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(57) ABSTRACT

For compensating for distortions of ultrasonic transducer
signals by measuring thickness of a membrane cap and 3D
oil covering the ultrasonic transducer in real time without
additional hardware, according to an embodiment of the
present disclosure, an ultrasonic imaging apparatus may
comprises an ultrasonic probe configured to have an ultra-
sonic transducer with a plurality of elements, a membrane
cap provided in a form that covers the ultrasonic transducer,
and three dimensional (3D) oil provided between the ultra-
sonic transducer and the membrane cap; a controller con-
figured to obtain thickness data of at least one of the
membrane cap and the 3D oil to compensate for a distortion
of a signal transmitted or received by the ultrasonic trans-
ducer.
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FIG. 1
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FIG. 2
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FIG. 6
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FIG. 8
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FIG. 9
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ULTRASONIC IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0005330 filed on Jan. 16, 2018, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Field of the Invention

[0002] The present disclosure relates to an ultrasonic
imaging apparatus and control method thereof, and more
particularly, to an ultrasonic imaging apparatus and control
method thereof, which improves the resolution of ultrasound
images by compensating for deviations or variations of
thickness of a membrane cap and 3D oil of an ultrasonic
probe.

2. Discussion of Related Art

[0003] Ultrasonic imaging apparatuses irradiate ultra-
sound signals from the surface of a body of a subject toward
a particular region inside the body, and noninvasively obtain
a cross-sectional tomogram of a soft tissue or an image of
the blood flow using a reflected ultrasound signal (or echo
ultrasound signal).

[0004] Compared to other diagnostic imaging apparatuses,
such as X-ray diagnostic apparatuses, X-ray Computerized
Tomography (CT) scanners, Magnetic Resonance Imaging
(MRI) apparatuses, nuclear medicine diagnostic appara-
tuses, etc., ultrasonic imaging apparatuses have many
advantages that they are compact, inexpensive, able to
display in real time, and safe because of no exposure to
radiation, and are thus widely used for diagnosis in cardi-
ology clinics, abdominal pain clinics, urology clinics , and
women clinics.

[0005] The ultrasonic imaging apparatus typically has an
ultrasonic probe to transmit ultrasound to an object and
receive echo ultrasound from the object while directly
contacting the object. The ultrasonic probe is equipped with
a cap to cover transducers or an acoustic coupler to effi-
ciently transmit ultrasound energy to the object at the front
end, and in the conventional technologies, distortion of
ultrasound images caused by the thickness of the cap or
acoustic coupler is not considered.

[0006] Furthermore, in the conventional technologies, it is
hard to obtain accurate ultrasound images because variations
of the form of the cap and acoustic coupler, which occur due
to the pressure applied while the ultrasonic probe contacts
and scans the subject, is not taken into account.

[0007] Moreover, in the conventional technologies, opera-
tion for processing ultrasound signals is performed on the
assumption that thickness of the cap is uniform without
considering that actual caps are likely to have irregular
thickness in the manufacturing process of the cap, and
accordingly, there might be distortions in the ultrasound
image.
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SUMMARY OF THE INVENTION

[0008] The present disclosure provides an ultrasonic
imaging apparatus and control method thereof, capable of
compensating for distortions of ultrasonic transducer signals
by measuring thickness of a membrane cap and three
dimensional (3D) oil covering the ultrasonic transducer in
real time without additional hardware.

[0009] The present disclosure also provides an ultrasonic
imaging apparatus and control method thereof, capable of
improving the resolution of ultrasound images by compen-
sating for thickness deviations of positions on a membrane
cap and performing a compensation process on curvature
changes of the membrane cap and thickness changes of 3D
oil.

[0010] The present disclosure also provides an ultrasonic
imaging apparatus and control method thereof, capable of
securing uniformity of signal sensitivity of ultrasonic trans-
ducer elements by performing compensation for irregularity
in thickness of a membrane cap or 3D oil.

[0011] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus may comprises an
ultrasonic probe configured to have an ultrasonic transducer
with a plurality of elements, a membrane cap provided in a
form that covers the ultrasonic transducer, and three dimen-
sional (3D) oil provided between the ultrasonic transducer
and the membrane cap; a controller configured to obtain
thickness data of at least one of the membrane cap and the
3D oil to compensate for a distortion of a signal transmitted
or received by the ultrasonic transducer; and a display
configured to display an ultrasonic image created based on
a ultrasonic transducer signal compensated by the controller.
[0012] The controller may be configured to obtain thick-
ness data of the 3D oil based on time taken for an ultrasound
signal from the ultrasonic transducer to reflect off on a
border between the membrane cap and the 3D oil and reach
asurface of the ultrasonic transducer and ultrasound velocity
in the 3D oil.

[0013] The controller may be configured to obtain thick-
ness data of the membrane cap based on time for an
ultrasound signal from the ultrasonic transducer to reflect off
on an outer surface of the membrane cap and reach a border
between the membrane cap and the 3D oil from when the
ultrasound signal penetrates the border between the mem-
brane cap and the 3D oil and ultrasound velocity in the
membrane cap.

[0014] The controller may be configured to calculate time
delay values to be applied to signals transmitted or received
by the respective ultrasonic transducer elements by reflect-
ing thickness deviations of the membrane cap or the 3D oil.
[0015] The controller may be configured to obtain thick-
ness data of the membrane cap for the entire area of the
membrane cap in the early stage of operation of the ultra-
sonic imaging apparatus, and compensate for thickness
deviations of positions on the membrane cap based on the
thickness data of the membrane cap corresponding to a
wavelength of the ultrasonic transducer signal.

[0016] The controller may be configured to obtain thick-
ness data of the membrane cap or the 3D oil in real time to
compensate for a distortion of a signal transmitted or
received by the ultrasonic transducer.

[0017] The controller may be configured to determine the
magnitude of an echo signal reflecting off on a border
between the membrane cap and the 3D oil for each of the
plurality of ultrasonic transducer elements, regulate a pulse



US 2019/0216438 Al

voltage to be applied to each of the ultrasonic transducer
elements to make the magnitude of the ultrasound signals
transmitted by the plurality of ultrasonic transducer elements
uniform.

[0018] The controller may be configured to regulate pulse
voltages to be applied to the respective ultrasonic transducer
elements to compensate for differences in magnitude
between ultrasound signals transmitted and echo signals
received by the respective ultrasonic transducer elements.

[0019] The membrane cap may be formed of plastics or
rubber.
[0020] According to another embodiment of the present

disclosure, a control method of an ultrasonic imaging appa-
ratus including an ultrasonic probe configured to have an
ultrasonic transducer with a plurality of elements, a mem-
brane cap provided in a form that covers the ultrasonic
transducer, and three dimensional (3D) oil provided between
the ultrasonic transducer and the membrane cap, the control
method may comprise obtaining thickness data of at least
one of the membrane cap and the 3D oil; compensating for
a distortion of a signal transmitted or received by the
ultrasonic transducer based on the thickness data; and dis-
playing an ultrasonic image created based on the compen-
sated ultrasonic transducer signal.

[0021] The obtaining of the thickness data may comprise
obtaining thickness data of the 3D oil based on time taken
for an ultrasound signal from the ultrasonic transducer to
reflect off on a border between the membrane cap and the 3D
oil and reach a surface of the ultrasonic transducer and
ultrasound velocity in the 3D oil.

[0022] The obtaining of the thickness data may comprise
obtaining thickness data of the membrane cap based on time
for an ultrasound signal from the ultrasonic transducer to
reflect off on an outer surface of the membrane cap and reach
a border between the membrane cap and the 3D oil from
when the ultrasound signal penetrates the border between
the membrane cap and the 3D oil and ultrasound velocity in
the membrane cap.

[0023] The compensating for the distortion of the signal
may comprise calculating time delay values to be applied to
signals transmitted or received by the respective ultrasonic
transducer elements by reflecting thickness deviations of the
membrane cap or the 3D oil.

[0024] The obtaining of the thickness data may comprise
obtaining thickness data of the membrane cap for the entire
area of the membrane cap in the early stage of operation of
the ultrasonic imaging apparatus, and wherein the compen-
sating for the distortion of the signal comprises compensat-
ing for thickness deviations of positions on the membrane
cap based on the thickness data of the membrane cap
corresponding to a wavelength of the ultrasonic transducer
signal.

[0025] The obtaining of the thickness data may comprise
obtaining thickness data of the membrane cap or the 3D oil
in real time.

[0026] the control method may further comprise determin-
ing the magnitude of an echo signal reflecting off on a border
between the membrane cap and the 3D oil for each of the
plurality of ultrasonic transducer elements, and regulating a
pulse voltage to be applied to each of the ultrasonic trans-
ducer elements to make the magnitude of the ultrasound
signals transmitted by the plurality of ultrasonic transducer
elements uniform.
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[0027] The regulating of the pulse voltage may comprise
regulating pulse voltages to be applied to the respective
ultrasonic transducer elements to compensate for differences
in magnitude between ultrasound signals transmitted and
echo signals received by the respective ultrasonic transducer
elements.

[0028] The membrane cap may be formed of plastics or
rubber.
[0029] According to an embodiment of the present disclo-

sure, an ultrasonic imaging apparatus and control method
thereof is capable of compensating for distortions of ultra-
sonic transducer signals by measuring thickness of a mem-
brane cap and 3D oil covering the ultrasonic transducer in
real time without additional hardware, thereby saving manu-
facturing costs.

[0030] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus and control method
thereof is capable of improving the resolution of ultrasound
images by compensating for thickness deviations of posi-
tions on a membrane cap and performing a compensation
process on curvature changes of the membrane cap and
thickness changes of 3D oil.

[0031] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus and control method
thereof is capable of securing uniformity of signal sensitivity
of ultrasonic transducer elements by performing compensa-
tion for irregularity in thickness of a membrane cap or 3D
oil.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0033] FIG. 1 shows the exterior of an ultrasonic imaging
apparatus, according to an embodiment of the present dis-
closure;

[0034] FIG. 2 shows internal features of the front end of
an ultrasonic probe, according to an embodiment of the
present disclosure;

[0035] FIG. 3A, 3B, 3C shows views for explaining thick-
ness deviations of a membrane cap and three dimensional
(3D) oil, according to an embodiment of the present disclo-
sure;

[0036] FIG. 4 is a control block diagram of an ultrasonic
imaging apparatus, according to an embodiment of the
present disclosure;

[0037] FIG. 51is a detailed control block diagram of a main
body of an ultrasonic imaging apparatus, according to an
embodiment of the present disclosure;

[0038] FIG. 6 shows detailed control block diagrams of a
transmitter and a receiver, according to an embodiment of
the present disclosure;

[0039] FIG. 7 is a view for explaining beamforming of an
ultrasonic transducer element signal, according to an
embodiment of the present disclosure;

[0040] FIG. 8 is a view for explaining a method for
obtaining thickness data of a membrane cap and 3D oil,
according to an embodiment of the present disclosure; and
[0041] FIG. 9 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to an embodi-
ment of the present disclosure.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0042] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to the
like elements throughout. The terms “front”, “rear”,
“upper”, “lower”, “top”, and “bottom” as herein used are
defined with respect to the drawings, but the terms may not
restrict the shape and position of the respective components.
[0043] Like numerals refer to like elements throughout the
specification. Not all elements of embodiments of the pres-
ent disclosure will be described, and description of what are
commonly known in the art or what overlap each other in the
embodiments will be omitted. The terms as used throughout
the specification, such as “~part”, “~module”, “~member”,
“~block”, etc., may be implemented in software and/or
hardware, and a plurality of “~parts”, “~modules”, “~mem-
bers”, or “~blocks” may be implemented in a single element,
or a single “~part”, “~module”, “~member”, or “~block”
may include a plurality of elements.

[0044] It will be further understood that the term “con-
nect” or its derivatives refer both to direct and indirect
connection, and the indirect connection includes a connec-
tion over a wireless communication network.

[0045] The term “include (or including)” or “comprise (or
comprising)” is inclusive or open-ended and does not
exclude additional, unrecited elements or method steps,
unless otherwise mentioned.

[0046] Throughout the specification, when it is said that a
member is located “on” another member, it implies not only
that the member is located adjacent to the other member but
also that a third member exists between the two members.
[0047] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section.

[0048] It is to be understood that the singular forms “a,”
“an,” and “the” include plural references unless the context
clearly dictates otherwise.

[0049] Reference numerals used for method steps are just
used for convenience of explanation, but not to limit an
order of the steps. Thus, unless the context clearly dictates
otherwise, the written order may be practiced otherwise.
[0050] The principle and embodiments of the present
invention will now be described with reference to accom-
panying drawings.

[0051] FIG. 1 shows the exterior of an ultrasonic imaging
apparatus, according to an embodiment of the present dis-
closure.

[0052] Referring to FIG. 1, an ultrasonic imaging appa-
ratus 1 may include an ultrasonic probe P that transmits
ultrasounds to an object, receives ultrasound signals from
the object and converts the echo ultrasound signals to an
electric signal, and a main body M connected to the ultra-
sonic probe P and equipped with an input 540 and a display
550 for displaying ultrasound images. The ultrasonic probe
P may be connected to the main body M of the ultrasonic
imaging apparatus 1 via a cable 5, for receiving various
signals required to control the ultrasonic probe P or forward-
ing analog or digital signals that correspond to echo ultra-
sound signals received by the ultrasonic probe P to the main
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body M. However, embodiments of the ultrasonic probe P
are not limited thereto, and may be implemented with a
wireless probe to exchange signals with the main body M
over a network formed between the ultrasonic probe P and
the main body M.

[0053] One end of the cable 5 may be connected to the
ultrasonic probe P, and the other end of the cable 5 may be
connected to a connector 6 that may be coupled to or
decoupled from a slot 7 of the main body M. The main body
M and the ultrasonic probe P may exchange control com-
mands or data via the cable 5. For example, when the user
inputs information about a focal depth, an aperture size or
shape, a steering angle or the like through the input 540, the
information may be sent to the ultrasonic probe P via the
cable 5 and used for transmit and receive beamforming of a
transmitter 100 and a receiver 200, respectively. Alterna-
tively, in the case that the ultrasonic probe P is implemented
with a wireless probe as mentioned above, the ultrasonic
probe P is connected to the main body M not through the
cable 5 but through a wireless network. Even in the case that
the ultrasonic probe P is connected to the main body M over
a wireless network, control commands or data may be
exchanged between the main body M and the ultrasonic
probe P.

[0054] FIG. 2 shows internal features of the front end of
an ultrasonic probe, according to an embodiment of the
present disclosure.

[0055] Referring to FIG. 2, the front end of the ultrasonic
probe P includes a membrane cap 20, three dimensional (3D)
oil 30, and an ultrasonic transducer 40. The membrane cap
20 is provided in the form that covers the ultrasonic trans-
ducer 40, and the 3D oil 30 is provided between the
membrane cap 20 and the ultrasonic transducer 40. The
membrane cap 20 may be of a convex type with a convexly
curved middle portion, or of a linear type with a flat plane.
It 1s not, however, limited thereto.

[0056] The membrane cap 20 may be formed of plastics or
rubber. That is, the membrane cap 20 may be formed of an
elastic material with low ultrasound transmission loss and
high heat conductivity. If the membrane cap 20 is formed of
a soft elastic material, the membrane cap 20 and the 3D oil
30 may be deformed by the pressure applied to scan the
object. On the other hand, if the membrane cap 20 is formed
of a rigid material, the membrane cap 20 may not be
significantly deformed even when pressure is applied thereto
while the ultrasonic probe P contacts and pushes the object.
[0057] The 3D oil 30 is a transmission medium for effi-
ciently transmitting ultrasound energy to the object, and may
have as low attenuation and acoustic impedance as the tissue
of the object. The 3D oil 30 is a fluid, which may be fluidly
deformed by the pressure applied to the membrane cap 20
when the object is scanned.

[0058] The ultrasonic transducer 40 includes an array of a
plurality of elements 50. The ultrasonic transducer 40 may
generate ultrasound while vibrating by an input pulse signal
or alternate current and receive echo ultrasound reflecting
and returning from a target portion of the object. Further-
more, the ultrasonic transducer 40 may be rotated to a
certain angle within the membrane cap 20.

[0059] Operation of the ultrasonic transducer 40 will be
described later in connection with FIGS. 4 to 7.

[0060] FIG. 3A, 3B, 3C shows views for explaining thick-
ness deviations of a membrane cap and 3D oil, according to
an embodiment of the present disclosure.
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[0061] Referring to FIG. 3, the membrane cap 20 has a
hemispherical form that seals the ultrasonic transducer 40,
and is manufactured to have minimum thickness to reduce
attenuation or distortion of signals to be transmitted or
received by the ultrasonic transducer 40. By the nature of the
manufacturing process, the membrane cap 20 may be manu-
factured to be typically in thickness of about 0.8 mm with an
error of about 0.08 mm. However, in the process of manu-
facturing the membrane cap 20, it is very difficult to form the
entire area of the membrane cap 20 to have uniform thick-
ness as thin as possible. There is a difference in thickness
between a designed membrane cap and an actually manu-
factured membrane cap.

[0062] Furthermore, there may be differences in thickness
between positions on the membrane cap 20. In other words,
the entire area of the membrane cap 20 may not have
uniform thickness. FIG. 3A shows an example of thickness
deviations of the actually manufactured membrane cap 20.
In actual practice, the membrane cap 20 is formed such that
a terminal portion of the membrane cap 20 coupled with a
base frame of the ultrasonic probe is thicker than the middle
portion of the membrane cap 20. Also, referring to FIG. 3B,
the thickness of the 3D oil 30 may not be uniform when the
positions of the membrane cap 20 and the ultrasonic trans-
ducer 40 are not accurately matched in the process of
assembling or processing the membrane cap 20 and the 3D
oil 30. FIG. 3C shows thickness deviations of the 3D oil 30
occurring when the ultrasonic probe P contacts and pushes
the object.

[0063] As such, if there are thickness deviations in the
membrane cap 20 or the 3D oil 30 in the manufacturing
process, ultrasound energy to be transmitted to the object is
different at every position on the membrane cap 20, and thus
the ultrasound signals are not uniformly transmitted. Even
the echo ultrasound signals are not uniformly received. This
may lead to a problem that the resolution and quality of an
ultrasound image deteriorate.

[0064] The present disclosure overcomes the problem by
obtaining thickness data for the entire area of the membrane
cap 20 and compensating for thickness deviations of posi-
tions on the membrane cap 20, thereby securing uniformity
of signals transmitted or received by the ultrasonic trans-
ducer 40.

[0065] FIG. 4 is a control block diagram of an ultrasonic
imaging apparatus, according to an embodiment of the
present disclosure, and FIG. 5 is a detailed control block
diagram of a main body of an ultrasonic imaging apparatus,
according to an embodiment of the present disclosure.
[0066] Referring to FIG. 4, the main body M may include
a controller 500, an image processor 530, an input 540, and
a display 550.

[0067] The controller 500 controls general operation of the
ultrasonic imaging apparatus 1. Specifically, the controller
500 generates control signals to control the respective com-
ponents of the ultrasonic imaging apparatus 1, e.g., a Trans-
mission/Reception (T/R) switch 10, the transmitter 100, the
receiver 200, the image processor 530, the display 550, etc.,
as shown in FIG. 4.

[0068] Although in the ultrasonic imaging apparatus 1
according to an embodiment as shown in FIGS. 4 and 5, a
transceiving beamformer may be included not in the main
body M but in the ultrasonic probe P, the transceiving
beamformer may be included not in the ultrasonic probe P
but in the main body M in some other embodiments.
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[0069] The controller 500 may calculate a delay profile for
the plurality of ultrasonic transducer elements 50 that con-
stitute an ultrasonic transducer array (TA), and calculate
time delay values depending on differences in distance
between the plurality of ultrasonic transducer elements 50
included in the ultrasonic transducer array (TA) and a focal
point of the object based on the calculated delay profile. The
controller 500 may then control the transceiving beam-
former accordingly to generate transmit/receive signals.
[0070] The controller 500 may also generate control
instructions for the respective components of the ultrasonic
imaging apparatus 1 to control the ultrasonic imaging appa-
ratus 1, according to instructions or commands input from
the user through the input 540.

[0071] The image processor 530 may create an ultrasound
image of a target portion inside the object based on the
ultrasound signal focused by the receiver 200.

[0072] Referring to FIG. 4, the image processor 530 may
include an image former 531, a signal processor 533, a scan
converter 535, a storage 537, and a volume renderer 539.
[0073] The image former 531 may create a coherent two
dimensional (2D) or 3D image of the target portion inside
the object based on the ultrasound signal focused by the
receiver 200.

[0074] The image processor 533 may convert the coherent
image information formed by the image former 531 to
ultrasonic image information for a diagnostic mode, such as
Brightness mode (B-mode), Doppler mode (or D-mode), etc.
For example, if the diagnostic mode is set to the B-mode, the
signal processor 533 may perform e.g., an analog-to-digital
(A/D) conversion process and compose ultrasonic image
information in real time for a B-mode image. If a scan mode
is set to the D-mode, the signal processor 533 may extract
phase-change information from an ultrasound signal, calcu-
late information about e.g., a blood flow at each point in the
scanned cross-section, such as speed, power, or dispersion,
and compose ultrasonic image information in real time for a
D-mode image.

[0075] The scan converter 535 may convert the converted
ultrasonic image information input from the signal processor
533 or the converted ultrasonic image information stored in
the storage 537 to an ordinary video signal for display 550
and send the video signal to the volume renderer 539.
[0076] The storage 537 may temporarily or non-tempo-
rarily store the ultrasonic image information converted by
the signal processor 533.

[0077] The volume renderer 539 may perform volume
rendering based on the video signal sent from the scan
converter 535, correct the rendered image information into
a final resultant image, and send the resultant image to the
display 550.

[0078] The input 540 may allow the user to input a
command to operate the ultrasonic imaging apparatus 1. The
user may input or set a command to start ultrasonic diag-
nosis, a command to select a diagnostic mode such as the
B-mode, a motion mode (M-mode), the D-mode, an elas-
ticity mode, a 3D mode, or the like, region-of-interest (ROI)
setting information including size and location of the ROI.

[0079] The B mode is to display a cross-sectional image
inside the object, representing portions having strong echoes
and weak echoes in different brightness. A B-mode image is
formed based on information acquired from tens to hundreds
of scan lines.
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[0080] The M-mode is to display an image representing
how biological information (e.g., brightness information) of
a particular portion (M line) in the cross-sectional image
(B-mode image) of the object changes, and the B-mode
image and the M-mode image are generally displayed on a
single screen at the same time, allowing the user to compare
and analyze two data to make a correct diagnosis.

[0081] The D-mode refers to a mode to display an image
based on Doppler effect that causes a change in frequency of
a sound output from a moving object. Such a mode using the
Doppler effect may be further divided into Power Doppler
Imaging (PDI) mode, color flow mode (S Flow), and Direc-
tional Power Doppler Imaging (DPDI) mode.

[0082] The PDI mode represents a level of a Doppler
signal or the number of structures (e.g. the number of red
blood cells in the blood) in an image that has no aliases
because of being less sensitive to the incident angle, and has
less image attenuation from noise. Furthermore, the PDI
mode records reflected Doppler energy, and may thus be so
sensitive that it is even able to detect narrow veins and slow
blood streams.

[0083] The S Flow mode provides a power image repre-
senting power of a Doppler signal in a 2D distribution and
a velocity image representing velocity of the Doppler signal.
The image in the S Flow mode may not only visualize blood
flow in real time but also represent a wide range of blood
flow state from high-speed blood flow in a wide vein to
low-speed blood flow in a narrow vein.

[0084] The DPDI mode refers to a mode to display a
directional image that represents directional information of
a Doppler signal in the PDI mode in a 2D distribution.
Accordingly, the DPDI mode has an advantage over the PDI
mode in that it allows more accurate detection of informa-
tion regarding a blood flow. Furthermore, even for the
Doppler mode image, an Mode image may be created.

[0085] The elasticity mode refers to a method for acquir-
ing an elastographic image of the object using elastography.
Elastography means analyzing a phenomenon that the harder
the structure is like a malignant mass, the lower the elasticity
of the tissues are and thus, the smaller the difference in
metamorphosis of the tissues is. The elastographic image
refers to an image representing stiffness of a tissue in
quantity. Especially, it is used a lot in the field of diagnosing
cervix, breast cancer or prostate cancer.

[0086] The 3D mode may refer to a mode to display an
image indicating a geometric solid or space with X, vy, z
values representing depth, width, height, respectively, or to
provide a 3D form to give a feeling of stereoscopy or display
a series of images with the stereoscopic effect. For example,
using the stereoscopic effect of the 3D mode, the user may
display the shape of a face of a fetus and show it to its
parents.

[0087] The input 540 may include various means for the
user to input data, instructions, or commands, such as a
keyboard, a mouse, a trackball, a tablet, a touch screen
module, etc.

[0088] The display 550 may display menus or instructions
required in ultrasonic diagnosis, and an ultrasound image
obtained in the process of the ultrasonic diagnosis. The
display 550 may display an ultrasound image of a target
portion inside the object, which is created by the image
processor 530. The ultrasound image to be displayed on the
display 550 may be an ultrasound image in the B-mode or

Jul. 18,2019

elastic mode, or may be a 3D ultrasound image. The display
550 may display various ultrasound images according to the
aforementioned modes.

[0089] The display 550 may be implemented in various
display methods known to the public, such as Cathode Ray
Tube (CRT), Liquid Crystal Display (LCD), etc.

[0090] In an embodiment, as shown in FIG. 4, the ultra-
sonic probe P may include the transducer array TA, the T/R
switch 10, the transmitter 100, and the receiver 200.
[0091] The transducer array TA is arranged at an end of the
ultrasonic probe P. The ultrasonic transducer array TA refers
to a 1D or 2D array of a plurality of ultrasonic transducer
elements 50. The ultrasonic transducer array TA generates
ultrasound while vibrating due to a pulse signal or alternate
current (AC) applied thereto. The ultrasound is transmitted
to a target portion inside the object. In this case, the
ultrasound generated by the ultrasonic transducer array TA
may be focused and transmitted to multiple target portions
inside the object. That is, the ultrasound may be multi-
focused and transmitted to the multiple target portions.
[0092] The ultrasound generated by the ultrasonic trans-
ducer array TA may reflect off the target portion inside the
object and may return to the ultrasonic transducer array TA.
The ultrasonic transducer array TA may then receive the
echo ultrasound reflecting and returning from the target
portion. When the echo ultrasound arrives at the ultrasonic
transducer array TA, the ultrasonic transducer array TA may
oscillate at a certain frequency corresponding to a frequency
of the echo ultrasound and output alternate current of a
frequency corresponding to the oscillation frequency.
Accordingly, the ultrasonic transducer array TA may convert
the received echo ultrasound to a certain electric signal.
Since each element 50 receives the echo ultrasound and
outputs the electric signal, the ultrasonic transducer array TA
may output electric signals on multiple channels.

[0093] The ultrasonic transducer 40 may be implemented
by at least one of a magnetostrictive ultrasonic transducer
that uses magnetostrictive effect of a magnetic substance, a
piezoelectric ultrasonic transducer that uses piezoelectric
effect of a piezoelectric substance, or a capacitive Micro-
machined Ultrasonic Transducer (¢cMUT) that transmits and
receives ultrasound by means of oscillation of hundreds or
thousands of micromachined thin films. In addition, other
types of transducer that may generate ultrasound from an
electrical signal or generate an electrical signal from ultra-
sound may also be an example of the aforementioned
ultrasonic transducer.

[0094] For example, the ultrasonic transducer elements 50
may include piezoelectric oscillators or thin films. When
alternate current is applied to the piezoelectric oscillators or
thin films from a power source, the piezoelectric oscillators
or thin films oscillate at a certain frequency due to the
applied alternate current and generate ultrasound with the
certain frequency. On the other hand, the piezoelectric
oscillators or thin films oscillate due to an echo ultrasound
with a certain frequency when the echo ultrasound reaches
the piezoelectric oscillators or thin films, and output alter-
nate current of a frequency corresponding to the oscillation
frequency.

[0095] FIG. 6 is detailed control block diagrams of a
transmitter and a receiver, according to an embodiment of
the present disclosure.

[0096] Referring to FIG. 6, the transmitter 100 may apply
transmit pulses for the transducer array TA to transmit an
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ultrasound signal to a target portion inside the object. The
transmitter 100 may include a transmit beamformer 110 and
a pulser 120.

[0097] The transmit beamformer 110 forms a transmit
signal pattern according to a control signal of the controller
500 of the main body M and outputs the transmit signal
pattern to the pulser 120. The transmit beamformer 110
forms the transmit signal pattern based on time delay values
for the respective ultrasonic transducer elements 50 that
constitute the ultrasonic transducer array TA, the time delay
values being calculated by the controller 500, and sends the
transmit signal pattern to the pulser 120. The transmit
beamforming will be described in detail in connection with
FIG. 7.

[0098] The receiver 200 may perform a certain process
and receive beamforming on the echo ultrasound received
from the transducer array TA. The receiver 200 may include
a receive beamformer 210 and a receive-signal processor
220. An electric signal converted by the transducer array TA
may be input to the receive-signal processor 220. The
receive-signal processor 220 may amplify the electric signal
converted from the echo ultrasound prior to performing a
signal process or a time-delay process, and adjust the gain or
compensate for attenuations depending on the depth.

[0099] Specifically, the receive-signal processor 220 may
include a low noise amplifier (LNA) for reducing noise of
the electric signal input from the ultrasonic transducer array
TA, and a variable gain amplifier (VGA) for adjusting a gain
value based on the input signal. The VGA may correspond
to a time gain compensation (TGC) amplifier that compen-
sates for a gain based on a distance to the focal point,
without being limited thereto.

[0100] The receive beamformer 210 may perform beam-
forming on the electric signal received from the receive-
signal processor 220. The receive beamformer 210 may
make the signal intensified through superposition of the
electric signals received from the receive-signal processor
220. The signal beamformed by the receive beamformer 210
is converted to a digital signal by the AD converter, which
is sent to the image processor 530 of the main body M. With
the AD converter equipped in the main body M, an analog
signal beamformed by the receive beamformer 210 may be
sent to the main body M and then converted to a digital
signal in the main body M. Alternatively, the receive beam-
former 210 may be a digital beamformer.

[0101] The digital beamformer may include a storage for
storing sampled analog signals, a sampling cycle controller
for controlling a sampling cycle, an amplifier for adjusting
the magnitude of the sample, an anti-aliasing low pass filter
for preventing aliasing prior to sampling, a bandpass filter
for selectively passing a desired frequency band, an intet-
polation filter for increasing a sampling rate when beam-
forming is performed, and a high pass filter for filtering out
a direct current (DC) component or signals of a low fre-
quency band. The receive beamforming will also be
described in detail in connection with FIG. 7.

[0102] FIG. 7 is a view for explaining beamforming of
ultrasonic transducer element signals, according to an
embodiment of the present disclosure.

[0103] Although a 2D array transducer is used in this
embodiment, transmit beamforming and receive beamform-
ing will be described by taking an example of a 1D array
transducer for convenience of explanation.
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[0104] To improve the resolution of an ultrasound image,
especially, the lateral resolution, an ultrasound beam with
narrow beamwidth may be formed by focusing ultrasound
signals transmitted from the plurality of transducer elements
50 to a focal point on the scan line, which is called transmit
beamforming.

[0105] The 1D transducer array is comprised of the plu-
rality of transducer elements 50 arrayed in one dimension.
To obtain 2D ultrasound cross sectional images, a plurality
of scan lines are required and beamforming may be per-
formed for the focal point, as described above, from the first
scan line till the last scan line.

[0106] A 2D ultrasound cross sectional image on the xy
plane may be obtained by transmitting ultrasound signals for
all the scan lines and receiving the echo ultrasound signals
bouncing back from the internal substances of the object.

[0107] To focus ultrasound beams on a point, the ultra-
sound signals transmitted from the plurality of transducer
elements 50 have to simultaneously reach the focal point.
However, since the distances from the respective transducer
elements 50 to the focal point are different, appropriate time
delays are applied to the ultrasound signals to be transmitted
from the transducer elements 50 (also referred to as ‘ele-
ments’) such that the ultrasound signals may reach the focal
point at the same time. For example, the nearest element
from the focal point may be given the latest transmit signal
and the farthest element from the focal point may be give the
earliest transmit signal. The transmit signal as herein used
refers to an electric signal to be converted to an ultrasound
signal by the element 50.

[0108] Referring to FIG. 7, if the membrane cap 20 and the
3D oil 30 at the front end of the ultrasonic probe P each have
uniform thickness, the controller 500 needs to consider an
increase in distance due to the uniform thickness for each of
the ultrasonic transducer elements 50 to calculate a time
delay value to be applied to the ultrasound signal to be
transmitted by the element 50. Accordingly, the transmit
beamforming result calculated by the controller 500 may
correspond to an actual transmit beamforming result. In
other words, the ultrasound signals transmitted by the
respective ultrasonic transducer elements 50 with the time
delay values calculated by the controller 500 may reach the
focal point simultaneously.

[0109] On the other hand, if the membrane cap 20 and the
3D oil 30 at the front end of the ultrasonic probe P each have
non-uniform thickness, the transmit beamforming result
calculated by the controller 500 on the assumption that the
membrane cap 20 and the 3D oil 30 each have uniform
thickness, and an actual transmit beamforming result are
different. For example, if the membrane cap 20 has different
thickness at each position thereon, ultrasound signals trans-
mitted by the respective ultrasonic transducer elements 50
are separately refracted with different refractive indexes and
transmitted at the respective positions on the membrane cap
20. Accordingly, the ultrasound signals transmitted by the
ultrasonic transducer elements 50 may not reach the single
focal point simultaneously, and as a result, the resolution of
the ultrasound image deteriorates.

[0110] Taking this into account, the thickness deviations at
different positions need to be compensated for in the case
that the membrane cap 20 and the 3D oil 30 each have
non-uniform thickness. For example, the controller 500 may
obtain thickness data of at least one of the membrane cap 20



US 2019/0216438 Al

and the 3D oil 30 to compensate for distortions of signals
transmitted or received by the ultrasonic transducer 40.

[0111] The controller 500 may make ultrasound signals
transmitted by the ultrasonic transducer elements 50 simul-
taneously reach the single focal point despite the thickness
deviations of the membrane cap 20 or the 3D oil 30 by
calculating and applying time delay values to the respective
signals transmitted by the plurality of ultrasonic transducer
elements 50 by reflecting the thickness deviations of the
membrane cap 20 or the 3D oil 30.

[0112] FIG. 7 also shows that the time delay values
calculated by the controller 500 are applied such that one of
the elements 50 located in the center is the last to transmit
the ultrasound signal while the elements located at the outer
ends are the first to transmit the ultrasound signal in the case
that the thickness of the membrane cap 20 and the 3D oil 30
is not uniform.

[0113] The controller 500 may obtain thickness data of the
membrane cap 20 for the entire area of the membrane cap 20
in the early stage of operation of the ultrasonic imaging
apparatus 1, and compensate for thickness deviations of the
respective positions on the membrane cap 20 based on the
thickness data of the membrane cap 20 corresponding to the
wavelength of the ultrasonic transducer signal.

[0114] Since distortions of the ultrasound signal may be
minimized if the thickness of the membrane cap 20 corre-
sponds to the wavelength of the ultrasound signal transmit-
ted by the ultrasonic transducer 40, it is desirable to take the
thickness data of the membrane cap 20 corresponding to the
wavelength of the ultrasonic transducer signal as a reference.

[0115] Similar to the transmit beamforming, receive
beamforming applies a time delay to a received signal.
When ultrasound signals in phase reach the focal point by
performing transmit beamforming, echo ultrasound signals
are produced at the focal point and return to the transducer
array TA. Similar to when the ultrasound signals are to be
transmitted to the focal point, distances from the respective
transducer elements 50 to the focal point are different when
the echo ultrasound is received from the focal point, so the
echo ultrasound signals arrive at the respective transducer
elements 50 at different points in time. Specifically, the echo
ultrasound signal arrives first at an element nearest to the
focal point and arrives last at an element farthest from the
focal point. Accordingly, time delays are applied to the echo
ultrasound signals that reach the respective transducer ele-
ments 50 and the resultant echo ultrasound signals are
combined at a time, thereby improving the signal to noise
ratio.

[0116] The controller 500 may combine the ultrasound
signals received by the ultrasonic transducer elements 50 at
a time despite the thickness deviations of the membrane cap
20 or the 3D oil 30 by calculating and applying time delay
values to the respective signals received by the plurality of
ultrasonic transducer elements 50 by reflecting the thickness
deviations of the membrane cap 20 or the 3D oil 30.

[0117] Furthermore, the controller 500 may obtain thick-
ness data of the membrane cap 20 or the 3D oil 30 in real
time and compensate for distortions of signals transmitted or
received by the ultrasonic transducer 40. Since the thickness
of the membrane cap 20 or the 3D oil 30 may vary by the
pressure applied when the ultrasonic probe P contacts and
scans the object, thickness data need to be obtained in real
time to compensate for the thickness deviation.
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[0118] Moreover, the controller 500 may determine the
magnitude of the echo signal reflecting off on the border
between the membrane cap 20 and the 3D oil 30 for the
plurality of ultrasonic transducer elements 50, and regulate
pulse voltages to be applied to the respective ultrasonic
transducer elements 50 in order to level out the magnitude
of the ultrasound signals transmitted by the plurality of
transducer elements 50. The ultrasound signal reflects on the
membrane cap 20, in which case energy loss or energy
attenuation occurs as much as the reflected ultrasound
energy, thereby reducing the ultrasound energy transmission
efficiency. Accordingly, there is a need to compensate for the
ultrasound energy loss by regulating the pulse voltages to be
applied to the ultrasonic transducer elements 50.

[0119] Especially when the thickness of the membrane cap
20 or the 3D oil 30 is not uniform, the reflected echo
ultrasound signals are different in magnitude at the respec-
tive positions on the membrane cap 20, so the pulse voltages
to be applied to the respective ultrasonic transducer elements
50 are regulated to make the ultrasound signals transmitted
by the plurality of ultrasonic transducer elements 50 have
the uniform magnitude. Specifically, the controller 500 may
regulate the pulse voltages to be applied to the respective
ultrasonic transducer elements 50 to compensate for the
difference in magnitude between the ultrasound signals
transmitted by the respective ultrasonic transducer elements
50 and the received echo signals.

[0120] Furthermore, the controller 500 may obtain not
only the thickness data of the membrane cap 20 but also the
curvature data, and compensate for distortions of signals
transmitted or received by the ultrasonic transducer 40 by
reflecting the curvature data. Since the membrane cap 20 is
formed to have a convexly curved plane, reflection or
refraction of the ultrasound signal or the echo ultrasound
signal may be different depending on the curvature of the
membrane cap 20. In other words, an amount of ultrasound
energy loss or attenuation may vary by the curvature of the
membrane cap 20, so a compensation process on this is
required. The controller 500 may calculate time delay values
to be applied to signals transmitted or received by the
respective ultrasonic transducer elements 50 by reflecting
the curvature data of the membrane cap 20 and regulate
pulse voltages to be applied to the respective ultrasonic
transducer elements 50.

[0121] FIG. 8 is a view for explaining a method for
obtaining thickness data of a membrane cap and 3D oil,
according to an embodiment of the present disclosure.
[0122] Referring to FIG. 8, the controller 500 may obtain
thickness data of the 3D oil 30 based on time t1 taken for an
ultrasound signal from the ultrasonic transducer 40 to reflect
off from the border between the membrane cap 20 and the
3D oil 30 and reach the surface of the ultrasonic transducer
40 and velocity of the ultrasound in the 3D oil 30.

[0123] Furthermore, the controller 500 may obtain thick-
ness data of the membrane cap 20, based on time 12 taken for
an ultrasound signal from the ultrasonic transducer 40 to
reflect off from the outer surface of the membrane cap 20
and reach the border between the membrane cap 20 and the
3D oil 30 from when the ultrasound signal penetrates the
border between the membrane cap 20 and the 3D oil 30, and
velocity of the ultrasound in the membrane cap 20.

[0124] The point in time at which the ultrasound signal
penetrates the border between the membrane cap 20 and the
3D oil 30 may be determined using a change in waveform
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of the ultrasound signal. Since the ultrasound signal trans-
mitted by the ultrasonic transducer 40 reflects and transmits
on the border between the membrane cap 20 and the 3D oil
30 by the nature of the medium, the waveform of the
ultrasound signal reflecting off on the border may be
detected to determine a point in time at which the ultrasound
signal passes the border between the membrane cap 20 and
the 3D oil 30.

[0125] 1Inthis way, the controller 500 may obtain thickness
data of the membrane cap 20 or the 3D oil 30 in real time
and compensate for distortions of the signal transmitted or
received by the ultrasonic transducer 40.

[0126] FIG. 9 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to an embodi-
ment of the present disclosure.

[0127] Referring to FIG. 9, the controller 500 of the
ultrasonic imaging apparatus 1 measures time t1 taken for an
ultrasound signal from the ultrasonic transducer 40 to reflect
off from the border between the membrane cap 20 and the
3D oil 30 and reach the surface of the ultrasonic transducer
40 in S901, and measures time t2 taken for an ultrasound
signal from the ultrasonic transducer 40 to reflect off from
the outer surface of the membrane cap 20 and reach the
border between the membrane cap 20 and the 3D 0il 30 from
when the ultrasound signal penetrates the border between
the membrane cap 20 and the 3D oil 30, in S902.

[0128] The controller 500 calculates thickness data of the
3D 0il 30 based on the time t1 and velocity of the ultrasound
in the 3D oil 30, in S903, and calculates thickness data of the
membrane cap 20 based on the time t2 and velocity of the
ultrasound in the membrane cap 20, in S904.

[0129] The controller 500 calculates time delay values to
be applied to signals transmitted or received by the respec-
tive ultrasonic transducer elements 50 based on the thickness
data calculated for the membrane cap 20 and the 3D oil 30.
The controller 500 compensates for distortions of signals
transmitted or received by the ultrasonic transducer 40 by
applying the calculated time delay values, in S906.

[0130] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus and control method
thereof is capable of compensating for distortions of ultra-
sonic transducer signals by measuring thicknesses of a
membrane cap and 3D oil covering the ultrasonic transducer
in real time without additional hardware, thereby saving
manufacturing costs.

[0131] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus and control method
thereof is capable of improving the resolution of ultrasound
images by compensating for thickness deviations of posi-
tions on a membrane cap and performing a compensation
process on curvature changes in the membrane cap and
thickness changes of 3D oil.

[0132] According to an embodiment of the present disclo-
sure, an ultrasonic imaging apparatus and control method
thereof is capable of securing uniformity of signal sensitivity
of ultrasonic transducer elements by performing compensa-
tion for non-uniformity in thickness of a membrane cap or
3D oil.

[0133] Meanwhile, the embodiments of the present dis-
closure may be implemented in the form of recording media
for storing instructions to be carried out by a computer. The
instructions may be stored in the form of program codes, and
when executed by a processor, may generate program mod-
ules to perform operation in the embodiments of the present
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disclosure. The recording media may correspond to com-
puter-readable recording media.

[0134] The computer-readable recording medium includes
any type of recording medium having data stored thereon
that may be thereafter read by a computer. For example, it
may be a ROM, a RAM, a magnetic tape, a magnetic disk,
a flash memory, an optical data storage device, etc.

[0135] The embodiments of the present disclosure have
thus far been described with reference to accompanying
drawings. It will be obvious to people of ordinary skill in the
art that the present disclosure may be practiced in other
forms than the embodiments as described above without
changing the technical idea or essential features of the
present disclosure. The above embodiments are only by way
of example, and should not be interpreted in a limited sense.
[0136] Several embodiments have been described above,
but a person of ordinary skill in the art will understand and
appreciate that various modifications can be made without
departing the scope of the present disclosure. Thus, it will be
apparent to those ordinary skilled in the art that the true
scope of technical protection is only defined by the follow-
ing claims.

What is claimed is:

1. An ultrasonic imaging apparatus comprising;

an ultrasonic probe configured to have an ultrasonic
transducer with a plurality of elements, a membrane
cap provided in a form that covers the ultrasonic
transducer, and three dimensional (3D) oil provided
between the ultrasonic transducer and the membrane
cap;

a controller configured to obtain thickness data of at least
one of the membrane cap and the 3D oil to compensate
for a distortion of a signal transmitted or received by
the ultrasonic transducer; and

a display configured to display an ultrasonic image cre-
ated based on a ultrasonic transducer signal compen-
sated by the controller.

2. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to obtain thickness data of the 3D
oil based on time taken for an ultrasound signal from the
ultrasonic transducer to reflect off on a border between the
membrane cap and the 3D oil and reach a surface of the
ultrasonic transducer and ultrasound velocity in the 3D oil.

3. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to obtain thickness data of the
membrane cap based on time for an ultrasound signal from
the ultrasonic transducer to reflect off on an outer surface of
the membrane cap and reach a border between the mem-
brane cap and the 3D oil from when the ultrasound signal
penetrates the border between the membrane cap and the 3D
oil and ultrasound velocity in the membrane cap.

4. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to calculate time delay values to
be applied to signals transmitted or received by the respec-
tive ultrasonic transducer elements by reflecting thickness
deviations of the membrane cap or the 3D oil.

5. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to obtain thickness data of the
membrane cap for the entire area of the membrane cap in the
early stage of operation of the ultrasonic imaging apparatus,
and compensate for thickness deviations of positions on the
membrane cap based on the thickness data of the membrane
cap corresponding to a wavelength of the ultrasonic trans-
ducer signal.
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6. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to obtain thickness data of the
membrane cap or the 3D oil in real time to compensate for
a distortion of a signal transmitted or received by the
ultrasonic transducer.

7. The ultrasonic imaging apparatus of claim 1, wherein
the controller is configured to determine the magnitude of an
echo signal reflecting off on a border between the membrane
cap and the 3D oil for each of the plurality of ultrasonic
transducer elements, regulate a pulse voltage to be applied
to each of the ultrasonic transducer elements to make the
magnitude of the ultrasound signals transmitted by the
plurality of ultrasonic transducer elements uniform.

8. The ultrasonic imaging apparatus of claim 7, wherein
the controller is configured to regulate pulse voltages to be
applied to the respective ultrasonic transducer elements to
compensate for differences in magnitude between ultra-
sound signals transmitted and echo signals received by the
respective ultrasonic transducer elements.

9. The ultrasonic imaging apparatus of claim 1, wherein
the membrane cap is formed of plastics or rubber.

10. A control method of an ultrasonic imaging apparatus
including an ultrasonic probe configured to have an ultra-
sonic transducer with a plurality of elements, a membrane
cap provided in a form that covers the ultrasonic transducer,
and three dimensional (3D) oil provided between the ultra-
sonic transducer and the membrane cap, the control method
comprising:

obtaining thickness data of at least one of the membrane

cap and the 3D oil;

compensating for a distortion of a signal transmitted or

received by the ultrasonic transducer based on the
thickness data; and

displaying an ultrasonic image created based on the

compensated ultrasonic transducer signal.

11. The control method of claim 10, wherein the obtaining
of the thickness data comprises

obtaining thickness data of the 3D oil based on time taken

for an ultrasound signal from the ultrasonic transducer
to reflect off on a border between the membrane cap
and the 3D oil and reach a surface of the ultrasonic
transducer and ultrasound velocity in the 3D oil.

12. The control method of claim 10, wherein the obtaining
of the thickness data comprises

obtaining thickness data of the membrane cap based on

time for an ultrasound signal from the ultrasonic trans-
ducer to reflect off on an outer surface of the membrane
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cap and reach a border between the membrane cap and
the 3D oil from when the ultrasound signal penetrates
the border between the membrane cap and the 3D oil
and ultrasound velocity in the membrane cap.
13. The control method of claim 10, wherein the com-
pensating for the distortion of the signal comprises
calculating time delay values to be applied to signals
transmitted or received by the respective ultrasonic
transducer elements by reflecting thickness deviations
of the membrane cap or the 3D oil.
14. The control method of claim 10, wherein the obtaining
of the thickness data comprises
obtaining thickness data of the membrane cap for the
entire area of the membrane cap in the early stage of
operation of the ultrasonic imaging apparatus, and

wherein the compensating for the distortion of the signal
comprises

compensating for thickness deviations of positions on the
membrane cap based on the thickness data of the
membrane cap corresponding to a wavelength of the
ultrasonic transducer signal.

15. The control method of claim 10, wherein the obtaining
of the thickness data comprises

obtaining thickness data of the membrane cap or the 3D
oil in real time.

16. The control method of claim 10, further comprising:

determining the magnitude of an echo signal reflecting off
on a border between the membrane cap and the 3D oil
for each of the plurality of ultrasonic transducer ele-
ments, and

regulating a pulse voltage to be applied to each of the
ultrasonic transducer elements to make the magnitude
of the ultrasound signals transmitted by the plurality of
ultrasonic transducer elements uniform.

17. The control method of claim 16, wherein the regulat-
ing of the pulse voltage comprises

regulating pulse voltages to be applied to the respective
ultrasonic transducer elements to compensate for dif-
ferences in magnitude between ultrasound signals
transmitted and echo signals received by the respective
ultrasonic transducer elements.

18. The control method of claim 10, wherein the mem-
brane cap is formed of plastics or rubber.
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