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(7) ABSTRACT

Ultrasonic imaging method includes sequentially emitting
by each transducer group of respective regions, into which
transducers are divided, focused ultrasonic pulses to a focal
point of an object; sequentially acquiring, by each trans-
ducer group, ultrasonic echo signals from the focal point
based on the emitted ultrasonic pulses; calculating a normal
vector of a surface of the object using emission directions of
the focused ultrasonic pulses and intensities of the ultrasonic
echo signals in correspondence to the focused ultrasonic
pulses emitted by three of the transducer groups; calculating
an attenuation rate of the ultrasonic echo signals using the
normal vector and the emission directions of the focused
ultrasonic pulses emitted by the three of the transducer
groups, and correcting the ultrasonic echo signals based on
the attenuation rate; beamforming the ultrasonic echo sig-
nals, an attenuation of which has been corrected, into
ultrasonic image signals to be output as an ultrasonic image.
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APPARATUS FOR PROCESSING
ULTRASONIC IMAGE AND METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
U.S. application Ser. No. 14/283,894, filed May 21, 2014,
which claims priority from Korean Patent Application No.
10-2013-0056982, filed May 21, 2013 in the Korean Intel-
lectual Property Office. The disclosures of the above-named
applications are incorporated herein in their entireties by
reference.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with exem-
plary embodiments relate to an apparatus for processing an
ultrasonic image which generates an image using ultrasonic
signals and a method thereof.

2. Description of the Related Art

[0003] An ultrasonic diagnostic apparatus emits ultrasonic
waves toward a target region of an object from the surface
of the object and generates an image of the target region such
as a soft tissue tomogram or a blood stream image using
reflected ultrasonic signals, i.e., ultrasonic echo signals.

[0004] The ultrasonic diagnostic apparatus is widely used
for heart diagnosis, breast diagnosis, celiac diagnosis, uri-
nary diagnosis, and obstetric diagnosis.

[0005] An ultrasonic diagnostic apparatus includes a main
body, an ultrasonic transceiver that transmits and receives
ultrasonic waves, a control panel provided with a variety of
switches and keys used to input commands for manipulation
of the ultrasonic diagnostic apparatus, and a display that
displays the result of ultrasonic diagnosis using an image.

[0006] A process of performing ultrasonic diagnosis using
the ultrasonic diagnostic apparatus is as follows. First, a
medical professional such as a radiologist or a doctor
performs ultrasonic imaging by moving the ultrasonic trans-
ceiver in a state of contacting the surface of the body of the
object with one hand and manipulating the control panel
with the other hand. An ultrasonic image acquired during the
ultrasonic imaging is displayed on the display in real time,
so that the medical professional may examine the images
and provide diagnosis of the object.

[0007] Tissues constituting the human body have different
reflectivity and absorption with respect to ultrasonic signals.
In an ultrasonic diagnostic imaging, the composition of
materials constituting the human body is revealed by ana-
lyzing the intensity of ultrasonic waves reflected from the
human body. That is, when ultrasonic waves are emitted to
the same medium, reflected ultrasonic waves should have
the same intensity. However, the intensity of ultrasonic
waves actually reflected by an interface between media
varies according to respective proceeding directions of the
ultrasonic waves and angles of incidence of the ultrasonic
waves at the interface between media, and thus character-
istics of the media may be distorted.
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SUMMARY

[0008] Exemplary embodiments address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
required to overcome the disadvantages described above,
and may not overcome any of the problems described above.
[0009] One or more exemplary embodiments provide an
apparatus for processing an ultrasonic image capable of
correcting intensity of actual reflected ultrasonic waves by
emitting a plurality of ultrasonic pulses in different direc-
tions using spatial division and a method thereof.

[0010] In accordance with an aspect of an exemplary
embodiment, a method of processing an ultrasonic image
includes emitting a plurality of ultrasonic pulses in different
directions and acquiring a plurality of ultrasonic echo sig-
nals from an object, calculating an attenuation rate of the
ultrasonic echo signals, correcting the acquired ultrasonic
echo signals based on the attenuation rate, and outputting the
corrected ultrasonic echo signals as an ultrasonic image.
[0011] In accordance with an aspect of an exemplary
embodiment, an ultrasonic image processing apparatus
includes an ultrasonic probe emitting a plurality of ultra-
sonic pulses in different directions and receiving a plurality
of ultrasonic echo signals from an object, an attenuation rate
obtainer to calculate an attenuation rate of the ultrasonic
echo signals, a corrector to correct the acquired ultrasonic
echo signals based on the attenuation rate, a beamformer to
covert the corrected ultrasonic echo signals into ultrasonic
image signals, and a display to output the converted ultra-
sonic image signals as an image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and/or other aspects will be more appar-
ent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

[0013] FIG. 1 is a perspective view illustrating an appa-
ratus for processing an ultrasonic image according to an
exemplary embodiment;

[0014] FIG. 2 is a control block diagram illustrating an
apparatus for processing an ultrasonic image according to an
exemplary embodiment;

[0015] FIG. 3 is a diagram for describing reflectivity
according to a reflective surface and a proceeding direction
of a pulse;

[0016] FIG. 4 is a three-dimensional (3D) ultrasonic
image of a fetus output by a 3D ultrasonic imaging device;
[0017] FIG. 5is a diagram schematically illustrating emis-
sion of ultrasonic pulses to an object using a two-dimen-
sional (2D) array probe;

[0018] FIG. 6 is a diagram illustrating a process of emit-
ting ultrasonic pulses to an object by an ultrasonic probe
including one-dimensionally aligned transducers;

[0019] FIGS. 7A and 7B are diagrams illustrating a pro-
cess of emitting ultrasonic pulses to an object by an ultra-
sonic probe including two-dimensionally arrayed transduc-
ers;

[0020] FIG. 8 is a diagram illustrating an ultrasonic probe
including two-dimensionally arrayed transducers;

[0021] FIG. 9 is a flowchart illustrating a method of
processing an ultrasonic image including acquiring ultra-
sonic echo signals; and
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[0022] FIG. 10 is a flowchart illustrating a method of
processing an ultrasonic image when four or more ultrasonic
echo signals are acquired.

DETAILED DESCRIPTION

[0023] Exemplary embodiments are described in greater
detail with reference to the accompanying drawings.
[0024] Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the exemplary embodi-
ments. However, it is apparent that the exemplary embodi-
ments can be practiced without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure the description
with unnecessary detail.

[0025] FIG. 1 is a perspective view illustrating an appa-
ratus for processing an ultrasonic image according to an
exemplary embodiment. As illustrated in FIG. 1, the ultra-
sonic image processing apparatus 98 includes a main body
100, an ultrasonic transceiver 110 that is an ultrasonic probe,
an input unit 150, a main display 160, and a sub-display 170.
[0026] More than one female connector 145 may be
provided at one side of the main body 100. A male connector
140 connected to a cable 130 may be physically coupled to
the female connector 145.

[0027] A plurality of casters (not shown) may be provided
at the bottom of the main body 100 to provide mobility of
the ultrasonic image processing apparatus. The plurality of
casters may fix the ultrasound image processing apparatus at
a particular place, or may allow the ultrasound image
processing apparatus to be moved in a particular direction.
[0028] The ultrasonic probe 110 that contacts the surface
of the body of an object may transmit and receive ultrasonic
waves. Particularly, the ultrasonic probe 110 may emit a
transmission signal received from the main body 100, i.e., an
ultrasonic signal, into the body of the object and receive an
ultrasonic echo signal reflected from a particular region of
the object inside the human body so as to transmit the
ultrasonic echo signal to the main body 100. One end of the
cable 130 may be connected to the ultrasonic probe 110, and
the other end of the cable 130 may be connected to the male
connector 140. The male connector 140 connected to the
other end of the cable 130 may be physically coupled to the
female connector 145 of the main body 100.

[0029] The input unit 150 may receive an instruction
related to operation of an ultrasound image generating
apparatus. For example, the input unit 150 may receive an
instruction to select a mode, such as an A-mode (Amplitude
mode), B-mode (Brightness mode), and M-mode (Motion
mode), or an instruction to initiate ultrasonic diagnosis. The
instructions input through the input unit 150 may be trans-
mitted to the main body 100 via a wireless or wired
communication network.

[0030] For example, the input unit 150 may include at
least one of a touchpad, a keyboard, a foot switch, and a foot
pedal. The keyboard may be a hardware element located at
an upper portion of the main body 100. The keyboard may
include at least one of a switch, a key, a joystick, and a
trackball. In another example, the keyboard may also be a
software element, such as a graphical user interface. In this
case, the keyboard may be displayed via at least one of the
sub-display 170 and the main display 160. The foot switch

Mar. 8, 2018

or the foot pedal may be provided at a lower position of the
main body 100, and a manipulator may control operation of
the ultrasound image processing apparatus using the foot
pedal.

[0031] A probe holder 120 in which the ultrasonic probe
110 is placed may be provided near the input unit 150. More
than one ultrasonic probe holder 120 may be provided. The
medical professional may place the ultrasonic probe 110 in
the ultrasonic probe holder 120 for storage when the ultra-
sonic image processing apparatus is not in use.

[0032] The sub-display 170 may be provided at the main
body 100. FIG. 4 illustrates the case in which the sub-display
170 is located above the input unit 150. The sub-display 170
may display applications related to operation of the ultra-
sound image processing apparatus. For example, the sub-
display 170 may display, e.g., a menu or guide map for
performing ultrasonic diagnosis. The sub-display 170 may,
for example, take the form of a Cathode Ray Tube (CRT) or
a Liquid Crystal Display (LCD).

[0033] The main display 160 may be provided at the main
body 100. FIG. 4 illustrates the case in which the main
display 160 is located above the sub-display 170. The main
display 160 may display an ultrasonic image acquired during
the ultrasonic diagnosis. The main display 160 may be a
CRT or LCD, similar to the sub-display 170. Although FIG.
1 illustrates the main display 160 as being coupled to the
main body 100, the main display 160 may be separable from
the main body 100.

[0034] Although FIG. 1 illustrates that the ultrasonic
image processing apparatus includes both the main display
160 and the sub-display 170, the sub-display 170 might not
be used. In this case, applications or a menu displayed on the
sub-display 170 may be displayed on the main display 160.
[0035] FIG. 2 is a control block diagram illustrating an
ultrasonic image processing apparatus according to an
exemplary embodiment.

[0036] A method of processing an ultrasonic image
according to the present exemplary embodiment will be
briefly described with reference to the control block dia-
gram. The ultrasonic probe 110 receives a plurality of echo
ultrasonic waves from an object and converts the echo
ultrasonic waves into ultrasonic echo signals that are elec-
tronic signals. An attenuation rate obtainer 101 calculates an
attenuation rate indicating the amount of loss from the
ultrasonic echo signals actually reflected from the object
based on the acquired ultrasonic echo signals. A corrector
102 corrects the ultrasonic echo signals based on the calcu-
lated attenuation rate, and a beamformer 103 converts the
corrected ultrasonic echo signals into ultrasonic image sig-
nals. A main display 160 displays the converted ultrasonic
image signals on a screen to acquire an image from which
distortion caused when a virtual light source is located on the
path of the ultrasonic probe 110 is removed.

[0037] Hereinafter, cause and result of the distortion when
the object is illuminated by a virtual light source located on
the path of the ultrasonic probe 110 will be described with
reference to FIGS. 3 and 4.

[0038] Ultrasonic diagnosis using an ultrasonic image is
performed by use of the pulse-echo principle. A transducer
109, as an element of the ultrasonic probe 110, may generate
ultrasonic pulses and includes a plurality of transducers 111.
Each of the generated ultrasonic pulses proceeds at a con-
stant speed until the ultrasonic pulse encounters a reflective
surface inside the body of the object. When the ultrasonic
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pulse encounters the reflective surface, a portion of the
ultrasonic pulse is reflected therefrom and returns toward an
ultrasonic source, and the other portion of the ultrasonic
pulse continuously proceeds in the proceeding direction.
The reflective surface is formed at an interface between two
media having different densities, i.e., an interface between
two different tissues. The reflectivity is proportional to a
density difference between the two media. Thus, the com-
position of substances constituting the human body may be
revealed via analysis of the reflected ultrasonic waves. The
analysis results are used to examine the tissues of the human
body and to generate an image for utilization during diag-
nosis.

[0039] FIG. 3 is a diagram for describing reflectivity
according to a reflective surface and a proceeding direction
of apulse. Reflectivity at the reflective surface is obtained as
an intrinsic value according to the density difference
between two media. In this regard, the intrinsic value
according to the density difference between two media is
referred to as sound impedance. Thus, when the same
ultrasonic waves are emitted to objects formed of the same
medium, reflected echo ultrasonic waves have the same
intensity.

[0040] However, the intensity of the echo ultrasonic waves
reflected from the same medium may vary. This is because,
the amount of the reflected ultrasonic echo signals may be
influenced by an angle between an emission direction of the
ultrasonic pulse and the reflective surface of the object. That
is, as the reflective surface of the object is more perpen-
dicular to the emission direction of the ultrasonic pulse, the
amount of the ultrasonic echo signals returning to the
ultrasonic source increases. On the other hand, as an angle
between the normal vector with respect to the reflective
surface of the object and the emission direction of the
ultrasonic pulse increases, the amount of the ultrasonic echo
signals returning to the ultrasonic source decreases.

[0041] FIG. 4 is a three-dimensional (3D) ultrasonic
image of a fetus output by a 3D ultrasonic imaging device.
As described above, since intensities of ultrasonic waves
reflected from the same medium vary, distortion is caused in
the ultrasonic image due to such intensity differences. Such
phenomenon is more serious particularly in a three-dimen-
sional (3D) ultrasonic system. In the 3D ultrasonic system,
a light source emitting light in a predetermined direction is
set based on volume data, and change of a 3D image is
observed while emitting light in different directions. In this
case, distortion caused by a virtual light source located on
the path of the ultrasonic probe 110, i.e., an ultrasonic
source, separately from a light source to observe a 3D image,
is obtained.

[0042] Referring to FIG. 4, an effect as if the fetus would
be illuminated at the front thereof is obtained although
lighting is not considered during rendering. For example,
shadows of the forehead, portions near the nose, and por-
tions near the eyes are differently expressed in the image of
the fetus, although they are parts of the skin formed of the
same medium. This indicates that data is acquired as if the
fetus would be illuminated by a light source located on the
path of the ultrasonic probe 110. Such phenomenon does not
cause problems while performing a basic rendering process.
However, a serious problem may be caused when a virtual
light source is introduced and the external appearance of the
object is observed while changing the emission direction
thereof. Distortion is caused due to the effect as if the light
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source would be located at the position of the ultrasonic
probe 110, and thus an unnatural image is acquired. Accord-
ingly, an ultrasonic image with high realism may be acquired
by removing the effect as if the light source would be located
at the position of the ultrasonic probe 110.

[0043] Hereinafter, an ultrasonic image processing appa-
ratus and a method of operating the same to remove distor-
tion from an ultrasonic image will be described in detail.
[0044] Referring back to FIG. 2, the ultrasonic probe 110
includes a plurality of transducers 111 that generate ultra-
sonic pulses in accordance with supplied alternating current
(AC) power from a power source, emit the generated ultra-
sonic pulses, receive reflected ultrasonic pulses from a target
region of an object, and convert the received echo ultrasonic
waves into electrical ultrasonic echo signals. Here, the
power source 112 may be an external power supply or an
internal capacitor of the ultrasonic image processing appa-
ratus.

[0045] Various transducers 111 such as a magnetostrictive
ultrasonic transducer using a magnetostrictive effect of a
magnetic material, a piezoelectric ultrasonic transducer
using a piezoelectric effect of a piezoelectric material, a
capacitive micromachined ultrasonic transducer (cMUT),
which transmits and receives ultrasonic waves using vibra-
tion of hundreds or several thousands of micromachined thin
films, may be used.

[0046] When alternating current is supplied to the trans-
ducers 111 from the power source 112, piezoelectric vibra-
tors or thin films of the transducers 111 vibrate, thereby
generating ultrasonic pulses. The generated ultrasonic pulses
are emitted to the object, for example, a human body. The
emitted ultrasonic pulse is reflected by at least one of the
target regions located at various depths in the object. The
transducers 111 receive echo ultrasonic waves reflected from
the target region and convert the received echo ultrasonic
waves into electrical ultrasonic echo signals.

[0047] The ultrasonic echo signals are transmitted to the
main body 100 via a wireless or wired communications
network. Since the ultrasonic probe 110 receives the echo
ultrasonic waves via a plurality of channels, the converted
plurality of ultrasonic echo signals are transmitted to the
main body 100 via the channels.

[0048] The transducers 111 of the ultrasonic probe 110
may be linear array transducers or convex array transducers.
The ultrasonic probe 110 may be a two-dimensional (2D)
array probe in which the transducers 111 are two-dimen-
sionally arrayed.

[0049] FIG. 5 schematically illustrates a process of emit-
ting ultrasonic pulses to the object using a two-dimensional
(2D) array probe. The 2D array probe may include two-
dimensionally arrayed transducers 111 while having a simi-
lar structure to a general ultrasonic probe. Thus, the plurality
of transducers 111 is disposed on an XY plane. Hereinafter,
the transducers 111 will be described based on locations
thereof. For example, a column from the left of the X-axis
and a row from the top of the Y-axis will be used to describe
the transducers.

[0050] In FIG. 5, bold lines define available display
planes. The 2D array probe may acquire 3D image infor-
mation through electronic irradiation based on driving time
delay of the transducers 111. Particularly, a tomogram, i.e.,
2D data, of the object such as a plane defined by the bold
lines is acquired. The 2D data is collected through the
overall surface of the object by another group of transducers
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111 differently arrayed. The collected 2D data are accumu-
lated to generate a 3D image in real time. In addition, since
a small-scale ultrasonic probe 110 may emit ultrasonic
waves in a wide range, internal organs such as the heart may
be efficiently irradiated.

[0051] FIG. 6 is a diagram illustrating a process of emit-
ting ultrasonic pulses to an object by an ultrasonic probe
including one-dimensionally aligned transducers. When a
plurality of transducers 111 is one-dimensionally aligned in
a linear or convex array, the emission direction of ultrasonic
pulses generated by the ultrasonic probe 110 has a 2D vector
form. That is, since the transducers 111 are aligned in a row,
there may be limitation to differently drive the transducers
111 in order to change the emission direction of the ultra-
sonic pulses.

[0052] FIGS. 7A, 7B, and 8 are diagrams illustrating a
process of emitting ultrasonic pulses to an object by an
ultrasonic probe including two-dimensionally arrayed trans-
ducers. As an example of generating ultrasonic pulses hav-
ing different proceeding directions, a 2D array probe may be
used. According to an exemplary embodiment, the plurality
of two-dimensionally arrayed transducers 111 may be
divided into a plurality of regions. FIG. 7A illustrates that an
ultrasonic pulse is emitted from a region A of the transducers
111 to the object. FIG. 8 illustrates that an ultrasonic pulse
is emitted from a region B of the transducers 111 to the
object. Arrows from the transducers 111 toward the object
indicate emission directions of the ultrasonic pulse.

[0053] As described above, even in the same ultrasonic
probe 110, emission directions of ultrasonic pulses from the
transducers 111 located at different positions may be
expressed as 3D vectors, and the 3D vectors may have
different orientations. That is, the plurality of transducers
111 is divided into a plurality of regions, and the regions are
independently driven, so that ultrasonic pulses may be
emitted in different directions. By use of such characteris-
tics, distortion caused as the location of the ultrasonic probe
110 changes may be efficiently corrected.

[0054] In this regard, the dividing of the transducers 111
into a plurality of regions may be directly input by a user via
the input unit 150 or may be arbitrarily set via internal
calculation. Since the normal vectors of the surface of the
object need to be calculated by acquiring a plurality of
ultrasonic echo signals corresponding to the ultrasonic
pulses with different emission directions, the divided regions
may be set without limitation.

[0055] FIG. 7B is a diagram illustrating an ultrasonic
probe including two-dimensionally arrayed transducers
divided according to rows. Hereinafter, the present exem-
plary embodiment will be described based on the divided
transducers 111 by defining a first row as region a, defining
a second row as region b, defining a third row as region c,
and defining a fourth row as region d.

[0056] The plurality of transducers 111 may be divided
into regions a, b, ¢, and d according to an exemplary
embodiment. Arrows indicate emission directions of ultra-
sonic pulses respectively generated by respective transduc-
ers 111 of the regions a, b, ¢, and d toward the object. Upon
comparison of the arrows illustrated in FIG. 7B, the emis-
sion directions of the ultrasonic pulses respectively gener-
ated in the transducers 111 of the regions are different. Here,
the ultrasonic pulses are emitted in four different directions,
and thus ultrasonic echo signals are also acquired in four
different directions. When the transducers 111 are grouped
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as described above, the same effect as four one-dimensional
(ID) array probes emitting ultrasonic pulses toward the
object in different directions may be obtained.

[0057] As described above, even when the ultrasonic
probe 110 having a 2D array is used, the generated ultrasonic
pulses may be emitted in different directions, i.e., may have
different 3D vectors, according to locations of the transduc-
ers 111. Thus, the generated ultrasonic pulses may be
emitted in a plurality of directions. Accordingly, when a
plurality of ultrasonic pulses is emitted to the same object in
different directions through the 2D array probe and a plu-
rality of ultrasonic echo signals are received, ultrasonic echo
signals similar to the actual reflected ultrasonic echo signals
may be acquired through calculation.

[0058] According to an exemplary embodiment of the
ultrasonic image processing apparatus and a method thereof,
a 2D array probe may be used to generate ultrasonic pulses
having different emission directions. Hereinafter, an exem-
plary embodiment will be described on the assumption that
the ultrasonic probe 110 is a 2D array probe.

[0059] Referring back to FIG. 2, the ultrasonic probe 110
may generate a plurality of ultrasonic pulses having different
emission directions and may emit the ultrasonic pulses
toward the object. In addition, the ultrasonic probe 110 may
receive a plurality of echo ultrasonic waves reflected from
the object. These processes need to be sequentially per-
formed. Since echo ultrasonic waves reflected from ultra-
sonic pulses emitted in one direction may interfere with echo
ultrasonic waves of ultrasonic pulses emitted in another
direction, the echo ultrasonic waves acquired from the
different directions might not be distingnished from each
other. Thus, when the ultrasonic pulses are emitted in a first
direction, the ultrasonic pulses need to be emitted in a
second direction after the echo ultrasonic waves from the
first direction are received.

[0060] The ultrasonic probe 110 may emit ultrasonic
pulses in different directions, three or more directions, from
divided regions including the transducers 111. In a calcula-
tion to obtain a normal vector of the surface of the object,
which will be described later, components of the normal
vector may be expressed as a 3D vector with x, y, and z
coordinates. That is, when the ultrasonic pulses are emitted
in three directions, three types of ultrasonic echo signals
respectively having different intensities are acquired, and
each component may be obtained through calculation of the
matrix. This will be described in detail later with reference
to the attenuation rate obtainer 101.

[0061] According to an exemplary embodiment, the main
body 100 may include the attenuation rate obtainer 101, the
corrector 102, and the beanformer 103. The main body 100
may be dispensed with some of the aforementioned con-
stituent elements.

[0062] Referring to FIG. 2, the attenuation rate obtainer
101 may acquire ultrasonic echo signals, which are electrical
signals converted from the echo ultrasonic waves, from the
ultrasonic probe 110. Using the acquired ultrasonic echo
signals, the amount of loss from the ultrasonic echo signals
actually reflected from the object according to the proceed-
ing direction, i.e., an attenuation rate of the received ultra-
sonic echo signals to the actual reflected ultrasonic echo
signals may be calculated. The ultrasonic probe 110 receives
only some of the ultrasonic echo signals actually reflected
from the object. The attenuation rate of the actual reflected
ultrasonic echo signals may be used when the corrector 102
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corrects the received ultrasonic echo signals into the actual
reflected ultrasonic echo signals, which will be described
later.

[0063] A complex function may be used to calculate the
ratio of the received echo ultrasonic waves to the actual
reflected echo ultrasonic waves. Thus, a Lambertian surface
model may be used to simplify the calculation.

[0064] The Lambertian surface model refers to a reflector
with a constant speed of light in all directions at a solid angle
indicating an object having a uniform intensity of reflection
regardless of angle of view. According to the Lambertian
surface model, intensity of reflected light is proportional to
the cosine of an angle between the normal vector of the
surface of the object and the emission direction of the light
toward the object. This may be represented by Equation 2.

I=Igxcos ©

[0065] When Equation 2 is applied to the ultrasonic image
processing apparatus and the method thereof, I indicates an
ultrasonic echo signal received from the ultrasonic probe
110, I indicates an actual reflected ultrasonic echo signal,
and 0 indicates an angle between an emission direction of
the ultrasonic pulse emitted toward the object and the
normal vector of the surface of the object. Thus, the ratio of
the received ultrasonic echo signal to the actual reflected
ultrasonic echo signal, i.e., attenuation rate of the reflected
ultrasonic echo signal, is cos 6. Ultimately, correcting the
ultrasonic echo signal acquired by emitting the ultrasonic
pulse entails substituting the actual reflected ultrasonic echo
signal for the acquired ultrasonic echo signal.

[0066] Thus, the normal vector of the surface of the object
needs to be obtained before calculating 6. To calculate the
normal vector of the surface of the object, a plurality of
ultrasonic pulses to be emitted in different directions is
generated while fixing the position of the ultrasonic probe
110. The ultrasonic probe 110 emits the generated ultrasonic
pulses to the object so as to receive echo ultrasonic waves
respectively corresponding to the ultrasonic pulses. The
received echo ultrasonic waves are substituted into Equation
2 in a matrix form to calculate the normal vector of the
surface of the object. The normal vector of the surface of the
object is calculated using Equation 1 below.

[Equation 2]

E [Equation 1]

I
IEXﬁ: Fz | L
f3

Iy

[0067] When Equation 1 is applied to the ultrasonic image
processing apparatus and the method thereof, I, indicates an

actual reflected ultrasonic echo signal, and N indicates a
- —
normal vector of the surface of the object. In addition, L, L,,

-
and L; are unit direction vectors in the emission direction of
the ultrasonic pulses emitted from the ultrasonic probe 110
toward the object. I, L, and 1 indicate ultrasonic echo
signals acquired by emitting the ultrasonic pulses.

[0068] Equation 1 is rewritten in terms of the normal

vector N of the surface of the object, each component of the
normal vector N is a function of an ideal ultrasonic echo

signal I ;. In addition, using the normal vector N and the unit
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— — —
direction vectors L;, L,, and L in the emission direction of
the ultrasonic pulse emitted from the ultrasonic probe 110
toward the object, each having a magnitude of 1, the

components of the normal vector N may be calculated.

[0069] Three direction vectors of the ultrasonic pulses
emitted from the ultrasonic probe 110 to the object and three
ultrasonic echo signals acquired by use of the ultrasonic
pulses are needed in Equation 1. This is because Equation 1
has three unknowns, i.e., x, y, and z components of the

normal vector N of the surface of the object. Thus, three

equations with the components of the normal vector N of the
surface of the object are needed. To this end, three direction
vectors of the ultrasonic pulses emitted from the ultrasonic
probe 110 to the object and three ultrasonic echo signals
acquired by use of the ultrasonic pulses are substituted into
Equation 1.

[0070] However, the ultrasonic probe 110 may generate
direction vectors of the ultrasonic pulses having four or
more directions and emit the ultrasonic pulses. In this case,
since three direction vectors of the ultrasonic pulses and
three ultrasonic echo signals acquired by use of the ultra-
sonic pulses are needed in Equation 1, three direction
vectors and three ultrasonic echo signals may be respec-
tively selected from four or more thereof.

[0071] Alternatively, the four or more direction vectors
and ultrasonic echo signals are respectively classified into
several groups and averages of the groups calculated there-
from may be substituted into Equation 1. By use of the
averages, distortion of an ultrasonic image caused by noise
may be prevented.

[0072] In order to calculate the averages of direction
vectors and ultrasonic echo signals, various algorithms may
be used. Particularly, a least mean squares algorithm may be
applied to an ultrasonic image processing apparatus for
processing a large amount of data while having a small
calculation amount. According to the least mean squares
algorithm, an ultrasonic image may be processed in real time
based on high calculation rate. The least mean squares
algorithm is well known in the art, and thus a detailed
description thereof will not be given.

[0073] By use of the normal vector N of the surface of the
object, the angle 0 between the normal vector of the surface
of the object and the emission direction of the ultrasonic
pulse emitted from the ultrasonic probe 110 to the object
may be calculated. Thus, cos 6 acquired by substituting the
calculated angle into the cosine function indicates the
attenuation rate of the actual reflected ultrasonic echo signal.
Accordingly, the ratio of the received ultrasonic echo signal
to the reflected ultrasonic echo signal may be determined.
[0074] Referring back to FIG. 2, the corrector 102 receives
the attenuation rate of the actual reflected ultrasonic echo
signals acquired by the attenuation rate obtainer 101. The
actual reflected ultrasonic echo signals are acquired based on
the attenuation rate of the received ultrasonic echo signals.
The corrected ultrasonic echo signals, i.e., the reflected
ultrasonic echo signals, are calculated using Equation 2
described above.

[0075] The corrected ultrasonic echo signals are values
from which virtual light source effect caused by the position
of the ultrasonic probe 110 is removed. Thus, the correction
process contributes to output an ultrasonic image with
greater realism than a process of converting the corrected
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ultrasonic echo signals into ultrasonic image signals per-
formed by the beamformer 103.

[0076] The beamformer 103 performs beamforming based
on the ultrasonic echo signals corrected by the corrector 102.
Beamforming is a process of focusing the ultrasonic echo
signals input via a plurality of channels and acquiring
appropriate ultrasonic image signals with respect to the
inside of the object.

[0077] The beamformer 103 compensates for time differ-
ence of ultrasonic echo signals caused distance difference
between each of the transducers 111 and the target region in
the object. Then, the beamformer 103 may emphasize ultra-
sonic echo signals from one of the channels and relatively
attenuate ultrasonic echo signals from the other channels so
as to focus the ultrasonic echo signals. In this case, the
beamformer 103 may emphasize or attenuate ultrasonic echo
signals from a particular channel by weighting the ultrasonic
echo signals input via each channel.

[0078] The beamformer 103 may focus the ultrasonic echo
signals acquired by the ultrasonic probe 110 at each of a
plurality of frames in consideration of the locations of the
transducers 111 of the ultrasonic probe 110 and a focus
point.

[0079] Meanwhile, the beamforming performed by the
beamformer 103 may include data-independent beamform-
ing and adaptive beamforming.

[0080] The display outputs the ultrasonic image signals
converted by the beamformer 103 on a screen. The display
includes a main display and a sub-display and displays data
regarding the object on the screen as an image for ultrasonic
diagnosis.

[0081] FIG. 9 is a flowchart illustrating a method of
processing an ultrasonic image including acquiring ultra-
sonic echo signals.

[0082] A plurality of transducers 111 of the ultrasonic
probe 110 is divided into a plurality of regions (operation
300). Here, the ultrasonic probe 110 is a 2D array probe. A
proceeding direction of an ultrasonic pulse is expressed as a
2D vector in the transducer 111 of the 1D array probe. On
the other hand, when the transducers 111 of the 2D array
probe are divided into the plurality of regions, an ultrasonic
pulse expressed as a 3D vector may be emitted to the same
object from each region of the divided transducers 111.
Components of a 3D vector, which are expressed as x, y, and
z coordinates, may be efliciently substituted into Equation 1.
[0083] A process of emitting ultrasonic pulses in different
directions and a process of acquiring a plurality of ultrasonic
echo signals need to be sequentially performed. Thus, ultra-
sonic pulses are emitted from one of the divided regions of
the transducers 111 (operation 310). Then, ultrasonic echo
signals reflected from the emitted ultrasonic pulses are
acquired (operation 320). The emission of the ultrasonic
pulses and acquisition of the ultrasonic echo signals are
performed in the same region of the transducers 111.
[0084] A next stage is performed after comparing the
number of acquired ultrasonic echo signals (operation 330).
Since a normal vector of the surface of the object will be
obtained to cotrect the ultrasonic echo signals by use of
Equation 1 in the next stage, three emission directions of the
ultrasonic pulses and three acquired ultrasonic echo signals
are needed.

[0085] When, the number of the acquired ultrasonic echo
signals is less than 3, ultrasonic pulses are emitted from
another region, different from the previous region, of the
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divided transducers 111 toward the object (operation 340).
Accordingly, ultrasonic echo signals are additionally
acquired. However, when the number of the acquired ultra-
sonic echo signals is less than 3, a next stage will be
performed.

[0086] When it is confirmed that three ultrasonic echo
signals are acquired, these values are substituted into Equa-
tion 1 so as to obtain the normal vector of the surface of the
object (operation 350). Specific values of each component of
the normal vector are acquired by simplifying each compo-
nent of the normal vector according to Equation 1 and using
the fact that the sizes of the normal vector and the unit
direction vectors in the emission direction of the ultrasonic
pulses are 1.

[0087] By use of the acquired normal vector, the acquired
ultrasonic echo signals are corrected to be similar to the
actual reflected ultrasonic echo signals (operation 360).
Particularly, an angle between the normal vector of the
surface of the object and the emission direction of the
ultrasonic pulse emitted toward the object is obtained. The
obtained angle is substituted into the cosine function to
calculate the attenuation rate of the actual reflected ultra-
sonic echo signals. Finally, the attenuation rate is substituted
into Equation 2 to calculate the ultrasonic echo signals
actually reflected from the object. The actual reflected
ultrasonic echo signals are corrected ultrasonic echo signals.
[0088] After the ultrasonic echo signals are appropriately
corrected, the beamformer 103 converts the corrected ultra-
sonic echo signals into ultrasonic image signals (operation
370). The converted ultrasonic image signals are signals
from which the virtual light source effect in a direction from
the ultrasonic probe 110 is removed. Thus, an image with
high realism may be generated.

[0089] FIG. 10 is a flowchart illustrating a method of
processing an ultrasonic image when four or more ultrasonic
echo signals are acquired.

[0090] A plurality of transducers 111 of a 2D array probe
is divided into a plurality of regions, and ultrasonic pulses
may be respectively emitted from the regions. Emitting the
ultrasonic pulses from different regions of the transducers
111 indicates that the ultrasonic pulses are emitted in dif-
ferent directions. A plurality of ultrasonic echo signals
corresponding to the emission directions changed as
described above is acquired (operation 400).

[0091] Upon comparison of the number of acquired ultra-
sonic echo signals as described above, it is determined
whether the process enters into a next stage. That is, when
the number of the acquired ultrasonic echo signals is less
than N, the aforementioned process is repeated in order to
additionally acquire the ultrasonic echo signals (operation
400). However, when the number of the acquired ultrasonic
echo signals is N or greater, the process enters the next stage.
[0092] Here, N is a natural number of 4 or more. It has
been described above that three values are needed to calcu-
late the 3D normal vector of the surface of the object. In
addition, when four or more ultrasonic echo signals are
acquired, three values need to be selected or averages need
to be calculated. Hereinafter, a method of correcting the
ultrasonic echo signals using averages of four or more
ultrasonic echo signals will be described.

[0093] N may be input by the user via the input unit 150
or may be selected via calculation of the apparatus.

[0094] When the number of the acquired ultrasonic echo
signals is N or greater, an average thereof is calculated to
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remove noise (operation 420). Since three equations may be
derived from Equation 1, three unit direction vectors in the
emission direction of the ultrasonic pulses and three ultra-
sonic echo signals may be respectively substituted thereinto.
Thus, by reducing four or more data into three values by
averaging, data close to the real values may be substituted
into Equation 1.

[0095] Thus, averages of the acquired ultrasonic echo
signals and the direction vectors in the emission direction of
the ultrasonic pulse are calculated. For example, the aver-
ages may be calculated using a least mean squares algo-
rithm. The least mean squares algorithm is well known in the
art, and thus a detailed description thereof will not be given.
[0096] The averages of the acquired ultrasonic echo sig-
nals and the direction vectors in the emission direction of the
ultrasonic pulse are substituted into Equation 2 so as to
calculate a normal vector of the surface of the object
(operation 430). Three averages of the ultrasonic echo
signals acquired according to the ultrasonic image process-
ing apparatus and the method thereof may be substituted
thereinto, or one average and two measured values may be
substituted thereinto.

[0097] The ultrasonic echo signals are corrected using the
normal vector of the surface of the object (operation 440).
When the angle between the normal vector and the emission
direction of the ultrasonic pulse is calculated and substituted
into the cosine function, the attenuation rate of the actual
reflected ultrasonic echo signals may be obtained. Thus, the
ultrasonic echo signals are corrected by calculating the
actual reflected ultrasonic echo signals based thereon and
replacing the acquired ultrasonic echo signals with the actual
reflected ultrasonic echo signals.

[0098] The corrected ultrasonic echo signals are converted
into ultrasonic image signals by the beamformer 103 (opera-
tion 450). When the converted ultrasonic image signals are
output to the screen through the display, a user may confirm
an ultrasonic image from which the effect, in which a virtual
light source is located in a direction from the ultrasonic
probe 110, is removed. Thus, an ultrasonic image of the
object with high realism may be output through the correc-
tion process.

[0099] According to the ultrasonic image processing appa-
ratus and the method thereof, errors caused by reflectivity
difference in accordance with the position of the probe may
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be reduced. Accordingly, a density closer to the intrinsic
density of the medium may be acquired using the same. As
a result, accuracy may be increased in ultrasonic diagnosis.
[0100] This may be efficiently applied to an ultrasonic
image output when the object is viewed in a particular
direction or 3D ultrasonic diagnosis through which cross-
sections of the object are reorganized and observed.
[0101] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exemplary
embodiments is intended to be illustrative, and not to limit
the scope of the claims, and many alternatives, modifica-
tions, and variations will be apparent to those skilled in the
art.
What is claimed is:
1. An ultrasonic imaging method comprising:
sequentially emitting by each transducer group of respec-
tive regions, into which a plurality of transducers of an
ultrasonic probe are divided, focused ultrasonic pulses
to a same focal point of an object;
sequentially acquiring, by each transducer group, ultra-
sonic echo signals reflected from the same focal point
of the object in correspondence to the sequentially
emitted ultrasonic pulses;
calculating, via a processor of an ultrasound apparatus, a
normal vector of a surface of the object using emission
directions of the focused ultrasonic pulses emitted by at
least three of the transducer groups and intensities of
the acquired ultrasonic echo signals in correspondence
to the focused ultrasonic pulses emitted by the at least
three of the transducer groups;
calculating, via the processot, an attenuation rate of the
acquired ultrasonic echo signals using the calculated
normal vector and the emission directions of the
focused ultrasonic pulses emitted by the at least three of
the transducer groups, and correcting the acquired
ultrasonic echo signals based on the attenuation rate;
beamforming the ultrasonic echo signals, an attenuation
of which has been corrected, into ultrasonic image
signals; and
outputting, on a display, the ultrasonic image signals as an
ultrasonic image.
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