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ULTRASONIC IMAGING DEVICE AND
METHOD FOR CONTROLLING SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound
imaging apparatus and a control method of an ultrasound
imaging apparatus, which detect motion of a target site and
adjust sampling of beamforming according to the motion of
a target site.

BACKGROUND ART

[0002] An ultrasound imaging apparatus is a device that
irradiates an ultrasound signal from a body surface of a
subject to a desired part in the body and obtains an image
related to a defect of a soft tissue or blood flow by using
information of a reflected ultrasound signal (ultrasound echo
signal).

[0003] Such ultrasound imaging apparatus is compact,
inexpensive, and capable of displaying in real time, com-
pared with other imaging apparatuses such as an X-ray
probe, an X-ray CT scanner (computerized tomography
scanner), an MRI (Magnetic Resonance Image). It is widely
used for diagnosis of the heart, the abdomen, urinary organs
and in obstetrics because it has high safety because it does
not have exposure to radiation.

[0004] The ultrasound imaging apparatus includes an
ultrasound probe for transmitting an ultrasound signal to an
object to obtain an ultrasound image of the object and
receiving an ultrasound echo signal reflected from the
object.

[0005] In addition, the ultrasonic probe includes an acous-
tic module. Here, the acoustic module includes a transducer
for converting an electric signal and an acoustic signal into
each other while the piezoelectric material vibrates, and a
transducer for reducing the acoustic impedance difference
between the transducer and the object so that the ultrasonic
waves generated from the transducer can be transmitted to
the object as much as possible. A lens layer for converging
ultrasonic waves traveling forward of the transducer at
specific points, and a sound-absorbing layer for preventing
image distortion by blocking the propagation of ultrasonic
waves toward the rear of the transducer.

[0006] In addition, the ultrasound imaging apparatus can
perform beamforming to estimate the size of a reflected
wave in a specific space from a plurality of channel data
collected by the ultrasonic probe.

[0007] Specifically, the beamforming corrects the time
difference of the echo signal input through the plurality of
transducers, adds a predetermined weight to each echo
signal inputted to emphasize the signal at the specific
position, or attenuates the signal at the other position rela-
tively so that the echo signal is focused. By the beamform-
ing, the ultrasound imaging apparatus can generate an ultra-
sound image suitable for grasping the internal structure of
the object and display it to the user.

DISCLOSURE

Technical Problem

[0008] An object of the present invention is to provide an
ultrasound imaging apparatus of matchinh and synthesizing
sampling signals of each group by detecting a motion vector
of each group, after dividing the group of the target part and
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increasing the number of sampling of the beam forming
when the group having a lot of motions and decreasing the
number of sampling of the beam forming when the group
having fewer motions.

Technical Solution

[0009] In accordance with one aspect of the present dis-
closure, an ultrasound imaging apparatus comprising: an
ultrasonic probe for transmitting ultrasonic waves to a target
object and receiving ultrasonic waves reflected from the
object; a beamforming unit for beamforming the received
ultrasonic wave and outputting a beamforming signal; a
sampling unit for adjusting the number of sampling times of
the beamforming signal according to the amount of motion
of the object; and an image processing unit for matching and
synthesizing the sampled signals.

[0010] In accordance with one aspect of the present dis-
closure, the ultrasound imaging apparatus further compris-
ing, a motion detection unit for dividing the beamforming
signals into groups and comparing beamforming signals of
one group and the remaining groups to calculate and store
motion vectors.

[0011] The motion detecting unit may compare a beam-
forming signal of each group divided for each group with a
previous beamforming signal to calculate and store a motion
vector.

[0012] The sampling unit may adjust a sampling period of
the beamforming signal to be less than a predetermined
period when the motion vector of the divided group is less
than a predetermined value and adjusts a sampling period of
the beamforming signal to exceed the predetermined period
when the motion vector of the divided group exceeds a
preset value.

[0013] The sampling unit may adjust a sampling period
and a sampling time for each group differently when the
motion vectors of the plurality of groups exceed a prede-
termined value.

[0014] The motion detection unit may divide the groups
located at the adjacent elevation into different groups.
[0015] The image processing unit may interpolate the
beamforming signal using linear interpolation,

[0016] The beamforming signal of the motion sensing unit
may be a signal obtained by interpolating a signal.

[0017] The image processing unit may interpolate the
beamforming signal using linear interpolation, and replaces
the sampling signal with the interpolated signal of the same
group when the motion vector of the divided group is less
than a preset value.

[0018] In accordance with one aspect of the present dis-
closure, a control method for an ultrasound imaging appa-
ratus, the method comprising: transmitting ultrasonic waves
to an object, receiving ultrasonic waves reflected from the
object; outputting a beamforming signal by beamforming
the received ultrasonic waves; sampling the number of times
of the beam-forming signal differently according to the
amount of motion of the target object; and matching and
synthesizing the sampled signals.

[0019] In accordance with one aspect of the present dis-
closure, further comprising,

[0020] Dividing the beamforming signal into groups; and
calculating and storing a motion vector by comparing the
beamforming signals of a group with other groups.

[0021] Calculating and storing the motion vector may
comprise, calculating and storing a motion vector by com-
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paring the beamforming signal of each group divided by the
other groups and the previous beamforming signal.

[0022] Sampling the number of times of the beam-forming
signal comprises adjusting the sampling period of the beam-
forming signal to a predetermined period or less, the group
having the calculated and stored motion vectors less than a
predetermined value and

[0023] Sampling the group in which the motion vector
exceeds a predetermined value is sampled by adjusting the
sampling period of the beamforming signal to exceed a
predetermined period

[0024] Sampling the number of times of the beam-forming
signal may comprise,

[0025] sampling by adjusting the sampling period and the
sampling time in respective groups in which the motion
vector exceeds a predetermined value.

[0026] Dividing the beamforming signal into groups may
comprise, dividing into different groups located at close
elevations.

[0027] 1In accordance with one aspect of the present dis-
closure, further comprising, interpolating the beamforming
signals divided for each group using a linear interpolation
method, wherein the beamforming signal divided for each
group is supplied to the interpolated signal.

[0028] In accordance with one aspect of the present dis-
closure, further comprising interpolating the beamforming
signals divided for each group using a linear interpolation
method,

[0029] wherein matching and synthesizing the signals
comprise, replacing the sampling signal of the group having
the motion vector equal to or less than the preset value with
the interpolated signal of the group having the motion vector
equal to or less than a preset value.

Advantageous Effects

[0030] According to the ultrasound imaging apparatus and
the control method of the ultrasound imaging apparatus
described above, it is possible to reduce the distortion of the
ultrasound image caused by the motion of the target region
in the diagnosis of the target region having different motions
by dividing the target portion into a plurality of groups,
detecting divided groups the motion vectors, being different
the sampling period and sampling time for sampling the
beam-forming output signal.

DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a perspective view of an ultrasound
diagnostic system to which an ultrasound imaging apparatus
according to an embodiment is applied.

[0032] FIG. 2 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an embodiment
of the present invention.

[0033] FIG. 3 is a cross-sectional view of a plurality of
transducer arrays corresponding to a plurality of channels in
an ultrasonic probe according to an embodiment.

[0034] FIG. 4 is a block diagram illustrating a configura-
tion of a transmission beamformer.

[0035] FIG. 5 is a block diagram illustrating the configu-
ration of a reception beamformer.

[0036] FIG. 6 is a conceptual diagram for matching and
combining sampling signals by differentiating sampling of a
beamforming output signal for each group according to an
embodiment.
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[0037] FIG. 7A is a conceptual diagram for sampling a
beamforming output signal according to an embodiment so
as to have a different period for each group.

[0038] FIG. 7B is a conceptual diagram for interpolating
a beamforming output signal sampled to have a different
period for each group according to an embodiment.

[0039] FIG. 7C is a conceptual diagram for synthesizing
interpolated sampling signals according to an embodiment.
[0040] FIG. 8A is a conceptual diagram for sampling a
beamforming output signal according to an embodiment so
as to have a different period and time for each group.
[0041] FIG. 8B is a conceptual diagram for interpolating
a beamforming output signal sampled so as to have a
different period and time for each group according to an
embodiment.

[0042] FIG. 8C is a conceptual diagram for synthesizing
interpolated sampling signals according to an embodiment.
[0043] FIG. 9A is a conceptual diagram for sampling a
beamforming output signal so that groups of adjacent
heights have different periods according to an embodiment.
[0044] FIG. 9B is a conceptual diagram for interpolating
the sampling of the beamforming output signal so that
groups of adjacent heights have different periods according
to an embodiment.

[0045] FIG. 10A is an illustration of an ultrasound image
in the absence of motion through the ultrasound imaging
apparatus according to an embodiment.

[0046] FIG. 10B is an illustration of an ultrasound image
in the case where there is motion in the axial direction
through the ultrasound imaging apparatus according to an
embodiment.

[0047] FIG. 10C is an example of an ultrasound image
interpolated when there is motion in the axial direction
through the ultrasound imaging apparatus according to an
embodiment.

[0048] FIG. 11 is a conceptual diagram for explaining a
3D volume and observation information according to an
embodiment.

[0049] FIG. 12 is a block diagram for explaining the
configurations of a 3D mode processing unit according to an
embodiment.

[0050] FIG. 13 is a conceptual diagram for explaining
creation of a 3D volume according to an embodiment.
[0051] FIG. 14 is a conceptual diagram for explaining a
3D volume conversion according to an embodiment.
[0052] FIG. 15 is a conceptual diagram for explaining
rendering performed in the ultrasound imaging apparatus
according to an embodiment.

[0053] FIG. 16 is a flowchart illustrating a method of
adjusting a sampling of a beamforming output signal accord-
ing to a detected motion vector by detecting a motion vector
of each group by dividing a target region into groups
according to an exemplary embodiment, and a control
method of the ultrasound imaging apparatus to be combined.

MODE FOR INVENTION

[0054] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings so that those skilled in the art can easily
understand and reproduce the present invention. In the
following description, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present invention
rather unclear.
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[0055] The terms used below are terms selected in con-
sideration of the functions in the embodiments, and the
meaning of the terms may vary depending on the user, the
intention or custom of the operator, and the like. Therefore,
the meaning of terms used in the following embodiments are
defined according to their definitions when they are specifi-
cally defined below, and when there is no specific definition,
they should be construed in a sense generally recognized by
ordinary artisans.

[0056] In addition, the configurations selectively
described below or alternatively described embodiments of
the embodiments described in the following description may
be combined in a single integrated configuration, if they are
not explicitly contradictory to those of ordinary skill in the
art.

[0057] Hereinafter, an embodiment of an ultrasound imag-
ing apparatus will be described with reference to the accom-
panying drawings.

[0058] Hereinafter, an embodiment in which an ultrasound
imaging apparatus is applied to an ultrasound diagnostic
system will be described with reference to FIG. 1

[0059] FIG. 1 is a perspective view of an ultrasound
diagnostic system to which an ultrasound imaging apparatus
according to an embodiment is applied.

[0060] A main body 11, an ultrasonic probe 10, an input
unit 17, a sub display unit 18, and a main display unit 19 is
shown in FIG. 1

[0061] The main body 11 can receive the transmission
signal of of generating unit. When a user inputs an ultrasonic
diagnostic command, the transmission signal generating unit
may generate a transmission signal and transmit the trans-
mission signal to the ultrasonic probe 10.

[0062] At least one female connector 15 may be provided
on one side of the main body 11. The female connector 15
may be physically coupled to a male connector 14 connected
to a cable 13. The transmission signal generated by the
transmission signal generating unit can be transmitted to the
ultrasonic probe 10 via the male connector 14 and the cable
13 connected to the female connector 15 of the main body
11.

[0063] On the other hand, a plurality of casters 16 for the
mobility of the ultrasound diagnostic system 1 may be
provided under the main body 11. The plurality of casters 16
can fix the ultrasonic diagnostic system 1 to a specific place
or move the ultrasonic diagnostic system 1 in a specific
direction.

[0064] The ultrasonic probe 10 can transmit or receive
ultrasonic waves at a portion contacting the body surface of
the object. Specifically, the ultrasound probe 10 converts the
generated signal provided from the main body 11 into an
ultrasound signal, irradiates the converted ultrasound signal
into the body of the target object, and outputs an ultrasound
echo signal reflected from a specific part of the target body
and transmits it to the main body 11.

[0065] To this end, a plurality of acoustic modules for
generating ultrasonic waves in accordance with an electrical
signal may be provided at one end of the ultrasonic probe 10.
[0066] The acoustic module can generate ultrasonic waves
according to the applied AC power. Specifically, AC power
can be supplied from a power supply unit outside the
acoustic module or from an internal power storage device.
The transducer of the acoustic module can generate ultra-
sonic waves by vibrating according to the supplied AC
power.
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[0067] The plurality of acoustic modules may be arrayed
in a matrix array, linear array, or convex array. In addition,
the plurality of acoustic module may be phased arrays or
concave arrays. A cover for covering the acoustic module
may be provided on the upper portion of the acoustic
module.

[0068] The cable 13 is connected to the other end of the
ultrasonic probe 10 and the male connector 14 is connected
to the end of the cable 13. The male connector 14 can
physically engage with the female connector 15 of the main
body 11.

[0069] The input unit 17 is a part capable of receiving a
command related to the operation of the ultrasonic diagnos-
tic system 1. For example, a mode selection command such
as an A-mode (Amplitude mode), a B-mode (Brightness
mode), a D-mode (Doppler mode), an M-mode (Motion
mode) and an ultrasonic diagnostic start command.

[0070] The command input through the input unit 17 can
be transmitted to the main body 11 by wire or wireless
communication.

[0071] The input unit 17 may include at least one of a
touch pad, a keyboard, a foot switch, and a foot pedal. The
touch pad or keyboard may be implemented in hardware and
may be located on the top of the main body 11. The keyboard
may include at least one of a switch, a key, a wheel, a
joystick, a trackball, and a knob. In another example, the
keyboard may be implemented in software, such as a graphi-
cal user interface. In this case, the keyboard can be displayed
through the sub display unit 18 or the main display unit 19.
A foot switch or a foot pedal may be provided under the
main body 11, and the operator can control the operation of
the ultrasound diagnostic system 1 using a foot pedal.
[0072] A probe holder 12 for mounting the ultrasonic
probe 10 may be provided around the input unit 17. When
the ultrasonic diagnostic system 1 is not in use, the user can
store the ultrasonic probe 10 in the probe holder 12 for
storage. FIG. 1 shows a case where one probe holder 12 is
provided in the vicinity of the input unit 17 but the present
invention is not limited thereto and the position and the
number of the probe holder 12 can be determined by the
ultrasonic diagnostic system 1 and may vary widely depend-
ing on the overall design or the design or location of some
of the components.

[0073] The sub display unit 18 may be provided on the
main body 11. FIG. 1 shows a case where the sub display
unit 18 is provided on the upper part of the input unit 17. The
sub display unit 18 may be implemented as a cathode ray
tube (CRT), a liquid crystal display (LCD), or the like. The
sub display unit 18 can display a menu, an announcement
item, and the like necessary for ultrasound diagnosis.
[0074] The main display unit 19 may be provided on the
main body 11. FIG. 1 shows a case where the main display
unit 19 is provided on the sub display unit 18. The main
display unit 19 may be implemented as a cathode ray tube
or a liquid crystal display. The main display unit 19 can
display an ultrasound image obtained in the ultrasound
diagnostic process. The ultrasound image displayed through
the main display unit 19 may include at least one of a
two-dimensional monochrome ultrasound image, a two-
dimensional color ultrasound image, a 3D monochrome
ultrasound image, and a 3D color ultrasound image.
[0075] FIG. 1 illustrates a case where both the sub display
unit 18 and the main display unit 19 are provided in the
ultrasound diagnostic system 1. However, the sub display
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unit 18 may be omitted in some cases. In this case, appli-
cations and menus displayed through the sub display unit 18
can be displayed through the main display unit 19.

[0076] At least one of the sub display unit 18 and the main
display unit 19 may be configured to be detachable from the
main body 11.

[0077] Hereinafter, the configuration and functions of the
ultrasound imaging apparatus will be described with refer-
ence to FIG. 2

[0078] FIG. 2 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an embodiment
of the present invention.

[0079] As shown in FIG. 2, an ultrasound imaging appa-
ratus 2 includes a ultrasonic probe 10, a beam forming unit
100, a motion sensing unit 200, a sampling unit 130, an
image processing unit 300, a communication unit 400, a
memory 500, a display unit 600, a control unit 700, and an
input unit 800, and the above-described configurations may
be connected to each other via a bus 900.

[0080] The ultrasound imaging apparatus 2 may be real-
ized not only as a cart type but also as a portable type.
Examples of portable ultrasound diagnostic devices include,
but are not limited to, a PACS viewer, a smart phone, a
laptop computer, a PDA, a tablet PC, and the like.

[0081] The probe 10 transmits an ultrasonic signal to an
object 20 according to a driving signal applied from the
beamforming unit 100 and receives an echo signal reflected
from the object 20. The probe 10 includes a plurality of
transducers, and the plurality of transducers generate ultra-
sonic waves that are vibrated in accordance with an electri-
cal signal to be transmitted and have acoustical energy. The
probe 10 may be connected to the main body of the
ultrasound imaging apparatus 2 in a wired or wireless
manner and the ultrasound imaging apparatus 2 may include
a plurality of probes 10 according to an embodiment.
[0082] A transmission beamformer 110 may supply a
driving signal to the probe 10 and may include a transmis-
sion signal generating unit 112, a time delay unit 114, and a
pulser 116.

[0083] The transmission signal generating unit 112 may
generate a pulse for forming a transmission ultrasonic wave
according to a predetermined pulse repetition frequency
(PRF), and the time delay unit 114 may apply time delay to
the pulse for determining transmission directionality. Each
of the pulses to which the delay time is applied may
correspond to a plurality of piezoelectric vibrators included
in the probe 10, respectively. In addition, the pulser 116 can
apply a driving signal (or a driving pulse) to the probe 10 at
a timing corresponding to each pulse to which the delay time
is applied.

[0084] A reception beamformer 120 may generate ultra-
sound data by processing the echo signals received from the
probe 10 and may include an amplifier 122, an ADC (Analog
Digital Converter) 124, a time difference corrector 126 and
a focusing unit 128.

[0085] The amplifier 122 amplifies the echo signal for
each channel and the ADC 124 can analog-to-digital convert
the amplified echo signal and the time difference corrector
126 determines the reception directionality. The focusing
unit 128 may generate the ultrasound data by summing the
echo signals processed by a reception delay unit 166. On the
other hand, the reception beamformer 120 may not include
the amplifier 122 according to its implementation. That is,
when the sensitivity of the probe 10 is improved or the
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processing bit number of the ADC 124 is improved, the
amplifier 122 may be omitted.

[0086] The motion sensing unit 200 may receive the
beamforming output signals, divide the received signals, and
calculate a motion vector. The motion detection unit 200
may include a division unit 210 and a motion vector calcu-
lation unit 220.

[0087] The division unit 210 receives the beamforming
output signal output from the focusing unit 128 of the
reception beamformer and divides the beamforming output
signal into a plurality of groups. The division unit 210 may
divide a motion into a portion having a strong motion and a
portion not having a motion according to a previously
detected motion vector, or may divide the group into a
number of divisions to be set in advance or inputted by the
user.

[0088] The motion vector calculation unit 220 may cal-
culate the motion vectors of the beamforming output signals
of the plurality of divided groups. For example, the motion
vector calculation unit 220 may calculate a motion vector by
cross-correlating a currently output beamforming signal of a
group with a beamforming signal of the remaining group. In
addition, the motion vector calculation unit 220 may calcu-
late a motion vector by cross-correlating the currently output
beamforming signal with the previously output beamform-
ing signal. When a motion vector is calculated by cross-
correlating beamforming signals, the lower the value, the
more severe the motion, and the higher the value, the lower
the motion. However, the calculation of the motion vector by
the motion vector calculation unit 220 is not limited to the
calculation of the motion vector by comparison with the
previous beamforming signal through cross correlation.
[0089] The sampling unit 130 may change the sampling of
the beam forming output signal according to the motion of
the target site. Specifically, the motion vector calculated by
the motion vector calculation unit 220 may be analyzed to
sample the beamforming output signal by increasing the
sampling period of the group having a lot of motion and
making the sampling period of the group having a small
motion slower.

[0090] The image processing unit 300 may generate and
display an ultrasound image through a scan conversion
process on the ultrasound data generated by the sampling
unit 130. On the other hand, the ultrasound image can be
used for a gray scale image and a 3D image obtained by
scanning an object in an A mode (amplitude mode), a B
mode (brightness mode) and an M mode (motion mode).
Doppler images representing moving objects may be
included using the Doppler effect. The Doppler image may
include a blood flow Doppler image (also referred to as a
color Doppler image) representing blood flow, a tissue
Doppler image representing tissue movement, and a spectral
Doppler image representing a moving velocity of the object
as a waveform.

[0091] The image processing unit 300 may include a data
processing unit 310 and an image generating unit 360.
[0092] The data processing unit 310 may include an image
matching processing unit 320, a 3D mode processing unit
350, a B mode processing unit 330, and a D mode processing
unit 340.

[0093] The image matching processing unit 320 can esti-
mate an image through linear interpolation for a time period
during which the motion is not sampled in a group having a
small number of motions during a period in which the



US 2018/0000458 A1

motion is sampled by a group having a large number of
motions. The interval can be estimated by interpolation.
[0094] In addition, the image matching processing unit
320 may substitute the estimated beamforming signals into
a time domain in which the sampled beamforming signals
are not sampled, and match the continuous signals. The
image matching processing unit 320 may also assist in
calculating a motion vector by transmitting a signal obtained
by linearly interpolating the beamforming signal to a motion
vector calculating unit and comparing the linear interpolated
signal with a previous interpolated signal.

[0095] In addition, the 3D mode processing unit 350 may
analyze the output signals of different depths and heights
output from the beamforming unit to generate a 3D volume,
and perform rendering to combine the 3D volume.

[0096] In addition, the B mode processing unit 330 can
extract the B mode component from the ultrasonic data and
process it. The image generating unit 360 may generate an
ultrasound image in which the intensity of the signal is
expressed by the brightness based on the B mode component
extracted by the B mode processing unit 330.

[0097] The D mode processing unit 340 extracts a Doppler
component from the ultrasound data, and the image gener-
ating unit 360 can generate a Doppler image that expresses
the motion of the object in color or waveform based on the
extracted Doppler component.

[0098] The image generating unit 360 may generate an
ultrasound image by temporally or spatially combining data
processed by the data processing unit 310.

[0099] The image generating unit 360 may include an
image combining unit 370 and an image restoring unit 380.
[0100] The image combining unit 370 may synthesize the
temporally or spatially divided sampled beamforming out-
put signals into an ultrasound image after being subjected to
image matching processing and then synthesized temporally
or spatially.

[0101] In addition, the image restoring unit 380 may
reconstruct the distorted ultrasound image signal using an
estimation function or an interpolation function for a data
processing process, a diagnostic process, or other processes.
[0102] In addition, the image generating unit 360 may
generate an elastic image that images the degree of defor-
mation of the object 20 according to the pressure. Further-
more, the image generating unit 360 may display various
additional information on the ultrasound image in text or
graphics. Meanwhile, the generated ultrasound image may
be stored in a memory 500.

[0103] The communication unit 400 may be connected to
the network 30 by wire or wireless, and may communicate
with an external device or a server. The communication unit
400 can exchange data with other medical devices in a
hospital server or a hospital connected through a PACS
(Picture Archiving and Communication System). In addi-
tion, the communication unit 400 can perform data commu-
nication according to a DICOM (Digital Imaging and Com-
munications in Medicine) standard.

[0104] The communication unit 400 can transmit and
receive data related to diagnosis of a target object such as
ultrasound image, ultrasound data, and Doppler data of the
object 20 through the network 30. A medical image can also
be transmitted and received. Further, the communication
unit 400 may receive information on the diagnosis history of
the patient, the treatment schedule, and the like from the
server and use the diagnosis information in the diagnosis of
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the target object 20. Further, the communication unit 400
may perform data communication with not only a server or
a medical device in a hospital but also with a doctor or a
portable terminal of a patient.

[0105] The communication unit 400 may be connected to
the network 30 by wire or wireless and may exchange data
with a server 32, a medical device 34, or a portable terminal
36. The communication unit 400 may include one or more
components that enable communication with an external
device. For example, a short range communication module
410, a wired communication module 420, and a mobile
communication module 430.

[0106] The short range communication module 410 may
be a module for short range communication within a pre-
determined distance. The local communication technology
according to an exemplary embodiment of the present
invention may include a wireless LAN, Wi-Fi, Bluetooth,
ZigBee, Wi-Fi Direct, an ultra-wideband (UWB) IrDA,
Infrared Data Association), BLE (Bluetooth Low Energy),
NFC (Near Field Communication), and the like.

[0107] The wired communication module 420 refers to a
module for communication using an electrical signal or an
optical signal. In the wired communication technology
according to an exemplary embodiment, a pair cable, a
coaxial cable, an optical fiber cable, and an ethernet cable
may be included.

[0108] The mobile communication module 430 may trans-
mit and receive a radio signal to at least one of a base station,
an external terminal, and a server on a mobile communica-
tion network. The wireless signal may include various types
of data depending on a voice call signal, a video call signal
or a text/multimedia message transmission/reception.

[0109] The memory 400 may store various types of infor-
mation processed in the ultrasound imaging apparatus 2. For
example, the memory 400 may store medical data related to
diagnosis of a target object such as input/output ultrasound
data and ultrasound images, and may store an algorithm or
a program executed in the ultrasound imaging device 2.

[0110] The memory 400 may be implemented by various
types of storage media such as a flash memory, a hard disk,
and an EEPROM. Also, the ultrasound imaging apparatus 2
may operate a web storage or a cloud server that performs
a storage function of the memory 400 on the web.

[0111] The display unit 600 can display and output the
generated ultrasound image. The display unit 600 may
display various information processed in the ultrasound
imaging device 2 on the screen through a GUI (Graphic User
Interface) as well as an ultrasound image. Meanwhile, the
ultrasound imaging apparatus 2 may include two or more
display units 600 according to an embodiment.

[0112] The control unit 700 can control the operation of
the ultrasound imaging apparatus 2 as a whole. That is, the
control unit 700 includes the probe 10, the beamforming unit
100, the motion sensing unit 200, the sampling unit 130, the
image processing unit 300, the communication unit 400, the
memory 500, the display unit 600 and the input unit 800.

[0113] The input unit 800 may be means for receiving data
for controlling the ultrasound imaging apparatus 2 from a
user. The input unit 800 may include a hardware configu-
ration such as a keypad, a mouse, a touch panel, a touch
screen, a trackball, a jog switch, and the like. The input unit
800 may include an electrocardiogram measurement mod-
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ule, a breath measurement module, a fingerprint recognition
sensot, an iris recognition sensor, a depth sensor, a distance
sensor, and the like.

[0114] Some or all of the probe 10, the beamforming unit
100, the image processing unit 300, the communication unit
400, the memory 400, the input unit 800, and the control unmit
700 may be operated by a software module. The present
invention is not limited thereto, and some of the above-
described configurations may be operated by hardware. At
least some of the beamforming unit 100, the image process-
ing unit 300, and the communication unit 400 may be
included in the control unit 700, but the present invention is
not limited to this embodiment.

[0115] Hereinafier, an embodiment of an ultrasonic probe
for emitting an ultrasonic signal and receiving an echo signal
reflected from a target site will be described with reference
to FIG. 3.

[0116] FIG. 3 is a cross-sectional view of a plurality of
transducer arrays corresponding to a plurality of channels in
the ultrasonic probe according to the present invention. The
ultrasound imaging apparatus may include an ultrasound
probe 10, and the ultrasound probe 10 may collect informa-
tion about a target site using ultrasound. At this time, the
ultrasonic probe 10 may be a structure capable of detecting
a 3D volume.

[0117] The ultrasonic probe 10 may include a plurality of
ultrasonic probes 10 arranged in a matrix. A plurality of
transducers arranged in a matrix form can output a plurality
of echo signals, and the output echo signals can be accu-
mulated to generate a 3D volume.

[0118] In addition, the ultrasonic probe 10 may include a
transducer arranged in a row and a structure for moving a
transducer arranged in a row.

[0119] More specifically, rails may be provided at both
ends of a plurality of transducers arranged in a line, in a
direction perpendicular to the direction in which a plurality
of transducers are arranged.

[0120] The ultrasonic probe 10 can acquire a plurality of
echo signals by moving a plurality of transducers arranged
in a row in a scanning direction along the rails and create a
3D volume by accumulating the obtained plurality of echo
signals

[0121] Hereinafter, for convenience of explanation, it is
assumed that the ultrasonic probe 10 arranges the transduc-
ers in a matrix form.

[0122] Referring to FIG. 3, the ultrasonic probe 10 may
have a plurality of ultrasonic transducers (t1 to t10) at one
end thereof. The ultrasonic transducers (t1 to t10) generate
corresponding ultrasonic waves according to an applied
signal or a power source, irradiate the ultrasonic waves to a
target object, receive echo ultrasonic waves reflected from
the object, and generate and output an echo signal.

[0123] Specifically, the ultrasonic transducers (t1 to t10)
are supplied with power from an external power supply
device or an internal power storage device such as a battery,
and are driven by the ultrasonic transducers (t1 to t10). The
ultrasonic waves can be generated by the ultrasonic trans-
ducers

[0124] In addition, the ultrasonic transducer (p10) gener-
ates an alternating current having a frequency corresponding
to the vibration frequency while the piezoelectric material or
the thin film vibrates according to the reception of the
ultrasonic wave, thereby converting the ultrasonic wave into
the echo signal.
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[0125] Then, the generated echo signal can be transmitted
to the main body through the plurality of channels (c1 to
c10).

[0126] The ultrasonic transducers (t1 to t10) described
above include a magnetostrictive ultrasonic transducer using
a magnetostrictive effect of a magnetic material, a piezo-
electric ultrasonic transducer using a piezoelectric effect of
a piezoelectric material, Capacitive micromachined ultra-
sonic transducer (¢cMUT) for transmitting and receiving
ultrasonic waves using vibration of a micromachined hun-
dreds or thousands thin films.

[0127] In addition, other types of transducers capable of
generating an ultrasonic wave in accordance with an elec-
trical signal or generating an electric signal in accordance
with an ultrasonic wave may also be used as an example of
the ultrasonic transducers t1 to t10 described above.
[0128] Hereinafter, one embodiment of a beamforming
unit including a transmission beamformer and a reception
beamformer will be described with reference to FIG. 4 and
FIG. 5

[0129] The beamforming unit 100 may include a trans-
mission beamformer 110 and a reception beamformer 120.
[0130] FIG. 4 is a block diagram illustrating a configura-
tion of a transmission beamformer.

[0131] The transmission beamformer 110 may perform
transmit beamforming using the transmission signal gener-
ating unit 112 and a time delay unit 114. The transmission
beamforming refers to focusing ultrasound generated from
at least one transducer (T) at a focal point. That is, ultrasonic
waves are generated in the transducer (T) by appropriately
ordering the ultrasonic waves generated from at least one
transducer (T) in order to overcome the time difference in
reaching the focus.

[0132] Specifically, the transmission signal generating
unit 112 of the transmission beamformer 110 can generate a
transmission signal to at least one transducer (T) in accor-
dance with the control signal of a control unit 700. At this
time, the transmission signal may be generated in a form of
high-frequency alternating current corresponding to the
number of transducers. The transmission signal generated by
the transmission signal generating unit 112 may be trans-
mitted to the time delay unit 114.

[0133] The time delay unit 114 may apply a time delay to
each transmission signal to adjust the time to reach the
corresponding transducer (T). When a transmission signal
delayed by the time delay unit 114 is applied to the trans-
ducer (T), the transducer (T) generates an ultrasonic wave
corresponding to the frequency of the transmission signal.
The ultrasonic waves generated in each transducer (T) are
focused at a focal point. The position of the focal point at
which the ultrasonic waves generated in the transducer (T)
converges may vary depending on what type of delay pattern
is applied to the transmission signal.

[0134] FIG. 4 illustrates five transducers (t1 to t5), and
three delay patterns that can be applied to the transmission
signals are illustrated by a thick solid line, a medium-thick
solid line, and a thin solid line.

[0135] For example, when a delay pattern of the same
shape as a thick solid line is applied to the transmission
signals generated in the transmission signal generating unit
112, the ultrasonic waves generated in the respective trans-
ducers (1 to t5) are transmitted to the first focal point (F1)
[0136] When applying a delay pattern of the same shape as
a medium-thick solid line to each of the transmission signals
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generated by the transmission signal generation unit 112, the
ultrasonic waves generated in the respective transducers (t1
to t5) are transmitted to the second focus (F2) farther than
the first focus (F1).

[0137] When a delay pattern of the same shape as a thin
solid line is applied to each transmission signal generated in
the transmission signal generation unit 112, the ultrasonic
waves generated in the respective transducers (t1 to t5) can
be focused at the (F3) farther then the second focus (F2).
[0138] That is, the position of the focal point can be
changed according to the delay pattern applied to the trans-
mission signal generated by the transmission signal gener-
ating unit 112. In the case of applying only one delay pattern,
the ultrasonic waves irradiated to the object may be fixed-
focused at a fixed focus, but in the case of applying another
delay pattern, the ultrasonic waves irradiated to the object
may be multi-focused.

[0139] Thus, the ultrasonic waves generated in each trans-
ducer (T) may be fixedly focused at one point, or may be
focused at multiple points. The ultrasonic waves irradiated
to the inside of the object are reflected at the target site in the
object, and the reflected echo ultrasonic waves can be
received by the transducer (T). The transducer (T) can
convert the received echo ultrasonic wave into an electric
signal and output it. The signal output from the transducer
(T) may be amplified and filtered and then converted into a
digital signal and provided to the reception beamformer 120.
[0140] FIG. 5 is a block diagram illustrating the configu-
ration of a reception beamformer. The reception beamformer
120 may include a time difference corrector 126 and a
focusing unit 128 to perform reception beamforming on the
received signal (S) converted into a digital signal. The
reception beamforming is to correct the parallax existing
between the reception signals (S) output from the respective
transducers (T) and to focus them.

[0141] Specifically, the time difference corrector 126
transmits the received signals to the focusing unit 128 at the
same time by delaying the received signals (S) output from
the respective transducers (T) by a predetermined time. The
focusing unit 128 can focus the received signals (S) whose
time differences are corrected by the time difference correc-
tor 126 into one. The focusing unit 128 may add a prede-
termined weighting factor, for example, a beamforming
coeflicient to each received signal to emphasize or attenuate
the predetermined received signal (S), as compared to other
received signals. The focused received signal (S) may be
provided to the motion sensing unit 200 and the sampling
unit 130.

[0142] Hereinafter, referring to FIGS. 6 to 10, a motion
detecting unit divides a target portion into a plurality of
groups, detects a motion vector of each group, and samples
a beamforming output signal according to a motion vector of
the sampling unit.

[0143] The dividing unit can divide the target region into
a plurality of groups and assign a unique identification
number. The dividing unit may divide the target part into a
plurality of groups by the number of divisions stored in
advance in the memory, or may divide the target part into a
plurality of groups by the number of divisions input by the
user through the input unit.

[0144] In addition, the dividing unit may divide the target
region into a plurality of groups by grouping the regions of
the target region having similar motion vectors on the basis
of the previously calculated motion vectors. In addition,
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various methods for dividing the target portion into a plu-
rality of groups and calculating motion vectors for each
group may be used as an example of the divided portion.
[0145] The motion vector calculation unit may calculate a
motion vector for each group by using a beamforming
output signal of a plurality of groups or a signal obtained by
interpolating a sampling signal.

[0146] For example, the motion vector calculator may
compare the interpolation signal of one group with the
interpolation signal of the remaining group to determine the
amount of motion of the target part. An example of calcu-
lating the motion vector can be expressed by the following
equation (1).

[Math Figure 1]

. ‘{ [t (pntn ]
m(p_r) = mi
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Equation (1) is a formula for calculating a group of motion
vectors.

T_r is the sampling time of one group, Lr (p_r, t_r) is a
group of sampling signals, I_r'(p_r, t_r) is a signal obtained
by interpolating a group of sampling signals, p_n is an n-th
group of pixels, t_n is the sampling point of the n-th group,
1_n (p_n, t_n) is an n-th group of sampling signals, I_n'(p_n,
t_n) is a signal obtained by interpolating the sampling signal
of the nth group, * is a cross-correlation operator, and - is an
operator of multiplication.

[0147] The motion vector calculator calculates an absolute
value of 1_r'(p_r, t_r) by a cross-correlation between a signal
1_r'(p_r, t_r) obtained by interpolating the sampling signal of
one group and a signal 1_1'(p_1, t_1) obtained by interpo-
lating the sampling signal of the first group among the
remaining groups. The absolute value of 1_1'(p_1, t_1) is
multiplied, and the first result value is calculated.

[0148] Then, the motion vector calculator calculates the
n-th result value by calculating up to the n-th group as in the
above method, and determines the smallest result value
among the first to n-th result values as a group of motion
vectors.

[0149] The motion detection unit can detect a motion of a
target region by calculating a motion vector of one group
using the motion vector calculation equation as shown in
Equation (1).

In another example, the motion vector calculator may deter-
mine the amount of motion of a target portion by comparing
a current group of interpolation signals with a previous
group of interpolation signals. An example of calculating the
motion vector can be expressed by the following equation

@)

(o.) = mi Lf(prtr)+Lp'(pp tp ] [Math Figure 2]
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[0150] Equation (2) is a formula for calculating a group of

motion vectors. T_r is the sampling time of one group, 1_r
(p_r, t_r) is a group of sampling signals, I_r'(p_r, t_r) is a
signal obtained by interpolating a group of sampling signals,
p_n is an n-th group of pixels, t_n is the sampling point of
the n-th group, 1_n (p_n, t_n) is an n-th group of sampling
signals, 1_n'(p_n, t_n) is a signal obtained by interpolating
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the sampling signal of the nth group, * is a cross-correlation
operator, and - is an operator of multiplication.

[0151] The motion vector calculator calculates the abso-
lute value of 1_r'(p_r, t_r) and the absolute value of 1_p'(p_p,
t_p) by cross-correlating 1_r'(p_r, t_r), which is a signal
obtained by interpolating a sampling signal of one group
with a sampling signal of 1_r'(p_r, t_r), and a matrix of a
motion vector of a group is calculated.

[0152] Thereafter, the motion vector calculator may deter-
mine a matrix having the smallest value among the matrixes
related to the motion vector as the motion vectors of the
current group. Then, the motion vector calculating unit may
calculate the motion vectors of other groups through the
same calculation for other groups.

[0153] The motion detection unit can detect a motion of a
target region by calculating a motion vector of one group
using the motion vector calculating equation as shown in
Equation (2).

[0154] The motion vector calculated by the above-men-
tioned method can be transmitted to the memory, the control
unit, and the sampling unit.

[0155] Hereinafter, an embodiment in which the beam-
forming output signal is sampled by the sampling unit on the
basis of the motion vector calculated by the motion vector
calculating unit will be described.

[0156] FIG. 6 is a conceptual diagram for matching and
combining the sampling signals by differentiating the sam-
pling of the beam-forming output signal for each group.
[0157] The sampling unit may increase the sampling
period of a group 131 having a small motion based on the
motion vector to a range exceeding a predetermined period.
Therefore, when sampling the group 131 having a small
amount of motion, the sampling unit can sample the beam-
forming signal with a small sampling frequency.

[0158] On the other hand, the sampling unit may reduce
the sampling period of a motion-rich group 132 to a prede-
termined period or less based on the motion vector. Accord-
ingly, when sampling the motion-rich group 132, the sam-
pling unit may frequently adjust the sampling frequency to
sample the beamforming signal.

[0159] The predetermined motion vector and the prede-
termined sampling period of the sampling unit may be
values input by the user through the input unit or values
stored in the memory. In addition, various values for reduc-
ing the distortion of the ultrasound image due to the motion
of the target portion may be used as an example of a preset
motion vector of the sampling unit and a predetermined
sampling period.

[0160] As shown in FIG. 6, the image generating unit
generates a single ultrasound full image 133 by combining
the sampling signals of the group 131 having a small motion
and the sampling signals of the motion-rich group 132
having a lot of motion. A final ultrasound full image 134 can
be generated by spatially synthesizing the video signals
through matching.

[0161] FIG. 7A is a conceptual diagram for sampling the
beamforming output signal so as to have a different period
for each group, FIG. 7B is a conceptual diagram for inter-
polating such that the beamforming output signal is sampled
s0 as to have a different period for each group and FIG. 7C
is a conceptual diagram for synthesizing the interpolated
sampling signal.

[0162] As shown in FIG. 7A, the sampling unit simulta-
neously samples the beam-forming output signals of a group
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141 having a lot of motion and a group 142 having a small
motion at a time t. It is possible to sample an ultrasound
image signal 143 for the z-axis which is the axial direction
of the site.

[0163] Then, the sampling unit samples only the beam-
forming output signal of a group 144 having a large motion
at time t+1, and does not perform the sampling of the
beam-forming output signal of a group 145 having a small
motion. Therefore, it is possible to sample an ultrasound
image signal 146 with respect to the x-axis, which is the
lateral side of only the group 144 having a lot of motions,
and the z-axis, which is the axial direction of the target
region.

[0164] Finally, the sampling unit can simultaneously
sample the beamforming output signals of a group 147
having a lot of motion and a group 148 having a small
motion at a time t+2. The sampling unit can sample an
ultrasound image signal 149 about the x-axis, which is the
lateral side of the target region, and the z-axis, which is the
axial direction of the target region. Then, as shown in FIG.
7B, the image processor outputs to an ultrasound image
signal 153 by spatial matching the beamforming signals of
a group 151 having a lot of motion and a group 152 having
a small motion at a time t. Also, the image processing umit
can perform only spatial matching and output an ultrasound
image signal 159 obtained by sampling all of the beam
forming output signals of a group 157 having a lot of motion
and a group 158 having a small motion at time t+2.
[0165] However, since the sampling unit has not been
sampled for the group 145 having a small motion at the time
t+1,

[0166] the image processing unit matches the beamform-
ing output signal of a group 155 with a small motion through
temporal matching on the basis of the sampling signal of the
groups 142, 148 with low motion at time t and at time t+2.
Thereafter, the image processing unit can output the signals
of the group 155 having a small motion and the sampling
signals of the group 154 having a large number of motions
as a single ultrasound image signal 156 through spatial
matching. Accordingly, as shown in FIG. 7C, one ultrasound
image signal 250 is acquired through temporal or spatial
matching and synthesis of the ultrasound image signals of a
group 251 having a lot of motion and a group 252 having a
small motion.

[0167] FIG. 8A is a conceptual diagram for sampling a
beamforming output signal so as to have different periods
and time points for each group, FIG. 8B is a conceptual
diagram for interpolating a beamforming output signal
sampled so as to have different periods and time points for
each group and FIG. 8C is a conceptual diagram for syn-
thesizing the interpolated sampling signal.

[0168] As shown in FIG. 8A, the motion detection unit
divides the target region into four groups, calculates the
motion vectors of the four groups, and calculates the motion
vectors of the target region as the motion vectors of a motion
vector group 161 and the first group, the second group and
the third group.

[0169] Thereafter, the sampling unit simultaneously
samples the beamforming output signals of a first group 162
having a large motion and the first group 162 having a large
number of motions at a time t, and outputs the x-axis, which
is the lateral direction of the target region. An ultrasound
image signal 163 for the z-axis, which is the axial direction,
can be sampled.
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[0170] Then, the sampling unit simultaneously samples
the beam-forming output signals of a group 164 having a lot
of motion and a second group 165 having a small motion at
a time t+1. It is possible to sample an ultrasound image
signal 166 for the z-axis which is the axial direction.
[0171] Finally, the sampling unit simultaneously samples
the beamforming output signals of a third group 167 and a
low motion group 168, which have a lot of motions at time
t+2. An ultrasonic image signal 169 for the z-axis, which is
the axial direction of the ultrasonic image 169, can be
sampled.

[0172] However, since the sampling unit does not con-
secutively sample three groups with small motions at time t,
time t+1, and time t+2, the image processing unit performs
sampling at time t, time t+1, time t+2. A first group 172, a
second group 175, and a third group 178 are sampled only
once.

[0173] Therefore, as shown in FIG. 8B, the image pro-
cessing unit matches the beamforming small motions of
groups 172, 175, 178 based on temporal matching the
sampling signals of the first group 172, the second group
175, and the third group 178.

[0174] The image processing unit may output one ultra-
sound image signal 173, 176, 179 by spatially matching the
signals of the groups 172, 175, 178 having a small tempo-
rally matched motion and the sampling signals of groups
171, 174, and 177 having a lot of motions. Therefore, as
shown in FIG. 8C, the image processing unit may obtain an
ultrasound image signal 260 processed through temporal or
spatial matching and synthesis of an ultrasound image signal
of a group 261 having a lot of motions and a group 262
having a lot of motions can be obtained.

[0175] FIG. 9A is a conceptual diagram for sampling a
beamforming output signal so that groups of adjacent
heights have different periods, and FIG. 9B is a conceptual
diagram for the concept of interpolating the sampling of the
beamforming output signal so that groups of adjacent
heights have different periods.

[0176] As shown in FIG. 9A, the sampling unit can
simultaneously sample the beam-forming output signal of
the group 181 having a lot of motion and the group 182
having a small motion at a time t. The sampling unit can
sample the ultrasound image signal 183 for the x-axis which
is the lateral side of the target site, the y-axis which is the
height direction of the target site (Elevation) and the z-axis
which is the axial direction of the target site.

[0177] In this case, the sampling unit can sample the
beam-forming output signal by dividing adjacent groups on
the y-axis, which is the height direction (Elevation) of the
target site, into different groups.

[0178] Then, the sampling unit samples only the beam-
forming output signal of a group 184 having a large motion
at the time t+1, and does not perform the sampling of the
beam-forming output signal of a group 185 having a small
motion.

[0179] Therefore, the sampling unit may sample an ultra-
sound image signal 186 about the x-axis, the y-axis, the
height direction of the target region, and the z-axis, which is
the axial direction of the target region. The sampling unit can
sample an ultrasound image signal 189 for the x-axis which
is the lateral side of the target portion, the y-axis which is the
height direction of the target portion (Elevation) and the
z-axis which is the axial direction of the target portion
(Axial)
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[0180] At the time t+2, the beamforming output signals of
a group 187 having a lot of motion and a group 188 having
a small motion are simultaneously sampled. Thereafter, as
shown in FIG. 9B, the image processing unit can output an
ultrasound image signal 193 obtained by sampling all the
beam-forming output signals of a group 191 having a lot of
motion and a group 192 having a small motion by perform-
ing only spatial matching at time t.

[0181] Also, the image processing unit can output an
ultrasound image signal 199 obtained by sampling all beam-
forming output signals of a motion group 197 and a low
motion group 198, by performing only spatial matching at
time t+2.

[0182] However, since the sampling unit has not sampled
the group 185 having a small motion at the time t+1, the
image processing unit matches the beamforming output
signals of a group 195 with a small motion through temporal
matching based on the sampling signals of the groups 182
and 188 having a small motion at time t and time t+2.
[0183] Thereafter, the image processing unit can output
one ultrasound image signal 196 by the spatial matching
sampling signal of the signal of the group 185 having a small
motion and the signal of a group 194 having a large number
of motions.

[0184] FIG. 10A 10A is an illustration of an ultrasound
image in the absence of motion through the ultrasound
imaging apparatus, FIG. 10B is an illustration of an ultra-
sound image in the absence of an ultrasound image in a case
where there is an axis in an axial direction through the
ultrasound imaging apparatus and FIG. 100 is an illustration
of an ultrasound image in the absence of an ultrasound
image interpolated when there is motion in the axial direc-
tion through the imaging device.

[0185] As shown in FIG. 10A, the ultrasonographic image
of the target area without motion is measured in a state of
being focused at a desired position parallel to the lateral axis.
[0186] As shown in FIG. 105, The ultrasound image
obtained by measuring an object having a motion in the axial
direction can be measured in a state in which the ultrasound
image is not parallel to the lateral axis but is focused at an
undesired position by the user. Accordingly, the ultrasound
imaging apparatus divides the target portion having the
motion in the axial direction into a plurality of groups, and
reduces the distortion by sampling the beamforming output
signals of the respective groups based on the divided motion
vectors.

[0187] An embodiment in which the ultrasound imaging
apparatus measures a 3D volume to process a 3D ultrasound
image will be described by reference to FIGS. 11 to 15.
[0188] FIG. 11 is a conceptual diagram for explaining a
3D volume and observation information.

[0189] Here, the 3D volume may be composed of ele-
ments called voxels.

[0190] A voxel is a compound of volume and pixel. If a
pixel defines a point in a two-dimensional plane, the voxel
can define a point in a 3D space.

[0191] That is, unlike pixels that can be represented by x
and y coordinates, voxels can be represented by x, y, and z
coordinates.

[0192] As shown in FIG. 11, the ultrasonic probe 10 can
probe a 3D volume.

[0193] At this time, the 3D volume is composed of a
plurality of voxels.
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[0194] At this time, the reception beamformer 120 detects
the voxel (VP1) corresponding to the center of the voxel
closest to the axial direction, which is the probe direction of
the probe, as the observation center, and detects the depth
direction of the probe as the observation direction (VD1).
[0195] In addition, the observation information can be
changed according to the input of the user. For example,
when the user changes from the observation center VP1 to
VP2 and changes the observation direction from VD1 to
VD2, the observation information can be changed even if the
probe direction of the probe does not change.

[0196] “FIG. 12 is a block diagram for explaining the
configurations of a 3D mode processing unit.

[0197] The 3D mode processing unit 350 may combine
one or more output signals output from the reception beam-
former 120 to generate a 3D volume, render the generated
3D volume, and output the generated 3D volume.

[0198] The 3D mode processing unit 350 may include a
volume generating unit 351, a volume conversion unit 352,
a rendering unit 353, and an image correction unit 354.
[0199] The volume generating unit 351 may combine one
or more two-dimensional images to generate a 3D volume.
As described above, the 3D volume can be generated in
various ways. For convenience of explanation, the 3D
volume is generated by data interpolation.

[0200] FIG. 13 is a conceptual diagram for explaining
creation of a 3D volume.

[0201] The volume generating unit 351 may acquire a
plurality of two-dimensional sectional images 355, 356, 357,
and 358 based on one or more output signals received from
the reception beamformer 120.

[0202] The volume generating unit 351 rearranges the
obtained two-dimensional sectional images 355, 356, 357,
and 358, and the volume generating unit 351 may generate
a 3D volume 359 while data interpolating a value between
the sectional images. At this time, the 3D volume can be
generated in the form of a matrix. That is, each voxel can be
represented by an XYZ-axis. On the other hand, each voxel
can be expressed as a scalar value or a vector value.
[0203] More specifically, when a voxel value consists only
of a binary representation of O or 1, a 3D volume is
generated in a binary volume data format, or a voxel value
is expressed in a multi-volume volume data format that can
be represented by a measurable value such as density or
temperature. A 3D volume can be created.

[0204] Also, the values of the optical elements of the voxel
such as the opacity value and the color value can be obtained
by using the voxel value.

[0205] The opacity value can be calculated by an opacity
transfer function that defines the relationship between the
voxel value and the opacity value.

[0206] The color value can be calculated by a color
transfer function that defines the relationship between the
voxel value and the color value, respectively.

[0207] FIG. 14 is a conceptual diagram for explaining a
3D volume conversion.

[0208] The volume conversion unit 352 may perform scan
conversion of the 3D volume.

[0209] If the ultrasonic probe 10 is in a linear form
according to an embodiment, a different volume conversion
may be unnecessary. However, when the ultrasonic probe 10
is in another form such as a convex shape, it is necessary to
convert the volume to a rectangular coordinate system.
Specifically, since the display screen uses an orthogonal
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coordinate system, in order to visualize the volume of the
object on the display screen, the volume also has to be a
rectangular coordinate system.

[0210] As shown in the left side of FIG. 14, when the
volume generated from the volume generating unit 351 is in
the form of a concentric spherical coordinate system, a
coordinate conversion process is required in the process of
visualizing the volume on the display screen.

[0211] FIG. 15 is a conceptual diagram for explaining
rendering performed in the ultrasound imaging apparatus.
[0212] The rendering unit 353 may perform volume ren-
dering based on the 3D volume and generate a projection
image for the object.

[0213] More specifically, the rendering unit 353 visualizes
the 3D volume as a 3D image. The volume rendering method
can be roughly divided into a surface rendering method and
a direct rendering method.

[0214] The surface rendering method can estimate the
surface information based on the scalar value and the spatial
variation amount set by the user from the volume.

[0215] Then, the surface rendering method can be visual-
ized by converting it into a geometric element such as a
polygon or a surface patch. Representative surface rendering
methods include the marching cubes algorithm.

[0216] Direct rendering is a way to directly visualize the
volume without intervening the surface into a geometric
element. The direct rendering method can be divided into an
image-order algorithm and an object-order algorithm
according to the method of searching volume.

[0217] The object order algorithm is a method of search-
ing the volume according to the storage order and compos-
iting each voxel to the corresponding pixel. A typical
example of the object order algorithm is a splatting method.
[0218] The image sequence algorithm determines each
pixel value in the order of the scan lines of the image. The
image sequence algorithm is a method of sequentially deter-
mining pixel values corresponding to a volume along rays
starting from each pixel. Ray casting and ray tracing are
typical examples of image sequence algorithms.

[0219] Hereinafter, with reference to FIG. 16, a descrip-
tion will be made of a control method in which an ultrasound
imaging apparatus divides a group of target sites, samples a
beamforming output signal for each group, and then matches
and synthesizes the sampled signals.

[0220] FIG. 16 is a flowchart illustrating a control method
of the ultrasound imaging apparatus. The flowchart relates to
dividing target portions into groups, detecting motion vec-
tors of each group, adjusting the sampling of the beamform-
ing output signal according to the detected motion vectors,
and matching and synthesizing the sampling signals of each
group. The ultrasound imaging apparatus may emit ultra-
sound generated at the target site through the ultrasound
probe and receive the reflected ultrasound echo signal at the
target site (S 10). Then, the reception beamformer of the
beamforming unit converts the received echo signal into a
digital signal, compensates the delay time, and focuses the
echo signal to output a beamforming signal (S 20).

[0221] The motion detection unit may divide (S 30) the
beamforming signals output from the input unit of the user
or the number of divisions or other divisions set in the
system into n groups. The motion detection unit calculates a
motion vector by cross-correlating a signal obtained by
interpolating a beamforming output signal or a sampling
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signal of a plurality of groups of n divided groups with a
signal of another group or previous time (S 40).

[0222] Thereafter, the sampling unit may determine the
sampling period and the sampling time of the group (n_p)
according to the calculated motion vector (S50), and sample
and store the beamforming output signal of the group (n_p)
(S60).

[0223] If the sampling operation of the corresponding
group is performed, the controller determines whether the
current group (n_p) is the nth group (n_p=n) (S70). If the
current group (n_p) is not the nth group it is possible to
control the operations of S 50 and S 60 of the next group.
[0224] However, if the current group n_p is the n-th group,
the image processing unit can perform the matching and
synthesis of the sampling signals of n groups using linear
interpolation (S 80).

[0225] When the sampling signals are matched and syn-
thesized, the motion detection unit can determine whether
there is a motion group among the n groups (S 90). The
motion detection unit may perform the operations of S30 to
S80 again if there is a group of motion-enabled groups. The
motion detection unit may terminate the operation when
there is no group with motion. It will be apparent to those
skilled in the art that various modifications, substitutions,
and alterations can be made hereto without departing from
the spirit and scope of the invention as defined by the
appended claims.

[0226] Therefore, the embodiments and the accompanying
drawings described above are intended to illustrate and not
limit the technical idea, and the scope of technical thought
is not limited by these embodiments and the accompanying
drawings.

[0227] The scope of which is to be interpreted by the
following claims, and all technical ideas which are within
the scope of the same should be interpreted as being
included in the scope of the right.

1. An ultrasound imaging apparatus comprising:

an ultrasonic probe for transmitting ultrasonic waves to a
target object and receiving ultrasonic waves reflected
from the object;

a beamforming unit for beamforming the received ultra-
sonic wave and outputting a beamforming signal;

a sampling unit for adjusting the number of sampling
times of the beamforming signal according to the
amount of motion of the object; and

an image processing unit for matching and synthesizing
the sampled signals.

2. The ultrasound imaging apparatus according to claim 1,

further comprising,

a motion detection unit for dividing the beamforming
signals into groups and comparing beamforming sig-
nals of one group and the remaining groups to calculate
and store motion vectors.

3. The ultrasound imaging apparatus according to claim 2,

wherein the motion detecting unit compares a beamform-
ing signal of each group divided for each group with a
previous beamforming signal to calculate and store a
motion vector.

4. The ultrasound imaging apparatus according to claim 2,

wherein the sampling unit adjusts a sampling period of the
beamforming signal to be less than a predetermined
period when the motion vector of the divided group is
less than a predetermined value and adjusts a sampling
period of the beamforming signal to exceed the prede-
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termined period when the motion vector of the divided
group exceeds a preset value.
5. The ultrasound imaging apparatus according to claim 4,
wherein the sampling unit adjusts a sampling period and
a sampling time for each group differently when the
motion vectors of the plurality of groups exceed a
predetermined value.
6. The ultrasound imaging apparatus according to claim 2,
wherein the motion detection unit divides the groups
located at the adjacent elevation into different groups.
7. The ultrasound imaging apparatus according to claim 4,
wherein the image processing unit interpolates the beam-
forming signal using linear interpolation,
and wherein the beamforming signal of the motion sens-
ing unit is a signal obtained by interpolating a signal.
8. The ultrasound imaging apparatus according to claim 4,
wherein the image processing unit interpolates the beam-
forming signal using linear interpolation, and replaces
the sampling signal with the interpolated signal of the
same group when the motion vector of the divided
group is less than a preset value.
9. A control method for an ultrasound imaging apparatus,
the method comprising:
transmitting ultrasonic waves to an object, receiving
ultrasonic waves reflected from the object;
outputting a beamforming signal by beamforming the
received ultrasonic waves;
sampling the number of times of the beam-forming signal
differently according to the amount of motion of the
target object; and
matching and synthesizing the sampled signals.
10. The method according to claim 9, further comprising,
dividing the beamforming signal into groups; and
calculating and storing a motion vector by comparing the
beamforming signals of a group with other groups.
11. The method according to claim 10,
wherein calculating and storing the motion vector com-
prises, calculating and storing a motion vector by
comparing the beamforming signal of each group
divided by the other groups and the previous beam-
forming signal.
12. The method according to claim 10,
wherein sampling the number of times of the beam-
forming signal comprises adjusting the sampling period
of the beamforming signal to a predetermined period or
less, the group having the calculated and stored motion
vectors less than a predetermined value and
sampling the group in which the motion vector exceeds a
predetermined value is sampled by adjusting the sam-
pling period of the beamforming signal to exceed a
predetermined period
13. The method according to claim 12,
wherein sampling the number of times of the beam-
forming signal comprises,
sampling by adjusting the sampling period and the sam-
pling time in respective groups in which the motion
vector exceeds a predetermined value.
14. The method according to claim 10,
wherein dividing the beamforming signal into groups
comprises,
dividing into different groups located at close elevations.
15. The method according to claim 12, further compris-
ing, interpolating the beamforming signals divided for each
group using a linear interpolation method,
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wherein the beamforming signal divided for each group is

supplied to the interpolated signal.

16. The method according to claim 12, further comprising
interpolating the beamforming signals divided for each
group using a linear interpolation method,

wherein matching and synthesizing the signals comprise,

replacing the sampling signal of the group having the
motion vector equal to or less than the preset value with
the interpolated signal of the group having the motion
vector equal to or less than a preset value.

# % % k&



[ i (S RIR) A ()
e (S IR) A (%)
S B (SRR A ()

FRIRBAA

RBA

CPCH %S

ShEpEELE

E)

REAQXFH—ANFE ,

BENBGREREREHGE

US20180000458A1 ASHUNE
US15/537717 g B
=EBFHA L4

SAMSUNG ELECTRONICS CO. , LTD.

SAMSUNG ELECTRONICS CO. , LTD.

PARK SUNG CHAN
SONG JONG KEUN
KANG JOO YOUNG
KIM JUNG HO

PARK, SUNG CHAN
SONG, JONG KEUN
KANG, JOO YOUNG
KIM, JUNG HO

A61B8/08 A61B8/00 A61B8/14 G01S15/89 G01S7/52

patsnap

2018-01-04

2014-12-19

AB61B8/5276 G01S7/52085 G01S7/52046 G01S15/8993 G01S7/52034 A61B8/145 A61B8/4488 A61B8

/54 G01515/8915 G01S15/8927 G10K11/346

Espacenet USPTO

—MEERGRE , B BERX AT

BAER RS E BN SRR RSB AR R RIER 2T, BT

B U R P AT R L IR R LS 2 SRR T | TSR 3
WEIE S BB RV RIS S 0 TR LR B T LA S BRHE N
SHEGLEE T, {ERD R VA

‘ i
e T — -

E
’

2 WA BTN Ty

—— T
=
i [

DATA PAOCESSR

; £
R i R
G G

i =
P PR PRSI T ]‘

e
W s

l RIS hiT '

o d
i VEWRY
OORMNCATICH 14T W 0
PR A M CATI O AL ot o] DIFAN Wi |

@ L]

T OO WA et e L] L —
L] L)
el B NN WO E Jedi e AT ]

o


https://share-analytics.zhihuiya.com/view/4fdc8d03-e653-445c-9825-746559afb6e1
https://worldwide.espacenet.com/patent/search/family/056126801/publication/US2018000458A1?q=US2018000458A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180000458%22.PGNR.&OS=DN/20180000458&RS=DN/20180000458

