position,
size, and shape of the window to exclude the area
other than the actual liver area or the area other than
the actual kidney area.

13. A control method of an ultrasound imaging appara-
tus, the control method comprising:

obtaining an ultrasound image;
detecting a liver area and a kidney area in the
ultrasound image;
extracting a border line between the liver area
and the kidney area;
automatically establishing a region of interest of
the liver and a region of interest of the kidney
based on the border line;
obtaining a diagnostic parameter for the region
of interest of the liver and a diagnostic parameter

for the region of interest of the kidney; and
displaying information about the diagnostic pa-
rameter for the region of interest of the liver and
the diagnostic parameter for the region of inter-
est of the kidney.

14. The control method of claim 13, further comprising:
receiving from a user a selection of an automatic
setting mode for automatically establishing the re-
gion of interest of the liver and the region of interest
of the kidney or a manual setting mode for manually
establishing the region of interest of the liver and the
region of interest of the kidney.

15. The control method of claim 14, further comprising:

displaying windows having the same size and
same shape when the manual setting mode is
selected; and
setting a position of the window to the region of
interest of the liver or the region of interest of
the kidney when the position of the window is
input from the user.
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