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(57) ABSTRACT

An ultrasonic probe includes a multi-dimensionally arrayed
transducer, a matching layer, and a backing layer. The trans-
ducer includes element groups having different focal dis-
tances and simultaneously transmitting ultrasonic signals
toward an object. According to the ultrasonic imaging appa-
ratus using the multi-dimensionally arrayed transducer, a
multi-focus transmission is performed. Thus, the multi-focus
ultrasonic image may be acquired within a short period of
time, thereby increasing frame rates, and a high-quality
image in which all areas are focused may be quickly acquired.
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FIG. 3A
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FIG. 3C
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FIG. 5
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ULTRASONIC IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0050928, filed on May 6, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to an ultrasonic imaging apparatus
using multi-dimensionally arrayed transducers and a method
of controlling the same.

[0004] 2. Description of the Related Art

[0005] An ultrasonic imaging apparatus transmits ultra-
sonic waves toward a target region of an object from the
surface of the object and detects reflected signals from the
target region, i.e., ultrasonic echo signals, to generate an
image of the target region, thereby providing information
regarding the target region.

[0006] Theultrasonic imaging apparatus is small and inex-
pensive, as compared to other imaging apparatuses, and is
thus widely used for diagnostic purposes due to non-invasive
and nondestructive characteristics.

[0007] The ultrasonic imaging apparatus includes an ultra-
sonic probe to transmit ultrasonic waves to a target region of
an object and to receive echo signals reflected from the object
in order to acquire an ultrasonic image. The ultrasonic probe
includes a transducer that converts an electrical signal into a
sound wave and vice versa.

SUMMARY

[0008] One or more of exemplary embodiments provide an
ultrasonic imaging apparatus using a multi-dimensionally
arrayed transducer that performs multi-focal transmission
and a method of controlling the ultrasonic imaging apparatus.
[0009] In accordance with an aspect of an exemplary
embodiment, an ultrasonic probe, which transmits ultrasonic
signals toward an object and receives echo signals reflected
from the object, includes a multi-dimensionally arrayed
transducer to convert an electrical signal into an ultrasonic
signal and vice versa, a matching layer to reduce an acoustic
impedance difference between the transducer and an object,
and a backing layer to block ultrasonic waves generated by
the transducer from proceeding in the backward direction of
the transducer. The transducer includes a plurality of element
groups having different focal distances, and the plurality of
element groups simultaneously transmits ultrasonic signals
toward the object

[0010] Theultrasonic probe include a multi-dimensionally
arrayed transducer including plurality of element groups,
which simultaneously transmit ultrasonic signals having dif-
ferent frequencies toward the object according to the focal
distance.

[0011] The ultrasonic probe may further include a control-
ler to control a frequency band of the transmitted ultrasonic
signal.

[0012] In accordance with another aspect of an exemplary

embodiment, an ultrasonic imaging apparatus includes an
ultrasonic probe including a multi-dimensionally arrayed
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transducer to transmit ultrasonic signals toward an object and
receive echo signals reflected from the object, a controller to
outputa control command signal to cause the ultrasonic probe
to transmit the ultrasonic signals, and an image processor to
generate an image corresponding to the echo signals. The
transducer includes a plurality of element groups having dif-
ferent focal distances and the plurality of element groups
simultaneously transmits ultrasonic signals toward the object
[0013] The ultrasonic imaging apparatus may further
include a display that displays an image generated by the
image processor.

[0014] The ultrasonic imaging apparatus may include an
ultrasonic probe including a multi-dimensionally arranged
transducer including a plurality of element groups that simul-
taneously transmit ultrasonic signals having different fre-
quencies according to focal distance.

[0015] The ultrasonic imaging apparatus may further
include a controller to control a frequency band of ultrasonic
signal.

[0016] In accordance with another aspect of an exemplary

embodiment, a method of controlling an ultrasonic probe
includes simultaneously transmitting ultrasonic signals
toward an object by a plurality of element groups having
different focal distances and receiving a plurality of echo
signals from the object by the plurality of element groups
[0017] The simultaneously transmitting of the ultrasonic
signals may be performed by simultaneously transmitting
ultrasonic signals having different frequencies toward the
object according to the focal distance.

[0018] The method may further include controlling a fre-
quency band of the transmitted ultrasonic signal.

[0019] In accordance with an aspect of an exemplary
embodiment, a method of controlling an ultrasonic imaging
apparatus includes simultaneously transmitting ultrasonic
signals toward an object by a plurality of element groups
having different focal distances, receiving a plurality of echo
signals from the object by the plurality of element groups, and
generating an image corresponding to the plurality of echo
signals.

[0020] The simultaneously transmitting of the ultrasonic
signals is performed by simultaneously transmitting ultra-
sonic signals having different frequencies toward the object
according to the focal distance.

[0021] The method may further include controlling a fre-
quency band of the transmitted ultrasonic signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theand/or other aspects will become more apparent
by describing certain exemplary embodiments, with refer-
ence to the accompanying drawings, in which:

[0023] FIG.1isa perspective view illustrating an ultrasonic
imaging apparatus according to an exemplary embodiment;
[0024] FIG. 2is a cross-sectional view illustrating an ultra-
sonic probe according to an exemplary embodiment;

[0025] FIGS. 3A, 3B, and 3C illustrate views of multi-
dimensionally arrayed transducers;

[0026] FIG. 4 is a front view illustrating a probe including
a multi-dimensionally arrayed transducer according to an
exemplary embodiment;

[0027] FIG. 5is a diagram illustrating groups of elements
respectively disposed in a transducer;

[0028] FIGS. 6A, 6B, and 6C are diagrams for describing a
method of transmitting ultrasonic signals through multiple
focus points according to an exemplary embodiment;
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[0029] FIGS.7A, 7B, and 7C are diagrams for describing a
method of transmitting ultrasonic signals having different
frequencies according to focal distance according to an exem-
plary embodiment;

[0030] FIGS. 8A and 8B are diagrams for describing imag-
ing by a capacitive micromachined ultrasonic transducer
(eMUT);

[0031] FIG. 9 is a perspective view illustrating a probe
including a controller according to an exemplary embodi-
ment;

[0032] FIG. 10 is a block diagram illustrating an ultrasonic
imaging apparatus according to an exemplary embodiment;
[0033] FIG.11isablock diagramillustrating a controller of
an ultrasonic imaging apparatus according to an exemplary
embodiment;

[0034] FIG. 12 illustrates images acquired by an ultrasonic
imaging apparatus according to focal distance and a multi-
focus ultrasonic image; and

[0035] FIG. 13 is a flowchart illustrating a method of con-
trolling an ultrasonic imaging apparatus according to an
exemplary embodiment.

DETAILED DESCRIPTION

[0036] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0037] In the following description, the same drawing ref-
erence numerals are used for the same elements even in dif-
ferent drawings. The matters defined in the description, such
as detailed construction and elements, are provided to assist
in a comprehensive understanding of exemplary embodi-
ments. Thus, it is apparent that exemplary embodiments can
be carried out without those specifically defined matters.
Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0038] FIG.1is aperspective view illustrating an ultrasonic
imaging apparatus according to an exemplary embodiment.
[0039] Asillustrated in FIG. 1, an ultrasonic imaging appa-
ratus includes a probe 100, a main body 300, an input unit
400, and a display 140.

[0040] The probe 100 is connected to one end of a cable,
and a male connector (not shown) is connected to the other
end of the cable. The male connector may be physically
coupled to a female connector (not shown) of the main body
300.

[0041] The probe 100 may transmit ultrasonic signals
toward an object and receive echo signals, i.e., ultrasonic
signals, reflected from the object to acquire an ultrasonic
image of a target region of the object to be diagnosed. The
object may be a living body, a blood vessel, a bone, a muscle,
and the like, of human or animals, but is not limited thereto.
[0042] The probe 100 may directly contact the object or
transmit and receive ultrasonic signals outside the object in a
non-contact state. For example, during ultrasonic imaging of
a fetus (target region), the probe 100 directly contacts the
abdomen (object) of a mother. However, during ultrasonic
imaging of a tumor (target region) of a liver, the probe 100
does not directly contact the liver of a patient (object) but
contacts the abdomen of the patient.

[0043] The main body 300 may accommodate major con-
stituent elements of the ultrasonic imaging apparatus, for
example, a driver 120 (FIG. 10). When a user inputs a com-
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mand to initiate ultrasonic imaging, the driver 120 may gen-
erate a driving signal and transmit the driving signal to the
probe 100.

[0044] The main body 300 may have at least one female
connector (not shown). The female connector may be physi-
cally connected to the male connector (not shown) connected
to the cable such that the main body 300 and the probe 100
may transmit and receive signals respectively generated
thereby. For example, the driving signal generated by the
driver 120 may be transmitted to the probe 100 through the
male connector connected to the female connector of the
main body 300 and the cable.

[0045] In addition, a plurality of casters capable of fixing
the ultrasonic imaging apparatus to a predetermined position
or moving the ultrasonic imaging apparatus in a predeter-
mined direction may be installed at lower portions of the main
body 300.

[0046] The input unit 400 receives an input command
regarding operation of the ultrasonic imaging apparatus. For
example, the input unit 400 may receive acommand to initiate
ultrasonic imaging or a frequency band of the ultrasonic
signal transmitted from the probe 100. The command input by
the input unit 400 may be transmitted to the main body 300
via a wired or wireless communication network.

[0047] The input unit 400 may include at least one of a
switch, a keyboard, a trackball, and a touchscreen, but is not
limited thereto.

[0048] The input unit 400 may be disposed at an upper
portion of the main body 300 as illustrated in FIG. 1. How-
ever, a foot switch, a foot pedal, and the like may also be
disposed at lower portions of the main body 300.

[0049] At least one probe holder to hold the probe 100 may
be mounted around the input unit 400. Thus, the user may
store the probe in the probe holder when the ultrasonic imag-
ing apparatus is not in use.

[0050] The display 140 may display an ultrasonic image
acquired during the ultrasonic imaging on a screen. The dis-
play 140 may be coupled to the main body 300, or may be
implemented detachably from the main body 300.

[0051] Although not illustrated in FIG. 1, the display 140
may include a separate sub-display that displays applications
regarding operation of the ultrasonic imaging apparatus, such
as a menu or guidelines for ultrasonic examination.

[0052] Thedisplay 140 may be a cathode ray tube (CRT) or
a liquid crystal display (LCD), but is not limited thereto.
[0053] Hereinafter, the probe 100 will be described in more
detail with reference to FIGS. 2 t0 9.

[0054] FIG. 2 is a cross-sectional view illustrating an ultra-
sonic probe according to an exemplary embodiment.

[0055] Referring to FIG. 2, the probe 100 includes a trans-
ducer 105 including a plurality of elements E, matching lay-
ers 107a and 1075 disposed on the front surface 160 of the
transducer 105, and backing layers 1082 and 1085 disposed
on the rear surface 162 of the transducer 105.

[0056] The transducer 105 serves to perform interconver-
sion between an electrical signal and an ultrasonic signal.
When the probe 100 receives current from an external power
supply device or an internal power storage device such as a
battery, the elements E of the transducer 105 vibrate to gen-
erate ultrasonic waves. The generated ultrasonic waves are
radiated to an external object. The ultrasonic waves are
reflected from the object, and the elements E receive the
reflected ultrasonic echo signals. The elements E vibrate in
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response to the received ultrasonic echo signals, thereby gen-
erating current having frequencies corresponding to the
vibration frequencies thereof.

[0057] The matching layers 107a and 1075 reduce an
acoustic impedance difference between the transducer 105
and the object so as to maximally transmit ultrasonic waves
generated by the transducer 105 to the object or ultrasonic
echo signals reflected from the object to the transducer 105.
When a plurality of matching layers 107a and 1075 is used as
illustrated in FIG. 2, the acoustic impedance difference may
be reduced in a stepwise manner.

[0058] The backing layers 1084 and 1085 are formed of
materials capable of absorbing ultrasonic waves so as to block
the ultrasonic waves from proceeding in the backward direc-
tion of the transducer 105, which may inhibit image distor-
tion. The backing layer may include a plurality of layers to
improve ultrasonic wave blocking efficiency.

[0059] FIGS. 3A to 3C illustrate views of multi-dimension-
ally arrayed transducers. FIG. 4 is a front view illustrating a
probe including a multi-dimensionally arrayed transducer
according to an exemplary embodiment.

[0060] The transducer 105 that is a more than two-dimen-
sional transducer, i.e., a multi-dimensionally arrayed trans-
ducer, may be constructed in various forms in accordance
with the array of the plurality of elements E.

[0061] For example, as illustrated in FIG. 3, a proceeding
direction of ultrasonic waves is referred to as an axial direc-
tion A, a direction perpendicular to the proceeding direction
of ultrasonic waves is referred to as a lateral direction L, and
a left-right direction based on the plane defined by the axial
direction A and the lateral direction L is referred to as an
azimuth direction Z. The elements E may be arrayed to pro-
trude in the axial direction A, so that the transducer 105 may
have an overall convex shape (FIG. 3A). The transducer 105
may have a waveform in which the elements E having con-
cave and convex shapes, with respect to the axial direction A,
are combined (FIG. 3B).

[0062] Furthermore, as illustrated in FIG. 3C, the elements
E illustrated in FIG. 3A may be stacked in the axial direction
A.

[0063] As described above, the transducer 105 may be con-
structed in various forms. However, the elements E have a
two-dimensional array, when viewed from the front side
thereof. Thus, when the transducer 105 of the probe 100
includes m elements E disposed in the lateral direction [ and
n elements E disposed in the azimuth direction Z, when
viewed from the front view of the probe 100, m=2, and nz2.
[0064] Forexample, theelementsE (ell,el2,...,el8,e21,
€22,...,¢e28,¢31,¢e32, ..., ¢e38) may be arrayed such that
eight elements E are disposed in the lateral direction [, and
three elements E are disposed in the azimuth direction Z as
illustrated in FIG. 4.

[0065] FIG. 5 is a diagram illustrating groups of the plural-
ity of elements respectively disposed in transducers.

[0066] The aforementioned transducer 105 has a plurality
of focus points according to the target region of the object or
the type of element. Thus, elements used to transmit ultra-
sonic signals onto the predetermined focus point need to be
classified into a plurality of groups corresponding to the num-
ber of focus points.

[0067] FIG.5illustrates the elements E of FIG. 4 rotated by
90° with respect to the lateral direction L and viewed from the
front side of the probe 100 in order to describe a method of
grouping the elements E, and the aforementioned array and
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directions of the array are not substantially changed. As illus-
trated in F1G. 5, for example, the elements E may be grouped
in the lateral direction L. That is, the elements el11, 12, . . .,
and e18 may be defined as afirst group s11, the elements €21,
€22, ..., and 28 may be defined as a second group s12, and
the elements e31, €32, . . ., and €38 may be defined as a third
group s13.

[0068] As another example, the elements E may be grouped
in the azimuth direction Z. That is, referring to FIG. 5, the
elements el1, €21, and e31 may be defined as a first group, the
elements el2, €22, and e32 may be defined as a second group,
..., and the elements ¢18, €28, and ¢38 may be defined as an
eighth group, i.e., the elements E may be classified into eight
groups.

[0069] However, the grouping of the elements according to
an exemplary embodiment is limited to the above and the
elements may be grouped in a different manner.

[0070] The elements E classified as described above are
referred to as a plurality of element groups s11, s12, and s13
in FIG. 5. A method of transmitting ultrasonic signals by the
probe 100 via the plurality of element groups will be
described.

[0071] FIGS. 6A to 6C are diagrams for describing a
method of transmitting ultrasonic signals through multiple
focus points according to an exemplary embodiment. FIGS.
7Ato 7C are diagrams for describing a method of transmitting
ultrasonic signals having different frequencies according to
focal distance according to an exemplary embodiment.
[0072] Before the element groups transmit ultrasonic sig-
nals, focus points need to be set. The focus points may be set
such that the element groups have different focal distances
while considering significance of resolution.

[0073] For example, focus points are set such that focal
distances of the element groups are different. That is, since
the element groups have different focal distances, no two
element groups have the same focal distance. Here, the focal
distance is a vertical distance from the center of each of the
element groups to a respective focus plane.

[0074] As illustrated in FIG. 5, for example, the element
groups may have different focal distances such that the first
group s11 has a near field focus point, the second group s 12
has a middle field focus point, and the third group s13 has a far
field focus point.

[0075] The near field focus point of the first group s11 is
referred to as Focus Point 1, the middle field focus point of the
second group s12 is referred to as Focus Point 2, and the far
field focus point of the third group s13 is referred to as Focus
Point 3. Thus, the element groups may have different focal
distances, and the elements E belonging to each group have
the same focal distance.

[0076] For example, the significance of the resolution is
considered while setting the focus points.

[0077] Referring to FIG. 6A, ultrasonic waves generated by
the elements E proceed in the axial direction A by a predeter-
mined distance, and then radiate thereafter. When a region
before the ultrasonic waves radiate is referred to as anear field
X, and a region after the ultrasonic waves radiate is referred to
as afar field y, the resolution of'an ultrasonic image of the near
field x is significant.

[0078] Particularly, since a high resolution may be obtained
at an end portion of the near field x, the focus points of the
element groups are set such that the target region of the object
is located at end portions of the near field x.
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[0079] Based onthe preset focus points, the element groups
having different focal distances may simultaneously transmit
ultrasonic signals toward the object.

[0080] Referring to FIGS. 6A to 6C, the element groups
s11, 512, and s13 having different focal distances, i.e., the first
group s11 having a near field focus point referred to as Focus
Point 1, the second group s12 having a middle field focus
point referred to as Focus Point 2, and the third group s13
having a far field focus point referred to as Focus Point 3 may
simultaneously transmit ultrasonic waves toward the object.
[0081] Theelement groups having different focal distances
may simultaneously transmit ultrasonic signal having differ-
ent frequencies in accordance with the respective focal dis-
tances to the object. In this regard, the focal distance and the
transmit frequency corresponding to the focal distance are
inversely proportional to each other.

[0082] For example, as illustrated in FIGS. 7A to 7C, the
first group s11 having the near field focus point (Focus Point
1) may transmita high frequency signal, the second group s12
having the middle field focus point (Focus Point 2) may
transmit a middle frequency signal, and the third group s13
having the far field focus point (Focus Point 3) may transmit
alow frequency signal. The first group s11, the second group
s12, and the third group s13 may simultaneously transmit the
ultrasonic signals.

[0083] Changing of the frequency according to the focal
distance as described above is related to attenuation and reso-
lution, which will be described below.

[0084] Ultrasonic waves that are sound waves are reflected,
scattered, and absorbed, and the like, and accordingly, attenu-
ation by which intensity of an ultrasonic signal gradually
decreases occurs as adistance to the target region of the object
increases. As frequency increases, the degree of attenuation
increases. Thus, ultrasonic waves having a high frequency
cannot reach the far field.

[0085] Meanwhile, resolution of ultrasonic waves capable
of distinguish two different objects inan image display device
may be classified into axial resolution that is an ability to
distinguish two objects arrayed in the ultrasonic wave pro-
ceeding direction and lateral resolution that is an ability to
distinguish two objects aligned in a direction perpendicular to
the ultrasonic wave proceeding direction.

[0086] Thus, a high frequency ultrasonic signal that
improves resolution is transmitted in the near field focus point
region since the degree of attenuation thereof is negligible in
comparison to the focal distance. A low frequency ultrasonic
signal that undergoes less attenuation is transmitted in the far
field focus point to allow the ultrasonic waves to reach the far
field although the resolution may decrease. As a result, a
high-quality multi-focus ultrasonic image may be acquired.

[0087] Thus, referring to FIGS. 7A to 7C, ultrasonic signals
having different frequencies may be transmitted.

[0088] The first group s11 having the near field focus point
(Focus Point 1) transmits higher frequency ultrasonic signals
capable of improving resolution toward the object, and the
third group s13 having the far field focus point (Focus Point 3)
transmits ultrasonic signals having a lower degree of attenu-
ation toward the object. Thus, the plurality of element groups
having different focal distances may transmit ultrasonic sig-
nals with different frequencies in inverse proportion to the
focal distances.

[0089] The method of transmitting ultrasonic waves by the
probe 100 according to exemplary embodiments has been
described.
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[0090] The transducer 105 of the probe 100 may be a mag-
netostrictive ultrasonic transducer using magnetostrictive
effects of a magnetic substance, a capacitive micromachined
ultrasonic transducer (¢cMUT), which transmits and receives
ultrasonic waves using vibration of several hundreds or sev-
eral thousands of micromachined thin films, or a piezoelectric
ultrasonic transducer using piezoelectric effects of a piezo-
electric material. However, the transducer 105 is not limited
thereto, and any transducer widely known in the art may be
used.

[0091] The cMUT capable of being manufactured as
ultrafine transducers using high integration technology is
drawing more attention. Thus, the cMUT will be described in
more detail with reference to FIGS. 8A and 8B.

[0092] FIGS. 8A and 8B are diagrams for describing reso-
lution by a capacitive micromachined ultrasonic transducer
(cMUT).

[0093] A resultant image may include the target region of
the object only when the target region of the object is located
at the focus points of the element groups.

[0094] Forexample, under the condition that there are three
element groups s11, s12, and s13 extending in the lateral
direction A, and the first group s11 has a near field focus point
(Focus Point 1), the second group s12 has amiddle field focus
point (Focus Point 2), and the third group s13 has a far field
focus point (Focus Point 3) as illustrated in FIG. 8 A, the target
region may be displayed in an image at least when the target
region is located at the far field focus point (Focus Point 3).
Thus, when the target region is not located at the near field
focus point or the middle field focus point, the size of the
target region needs to be greater than the size of the three
elements aligned in the azimuth direction Z.

[0095] In other words, when the target region of the object
is neither located at the near field focus point nor at the middle
field focus point, and the target region has a size correspond-
ing to two elements in the azimuth direction Z, as illustrated
in FIG. 8B, the target region cannot be displayed in the
resultant image.

[0096] However, an element contained in the cMUT has a
very small size, for example, a diameter of about 30 um (a
micrometer is 1x107° meters) and a thickness of about 3,000
to 7,000 A (an angstrom is 1x10™® meters). Thus, although an
error by which the target region is not displayed in the result-
ant image occurs, the error may be negligible. Accordingly, a
high resolution image may be acquired using the cMUT.
[0097] FIG. 9 is a perspective view illustrating a probe
including a frequency controller according to an exemplary
embodiment.

[0098] The elements respectively transmit ultrasonic sig-
nals having a constant frequency toward the object and
receive ultrasonic echo signals. In this case, propagation
speed, degree of attenuation, and the like of ultrasonic signals
may vary according to the type and structure of a medium of
the object. Thus, the quality of the image may further be
improved by adjusting the frequency of the ultrasonic signals
transmitted by the elements to correspond to the medium of
the object. In this regard, the medium of the object may be
blood, fat, nerves, muscles, bones, and the like, but is not
limited thereto.

[0099] For example, the aforementioned degree of attenu-
ation of the ultrasonic waves varies according to properties of
tissues, such as protein content and moisture content of tis-
sues and increases in the order of blood, fat, nerves, muscle,
skin, tendons, cartilage, and bone. Accordingly, the frequency
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of the ultrasonic waves may be controlled such that the fre-
quency of the ultrasonic waves is decreased when the medium
of the object is a bone having a high degree of attenuation, and
the frequency may be increased when the medium of the
object is blood having a low degree of attenuation.

[0100] The frequency may be controlled by increasing or
decreasing all frequencies of ultrasonic signals transmitted
toward the object by the element groups according to prop-
erties of the medium of the object. The transmit frequencies of
the ultrasonic signals may be respectively controlled on a per
group basis.

[0101] The position of a frequency controller 200 that con-
trols a frequency band may vary. The frequency controller
200 may be disposed in the probe 100 as illustrated in FIG. 9
or may be disposed outside the probe 100, for example, in a
controller 110 (FIG. 10).

[0102] The frequency controller 200 may be a scroll wheel
as illustrated in FIG. 9 or a button according to a driving
method thereof, but is not limited thereto.

[0103] The probe 100 of the ultrasonic imaging apparatus
and functions of the probe 100 have been described. Herein-
after, the main body of the ultrasonic imaging apparatus will
be described in more detail.

[0104] FIG. 10 is a block diagram illustrating an ultrasonic
imaging apparatus according to an exemplary embodiment.
[0105] Referring to FIG. 10, the main body 300 may
include a driver 120 that transmits a generated driving signal
to the probe 100 and receives an echo signal from the probe
100, an image processor 130 that generates an image corre-
sponding to the echo signal received from the driver 120, and
acontroller 110 that outputs a control command signal, stores
data in a storage 112 (FIG. 11), or controls transmit fre-
quency.

[0106] The driver 120 may include a transmit signal gen-
erator 121, a receive signal collector 122, and a beamformer
150.

[0107] The transmit signal generator 121 generates a driv-
ing signal to cause the probe 100 to transmit ultrasonic waves
toward the object 96 in response to a command signal from
the controller 110. The driving signal generated by the trans-
mit signal generator 121 is transmitted to the probe 100.
[0108] The receive signal collector 122 receives the echo
signal from the probe 100. In this regard, the echo signal
refers to an electrically converted signal from the ultrasonic
echo signal, which is received by the probe 100 from the
object 96, by the transducer and has information regarding the
target region t of the object 96. The receive signal collector
122 may also serve to output the received echo signals to the
image processor 130.

[0109] The beamformer 150 may convert analog signals
into digital signals, and vice versa. Thus, the beamformer 150
aids communication between the probe 100 and the driver
120 by converting the driving signal (digital signal) generated
by the transmit signal generator 121 into an analog signal or
by converting the echo signal (analog signal) received from
the probe 100 into a digital signal.

[0110] The beamformer 150 may serve to apply a time
delay to the digital signal in consideration of position and
focus point of each of the elements in order to remove a time
difference of arrival at the focus point between the ultrasonic
waves or a time difference of arrival at each element from the
focus point between the ultrasonic waves.

[0111] That is, a process of concentrating ultrasonic waves
simultaneously emitted by a plurality of elements onto a
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focus point is referred to as focusing. The beamformer 150
may performs transmit focusing, by which ultrasonic waves
respectively generated by the elements are sequentially emit-
ted in a predetermined order to remove time difference of
arrival at the focus point between the ultrasonic waves, and
receive focusing, by which the ultrasonic echo signals are
simultaneously aligned using predetermined time difference
to remove time difference of arrival at each element between
the ultrasonic echo signals.

[0112] The beamformer 150 may be disposed in the driver
150 as illustrated in FIG. 10 or outside the driver 150. That is,
the beamformer 150 may be embodied in the main body 300
separately from the driver 120 or may be disposed in the probe
100 performing functions thereof.

[0113] The image processor 130 may include a signal pro-
cessor 131 and an image obtainer 132.

[0114] The signal processor 131 may include an overall
gain control process to amplify the overall size of the echo
signal output from the driver 120. Since it is difficult to
display the echo signal output from the driver 120 in a real
image due to small size thereof, overall gain control is carried
out before generation of the image. Here, the echo signal is a
signal digitized by the beamformer 150.

[0115] Since the ultrasonic waves are attenuated while
passing through the medium of the object 96, the signal
processor 131 may perform time gain compensation (TCG) to
compensate for such attenuation and amplify the echo signal
in proportion to the distance from the target region.

[0116] Thesignal processor 131 may conduct filtering, i.e.,
remove low level noises from the echo signal, to obtain a clear
signal.

[0117] The image obtainer 132 acquires an image corre-
sponding to the echo signal output from the driver 120, par-
ticularly, an image corresponding to a signal subjected 1o a
variety of processes by the signal processor 131.

[0118] The acquired image may include at least one image
selected from the group consisting of images acquired
according to different focal distances of the element groups
and a multi-focus ultrasonic image acquired by combing the
images. The multi-focus ultrasonic image refers to an ultra-
sonic image obtained by combining a plurality of images
acquired according to a plurality of focal distances when the
ultrasonic imaging apparatus has a plurality of focus points or
focal distances due to non-uniform distance or depth between
areference plane, which is a contact plane of the probe 100 in
this case, and a target region, which is a region to be diag-
nosed.

[0119] The combined multi-focus ultrasonic image may be
acquired by simply overlapping all of the images or by select-
ing partial images corresponding to the near sound filed based
on the focal distance and overlapping the partial images, but
is not limited thereto.

[0120] The acquired image may be a black-and-white
image having only brightness corresponding to each pixel,
which is represented by x and y coordinates when the image
is a two-dimensional image, or a color image having bright-
ness, saturation, and hue corresponding to each pixel.
[0121] The image obtainer 132 may further perform com-
pression for storing image data and may transmit the image
data to the display 140 so as to display the generated image on
the screen.

[0122] FIG. 11 is ablock diagram illustrating a controller of
an ultrasonic imaging apparatus according to an exemplary
embodiment.
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[0123] The controller 110 may include a command signal
generator 111, a storage 112, and a parameter controller 210.

[0124] The command signal generator 111 may output a
control command signal to the driver 120.

[0125] When a user inputs a command to perform ultra-
sonic imaging to an input unit 400, the command signal
generator 111 outputs a command signal to transmit ultra-
sonic waves toward the object 96 to the driver 120.

[0126] The command signal generator 111 may simulta-
neously output a command signal regarding the frequency
band of the ultrasonic waves to be transmitted to the driver
120. In this regard, the command signal may include a fre-
quency input by the user according to the medium of the
object 96 or may include a frequency preset according to the
medium of the object and auto-selected.

[0127] The command signal generator 111 may output the
control command signal to the image processor 130.

[0128] The command signal generator 111 may output a
command signal to display the generated image on the dis-
play 140 to the image processor 130. The command signal
may be output such that all of the images acquired according
to different focus points of the element groups and the multi-
focus ultrasonic image acquired by combination of the
images are displayed, or such that only the multi-focus ultra-
sonic image is displayed. This process may be selected by the
user through the input unit 400 or may be conducted accord-
ing to a preset method.

[0129] The command signal generator 111 may simulta-
neously output a command signal regarding a screen display
mode to the image processor 130. The screen display mode
may include an A-mode to display the intensity of the echo
signal as amplitude, a B-mode using brightness or luminance,
an M-mode to display a distance from a moving target region
using variation of time, a D-mode using a pulse wave or
continuous wave, and a color flow mapping (CFM)-mode to
display a color image using the Doppler effect, but is not
limited thereto. The command signal may be output using an
automatically selected display mode according to the posi-
tion, size, and shape of the target region or a display mode
input according to the user’s determination.

[0130] The storage 112 may store data or algorithms for
manipulation of the ultrasonic imaging apparatus. For
example, the storage 112 may store various parameters such
as transmit frequency according to the distance from the
target region t or the medium of the object 96, compressed
data of images generated by the image processor 130, pixel of
the image and brightness of each pixel, screen display mode
according to the properties of the target region t, and the like.
The storage 112 may also store algorithms to generate the
image, algorithms to combine the images acquired according
to the focal distance, and the like.

[0131] The storage 112 may be implemented as a storage
device, for example, a nonvolatile memory device such as a
read only memory (ROM), a programmable read only
memory (PROM), an erasable programmable read only
memory (EPROM), and a flash memory, a volatile memory
such as a random access memory (RAM), a hard disk, and an
optical disc. However, the storage 112 is not limited thereto,
and any other storage units known to those skilled in the art
may also be used.

[0132] The parameter controller 210 is connected between
the input unit 400 and the command signal generator 111,
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thereby controlling various parameters for driving the ultra-
sonic imaging apparatus, performing screen output, and the
like.

[0133] Asanexample of controlling parameters, frequency
of the ultrasonic signal may be controlled according to the
medium of the object 96. That is, when the input unit 400
receives information regarding the medium of the object 96,
the parameter controller 210 examines properties of the
medium, automatically selects a frequency band of the ultra-
sonic signal preset according to properties of the medium, and
transmits the selected frequency band to the command signal
generator 111. The necessity of adjustment of the transmit
frequency has been described above, and thus a detailed
description thereof will not be given here.

[0134] For example, all frequencies of the ultrasonic sig-
nals transmitted from the element groups toward the object 96
may be controlled to be increased or decreased according to
the medium. Alternatively, frequencies may be selected in
groups in accordance with the element groups having differ-
ent focal distances.

[0135] As another example of controlling parameters, upon
receiving the brightness (luminance) level, size, direction, or
the like of an image to be displayed on the screen from the
input unit 400, the parameter controller 210 may modify
image data according thereto and transmit the data to the
command signal generator 111. As a result, the user may
efficiently observe the target region t of the object 96 and
obtain required information.

[0136] FIG. 12 illustrates images acquired by an ultrasonic
imaging apparatus according to focal distance and a multi-
focus ultrasonic image.

[0137] As illustrated in FIG. 12, when the element groups
s11, 512, and s13 having different focus points Focus Point 1,
Focus Point 2, and Focus Point 3, which is described above,
simultaneously transmit ultrasonic waves toward the object
96, images corresponding thereto are respectively output as
Scan 1, Scan 2, and Scan 3 as illustrated in FIG. 12.

[0138] As described above with regard to the near field as a
factor of setting the focus point, a portion of each of the
ultrasonic images within a reference focal area of each ele-
ment group has high resolution (reference numerals 164, 166,
168), but portions not within the focal area (reference numer-
als 170, 172, 174) have deteriorated resolution. Thus, quality
of the portions of the images not within the focal area is
deteriorated in each scan image.

[0139] Thus, a multi-focus ultrasonic image 178 having
improved quality in all areas is generated by combining three
images output in accordance with different focal distances
Scan 1, Scan 2, and Scan 3.

[0140] In this case, when the element groups are s11, s12,
and s13 as illustrated in FIG. 7, the element groups may
transmit ultrasonic signals having different frequencies, i.e.,
ultrasonic signals with a high frequency (Focus Point 1),
ultrasonic signals with a middle frequency (Focus Point 2),
and ultrasonic signals with a low frequency (Focus Point 3),
according to the focal distance toward the object. As a result,
a higher-quality multi-focus ultrasonic image may be
acquired.

[0141] Constituent elements of the ultrasonic imaging
apparatus and functions thereof have been described based on
exemplary embodiments. Hereinafter, a method of control-
ling an ultrasonic imaging apparatus will be described with
reference to FI1G. 13.
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[0142] FIG. 13 is a flowchart illustrating a method of con-
trolling an ultrasonic imaging apparatus according to an
exemplary embodiment.

[0143] Referring to FIG. 13, frequency bands of ultrasonic
signals transmitted from the element groups toward the object
are automatically or manually controlled (operation S300).
[0144] This operation, as a process for acquiring a high-
quality image, is carried out before the element groups trans-
mit ultrasonic signals toward the object, since propagation
speed, degree of attenuation, and the like, of ultrasonic waves
vary according to the medium of the object. This operation
may also be conducted after output of a signal (operation
S310), i.e., between operation S310 and operation S320.
[0145] This operation may be performed by controlling all
frequencies of the ultrasonic signals transmitted from the
element groups toward the object according to the medium of
the object or by controlling transmit frequencies of the ultra-
sonic signals in groups according to the element groups.
[0146] The user may directly input frequency to be trans-
mitted according to the medium of the object. Alternatively,
the user may input only information regarding the medium,
and then frequency band may be automatically selected based
thereon among the preset frequencies.

[0147] Then, the controller 110 outputs a control command
signal to transmit ultrasonic signals toward the object (opera-
tion S310).

[0148] When the control command signal is output, the
driver 120 outputs a driving signal to cause the probe 100 to
transmit ultrasonic waves toward the object. Since the driving
signal is output after receiving the command signal, the driv-
ing signal plays a direct role in the transmission of ultrasonic
waves.

[0149] Inresponseto the driving signal, the element groups
transmit ultrasonic signals toward the object (operation
S320).

[0150] In this operation, the element groups respectively
having different focal distances simultaneously transmit the
ultrasonic signals toward the object, i.e., the element groups,
each including a plurality of elements with the same focal
distance, may transmit the ultrasonic signals.

[0151] Theelement groups having different focal distances
may simultaneously transmit ultrasonic signals having differ-
ent frequencies according to focal distance toward the object.
The transmit frequency may be inversely proportional to the
corresponding focal distance.

[0152] Then, the element groups receive echo signals from
the object in accordance with each focal distance (operation
S330).

[0153] Here, when the element groups transmit ultrasonic
signals having different frequencies toward the object accord-
ing to the focal distance, the echo signals received from the
object may be classified into groups in accordance with the
frequencies.

[0154] Forexample, when the element groups s11,s12, and
s13 transmit ultrasonic signals having different frequencies,
such that the first group s11 transmits ultrasonic signal having
a first frequency {1, the second group s12 transmits ultrasonic
signal having a second frequency f2, and the third group
transmits ultrasonic signal having a third frequency {3, the
first group s11 receives ultrasonic echo signals having the first
frequency f1, the second group s12 receives ultrasonic echo
signals having the second frequency 2, and the third group
s13 receives ultrasonic echo signals having the third fre-
quency f3.
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[0155] Then, an ultrasonic image is generated according to
the echo signal (operation S340), and this process has the
following sub-operations.

[0156] The probe 100 outputs an electrical signal converted
from the received echo signal (ultrasonic echo signal) by the
transducer 105. The output echo signals are digitized and
collected by the beamformer 150 and transmitted to the image
processor 130 to generate an image.

[0157] Images are generated from the received echo signals
according to the focal distance of the element groups. By
further performing a combination of the generated images, a
multi-focus ultrasonic image may be generated.

[0158] During this process, the storage 112 may store
image data, and the method may further include a process of
compressing the image data.

[0159] After the ultrasonic image is generated (operation
S340), the controller 110 transmits a control command signal
to display an image (operation S350).

[0160] As an example of an image display command, a
command signal to display the generated image on a screen
may be output.

[0161] Theuser may select whether to display the image on
the screen, or the command signal may be output such that the
image may be automatically displayed on the screen regard-
less of the user’s selection. In case of the user’s selection,
when the user does not agree to display the image on the
screen (2), the process is ended immediately after generating
the image, differently from the case in which the user agrees
to display the image on the screen @

[0162] As another example of the image display command,
acommand signal to display all images acquired according to
different focal distances of the element groups and the multi-
focus ultrasonic image acquired by combination of the
images, or to display only the multi-focus ultrasonic image on
the screen, may be output.

[0163] Theuser may select the image to be displayed on the
screen. Alternatively, a command signal may be output such
that only the multi-focus ultrasonic image may be automati-
cally displayed on the screen regardless of the user’s selec-
tion.

[0164] As another example of the image display command,
acommand signal regarding the screen display mode such as
the commonly used A-mode, B-mode, M-mode used to
record status of the artery during heart valve or abdominal
scanning and fetal heart rate, and D-mode and CFM-mode
used to diagnose reverse blood flow, stricture at the heart
valve, congenital heart disease, and the like, by measuring
speed and direction of blood stream, may be output.

[0165] The screen display mode may be selected by the
user, or a command signal may be output such that the image
may be automatically displayed in a preset mode according to
the property of the target region regardless of the user’s selec-
tion.

[0166] The image is displayed on the screen according to
the predetermined screen display mode upon the user’s
approval or the command to automatically display the
image (operation S360).

[0167] As is apparent from the above description, accord-
ing to the ultrasonic imaging apparatus and the method of
controlling the same, the multi-focus ultrasonic image may be
quickly acquired so as to increase frame rates.

[0168] Furthermore, a high-quality image having all areas
focused may be acquired at high speed.



US 2014/0330126 Al

[0169] The described-above exemplary embodiments and
advantages are merely exemplary and are not to be construed
as limiting. The present teaching can be readily applied to
other types of apparatuses. The description of exemplary
embodiments is intended to be illustrative, and not to limit the
scopeofthe claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. An ultrasonic probe comprising:

amulti-dimensionally arrayed transducer which comprises
element groups and is configured to convert electrical
signals into ultrasonic signals and vice versa;

a matching layer configured to reduce an acoustic imped-
ance difference between the transducer and an object;
and

a backing layer configured to block ultrasonic waves gen-
erated by the transducer from proceeding in a backward
direction of the transducer,

wherein the element groups have focal distances different
from one another, with respect to the object, and simul-
taneously transmit the ultrasonic signals toward the
object.

2. The ultrasonic probe according to claim 1, wherein each
of the element groups comprises elements having a same
focal distance within a corresponding element group.

3. The ultrasonic probe according to claim 1, wherein the
element groups simultaneously transmit the ultrasonic sig-
nals having different frequencies according to respective
focal distances.

4. The ultrasonic probe according to claim 1, wherein the
multi-dimensionally arrayed transducer comprises elements
two-dimensionally arrayed in an mxn array, and

the element groups comprise m groups in which the ele-
ments are grouped in a lateral direction, and m is a
natural number of 2 or more, or n groups in which the
elements are grouped in an azimuth direction, and n is a
natural number of 2 or more.

5. The ultrasonic probe according to claim 1, further com-
prising a controller to control a frequency band of the trans-
mitted ultrasonic signal.

6. An ultrasonic imaging apparatus comprising:

an ultrasonic probe comprising a multi-dimensionally
arrayed transducer which comprises element groups and
is configured to transmit ultrasonic signals toward an
object and receive echo signals reflected from the object;

acontroller configured to output a control command signal
to cause the ultrasonic probe to transmit the ultrasonic
signals; and

an image processor configured to generate an image cor-
responding to the echo signals,

wherein the element groups have focal distances different
from one another, with respect to the object, and simul-
taneously transmit the ultrasonic signals toward the
object.

7. The ultrasonic imaging apparatus according to claim 6,

wherein each of the element groups comprises elements hav-
ing a same focal distance within a corresponding element

group.
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8. The ultrasonic imaging apparatus according to claim 6,
wherein the element groups simultaneously transmit the
ultrasonic signals having different frequencies according to
respective focal distances.
9. The ultrasonic imaging apparatus according to claim 6,
wherein the multi-dimensionally arrayed transducer com-
prises elements two-dimensionally arrayed in an mxn array,
and
the element groups comprise m groups in which the ele-
ments are grouped in a lateral direction, and m is a
natural number of 2 or more, or n groups in which the
elements are grouped in an azimuth direction, and nis a
natural number of 2 or more.
10. The ultrasonic imaging apparatus according to claim 6,
wherein the image processor generates images according to
respective focal distances, and generates a multi-focal image
by combining the images generated according to the respec-
tive focal distances.
11. The ultrasonic imaging apparatus according to claim 6,
further comprising a display to display the image generated
by the image processor.
12. The ultrasonic imaging apparatus according to claim 6,
wherein the controller outputs a control command signal to
cause the ultrasonic probe to transmit the ultrasonic signals
and a control command signal to display the image generated
by the image processor.
13. The ultrasonic imaging apparatus according to claim 6,
further comprising a controller to control a frequency band of
the transmitted ultrasonic signals.
14. A method of controlling an ultrasonic imaging appara-
tus, the method comprising:
simultaneously transmitting ultrasonic signals toward an
object by element groups having focal distances differ-
ent from one another, with respect to the object;

receiving echo signals from the object by the element
groups; and

generating an image corresponding to the echo signals.

15. The method according to claim 14, wherein each of the
element groups comprises elements having a same focal dis-
tance within a corresponding element group.

16. The method according to claim 14, wherein the simul-
taneously transmitting the ultrasonic signals comprises:

simultaneously transmitting the ultrasonic signals having

different frequencies toward the object, according to
respective focal distances.

17. The method according to claim 14, wherein the gener-
ating the image comprises:

generating images according to respective focal distances;

and

generating a multi-focal image by combining the images

generated according to the respective focal distances.

18. The method according to claim 14, further comprising
displaying the generated image.

19. The method according to claim 14, further comprising
outputting a control command signal to display the generated
image.

20. The method according to claim 14, further comprising
controlling a frequency band of the transmitted ultrasonic
signals.
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