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Description
Technical Field

[0001] One or more exemplary embodiments relate to
an ultrasonic diagnostic apparatus and a method of op-
erating the same, and more particularly, to an ultrasonic
diagnostic apparatus and a method of operating the
same for acquiring a plurality of cross-sectional ultrasonic
images of a same object by using a plurality of probes.

Background Art

[0002] Ultrasonic diagnostic apparatuses irradiate an
ultrasonic signal, which is generated by a transducer of
a probe, onto a target object, and receive information
which relates to an echo signal reflected from the object,
thereby obtaining an image of an internal part of the ob-
ject. In particular, ultrasonic diagnostic apparatuses are
used for the medical purpose of observing the inside of
a target object, detecting a foreign material, and assess-
ing an injury. Ultrasonic diagnostic apparatuses have sta-
bilities higher than those of diagnostic apparatuses using
X-rays, display an image in real time, and are safe be-
cause there is no exposure to radioactivity, and thus may
be widely used in conjunction with otherimage diagnostic
apparatuses.

[0003] Ultrasonic diagnostic apparatuses include two-
dimensional (2D) ultrasonic diagnostic apparatuses for
obtaining 2D ultrasonic images and three-dimensional
(3D) ultrasonic diagnostic apparatuses for obtaining 3D
ultrasonic images.

[0004] CN 101 032 412 A is background art and dis-
closes an ultrasound imaging method and real time ul-
trasound monitoring device in gynaecological treatment.
[0005] WO 2013/038217 A1is background artand dis-
closes an ultrasound imaging console.

Disclosure of Invention
Technical Problem

[0006] Inthe 2D ultrasonic diagnostic apparatuses that
capture animage of an object by using one probe, it takes
a relatively long time to acquire an ultrasonic image, and
it is relatively difficult to acquire volume information. In
the 3D ultrasonic diagnostic apparatuses, it is relatively
difficult to acquire cross-sectional diagnosis information,
and manufacturing costs are high.

Solution to Problem

[0007] One or more exemplary embodiments include
an ultrasonic diagnostic apparatus and a method of op-
erating the same, which acquires a plurality of cross-sec-
tional ultrasonic images of an object by using a plurality
of probes, and performs diagnosis on the basis of the
obtained plurality of cross-sectional ultrasonic images.
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Advantageous Effects of Invention

[0008] When performing ultrasonic diagnosis by using
the ultrasonic diagnostic apparatus according to an ex-
emplary embodiment, accurate diagnosis information
may be acquired, the manufacturing costcan bereduced,
and a user’s convenience may be enhanced, in compar-
ison with the conventional 2D ultrasonic diagnostic ap-
paratus and 3D ultrasonic diagnostic apparatus.

Brief Description of Drawings

[0009] These and/orother aspects will become appar-
ent and more readily appreciated from the following de-
scription of exemplary embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 is a block diagram which illustrates a config-
uration of an ultrasonic diagnostic apparatus, ac-
cording to an exemplary embodiment;

FIG. 2 is a block diagram which illustrates a config-
uration of an ultrasonic diagnostic apparatus, ac-
cording to an exemplary embodiment;

FIG. 3 is a flowchart which illustrates a method for
operating an ultrasonic diagnostic apparatus, ac-
cording to an exemplary embodiment; and

FIGS. 4,5, 6, and 7 are diagrams which illustrate the
method for operating the ultrasonic diagnostic appa-
ratus, according to the exemplary embodiment of
FIG. 3.

Best Mode for Carrying out the Invention

[0010] One or more exemplary embodiments include
an ultrasonic diagnostic apparatus and a method of op-
erating the same, which acquires a plurality of cross-sec-
tional ultrasonic images of an object by using a plurality
of probes, and performs diagnosis on the basis of the
obtained plurality of cross-sectional ultrasonic images.
[0011] 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 exemplary embodiments.

[0012] According to one or more exemplary embodi-
ments, there is provided a method for operating an ultra-
sonic diagnostic apparatus as set out in accompanying
claim 1.

[0013] The method may further include generating a
first driving signal which corresponds to the first ultrason-
ic signal and generating a second driving signal which
corresponds to the second ultrasonic signal in order to
apply the first driving signal to a first probe and in order
to apply the second driving signal to a second probe,
wherein the first driving signal is separate from the sec-
ond driving signal.

[0014] The transmitting includes transmitting, by the
first probe, the first ultrasonic signal to the object, and
transmitting, by the second probe, the second ultrasonic
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signal to the object.

[0015] The generating the first ultrasonic data and the
second ultrasonic data may include separating the first
echo signal from the second echo signal based on at
least one characteristic of at least one from among the
first and second ultrasonic signals.

[0016] The generating the first ultrasonic data and the
second ultrasonic data may include separating the first
echo signal from the second echo signal by using at least
one from among a frequency band division technique
and an orthogonal coding excitation technique.

[0017] Thefirstultrasonic signal may include a first fre-
quency band, and the second ultrasonic signal may in-
clude a second frequency band which is different from
the first frequency band.

[0018] Each of the first and second ultrasonic signals
may include a respective orthogonal code.

[0019] The generating the first ultrasonic data and the
second ultrasonic data may include compressing each
of the first and second echo signals.

[0020] The method includes displaying a synthesized
image which is generated by synthesizing the first ultra-
sonic image with the second ultrasonic image.

[0021] The synthesized image includes a three-dimen-
sional (3D) ultrasonic image of the object.

[0022] The method includes displaying first cross-sec-
tional information which relates to the first ultrasonic im-
age and second cross-sectional information which re-
lates to the second ultrasonic image in the 3D ultrasonic
image.

[0023] According to one or more exemplary embodi-
ments, there is provided an ultrasonic diagnostic appa-
ratus as set out in accompanying claim 6.

[0024] The ultrasonic diagnostic apparatus may further
include an ultrasonic transmitter configured to generate
a first driving signal which corresponds to the first ultra-
sonic signal and to generate a second driving signal
which corresponds to the second ultrasonic signal, and
further configured to apply the first driving signal to the
first probe and to apply the second driving signal to the
second probe, wherein the first driving signal is separate
from the second driving signal.

[0025] The ultrasonic receiver may be further config-
ured to separate the first echo signal from the second
echo signal based on at least one characteristic of at
least one from among the first and second ultrasonic sig-
nals.

[0026] The ultrasonic receiver may be further config-
ured to separate the first echo signal from the second
echo signal by using atleast one from among a frequency
band division technique and an orthogonal coding exci-
tation technique.

[0027] The ultrasonic receiver may be further config-
ured to compress each of the first and second echo sig-
nals.

[0028] The display component is configured to display
a synthesized image which is generated by synthesizing
the first ultrasonic image with the second ultrasonic im-
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age.
[0029] The display component is configured to display
first cross-sectional information which relates to the first
ultrasonic image and second cross-sectional information
which relates to the second ultrasonic image in the 3D
ultrasonic image.

Mode for the Invention

[0030] Reference will now be made in detail to exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings, wherein like reference nu-
merals refer to the like elements throughout. In this re-
gard, the present exemplary embodiments may have dif-
ferentforms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the ex-
emplary embodiments are merely described below, by
referring to the figures, in order to explain aspects of the
present disclosure.

[0031] All 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 an 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. Thus, the terms used herein have to be de-
fined based on the meaning of the terms together with
the description throughout the specification.

[0032] Also, when a part "includes" or "comprises" an
element, unless there is a particular description contrary
thereto, the part may further include other elements, not
excluding the other elements. Moreover, each of terms
such as "...unit" and "module" described in specification
denotes an element for performing at least one function
or operation, and may be implemented in hardware, soft-
ware or a combination of hardware and software.
[0033] The term "ultrasonic image" used herein de-
notes an image of an object which is acquired by using
an ultrasonic wave. Also, the term "object" used herein
may include a person, an animal, a part of the person,
or a part of the animal. For example, an object may in-
clude an organ, such as, for example, a liver, a heart, a
womb, a brain, breasts, an abdomen, or the like, or a
blood vessel. Also, the term "object" may include a phan-
tom. The phantom denotes a material having a volume
thatis very close to a density and effective atomic number
of an organism, and may include a spherical phantom
having a characteristic similar to a physical body.
[0034] Moreover, the ultrasonic image may be imple-
mented in various ways. For example, the ultrasonic im-
age may include at least one of an amplitude (A) mode
image, a brightness (B) mode image, a color (C) mode
image, and a Doppler (D) mode image. Also, according
to an exemplary embodiment, the ultrasonic image may
include a two-dimensional (2D) image and/or a three-
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dimensional (3D) image.

[0035] Moreover, the term "user" as used herein may
refer to a medical expert, and may include any one or
more of a doctor, a nurse, a medical technologist, a med-
ical image expert, or the like, or may include an engineer
who repairs a medical apparatus. However, the user is
not limited thereto.

[0036] The present inventive concept will now be de-
scribed more fully with reference to the accompanying
drawings, in which exemplary embodiments are shown.
The presentinventive concept may, however, be embod-
ied in many different forms and should not be construed
as being limited to the exemplary embodiments set forth
herein; rather, these exemplary embodiments are pro-
vided so that this disclosure will be thorough and com-
plete, and will fully convey the concept to those of ordi-
nary skill in the art. In the following description, well-
known functions or constructions are not described in
detail since they would obscure the present disclosure
with unnecessary detail. Throughout the specification,
like reference numerals in the drawings denote like ele-
ments.

[0037] FIG. 1isablock diagram which illustrates a con-
figuration of an ultrasonic diagnostic apparatus 1000, ac-
cording to an exemplary embodiment.

[0038] ReferringtoFIG. 1, the ultrasonic diagnostic ap-
paratus 1000 may include a first probe 21, a second
probe 22, an ultrasonic reception unit (also referred to
herein as an "ultrasonic receiver") 120, and an image
processor 200. Further, the image processor 200 may
include an image generation unit (also referred to herein
as an "image generator") 220 and a display unit (also
referred to herein as a "display device" or a "display com-
ponent") 230.

[0039] A probe according to an exemplary embodi-
ment may be provided in plurality. In FIG. 1, for conven-
ience of description, first and second probes 21 and 22,
namely, only two probes, are illustrated, but the exem-
plary embodiments are not limited thereto.

[0040] The plurality of probes, including the first and
second probes 21 and 22, may be implemented as a
same type, or may be implemented as different types,
depending on positions where the probes are respective-
ly used.

[0041] Moreover, one or both of the first and second
probes 21 and 22 may be implemented as flexible probes
which include a flexible material. When a probe is imple-
mented as a flexible probe, a user may easily dispose
the probe in a bent area.

[0042] Moreover, one or both of the first and second
probes 21 and 22 may be configured as wireless probes.
When the first and second probes 21 and 22 are config-
ured as wireless probes, the first and second probes 21
and 22 may include a plurality of transducers, and de-
pending on an implementation type, the first and second
probes 21 and 22 may include some or all of elements
of the ultrasonic reception unit 120.

[0043] Each of the first and second probes 21 and 22
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may transmit a respective ultrasonic signal to an object
10, and receive a respective echo signal which is reflect-
ed from the object 10. In this aspect, the first probe may
transmit a first ultrasonic signal, and the second probe
may transmit a second ultrasonic signal.

[0044] Here, first and second ultrasonic signals may
be separate signals. For example, the first and second
ultrasonic signals may be signals having different fre-
quency bands.

[0045] Alternatively, the firstand second ultrasonic sig-
nals may be signals composed of codes which are or-
thogonal to each other. For example, the first and second
ultrasonic signals may be signals which are composed
of a chirp code which is designed to have orthogonal
properties, or may be signals which are composed of a
Golay code which is designed to have orthogonal prop-
erties. However, the first and second ultrasonic signals
are not limited thereto, and in addition, the first and sec-
ond ultrasonic signals may be signals which are com-
posed of known codes which are orthogonal to each oth-
er.

[0046] The ultrasonic reception unit 120, according to
an exemplary embodiment, may receive a first echo sig-
nal which corresponds to the first ultrasonic signal and a
second echo signal which corresponds to the second ul-
trasonic signal. Here, the first echo signal is a signal
which is received by the first probe 21, and the second
echo signal is a signal which is received by the second
probe 22.

[0047] The ultrasonic reception unit 120 may include
first and second ultrasonic receivers. A signal acquired
from the first probe 21 may be received by the first ultra-
sonic receiver, and a signal acquired from the second
probe 22 may be received by the second ultrasonic re-
ceiver. However, the present exemplary embodiment is
not limited thereto.

[0048] The ultrasonic reception unit 120, according to
an exemplary embodiment, may separate the first echo
signal from the second echo signal.

[0049] Here, the first and second echo signals are re-
spective signals which respectively correspond to the first
and second ultrasonic signals. The first echo signal may
include a characteristic of the first ultrasonic signal, and
the second echo signal may include a characteristic of
the second ultrasonic signal.

[0050] Therefore, the ultrasonicreception unit 120 may
separate the first and second echo signals based on the
characteristic of the first ultrasonic signal and the char-
acteristic of the second ultrasonic signal.

[0051] In this case, the ultrasonic reception unit 120
may separate the first and second echo signals by using
a frequency band division technique.

[0052] Forexample, whenthefirstultrasonicsignal has
a first frequency band and the second ultrasonic signal
has a second frequency band, the first echo signal may
have the first frequency band, and the second echo signal
may have the second frequency band.

[0053] Therefore, the ultrasonicreception unit 120 may
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separate the first and second echo signals on the basis
of a frequency band characteristic of the first ultrasonic
signal and a frequency band characteristic of the second
ultrasonic signal.

[0054] Moreover, the ultrasonic reception unit 120 may
separate the first and second echo signals by using an
orthogonal coding excitation technique.

[0055] For example, when the first ultrasonic signal is
a signal which is composed of a first chirp code and the
second ultrasonic signal is a signal which is composed
of a second chirp code which is orthogonal to the first
chirp code, the first echo signal may include a character-
istic of the first chirp code, and the second echo signal
may include a characteristic of the second chirp code.
[0056] Therefore, the ultrasonicreception unit 120 may
separate the first and second echo signals based on a
frequency band characteristic of the characteristic of the
first chirp code and the characteristic of the second chirp
code.

[0057] Moreover, the ultrasonic reception unit 120 may
generate first ultrasonic data which corresponds to the
separated first echo signal, and generate second ultra-
sonic data which corresponds to the separated second
echo signal.

[0058] Theimage generation unit 220, according to an
exemplary embodiment, may generate a first ultrasonic
image based on the first ultrasonic data, and generate a
second ultrasonic image based on the second ultrasonic
data.

[0059] Here, the first ultrasonic image may include an
ultrasonic image of a first cross-sectional surface of the
object 10, and the second ultrasonic image may include
an ultrasonic image of a second cross-sectional surface
of the object. The first cross-sectional surface and the
second cross-sectional surface may be cross-sectional
surfaces which are inclined at different respective angles
with respect to a vertical plane.

[0060] Thedisplay unit230, according to an exemplary
embodiment, may display either or both of the first and
second ultrasonicimages. Also, the display unit 230 may
further display a synthesized image which is generated
by synthesizing the first ultrasonic image with the second
ultrasonic image. Here, the synthesized image may in-
clude a 3D ultrasonic image.

[0061] FIG. 2is ablock diagram which illustrates a con-
figuration of an ultrasonic diagnostic apparatus 1000, ac-
cording to an exemplary embodiment.

[0062] ReferringtoFIG. 2, the ultrasonic diagnostic ap-
paratus 1000 according to an exemplary embodiment
includes a probe 20, an ultrasonic transceiver 100, an
image processor 200, a communicator 300, a memory
400, a user input unit 500, and a controller 600. The
above-described elements may be connected to each
other via a bus 700.

[0063] The ultrasonic diagnostic apparatus 1000 may
be implemented as a portable type as well as a card type.
Examples of the portable diagnostic apparatuses may
include picture archiving and communication system
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(PACS) viewers, smartphones, laptop computers, per-
sonal digital assistants (PDAs), tablet personal comput-
ers (PCs), and/or any other suitable device, but are not
limited thereto.

[0064] The ultrasonic diagnostic apparatus 1000, ac-
cording to an exemplary embodiment, may include a plu-
rality of the probes 20. Each of the plurality of probes 20
transmits a respective ultrasonic signal to an object 10
based on a respective driving signal whichis applied from
the ultrasonic transceiver 100, and receives a respective
echo signal which is reflected from the object 10. Each
of the probes 20 includes a plurality of transducers, which
vibrate based on the applied driving signal in order to
generate an ultrasonic wave that contains sound energy.
Also, the probes 20 may be connected to a body of the
ultrasonic diagnostic apparatus 1000 in a wired or wire-
less manner.

[0065] An ultrasonic transmission unit (also referred to
herein as an "ultrasonic transmitter") 110 supplies the
driving signal to the probe 20, and includes a pulse gen-
erator 112, atransmission delayer 114, and a pulser 116.
The pulse generator 112 generates a pulse which is used
to generate a transmission ultrasonic wave based on a
pulse repetition frequency (PRF).

[0066] Accordingto an exemplary embodiment, the ul-
trasonic transmission unit 110 may be provided in plu-
rality. For example, when the probe is provided as a plu-
rality of N probes, the ultrasonic diagnostic apparatus
1000 may include a corresponding number (i.e., N) of
ultrasonic transmission units.

[0067] Moreover, as described above with respect to
FIG. 1, when the ultrasonic diagnostic apparatus 1000
includes the first and second probes 21 and 22, the ul-
trasonic diagnostic apparatus 1000 may include first and
second pulse generators. The first pulse generator may
generate a first pulse, which corresponds to a first driving
signal, which is applied to the first probe 21. The second
pulse generator may generate a second pulse, which cor-
responds to a second driving signal, which is applied to
the second probe 22. Here, the first and second pulses
are separate pulses, and may be pulses which do not
cause interference therebetween.

[0068] The transmission delayer 114 applies a delay
time, used to determine a transmission directionality, to
the pulse. A plurality of the pulses with the delay time
applied thereto correspond to a plurality of piezoelectric
vibrators which are included in the probe, respectively.
The pulser 116 applies the driving signal (or a driving
pulse) to the probe 20 at a timing which corresponds to
each of the pulses with the delay time applied thereto.
[0069] Here,thedriving signal may include the firstand
second driving signals, and the ultrasonic transmission
unit 110, according to an exemplary embodiment, may
apply the first and second driving signals to the first and
second probes 21 and 22, respectively.

[0070] The first probe 21 may transmit the first ultra-
sonic signal, which corresponds to the applied first driving
signal, to the object 10, and the second probe 22 may
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transmit the second ultrasonic signal, which corresponds
to the applied second driving signal, to the object 10.
[0071] The ultrasonic reception unit 120 processes the
echo signal received from the probe 20 in order to gen-
erate ultrasonic data, and includes an amplifier 122, an
analog-to-digital converter (ADC) 124, areception delay-
er 126, and an adder 128. The amplifier 122 amplifies
the echo signal for each channel, and the ADC 124 con-
verts the amplified echo signal from analog to digital. The
reception delayer 126 applies a delay time, used to de-
termine a reception directionality, to the converted digital
echo signal, and the adder 128 adds a plurality of the
echo signals processed by the reception delayer 126 in
order to generate the ultrasonic data.

[0072] According to an exemplary embodiment, the ul-
trasonic diagnostic apparatus 1000 may include a plu-
rality of the ultrasonic reception units. For example, when
the probe is provided as a plurality of N probes, the ul-
trasonic diagnostic apparatus 1000 may include a corre-
sponding number (i.e., N) of ultrasonic reception units,
which may receive respective echo signals from the plu-
rality of probes.

[0073] Moreover, according to an exemplary embodi-
ment, the ultrasonic reception unit 120 may further in-
clude a pulse compressor 127. The pulse compressor
127 may compress either or both of the separated first
and second ultrasonic signals.

[0074] When a long-duration signal having a low volt-
age is used as an ultrasonic signal, the pulse compressor
127 may perform a pulse compression on an echo signal
which corresponds to the ultrasonic signal. Therefore,
the ultrasonic diagnostic apparatus 1000 may acquire an
ultrasonic image which has a resolution similar to that of
a short transmission signal (which has a high peak volt-
age) being used.

[0075] Forexample, when each of the first and second
ultrasonic signals includes a long code string, such as,
for example, a chirp code, the pulse compressor 127 may
perform pulse compression on each of the received first
and second echo signals, and thus, the resolution of an
ultrasonic image can be maintained.

[0076] Theimage processor 200 performs a scan con-
version on the ultrasonic data which is generated by the
ultrasonic transceiver 100 in order to generate and dis-
play an ultrasonic image.

[0077] Accordingto an exemplary embodiment, theim-
age processor 200 may generate the first ultrasonic im-
age by performing a scan conversion on the first ultra-
sonic data, generate the second ultrasonicimage by per-
forming a scan conversion on the second ultrasonic data,
and display the first and second ultrasonic images.
[0078] The ultrasonic image may display a motion of
an object as a Doppler image in addition to a grayscale
ultrasonicimage that is generated by scanning the object
according to any one or more of the A mode, the B mode,
and a motion (M) mode. The Doppler image may include
a blood Doppler image (also called a color Doppler im-
age) which indicates a flow of blood, a tissue Doppler
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image which indicates a motion of a tissue, and a spectral
Dopplerimage thatdisplays a moving speed of the object
as a waveform.

[0079] A B mode processor 212 extracts a B mode
component from the ultrasonic data in order to process
the B mode component. An image generation unit 220
may generate an ultrasonic image that displays a signal
intensity as a brightness, based on the B mode compo-
nent which is extracted by the B mode processor 212.
[0080] Similarly, a Doppler processor 214 may extract
a Doppler component from the ultrasonic data, and the
image generation unit 220 may generate a Doppler im-
age that displays a motion of an object as a color or a
waveform, based on the extracted Doppler component.
[0081] The image generation unit 220, according to an
exemplary embodiment, may perform a volume render-
ing operation on volume data in order to generate a 3D
ultrasonicimage, and may also generate an elasticimage
that displays a degree of modification (based on a pres-
sure) of an object 10 as an image. Furthermore, the im-
age generation unit 220 may express various pieces of
additional information on the ultrasonic image as texts
and graphics. The generated ultrasonic image may be
stored in a memory 400.

[0082] A display unit230 displays the ultrasonic image
which is generated by the image generation unit 220.
The display unit 230 may display various pieces of infor-
mation which are processed by the ultrasonic diagnostic
apparatus 1000, in addition to the ultrasonic image, on
a screen via a graphical user interface (GUI). The ultra-
sonic diagnostic apparatus 1000 may include two or more
display units 230, depending on an implementation type.
[0083] The display unit 230 includes at least one of a
liquid crystal display (LCD), a thin film transistor-liquid
crystal display, an organic light-emitting diode (OLED),
a flexible display, a 3D display, and an electrophoretic
display.

[0084] Moreover, when the display unit 230 and the
user input unit 500 are implemented as a touch screen
by forming a layer structure, the display unit 230 may be
used as an input device that enables information to be
input by a user’s touch, in addition to an output unit.
[0085] The communicator 300 is connected to a net-
work 30 in a wired or wireless manner in order to com-
municate with an external device or server. The commu-
nicator 300 may exchange data with a hospital server
and/or a medical apparatus of a hospital which is con-
nected thereto via a medical image information system
(e.g.,aPACS). Also, the communicator 300 may perform
data communication according to the digital imaging and
communications in medicine (DICOM) standard.

[0086] The communicator 300 may transmit and re-
ceive data, such as an ultrasonic image, ultrasonic data,
Doppler data, and/or any other suitable type of data which
relates to an object, which data is associated with a di-
agnosis of the object, via the network 30, and may also
transmit and receive a medical image captured by a med-
ical apparatus such as, for example, any one or more of
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acomputed tomography (CT) apparatus, a magnetic res-
onance imaging (MRI) apparatus, and/or an X-ray appa-
ratus. Furthermore, the communicator 300 may receive
information which relates to a diagnosis history and/or a
treatment schedule of a patient from a server, and use a
diagnosis of an object. In addition, the communicator 300
may perform data communication with a portable termi-
nal of a doctor and/or with a portable terminal of a patient,
in addition to a server or medical apparatus of a hospital.
[0087] The communicator 300 may be connected to
the network 30 in a wired or wireless manner, and may
exchange data with any one or more of a server 32, a
medical apparatus 34, and/or a portable terminal 36. The
communicator 300 may include one or more elements
that enable communication with an external device, and
for example, include a short-distance communication
module 310, a wired communication module 320, and a
mobile communication module 330.

[0088] The short-distance communication module 310
refers to a module configured for short-distance commu-
nication within a certain distance. Short-distance com-
munication technology, according to an exemplary em-
bodiment, may include any one or more of wireless LAN,
Wi-Fi, Bluetooth, Zigbee, Wi-Fi direct (WFD), ultra wide-
band (UWB), infrared data association (IrDA), Bluetooth
low energy (BLE), and near field communication (NFC),
but the short-distance communication technology is not
limited thereto.

[0089] The wired communication module 320 refers to
a module for communication using an electrical signal or
an optical signal. Wired communication technology, ac-
cording to an exemplary embodiment, may include any
one or more of a pair cable, a coaxial cable, an optical
fiber cable, and/or an Ethernet cable.

[0090] The mobile communication module 330 trans-
mits and receives a radio frequency (RF) signal to and
from a base station, an external terminal, and a server
via a mobile communication network. Here, the RF signal
may include any one or more of various types of data
based on transmission and reception of a voice call sig-
nal, a video call signal, or a letter/multimedia message.
[0091] The memory 400 stores various pieces of infor-
mation which are processed by the ultrasonic diagnostic
apparatus 1000. Forexample, the memory 400 may store
medical data, such as input/output ultrasonic data and
ultrasonic images, which may be associated with a diag-
nosis of an object, and may also store an algorithm and/or
a program which is executed in the ultrasonic diagnostic
apparatus 1000.

[0092] The memory 400 may be configured with any
one or more of various kinds of storage mediums such
as a flash memory, a hard disk, an electrically erasable
programmable read only memory (EEPROM), and/or
any other suitable type of storage medium. Also, the ul-
trasonic diagnostic apparatus 1000 may operate a web
storage facility and/or a cloud server which performs a
storage function of the memory 400 on a network.
[0093] The user input unit 500 generates input data
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based on input which is provided by a user for controlling
an operation of the ultrasonic diagnostic apparatus 1000.
The user input unit 500 may include any one or more of
hardware elements such as a keypad, a mouse, a touch
pad, a trackball, and/or a jog switch, but is not limited
thereto. As another example, the user input unit 500 may
further include any one or more of various sensors such
as an electrocardiogram (ECG) measurement module,
a breath measurement sensor, a voice recognition sen-
sor, a gesture recognition sensor, a fingerprint recogni-
tion sensor, an iris recognition sensor, a depth sensor, a
distance sensor, and/or any other suitable type of sensor.
[0094] In particular, the userinput unit 500 may further
include the touch screen in which the touch pad and the
display unit 230 form the layer structure.

[0095] Inthis case, the ultrasonic diagnostic apparatus
1000 may display a specific mode ultrasonic image and
a control panel for controlling an ultrasonic image on the
touch screen. In addition, the ultrasonic diagnostic ap-
paratus 1000 may sense a user’s touch gesture for ma-
nipulating an ultrasonic image via the touch screen.
[0096] The controller 600 controls an overall operation
of the ultrasonic diagnostic apparatus 1000. In particular,
the controller 600 may control operations with respect to
each of the probe 20, the ultrasonic transceiver 100, the
image processor 200, the communicator 300, the mem-
ory 400, and the user input unit 500 which are illustrated
in FIG. 1.

[0097] Some orallofthe probe 20, the ultrasonic trans-
ceiver 100, the image processor 200, the communicator
300, the memory 400, the user input unit 500, and the
controller 600 may be operated by a software module,
but are not limited thereto. Some of the above-described
elements may be operated by a hardware module. Fur-
ther, at least some of the ultrasonic transceiver 100, the
image processor 200, and the communicator 300 may
be included in the controller 600, but are not limited to
the implementation type.

[0098] The block diagram of the ultrasonic diagnostic
apparatus 1000 of FIG. 2 is a block diagram according
to an exemplary embodiment. The elements of the block
diagram may be integrated, added, or omitted, depend-
ing on a specification of an actually implemented cache
memory system. In particular, depending on the partic-
ular case, two or more elements may be integrated into
one element, or one element may be subdivided into two
or more elements. Further, a function performed by each
element is for describing an exemplary embodiment, and
each element or a detailed operation thereof does not
limit a scope of the exemplary embodiments.

[0099] FIG. 3is a flowchart which illustrates a method
for operating an ultrasonic diagnostic apparatus, accord-
ing to an exemplary embodiment, and FIGS. 4, 5, 6, and
7 are diagrams which respectively illustrate the method
for operating the ultrasonic diagnostic apparatus accord-
ing to an exemplary embodiment of FIG. 3.

[0100] Referring to FIG. 3, in operation S310, the ul-
trasonic diagnostic apparatus 1000 transmits each of the



13 EP 3 001 805 B1 14

separate first and second ultrasonic signals to an object.
[0101] As illustrated in FIG. 4, in order to acquire an
ultrasonic image of the object, a user may dispose a plu-
rality of probes, including the first probe 21 and the sec-
ond probe 22, in one of different first area A1, second
area A2, third area A3, and fourth area A4.

[0102] In particular, the first, second, third, and fourth
areas A1, A2, A3, and A4 may be respective areas for
acquiring first, second, third, and fourth cross-sectional
images of the object, and may be predetermined areas.
[0103] For example, the user may dispose a plurality
of probes to have different angles in a right area, a left
area, an upper area, and a lower area with respect to a
heart, for acquiring first, second, third, and fourth cross-
sectional images of the heart.

[0104] The ultrasonic diagnostic apparatus 1000 may
generate the first and second driving signals, and apply
the first and second driving signals to the first and second
probes 21 and 22, respectively.

[0105] The first probe 21 transmits the first ultrasonic
signal, which corresponds to the first driving signal, to
the object, and the second probe 21 transmits the second
ultrasonic signal, which corresponds to the second driv-
ing signal, to the object.

[0106] In particular, the first and second ultrasonic sig-
nals may include separate signals, and may include sig-
nals which do not cause interference therebetween.
[0107] Forexample, the firstand second ultrasonic sig-
nals may include signals which have different frequency
bands.

[0108] Alternatively, the firstand second ultrasonic sig-
nals may include signals which are composed of codes
which are orthogonal to each other. For example, the first
and second ultrasonic signals may include signals which
are respectively composed of a chirp code which is de-
signed to have orthogonal properties, or may include sig-
nals which are composed of a Golay code which is de-
signed to have orthogonal properties. However, the first
and second ultrasonic signals are not limited thereto, and
in addition, the first and second ultrasonic signals may
include signals which are composed of known codes
which are orthogonal to each other.

[0109] Referring again to FIG. 3, in operation S320,
the ultrasonic diagnostic apparatus 1000 may receive
the first echo signal which corresponds to the first ultra-
sonic signal, and may receive the second echo signal
which corresponds to the second ultrasonic signal.
[0110] In particular, the first echo signal is a signal
which is received by the first probe 21, and the second
echo signal is a signal which is received by the second
probe 22.

[0111] For example, the first probe 21 may transmit
the first ultrasonic signal to the object, receive the first
echo signal which is reflected from the object, and trans-
mit the received first echo signal to the ultrasonic recep-
tion unit 120. In addition, the second probe 22 may trans-
mit the second ultrasonic signal to the object, receive the
second echo signal which is reflected from the object,
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and transmit the received first echo signal to the ultra-
sonic reception unit 120.

[0112] Inoperation S330, the ultrasonic diagnostic ap-
paratus 1000 may separate the received first and second
echo signals in order to generate the first ultrasonic data,
which corresponds to the first echo signal, and to gener-
ate the second ultrasonic data, which corresponds to the
second echo signal.

[0113] In particular, the first and second echo signals
are respective signals which respectively correspond to
the first and second ultrasonic signals. The first echo sig-
nal may include a characteristic of the first ultrasonic sig-
nal, and the second echo signal may include a charac-
teristic of the second ultrasonic signal.

[0114] Therefore, the ultrasonic reception unit 120 may
separate the first echo signal from the second echo signal
based on at least one of the characteristic of the first
ultrasonic signal and the characteristic of the second ul-
trasonic signal.

[0115] In this case, the ultrasonic reception unit 120
may separate the first and second echo signals by using
the frequency band division technique.

[0116] Forexample, when thefirstultrasonic signal has
a first frequency band and the second ultrasonic signal
has a second frequency band, the first echo signal may
have the first frequency band, and the second echo signal
may have the second frequency band. Therefore, the
ultrasonic reception unit 120 may separate the first and
second echo signals based on a frequency band char-
acteristic of the first ultrasonic signal and a frequency
band characteristic of the second ultrasonic signal.
[0117] Moreover, the ultrasonic reception unit 120 may
separate the first echo signal from the second echo signal
by using the orthogonal coding excitation technique.
[0118] For example, when the first ultrasonic signal is
a signal which is composed of a first chirp code and the
second ultrasonic signal is a signal which is composed
of a second chirp code which is orthogonal to the first
chirp code, the first echo signal may include a character-
istic of the first chirp code, and the second echo signal
may include a characteristic of the second chirp code.
Therefore, the ultrasonic reception unit 120 may separate
the first and second echo signals based on the charac-
teristic of the first chirp code and the characteristic of the
second chirp code.

[0119] Moreover, the ultrasonic reception unit 120 may
generate the first ultrasonic data, which corresponds to
the separated first echo signal, and may generate the
second ultrasonic data, which corresponds to the sepa-
rated second echo signal.

[0120] Inoperation S340, the ultrasonic diagnostic ap-
paratus 1000 may display the first ultrasonic image which
is generated based on the first ultrasonic data, and may
display the second ultrasonic image which is generated
based on the second ultrasonic data.

[0121] Inthis case, the ultrasonic diagnostic apparatus
1000 may scan-convert the first ultrasonic data in order
to generate the first ultrasonic image, and may scan-con-



15 EP 3 001 805 B1 16

vert the second ultrasonic data in order to generate the
second ultrasonic image.

[0122] In particular, the first ultrasonic image may in-
clude an ultrasonic image which is acquired from the first
area A1 in which the first probe 21 is located, and the
second ultrasonicimage may include an ultrasonicimage
which is acquired from the second area A2 in which the
second probe 22 is located.

[0123] Moreover, the ultrasonic diagnostic apparatus
1000 may further include third and fourth probes, in ad-
dition to the first and second probes 21 and 22. The user
may dispose the first, second, third, and fourth probes in
the respective first, second, third, and fourth areas A1,
A2, A3, and A4, and acquire first ultrasonic image 1410,
second ultrasonic image 1420, third ultrasonic image
1430, and fourth ultrasonic image 1440.

[0124] Referring to FIG. 5, the first, second, third, and
fourth ultrasonicimages 1410, 1420, 1430 and 1440 may
be ultrasonic images of a plurality of cross-sectional sur-
faces of the same object.

[0125] For example, when the same object is a heart,
the first, second, third, and fourth ultrasonicimages 1410,
1420, 1430 and 1440 may be ultrasonic images of differ-
ent cross-sectional surfaces of the heart which are ac-
quired by the respective probes which are located in the
first, second, third, and fourth areas A1, A2, A3, and A4.
[0126] For example, the first ultrasonic image 1410
may be an ultrasonic image of a cross-sectional surface
which is inclined at a first angle with respect to a vertical
plane of the heart, and the second ultrasonicimage 1420
may be an ultrasonic image of a cross-sectional surface
which is inclined at a second angle with respect to the
vertical plane of the heart.

[0127] Moreover, the ultrasonic diagnostic apparatus
1000 may display a 3D modeling image 1450 of a com-
bination of component images of the object.

[0128] Moreover, the ultrasonic diagnostic apparatus
1000 may display cross-sectional surfaces 1461, 1462,
1463, and 1464, which respectively correspond to the
first, second, third, and fourth ultrasonic images 1410,
1420, 1430 and 1440 displayed by the display unit 230,
in the 3D modeling image 1450 of the object.

[0129] Therefore, the user may adjust an angle and
position of the probe 20 while viewing the cross-sectional
surface displayed in the 3D remodeling image 1450 of
the object, thereby acquiring an appropriate cross-sec-
tional ultrasonic image.

[0130] Moreover, the ultrasonic diagnostic apparatus
1000 may move and display the cross-sectional surface,
which is displayed in the 3D remodeling image 1450 of
the object, in correspondence with a movement of the
probe 20

[0131] The ultrasonic diagnostic apparatus 1000 may
provide a same respective color and a same respective
brightness to the same corresponding element of the ob-
ject as that which is displayed in the first, second, third,
and fourth ultrasonicimages 1410, 1420, 1430 and 1440.
[0132] Forexample, when each of the first and second
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ultrasonic images 1410 and 1420 includes first and sec-
ond blood vessels, the first blood vessels of the first and
second ultrasonic images 1410 and 1420 may be dis-
played in a first color, and the second blood vessels of
the first and second ultrasonic images 1410 and 1420
may be displayed in a second color.

[0133] Therefore, the user may easily recognize a par-
ticular body part in a plurality of cross-sectional images,
and may accurately diagnose the particular body part by
using the plurality of cross-sectional images.

[0134] ReferringtoFIG. 6, the ultrasonic diagnostic ap-
paratus 1000 may display a 3D ultrasonic image 1510 of
the object in the display unit 230. In particular, the 3D
ultrasonic image 1510 may be a 3D image which is gen-
erated via remodeling based on a plurality of ultrasonic
data which are respectively acquired from the plurality of
probes.

[0135] For example, the ultrasonic diagnostic appara-
tus 1000 may receive echo signals by using each of the
first, second, third, and fourth probes, respectively locat-
ed in the first, second, third, and fourth areas A1, A2, A3,
and A4, in order to acquire the first, second, third, and
fourth sets of ultrasonic data.

[0136] Atthistime, the ultrasonic diagnostic apparatus
1000 may generate a 2D ultrasonic image and a 3D ul-
trasonicimage by using the first, second, third, and fourth
sets of ultrasonic data. For example, the ultrasonic diag-
nostic apparatus 1000 may generate the 3D ultrasonic
image of the object based on a plurality of cross-sectional
information (respectively included in each of the first, sec-
ond, third, and fourth sets of ultrasonic data) which relates
to the object.

[0137] In this case, as illustrated in FIG. 6, the ultra-
sonic diagnostic apparatus 1000 may display a plurality
of cross-sectional surfaces 1521 and 1522, each of which
corresponds to the 2D ultrasonic image, in the 3D ultra-
sonic image 1510. In FIG. 6, only two cross-sectional
surfaces are displayed, but are not limited thereto. For
another example, when the number of 2D ultrasonic im-
ages is equal to N, the ultrasonic diagnostic apparatus
1000 may display a corresponding number (i.e., N) of
cross-sectional surfaces.

[0138] When the user selects one cross-sectional sur-
face from among the plurality of cross-sectional surfaces
1521 and 1522 which are displayed in the 3D ultrasonic
image 1510, the ultrasonic diagnostic apparatus 1000
may display a 2D ultrasonic image 1530, which corre-
sponds to the selected cross-sectional surface, in the
display unit 230.

[0139] Moreover, the ultrasonic diagnostic apparatus
1000 may measure the object based on at least one of
the 2D ultrasonic image and 3D ultrasonicimage of FIGS.
5 and 6.

[0140] For example, when the user selects first and
second points of the object for a purpose of measuring
a distance between the first and second points, the ul-
trasonic diagnostic apparatus 1000 may display an ultra-
sonic image which corresponds to a cross-sectional sur-
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face which includes both of the first and second points.
Therefore, the ultrasonic diagnostic apparatus 1000 can
accurately measure the distance between the first and
second points based on the displayed ultrasonic image.
[0141] FIG. 7 is adiagram thatillustrates an exemplary
comparison of features of the ultrasonic diagnostic ap-
paratus according to an exemplary embodiment, an ul-
trasonic diagnostic apparatus of a comparative example
1, and an ultrasonic diagnostic apparatus of a compara-
tive example 2. The ultrasonic diagnostic apparatus of
the comparative example 1 is a conventional 2D ultra-
sonic diagnostic apparatus which includes a single
probe, and the ultrasonic diagnostic apparatus of the
comparative example 2 is a 3D ultrasonic diagnostic ap-
paratus.

[0142] Referring to FIG. 7, in comparison with the ul-
trasonic diagnostic apparatus of the comparative exam-
ple 1, the ultrasonic diagnostic apparatus according to
an exemplary embodiment may simultaneously acquire
ultrasonic images in several directions of an object, and
thus reduce a time which would otherwise be required
for performing an ultrasonic diagnosis.

[0143] Moreover, in the ultrasonic diagnostic appara-
tus according to an exemplary embodiment, a plurality
of probes are respectively located in predetermined ar-
eas, and a plurality of ultrasonicimages may be acquired.
Accordingly, in comparison with the ultrasonic diagnostic
apparatus of the comparative example 1, a degree of
dependence on a user is reduced.

[0144] Moreover, in comparison with the ultrasonic di-
agnostic apparatus of the comparative example 1, the
ultrasonic diagnostic apparatus according to an exem-
plary embodiment may easily acquire volume information
which relates to an object based on simultaneously ac-
quired 2D ultrasonic images in which refer to several di-
rections of application of the ultrasonic diagnostic appa-
ratus according to an exemplary embodiment.

[0145] In comparison with the 3D ultrasonic diagnostic
apparatus of the comparative example 2, the ultrasonic
diagnostic apparatus according to an exemplary embod-
iment may acquire diagnosis information which relates
to a cross-sectional surface of an object, and may simul-
taneously acquire information which relates to each of a
plurality of cross-sectional surfaces.

[0146] Moreover, in comparison with the 3D ultrasonic
diagnostic apparatus of the comparative example 2, the
ultrasonic diagnostic apparatus according to an exem-
plary embodiment includes a light probe, thus reducing
manufacturing costs.

[0147] Therefore, when performing ultrasonic diagno-
sis by using the ultrasonic diagnostic apparatus accord-
ing to an exemplary embodiment, accurate diagnosis in-
formation may be acquired, the manufacturing cost can
be reduced, and a user’s convenience may be enhanced,
in comparison with the conventional 2D ultrasonic diag-
nostic apparatus and 3D ultrasonic diagnostic apparatus.
[0148] The ultrasonic diagnostic apparatus and the
method of operating the same according to one or more
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exemplary embodiments may also be embodied as com-
puter readable codes on a transitory or non-transitory
computer readable recording medium. The computer
readable recording medium is any data storage device
that can store data which may be thereafter read by a
computer system. Examples of the computer readable
recording medium include read-only memory (ROM),
random-access memory (RAM), CD-ROMs, magnetic
tapes, floppy disks, and optical data storage devices. The
computer readable recording medium can also be dis-
tributed over network coupled computer systems so that
the computer readable code may be stored and executed
in a distributed fashion.

[0149] It should be understood that the exemplary em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embod-
iment should typically be considered as available for oth-
er similar features or aspects in other embodiments.
[0150] While one or more exemplary embodiments
have been described with reference to the figures, it will
be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the scope of the presentinventive
concept as defined by the following claims.

Claims

1. A method for operating an ultrasonic diagnostic ap-
paratus (1000), the method comprising:

transmitting, by a first probe (21), a first ultra-
sonic signal to an object (10) and transmitting,
by a second probe (22), a second ultrasonic sig-
nal to the object (10), the second ultrasonic sig-
nal being separate from the first ultrasonic signal
(S310);

receiving a first echo signal which corresponds
to the first ultrasonic signal and receiving a sec-
ond echo signal which corresponds to the sec-
ond ultrasonic signal (S320); and

displaying a first ultrasonic image which is gen-
erated based on first ultrasonic data and display-
ing a second ultrasonic image which is generat-
ed based on second ultrasonic data (S340),
wherein the first ultrasonic image includes an
ultrasonic image of a first cross-sectional sur-
face ofthe object (10), and the second ultrasonic
image includes an ultrasonic image of a second
cross-sectional surface of the object (10),
characterised by:

separating the first echo signal from the sec-
ond echo signal in order to generate the first
ultrasonic data which corresponds to the
first echo signal and the second ultrasonic
data which corresponds to the second echo
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signal (S330)

displaying a synthesized image which is
generated by synthesizing the first ultrason-
ic image with the second ultrasonic image,
wherein the synthesized image includes a
three-dimensional (3D) ultrasonic image of
the object (10); and

displaying first cross-sectional information
which relates to the first ultrasonic image
and second cross-sectional information
which relates to the second ultrasonic im-
age in the 3D ultrasonic image.

The method of claim 1, wherein the generating the
first ultrasonic data and the second ultrasonic data
includes separating the first echo signal from the sec-
ond echo signal based on at least one characteristic
of at least one from among the first and second ul-
trasonic signals.

The method of claim 1, wherein the generating the
first ultrasonic data and the second ultrasonic data
includes separating the first echo signal from the sec-
ond echo signal by using at least one from among a
frequency band division technique and an orthogo-
nal coding excitation technique.

The method of claim 3, wherein the first ultrasonic
signal includes a first frequency band, and the sec-
ond ultrasonic signal includes a second frequency
band which is different from the first frequency band.

The method of claim 3, wherein each of the first and
second ultrasonic signals includes a respective or-
thogonal code.

An ultrasonic diagnostic apparatus (1000) compris-
ing:

a first probe (21) configured to transmit a first
ultrasonic signal to an object (10);

a second probe (22) configured to transmit a
second ultrasonic signal to the object (10),
wherein the first ultrasonic signal is separate
from the second ultrasonic signal;

an ultrasonic receiver (120) configured to re-
ceive a first echo signal which corresponds to
the firstultrasonic signal and toreceive a second
echo signal which corresponds to the second
ultrasonic signal;

an image generator (220) configured to gener-
ate a first ultrasonic image based on first ultra-
sonic data, and to generate a second ultrasonic
image based on second ultrasonic data; and
adisplay component (230) configured to display
the generated first ultrasonic image and to dis-
play the generated second ultrasonic image,
wherein the first ultrasonic image includes an
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ultrasonic image of a first cross-sectional sur-
face ofthe object (10), and the second ultrasonic
image includes an ultrasonic image of a second
cross-sectional surface of the object (10),
characterised in that:

the ultrasonic receiver (120) is further con-
figured to separate the first echo signal from
the second echo signal in order to generate
the first ultrasonic data which corresponds
to the first echo signal and the second ul-
trasonic data which corresponds to the sec-
ond echo signal;

the display component (230) is further con-
figured to display a synthesized image
which is generated by synthesizing the first
ultrasonic image with the second ultrasonic
image, wherein the synthesized image in-
cludes a three-dimensional (3D) ultrasonic
image of the object (10), and

the display component (230) is further con-
figured to display first cross-sectional infor-
mation which relates to the first ultrasonic
image and second cross-sectional informa-
tion which relates to the second ultrasonic
image in the 3D ultrasonic image.

The ultrasonic diagnostic apparatus (1000) of claim
6, wherein the ultrasonic receiver (120) is further
configured to separate the first echo signal from the
second echo signal based on at least one charac-
teristic of at least one from among the first and sec-
ond ultrasonic signals.

The ultrasonic diagnostic apparatus (1000) of claim
6, wherein the ultrasonic receiver (120) is further
configured to separate the first echo signal from the
second echo signal by using atleast one fromamong
a frequency band division technique and an orthog-
onal coding excitation technique.

The ultrasonic diagnostic apparatus (1000) of claim
8, wherein the first ultrasonic signal includes a first
frequency band, and the second ultrasonic signal
includes a second frequency band which is different
from the first frequency band.

The ultrasonic diagnostic apparatus (1000) of claim
8, wherein each of the first and second ultrasonic
signals includes a respective orthogonal code.

Patentanspriiche

1.

Verfahren zum Betrieb einer Ultraschalldiagnose-
vorrichtung (1000), wobei das Verfahren umfasst:

Senden eines ersten Ultraschallsignals an ein
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Objekt (10) durch eine erste Sonde (21), und
Senden eines zweiten Ultraschallsignals an das
Objekt (10) durch eine zweite Sonde (22), wobei
das zweite Ultraschallsignal getrennt von dem
ersten Ultraschallsignal (S310) vorliegt;
Empfangen eines ersten Echosignals, das dem
ersten Ultraschallsignal entspricht, und Emp-
fangen eines zweiten Echosignals, das dem
zweiten Ultraschallsignal (S320) entspricht; und
Anzeigen eines ersten Ultraschallbildes, das ba-
sierend auf ersten Ultraschalldaten generiert
wurde, und Anzeigen eines zweiten Ultraschall-
bildes, das basierend auf zweiten Ultraschallda-
ten (S340) generiert wurde,

wobei das erste Ultraschallbild ein Ultraschall-
bild einer ersten Querschnittflache des Objekts
(10) einschlief3t, und das zweite Ultraschallbild
ein Ultraschallbild einer zweiten Querschnitto-
berflache des Objekts (10) einschlief3t,
gekennzeichnet durch:

Trennen des ersten Echosignals von dem
zweiten Echosignal, um die ersten Ultra-
schalldaten, die dem ersten Echosignal ent-
sprechen, und die zweiten Ultraschallda-
ten, die dem zweiten Echosignal entspre-
chen, zu generieren (S330),

Anzeigen eines synthetisierten Bildes, das
generiert wird, indem das erste Ultraschall-
bild mit dem zweiten Ultraschallbild synthe-
tisiert wird, wobei das synthetisierte Bild ein
dreidimensionales (3D) Ultraschallbild des
Objekts (10) einschlie3t; und

Anzeigen von ersten Querschnittinformati-
onen, die das erste Ultraschallbild betref-
fen, und zweiten Querschnittinformationen,
die das zweite Ultraschallbild betreffen, in
dem 3D-Ultraschallbild.

Verfahren nach Anspruch 1, wobei das Generieren
der ersten Ultraschalldaten und der zweiten Ultra-
schalldaten Trennen des ersten Echosignals von
dem zweiten Echosignal basierend auf mindestens
einem Charakteristikum von mindestens einem von
den ersten und zweiten Ultraschallsignalen ein-
schlief3t.

Verfahren nach Anspruch 1, wobei das Generieren
der ersten Ultraschalldaten und der zweiten Ultra-
schalldaten Trennen des ersten Echosignals von
dem zweiten Echosignal einschlief3t, indem mindes-
tens eine von einer Frequenzbandteilungstechnik
und einer orthogonalen codierenden Erregungs-
technik verwendet wird.

Verfahren nach Anspruch 3, wobei das erste Ultra-
schallsignal ein erstes Frequenzband einschlieft,
und das zweite Ultraschallsignal ein zweites Fre-
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quenzband einschlief3t, das sich von dem ersten Fre-
quenzband unterscheidet.

Verfahren nach Anspruch 3, wobei jedes von dem
ersten und dem zweiten Ultraschallsignal einen je-
weiligen orthogonalen Code einschlieft.

Ultraschalldiagnosevorrichtung (1000), umfassend:

eine erste Sonde (21), die zum Senden eines
ersten Ultraschallsignals an ein Objekt (10) kon-
figuriert ist;

eine zweite Sonde (22), die zum Senden eines
zweiten Ultraschallsignals an das Objekt (10)
konfiguriertist, wobei das erste Ultraschallsignal
separat von dem zweiten Ultraschallsignal vor-
liegt;

einen Ultraschallempfanger (120), der zum
Empfangen eines ersten Echosignals, das dem
ersten Ultraschallsignal entspricht, und Emp-
fangen eines zweiten Echosignals, das dem
zweiten Ultraschallsignal entspricht, konfiguriert
ist;

einen Bildgenerator (220), der zum Generieren
eines ersten Ultraschallbildes basierend aufers-
ten Ultraschallbilddaten und zum Generieren ei-
nes zweiten Ultraschallbildes basierend auf
zweiten Ultraschalldaten konfiguriert ist; und
eine Anzeigekomponente (230), die zum Anzei-
gen des generierten ersten Ultraschallbildes
und zum Anzeigen des generierten zweiten Ul-
traschallbildes konfiguriert ist, wobei das erste
Ultraschallbild ein Ultraschallbild einer ersten
Querschnittoberflaiche des Objekts (10) ein-
schlie3t und das zweite Ultraschallbild ein Ultra-
schallbild einer zweiten Querschnittflache des
Objekts (10) einschlieft,

dadurch gekennzeichnet, dass

der Ultraschallempfanger (120) des Weiteren
zum Trennen des ersten Echosignals von dem
zweiten Echosignal konfiguriert ist, um die ers-
ten Ultraschalldaten, die dem ersten Echosignal
entsprechen, und die zweiten Ultraschalldaten
zu generieren, die dem zweiten Echosignal ent-
sprechen;

die Anzeigekomponente (230) des Weiteren
zum Anzeigen eines synthetisierten Bildes kon-
figuriert ist, das generiert wird, indem das erste
Ultraschallbild mit dem zweiten Ultraschallbild
synthetisiert wird, wobei das synthetisierte Bild
ein dreidimensionales (3D) Ultraschallbild des
Objekts (10) einschlielt; und

die Anzeigekomponente (230) des Weiteren
zum Anzeigen von ersten Querschnittinformati-
onen, die das erste Ultraschallbild betreffen, und
zweiten Querschnittinformationen, die das
zweite Ultraschallbild betreffen, in dem 3D-UlI-
traschallbild konfiguriert ist.
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Ultraschalldiagnosevorrichtung (1000) nach An-
spruch 6, wobei der Ultraschallempfanger (120) des
Weiteren zum Trennen des ersten Echosignals von
dem zweiten Echosignal basierend auf mindestens
einem Charakteristikum von mindestens einem von
den ersten und zweiten Ultraschallsignalen konfigu-
riert ist.

Ultraschalldiagnosevorrichtung (1000) nach An-
spruch 6, wobei der Ultraschallempfanger (120) des
Weiteren zum Trennen des ersten Echosignals von
dem zweiten Echosignal durch Verwenden von min-
destens einer von einer Frequenzbandteilungstech-
nik und einer orthogonalen codierenden Erregungs-
technik konfiguriert ist.

Ultraschalldiagnosevorrichtung (1000) nach An-
spruch 8, wobei das erste Ultraschallsignal ein ers-
tes Frequenzband einschlie3t, und das zweite Ultra-
schallsignal ein zweites Frequenzband einschlieft,
das sich von dem ersten Frequenzband unterschei-
det.

Ultraschalldiagnostikvorrichtung (1000) nach An-
spruch 8, wobeijedes von dem ersten und dem zwei-
ten Ultraschallsignal einen jeweiligen orthogonalen
Code einschlief3t.

Revendications

1.

Procédé de fonctionnement d’'un appareil de dia-
gnostic par ultrasons (1000), le procédé
comprenant :

la transmission, par une premiére sonde (21),
d’un premier signal ultrasonore a un objet (10),
et la transmission, par une deuxiéme sonde
(22), d’'un deuxiéme signal ultrasonore a I'objet
(10), le deuxiéme signal ultrasonore étant sépa-
ré du premier signal ultrasonore (S310) ;

la réception d’'un premier signal d’écho qui cor-
respond au premier signal ultrasonore et la ré-
ception d’'un deuxiéme signal d’écho qui corres-
pond au deuxieéme signal ultrasonore (S320) ; et
I'affichage d’'une premiére image ultrasonore qui
est générée sur la base de premiéres données
ultrasonores et I'affichage d’'une deuxieme ima-
ge ultrasonore qui est générée sur la base de
deuxiémes données ultrasonores (S340),
dans lequel la premiére image ultrasonore com-
porte une image ultrasonore d’'une premiére sur-
face en coupe transversale de I'objet (10), et la
deuxiéme image ultrasonore comporte une ima-
ge ultrasonore d’'une deuxiéme surface en cou-
pe transversale de 'objet (10),
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la séparation du premier signal d’écho du
deuxieme signal d’écho afin de générer les
premiéres données ultrasonores qui cor-
respondent au premier signal d’écho et les
deuxiemes données ultrasonores qui cor-
respondent au deuxiéme signal d’écho
(S330) ;

I'affichage d’'une image de synthése qui est
générée en synthétisant la premiere image
ultrasonore avec la deuxiéeme image ultra-
sonore, 'image de synthése comportant
une image ultrasonore tridimensionnelle
(3D) de I'objet (10) ; et

I'affichage de premiéres informations en
coupe transversale qui concernent la pre-
miére image ultrasonore et de deuxiemes
informations en coupe transversale qui con-
cernent la deuxieme image ultrasonore
dans 'image ultrasonore 3D.

Procédé de la revendication 1, dans lequel la géné-
ration des premiéres données ultrasonores et des
deuxiémes données ultrasonores comporte la sépa-
ration du premier signal d’écho du deuxiéme signal
d’écho sur la base d’au moins une caractéristique
d’au moins un des premier et deuxieme signaux ul-
trasonores.

Procédé de la revendication 1, dans lequel la géné-
ration des premiéres données ultrasonores et des
deuxiémes données ultrasonores comporte la sépa-
ration du premier signal d’écho du deuxiéme signal
d’échoaumoyend’une technique de division enban-
des de fréquence et/ou d’une technique d’excitation
par codage orthogonal.

Procédé delarevendication 3, danslequelle premier
signal ultrasonore comporte une premiére bande de
fréquences, et le deuxiéme signal ultrasonore com-
porte une deuxieme bande de fréquences qui est
différente de la premiére bande de fréquences.

Procédé de la revendication 3, dans lequel chacun
des premier et deuxiéme signaux ultrasonores com-
porte un code orthogonal respectif.

Appareil de diagnostic par
comprenant :

ultrasons (1000)

une premiére sonde (21) configurée pour trans-
mettre un premier signal ultrasonore a un objet
(10);

une deuxieme sonde (22) configurée pour trans-
mettre un deuxiéme signal ultrasonore a I'objet
(10), le premier signal ultrasonore étant séparé
du deuxiéme signal ultrasonore ;

un récepteur d’'ultrasons (120) configuré pour
recevoir un premier signal d’écho qui corres-
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pond au premier signal ultrasonore et pour re-
cevoir un deuxiéme signal d’écho qui corres-
pond au deuxiéme signal ultrasonore ;

un générateur d’images (220) configuré pour
générer une premiére image ultrasonore sur la
base de premieres données ultrasonores, et
pour générer une deuxiéme image ultrasonore
sur la base de deuxiemes données
ultrasonores ; et

un composant d’affichage (230) configuré pour
afficher la premiére image ultrasonore générée
et pour afficher la deuxiéme image ultrasonore
générée, la premiere image ultrasonore com-
portant une image ultrasonore d’'une premiere
surface en coupe transversale de I'objet (10), et
la deuxieme image ultrasonore comportant une
image ultrasonore d’'une deuxieme surface en
coupe transversale de I'objet (10),

caractérisé en ce que :

le récepteur d'ultrasons (120) est égale-
ment configuré pour séparer le premier si-
gnal d’écho du deuxieme signal d’écho afin
de générer les premieres données ultraso-
nores qui correspondent au premier signal
d’écho et les deuxiémes données ultraso-
nores qui correspondent au deuxiéme si-
gnal d’écho ;

le composant d’affichage (230) est égale-
ment configuré pour afficher une image de
synthése qui est générée en synthétisant la
premiére image ultrasonore avec la deuxié-
me image ultrasonore, 'image de synthése
comportant une image ultrasonore tridi-
mensionnelle (3D) de I'objet (10) ; et

le composant d’affichage (230) est égale-
ment configuré pour afficher des premiéres
informations en coupe transversale qui con-
cernent la premiére image ultrasonore et
des deuxiemes informations en coupe
transversale qui concernent la deuxiéme
image ultrasonore dans I'image ultrasonore
3D.

7. Appareil de diagnostic par ultrasons (1000) de la re-

vendication 6, dans lequel le récepteur d’ultrasons
(120) est également configuré pour séparer le pre-
mier signal d’écho du deuxiéme signal d’écho sur la
base d’au moins une caractéristique d’au moins un
des premier et deuxiéme signaux ultrasonores.

Appareil de diagnostic par ultrasons (1000) de la re-
vendication 6, dans lequel le récepteur d’ultrasons
(120) est également configuré pour séparer le pre-
mier signal d’écho du deuxiéme signal d’écho en uti-
lisant une technique de division en bandes de fré-
quences et/ou une technique d’excitation par coda-
ge orthogonal.
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Appareil de diagnostic par ultrasons (1000) de la re-
vendication 8, dans lequel le premier signal ultraso-
nore comporte une premiere bande de fréquences,
et le deuxieme signal ultrasonore comporte une
deuxiéme bande de fréquences qui est différente de
la premiére bande de fréquences.

Appareil de diagnostic par ultrasons (1000) de la re-
vendication 8, dans lequel chacun des premier et
deuxieme signaux ultrasonores comporte un code
orthogonal respectif.
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[Fig. 2]
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[Fig. 3]
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[Fig. 5]
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[Fig. 6]
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[Fig. 7]
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