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FIG. 2
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FIG. 6A
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FIG. 10
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METHOD AND APPARATUS FOR
GENERATING ULTRASOUND IMAGE
HAVING ENHANCED QUALITY

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0026814, filed on Mar. 6, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to a method and apparatus for generating an ultrasound
image having enhanced quality.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnostic apparatuses irradiate an
ultrasound signal, generated from a transducer of a probe,
onto an object and receive an echo signal reflected from the
object, thereby obtaining an image of an internal part of the
object. In particular, ultrasound diagnostic apparatuses are
used for medical purposes such as observing the inside of an
object, detecting a foreign material, and assessing an injury.
Ultrasound diagnostic apparatuses have higher stability than
diagnostic apparatuses using X-rays, display an image in real
time, and are safe because there is no exposure to radioactiv-
ity. Thus, they may be widely used along with other image
diagnostic apparatuses.

[0006] When a related art ultrasound diagnostic apparatus
is used, it is necessary to acquire an optimal ultrasound image
of a body part to be examined. The ultrasound image should
have appropriate sharpness for accurately analyzing the body
part. Thus, a user has to finely adjust an image parameter (for
example, a time gain compensation (TGC) parameter, a gain
parameter, a reject parameter, and a dynamic range (DR)
parameter) corresponding to the brightness and contrast of an
image to be displayed in order to acquire an optimal ultra-
sound image. The fine adjustment of the image parameter is
not automatically performed by the ultrasound diagnostic
apparatus but is manually performed by the user. That is,
when the related art ultrasound diagnostic apparatus is used,
the user should manually and finely adjust the image param-
eter through a complicated process in order to improve the
quality of a displayed ultrasound image. For this reason, a
diagnosis time increases.

SUMMARY

[0007] One or more embodiments of the present invention
comprises a method and apparatus for generating an ultra-
sound image having enhanced quality, whereby noise is
clearly distinguished from an ultrasound signal for an object
through a decompression operation that changes a size of a
the ultrasound signal according to an ultrasound response
signal and an acquired position on a scan line, thereby gen-
erating an ultrasound image having enhanced quality.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0009] According to one or more embodiments of the
present invention, a method of generating an ultrasound
image by changing a level of a signal on a scan line acquired
position and amplitude of an ultrasound response signal

Sep. 10, 2015

depending on an acquired position and amplitude of an ultra-
sound response signal comprises: acquiring a response signal
to an ultrasound wave transmitted to an object; changing a
level of the acquired response signal depending on a position
and an amplitude of the acquired response signal on a scan
line; performing logarithmic compression on the level-
changed response signal; and generating an ultrasound image
based on the compressed signal.

[0010] The changing of the level may be performed by
multiplying an amplitude of envelop data, included in the
response signal, by a decompression coefficient.

[0011] The decompression coefficient may be determined
based on at least one of a decompression value, a dynamic
range, a minimum detection level of ultrasound signal inten-
sity, and an amplitude of envelop data.

[0012] The decompression value may be determined
depending on a position of each pixel indicating the ultra-
sound image.

[0013] The decompression value may be preset according
to a predetermined reference, or may be set in real time
according to a user input.

[0014] The decompression coefficient may be determined
via the equation below:

DR DR .
a9 =1 0{(27R—jmm71)-(20-10g10(x(5,z)))+(l*ﬁFmV@J-Mtnu,z)}/ZO

where S denotes a scan line position value, z denotes a depth
position value, a(s, z) is a decompression coefficient at coor-
dinates (s, z), DR denotes a dynamic range, DV(s, z) denotes
a decompression value at coordinates (s, z), MIN(s, z)
denotes a minimum detection level of ultrasound signal
amplitude at coordinates (s, ), and x(s, z) denotes an ampli-
tude of envelop data at coordinates (s, z).

[0015] According to one or more embodiments of the
present invention, an apparatus for generating an ultrasound
image by changing a level of a signal on a scan line acquired
position and amplitude of an ultrasound response signal
depending on an acquired position and amplitude of an ultra-
sound response signal comprises: a signal acquiring unit that
acquires a response signal to an ultrasound wave transmitted
to an object; a signal level changing unit that changes a level
of the acquired response signal depending on a position and
an amplitude of the acquired response signal on a scan line; a
signal compressing unit that performs logarithmic compres-
sion on the level-changed response signal; and an ultrasound
image generating unit that generate an ultrasound image
based on the compressed signal.

[0016] The signal level changing unit may change the level
ofthe response signal by multiplying an amplitude of envelop
data included in the response signal by a decompression
coefficient.

[0017] The decompression coefficient may be determined
based on at least one of a decompression value, a dynamic
range, a minimum detection level of ultrasound signal inten-
sity, and an amplitude of envelop data.

[0018] The decompression value may be determined
depending on a position of each pixel indicating the ultra-
sound image.

[0019] The decompression value may be preset according
to a predetermined reference, or is set in real time according
to a user input.
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[0020] The decompression coefficient may be determined
via the equation below:

DR DR .
(s, 7) = 10DV 1 HRoB olls. {1~ p= gy ints ) 20

where S denotes a scan line position value, z denotes a depth
position value, a(s, 7) is a decompression coefficient at coor-
dinates (s, z), DR denotes a dynamic range, DV(s, z) denotes
a decompression value at coordinates (s, z), MIN(s, z)
denotes a minimum detection level of ultrasound signal
amplitude at coordinates (s, z) coordinates, and x(s, z)
denotes an amplitude of envelop data at coordinates (s, z).
[0021] According to one or more embodiments of the
present invention, provided is a non-transitory computer-
readable storage medium storing a program for executing the
above method in a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0023] FIG. 1A is a diagram illustrating an ultrasound
image generated in the related art;

[0024] FIG. 1B is a diagram illustrating an ultrasound sig-
nal generated by using an analog time gain compensation
(ATGC) method,

[0025] FIG.10isadiagram illustrating an ultrasound signal
generated by using a digital time gain compensation (DTGC)
method;

[0026] FIG. 1D is a diagram illustrating an ultrasound sig-
nal generated according to an embodiment of the present
invention;

[0027] FIG. 2 is a flowchart illustrating an ultrasound
image generating method according to an embodiment of the
present invention;

[0028] FIG. 3 is a conceptual diagram schematically illus-
trating an ultrasound image generating apparatus according
to an embodiment of the present invention;

[0029] FIG. 4 is a diagram for describing a signal level
changing unit according to an embodiment of the present
invention;

[0030] FIG. 5 is a diagram for describing a decompression
coefficient determining unit according to an embodiment of
the present invention;

[0031] FIGS. 6A and 6B are diagrams for describing an
influence of a change in a decompression value according to
an embodiment of the present invention;

[0032] FIGS. 7A and 7B are diagrams for describing a
method of generating an ultrasound image by changing a
decompression value according to an embodiment of the
present invention;

[0033] FIG. 8 is a diagram for describing a decompression
coefficient determining method according to an embodiment
of the present invention;

[0034] FIG. 9 is a diagram for describing a decompression
coefficient determining method according to another embodi-
ment of the present invention; and

[0035] FIG.101sablock diagram illustrating an ultrasound
image generating apparatus according to an embodiment of
the present invention.
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DETAILED DESCRIPTION

[0036] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. Expressions such as “at least one of,” when preceding a
list of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0037] The advantages, features, and aspects of the present
invention will become apparent from the following descrip-
tion of the embodiments with reference to the accompanying
drawings, which is set forth hereinafter. The present invention
may, however, be embodied in different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the present invention to those of ordinary skill in the
art. Like reference numerals refer to like elements through-
out.

[0038] In this disclosure below, when it is described that
one component comprises (or includes or has) some ele-
ments, it should be understood that the component may com-
prise (orinclude or has) only those elements or may comprise
(or include or have) other elements if there is no specific
limitation. The term “module”, as used herein, means, but is
not limited to, a software or hardware component, such as a
Field Programmable Gate Array (FPGA) or an Application
Specific Integrated Circuit (ASIC), which performs certain
tasks. A module may advantageously be configured to reside
in the addressable storage medium and configured to execute
on one or more processors. Thus, a module may include, by
way of example, components, such as software components,
object-oriented software components, class components and
task components, processes, functions, attributes, proce-
dures, subroutines, segments of program code, drivers, firm-
ware, microcode, circuitry, data, databases, data structures,
tables, arrays, and variables. The functionality provided for in
the components and modules may be combined into fewer
components and modules or further separated into additional
components and modules.

[0039] Exemplary embodiments of the present invention
capable of being easily embodied by those of ordinary skill in
the art will now be described in detail with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein. In the accompanying drawings, a portion irrelevant to
a description of the present invention will be omitted for
clarity.

[0040] Terms used in the present invention have been
selected as general terms which are widely used at present, in
consideration of the functions of the present invention, but
may be altered according to the intent of an operator of
ordinary skill in the art, conventional practice, or introduction
of new technology. Also, if there is a term which is arbitrarily
selected by the applicant in a specific case, a meaning of the
term will be described in detailin a corresponding description
portion of the present invention. Therefore, the terms should
be defined on the basis of the entire content of this specifica-
tion instead of a simple name of each of the terms.
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[0041] Terms used herein will be briefly described, and the
present invention will be described in detail.

[0042] Theterm “ultrasound image” used herein denotes an
image of an object acquired by using an ultrasound wave.
Also, the term “object” used herein may include a person, an
animal, a part of the person, or a part of the animal. For
example, an object may include an organ such as a liver, a
heart, a womb, a brain, breasts, an abdomen, or the like, or a
blood vessel. Also, the term “object” may include a phantom.
The phantom denotes a material having a volume that is very
close to a density and effective atomic number of an organ-
ism, and may be a spherical phantom having a characteristic
similar to a physical body.

[0043] Moreover, the term “user” used herein is a medical
expert, and may be a medical doctor, a nurse, a medical
technologist, a medical image expert, or the like, or may be an
engineer who repairs medical apparatuses. However, the user
is not limited thereto.

[0044] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0045] FIG. 1A is a diagram illustrating an ultrasound
image 100. Referring to FIG. 1A, a user’s region of interest
(ROI) 110 may be set in the ultrasound image 100. In the
ultrasound image 100, a vertex 120 of a fan-shaped area is a
portion where an ultrasound probe is located. At the vertex
120 of the ultrasound image 100, a depth with respect to the
ultrasound probe is 0, and the depth becomes deeper progres-
sively farther away from the vertex 120. A level of an ultra-
sound signal reflected at a faraway position from the vertex
120 is less than that of an ultrasound signal reflected at a
relatively close position from the vertex 120. An ultrasound
signal at a deeper depth is an ultrasound signal reflected from
a faraway position, and thus, a level ofthe ultrasound signal is
gradually reduced.

[0046] FIG. 1B is a diagram illustrating an ultrasound sig-
nal generated by using an analog time gain compensation
(ATGC) method. FIG. 1B is a graph 120 for comparing an
amplitude of an ultrasound output signal 130 based on a depth
in the user’s ROI 110 of the ultrasound image 100 of FIG. 1A.
Referring to the graph 120, the amplitude of the ultrasound
output signal 130 is reduced as a depth becomes deeper from
0. The amplitude of the ultrasound output signal 120 is clas-
sified into 256 levels from 0 to 255. A level O is a level where
the amplitude of the ultrasound output signal 120 is the low-
est, and a level 225 is a level where the amplitude of the
ultrasound output signal 120 is the highest. A dynamic range
(DR) 160 may include a level 0 to a level 255 for classifying
the 255 of the ultrasound output signal 120.

[0047] Noise 140 may include white noise which is gener-
ated in an ultrasound diagnostic apparatus. A signal-to-noise
ratio (SNR) 150 denotes a decibel count when signal power
exceeds noise power. The SNR 150 denotes an energy ratio of
asignal and noise. The SNR 150 of FIG. 1B denotes an energy
ratio of power of the ultrasound output signal 130 and power
of the noise 140. When a value of the SNR 150 is large, a level
of the ultrasound output signal 130 is higher than that of the
noise 140, and thus, the ultrasound output signal 130 1s clearly
distinguished. However, when the value of the SNR 150 is
small, it 1s difficult to distinguish the noise 140 and the ultra-
sound output signal 130. Therefore, an ultrasound image
generated based on the ultrasound output signal 130 is not
shown with proper sharpness. Since the amplitude of the
ultrasound output signal 130 is inversely proportional to
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depth, the amplitude of the ultrasound output signal 130 is
reduced as the depth increases. However, since noise genet-
ally occurs in an apparatus, there is approximately no corre-
lation between a depth of the ultrasound probe and the ampli-
tude of the noise. In a section where the depth is shallow, since
the amplitude of the ultrasound output signal 130 is large, the
SNR 150 is high, but as the depth increases, the SNR 150
becomes lower, and thus, it is not possible to distinguish the
ultrasound output signal 130 and the noise 140. Referring to
FIG. 1B, the ultrasound output signal 130 and the noise 140
are compensated for through an ATGC operation in order to
enlarge a portion where the ultrasound output signal 130 and
the noise 140 are not distinguished at a large depth. However,
as the depth increases, the SNR 150 is rapidly reduced, an
attenuation of the ultrasound output signal 130 exceeds a
compensation range based on the ATGC operation, and thus,
in a section where the depth is large (for example, a section in
which a sample value of the depth is 2,500 to 3,000 units), it
is difficult to distinguish the ultrasound output signal 130
because the amplitude of the ultrasound output signal 130 is
similar to that of the noise 140.

[0048] FIG. 1C is a diagram illustrating an ultrasound sig-
nal which is generated by using a digital time gain compen-
sation (DTGC) method. FIG. 1C is a graph 120 for comparing
an amplitude of an ultrasound output signal 132 based on a
depth in the user’s ROI 110 of the ultrasound image 100 of
FIG. 1A. Referring to FIG. 1C, the ultrasound output signal
132 and noise 142 are compensated for through a DTGC in
order to enlarge a portion where the ultrasound output signal
132 and the noise 142 are not distinguished at a large depth. A
degree of attenuation of the ultrasound output signal 132
which is obtained through the DTGC operation is reduced,
but all signals including the noise 142 are compensated for.
Therefore, a noise level also increases (as shown by 170), and
thus, a difference between the ultrasound output signal 132
and noise 142 is reduced.

[0049] FIG. 1D is a diagram illustrating an ultrasound sig-
nal generated according to an embodiment of the present
invention. FIG. 1D is a graph 120 that shows an amplitude of
an ultrasound output signal 134 based on a depth in the user’s
ROI 110 of the ultrasound image 100 of FIG. 1A. Referring to
the graph 120, the amplitude of the ultrasound output signal
134 is reduced as a depth increases from 0. Referring to FIG.
1D, an operation of changing a level of the ultrasound output
signal 134 may be performed for supplementing that it is
difficult to distinguish the ultrasound output signal 134 and
noise 144 as the depth increases. The level changing opera-
tion may be referred to as a decompression operation 180.
Comparing a signal obtained through the decompression
operation 180 of FIG. 1D with the signal 130 obtained
through the ATGC operation of FIG. 1B and the signal 132
obtained through the DTGC operation of FIG. 1C, it may be
seen that although the ultrasound output signal 134 becomes
deeper through the decompression operation 180, it is diffi-
cult to distinguish the noise 144 and the ultrasound output
signal 134 in a corresponding portion, and the amplitude of
the ultrasound output signal is large.

[0050] FIG. 10is ablock diagram illustrating an ultrasound
image generating apparatus 1000 according to an embodi-
ment of the present invention. The ultrasound image gener-
ating apparatus 1000 according to an embodiment of the
present invention may include a signal acquiring unit 1010, a
signal level changing unit 1020, a signal compressing unit
1030, and an ultrasound image generating unit 1040. Opera-
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tions of the components 1010, 1020, 1030 and 1040 of the
ultrasound image generating apparatus 1000 will be
described in detail with reference to FIG. 2.

[0051] FIG. 2 is a flowchart illustrating an ultrasound
image generating method according to an embodiment of the
present invention.

[0052] In operation S200, the signal acquiring unit 1010
may acquire a response signal to an ultrasound wave which is
transmitted to an object.

[0053] In operation S210, the signal level changing unit
1020 may change a level of the acquired response signal
depending on a position and an amplitude of the acquired
response signal on a scan line. The level of the response signal
may be changed by multiplying an amplitude of envelop data
included in the response signal by a decompression coeffi-
cient. The decompression coefficient may be determined
based on at least one of a decompression value “DV”, as
dynamic range “DR”, a minimum detection level “MIN(s, z)”
of ultrasound signal amplitude, and an amplitude of envelop
data. The decompression value “DR” and the minimum
detection level “MIN(s, z)” of the ultrasound signal ampli-
tude may be determined depending on a position of each pixel
indicating an ultrasound image. The decompression value
“DR” may be preset based on a predetermined reference, or
may be set in real time according to a user input. The decom-
pression value “DR” may be determined via the following
Equation (1):

DR DR\
ats. 2 = 101D B v Iosto s M1 g5 Wik 20 (1

where S denotes a scan line position value, z denotes a depth
position value, a(s, 7) is a decompression coefficient at coor-
dinates (s, z), DR denotes a dynamic range, DV(s, z) denotes
a decompression value at coordinates (s, z), MIN(s, z)
denotes a minimum detection level of ultrasound signal inten-
sity at coordinates (s, z) coordinates, and x(s, z) denotes an
amplitude of envelop data at coordinates (s, z).

[0054] Inoperation S220, the signal compressing unit 1030
may perform logarithmic compression on the level-changed
response signal. The ultrasound image generating apparatus
1000 may perform the logarithmic compression of the
response signal to convert the response signal into data which
1s used to generate an ultrasound image.

[0055] In operation S230, the ultrasound image generating
unit 1040 may generate the ultrasound image on the basis of
the compressed signal.

[0056] FIG. 3 is a conceptual diagram schematically illus-
trating an ultrasound image generating apparatus 1000
according to an embodiment of the present invention.

[0057] The ultrasound image generating apparatus 1000
according to an embodiment of the present invention may
include a probe 300, a signal converting unit 310, a beam-
former 340, a detection unit 350, a signal level changing unit
1020, a signal compressing unit 1030, a scan converting unit
380, and a display unit 390.

[0058] The probe 300 may transmit an ultrasound signal to
an object, and receive an echo signal reflected from the object.
The probe 300 may include a plurality of transducers, and
each of the plurality of transducers may vibrate according to
an electrical signal applied thereto to generate an ultrasound
wave that is sound energy. Also, the probe 300 may be wiredly
or wirelessly connected to a body of the ultrasound image
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generating apparatus 1000, which may include a plurality of
the probes 300 depending on an implementation type.
[0059] The signal converting unit 310 may logarithmically
amplify the echo signal, which is received by the probe 300
through a time gain compensation (TGC) unit 320, to enhance
an amplitude of the echo signal. The signal converting umit
310 may convert the echo signal, which is an analog signal,
into a digital signal by using an analog-to-digital converter
(ADC) 330.

[0060] Thebeamformer 340 may perform beamforming of
the echo signal. The beamforming denotes an operation of
electronically focusing an ultrasound wave. For example,
when focusing delay varies with time, the beamformer 340
may gradually move a focusing point for all points on a scan
line and focus the echo signal.

[0061] The detection unit 350 may detect and acquire the
beamformed echo signal by using an ultrasound sensor. In the
present specification, for convenience of description, the
acquired echo signal is a response signal.

[0062] The signal level changing unit 1020 may change a
level of the acquired response signal depending on a position
and an amplitude of the acquired response signal on the scan
line. The signal level changing unit 1020 may perform an
operation including the operation which has been described
above in operation S210 of F1G. 2.

[0063] The signal compressing unit 1030 may perform
logarithmic compression of the size-changed response signal.
The signal compressing unit 1030 may perform an operation
including the operation which has been described above in
operation S220 of F1G. 2.

[0064] The scan converting unit 380 may perform scan
conversion of the compressed response signal. The scan con-
version may be referred to as rasterization, and may include
an operation in which a graphics object to be displayed is
expressed as a set of discrete pixel values. The scan conver-
sion may include an operation in which the graphics object is
displayed as pixel information having a two-dimensional
(2D) matrix type having X and Y coordinate values. In the
present specification, the scan conversion may include an
operation of converting the compressed response signal into
an ultrasound image.

[0065] The display unit 390 may display the converted
ultrasound image.

[0066] FIG. 4 is a diagram for describing the signal level
changing unit 1020 according to an embodiment of the
present invention.

[0067] Referring to FIG. 4, amplitude of envelop data 400
may include the response signal which is acquired by using
the detection unit 350 of FIG. 3. In other words, the signal
level changing unit 1020 may receive the amplitude of
envelop data 400. The signal level changing unit 1020 may
include a decompression coefficient determining unit 410. In
the signal level changing unit 1020, the decompression coef-
ficient determining unit 410 may determine a decompression
coefficient 420 by using the received amplitude of envelop
data 400. The signal level changing unit 1020 may multiply
the received amplitude of envelop data 400 and the deter-
mined decompression coefficient 420 to output size-changed
data, for example, decompressed data 430.

[0068] FIG. 5 is a diagram for describing a decompression
coefficient determining unit 410 according to an embodiment
of the present invention.

[0069] Referring to FIG. 5, the decompression coefficient
determining unit 410 may be included in the signal level
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changing unit 1020 of FIG. 4. The decompression coefficient
determining unit 410 may receive a decompression value
“DV” 510, aa dynamic range “DR” 160, a minimum detection
level “MIN(s, z)” 520 of ultrasound signal intensity, and an
amplitude of envelop data “X(s, z)” 400 to determine a
decompression coefficient “a(s, z)”.

[0070] The decompression value 510 may include a value
indicating a degree of decompression which is performed a
scan line and a depth on the scan line. The dynamic range 160
denotes a range in which an ultrasound signal can be acquired
and is determined by using a compression curve. The mini-
mum detection level 520 of the ultrasound signal amplitude
may include a 0 level, which is the lowest level among all
levels of an ultrasound signal for classifying ultrasound sig-
nals. The amplitude of envelop data 400 may include a
response signal acquired by the detection unit 350. An
embodiment of a method of determining a decompression
coefficient will be described below with reference to FIG. 9.

[0071] FIGS. 6A and 6B are diagrams for describing an
influence of a change in a decompression value according to
an embodiment of the present invention.

[0072] Referring to FIG. 6A, the decompression value 510
may have different coordinate values depending on a scan line
and a depth on the scan line. For example, points P1 and P2
are points which have the same depth but have different scan
lines, and may have different decompression values “DV(Sn+
1,Zn)” 511 and “DV(Sn,Zn)” 512. Also, the point P2 and a
point P3 are points which have the same scan line but have
different depths, and may have different decompression val-
ues “DV(Sn,Zn)” 512 and “DV(Sn,Zn+1)” 513. The decom-
pression value 510 based on each scan line and a depth may be
presetaccording to a reference (for example, a higher decom-
pression value than a decompression value based on a differ-
ent depth is applied in a section where a sample value of a
depthis 1,500 to 2,000 units), and may be arbitrarily changed
by a user.

[0073] Referring to FIG. 6B, it may be seen that levels of a
plurality of the decompression values 510 differ
“DV1>DV2>DV3”. In a decompression curve 600 based on
the decompression values 510, it may be seen that as a decom-
pression value increases, a level of an output signal based on
a level of an input signal becomes higher.

[0074] FIGS. 7A and 7B are diagrams for describing a
method of generating an ultrasound image by changing a
decompression value according to an embodiment of the
present invention.

[0075] Referring to FIG. 7A, an ultrasound image may be
generated by changing a decompression value by using a
switch 700. The decompression value 510 may be preset
according to a predetermined reference, or may be set in real
time according to a user input. For example, a depth of the
ultrasound image may be divided into six sections so as to
change the decompression value, and the decompression
value 510 in each of the six sections may be set previously or
in real time. When a user moves six switches in each section
to the right by using the switch 700 or a virtual switch so as to
change the decompression value as illustrated in FIG. 7A, a
time gain value increases in a time gain compensation 702
section, and a decompression 704 value is fixed. Also, when
the user moves the six switches in each section to the right
above the time gain compensation section and a decompres-
sion region so as to change the decompression value, the time
gain compensation 702 is fixed to the maximum value, and
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since the decompression 704 increases, the decompression
value 510 may be set to a high value.

[0076] Theabove-described switch 700 may be included in
a control panel of an ultrasound diagnostic apparatus. Also,
the above-described virtual switch may be displayed as a
graphics user interface (GUI) on a display unit, and may be
manipulated by the user.

[0077] A relationship between a TGC gain 730 and a
decompression gain 740 will now be described for a received
response signal 710 and a noise level 720 with reference to
FIG. 7B.

[0078] The received response signal 710 may have lower
amplitude as a depth increases. The noise level 720 denotes an
amplitude of noise which occurs in an apparatus and may
have certain intensity irrespective of a depth. In the TGC gain
730, as a depth becomes deeper, a higher gain is given to the
received response signal 710, but in a certain depth or more,
a constant gain may be given to the received response signal
710. In the decompression gain 740, as a depth becomes
deeper, a higher gain may be given to the received response
signal 710, even in a case of a certain depth or more in which
aconstant gain is given in the TGC gain 730. Therefore, a user
compensates for the received response signal 710 by further
using the decompression gain 740 instead of using only the
TGC gain 730, and thus, it is easy to distinguish the received
response signal 710 from noise.

[0079] FIG. 8 is a diagram for describing a decompression
coefficient determining method according to an embodiment
of the present invention. FIG. 8 shows a compression curve,
and the ultrasound image generating apparatus 1000 may
calculate a dynamic range 160 and a minimum detection level
520 of ultrasound signal intensity by using information which
is shown in the compression curve. The ultrasound detection
range 160 may include a range in which the ultrasound image
generating apparatus 1000 is capable of acquiring an ultra-
sound signal. The ultrasound image generating apparatus
1000 may classify the ultrasound signal by level when acquir-
ing the ultrasound signal, and the minimum detection level
520 of the ultrasound signal intensity may include a 0 level
that is the lowest level. The ultrasound image generating
apparatus 1000 may use, as inputs of the decompression
coefficient determining unit 410, the ultrasound detection
range 160 and the minimum detection level 520 of the ultra-
sound signal intensity by using the compression curve.

[0080] FIG. 9 is a diagram for describing a decompression
coefficient determining method according to another embodi-
ment of the present invention.

[0081] FIG.9is adiagramillustrating an operation of deter-
mining a decompression coefficient by using input values
input to the decompression coefficient determining unit 410.
The decompression coefficient may be determined via Equa-
tion (1).

[0082] Referring to FIG. 9, the decompression coefficient
may be determined by using a relationship between f0(x) and
fI(x). Thus, the decompression coefficient is calculated by
using the following equations.

255 .
filx) = D_Rl +{20-log;ox - MIN(s, 2)}

255
folx) = D_Ro -{AO-loglox—MlN(s, 2}
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-continued
Jolax) = fi(x)
255 255
D_RO {20 -logj(a- x) — MIN(s, 2)} = D_Rl {20 log;px - MIN(s, 2)}
a5, 7) = 100 DD 1 C0lem1otatsi+{1- -y [ ins 20

[0083] where DR0-DR1 denotes DV(s, z), that is, a decom-
pression value, DR in the calculated decompression coeffi-
cient is equal to DR0. DR-DV(s, z) is DR0-DV(s, 7), and is
equal to DR1.

[0084] In the above equations, S denotes a scan line posi-
tion value, z denotes a depth position value, a(s, z) is a decom-
pression coefficient at coordinates (s, z), DR denotes an
dynamic range, DV(s, z) denotes a decompression value at
coordinates (s, z), MIN(s, z) denotes a minimum detection
level of ultrasound signal amplitude at coordinates (s, z), and
X(s, z) denotes an amplitude of envelop data at coordinates (s,
z).

[0085] FIG. 10 is a block diagram illustrating the ultra-
sound image generating apparatus 1000 according to an
embodiment of the present invention. The ultrasound image
generating apparatus 1000 according to an embodiment of the
present invention may include the signal acquiring unit 1010,
the signal level changing unit 1020, the signal compressing
unit 1030, and the ultrasound image generating unit 1040.
[0086] The signal acquiring unit 1010 may acquire a
response signal to an ultrasound wave which is transmitted to
an object. The signal acquiring unit 1010 may include the
probe 300, signal converting unit 310, beamformer 340, and
detection unit 350 of FIG. 3.

[0087] The signal level changing unit 1020 may change a
level of the acquired response signal depending on a position
and an amplitude of the acquired response signal on a scan
line. The signal level changing unit 1020 may be change the
level of the response signal multiplying an amplitude of
envelop data, included in the response signal, by a decom-
pression coefficient. The decompression coefficient may be
determined based on at least one of a decompression value
“DV”, a dynamic range “DR”, a minimum detection level
“MIN(s, z)” of ultrasound signal intensity, and an amplitude
of envelop data. The decompression value “DR” and the
minimum detection level “MIN(s, z)” of the ultrasound signal
intensity may be determined depending on a position of each
pixel indicating an ultrasound image. The decompression
value “DR” may be preset based on a predetermined refer-
ence, or may be set in real time according to a user input. The
decompression value “DR” may be determined as expressed
in the following Equation:

DR DR .
25,2 = 10{(mj)‘—/m—1]-(20-1og10(x(s,z);)+(1—DF:W(M) )Minis,2)}f20
> Z)

where S denotes a scan line position value, z denotes a depth
position value, a(s, z) is a decompression coefficient by (s, z)
coordinates, DR denotes a dynamic range, DV (s, z) denotes a
decompression value by (s, z) coordinates, MIN(s, z) denotes
a minimum detection level of ultrasound signal intensity by
(s, z) coordinates, and x(s, z) denotes an amplitude of envelop
data by (s, z) coordinates.

[0088] The signal compressing unit 1030 may perform
logarithmic compression of the size-changed response signal.
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[0089] The ultrasound image generating unit 1040 may
generate an ultrasound image on the basis of a compressed
signal. The ultrasound image generating unit 1040 may
include the scan converting unit 380 and display unit 390 of
FIG. 3. The scan converting unit 380 may generate the ultra-
sound image through a scan conversion operation. The dis-
play unit 390 may display the generated ultrasound image.
The ultrasound image may include a Doppler image which
expresses a moving object by using the Doppler effect, in
addition to a grayscale image which is acquired by scanning
an object in an amplitude (A) mode, a brightness (B) mode,
and a motion (M) mode. The Doppler image may include a
blood Doppler image (or called a color Doppler image) indi-
cating a flow of blood, a tissue Doppler image indicating a
motion of a tissue, and a spectral Doppler image that displays
a moving speed of the target object as a waveform.

[0090] The ultrasound image generating apparatus 1000
may extract a B mode component from ultrasound data, and
process the B mode component. The ultrasound image gen-
erating apparatus 1000 may generate an ultrasound image in
which intensity of a signal is expressed as brightness, based
on the extracted B mode component.

[0091] The ultrasound image generating apparatus 1000
may perform a volume rendering operation on volume data to
generate a three-dimensional (3D) ultrasound image, and
generate an elastic image in which a degree of change of an
object due to a pressure is expressed as an image. The ultra-
sound image generating apparatus 1000 may express, as a text
and graphics, various pieces of additional information on the
ultrasound image. The generated ultrasound image may be
stored in a memory.

[0092] The display unit 390 may display the generated
ultrasound image. The display unit 390 may display various
pieces of information associated with an ultrasound diagno-
sis, in addition to the ultrasound image, on a screen through a
graphics user interface (GUI). The ultrasound image gener-
ating apparatus 1000 may include two or more the display
units 390 depending on an implementation type.

[0093] The embodiments of the present invention may be
written as computer programs and may be implemented in
general-use digital computers that execute the programs
using a computer readable recording medium.

[0094] Examples of the computer readable recording
medium include magnetic storage media (e.g., ROM, floppy
disks, hard disks, etc.) and optical recording media (e.g.,
CD-ROMs, or DVDs).

[0095] Tt should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0096] While one or more embodiments of the present
invention have been described with reference to the figures, 1t
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. A method of generating an ultrasound image by chang-
ing a level of a signal on a scan line depending on an acquired
position and amplitude of an ultrasound response signal, the
method comprising:
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acquiring a response signal to an ultrasound wave trans-

mitted to an object;

changing a level of the acquired response signal depending

on a position and an amplitude of the acquired response
signal on a scan line;

performing logarithmic compression on the level-changed

response signal; and

generating an ultrasound image based on the compressed

signal.

2. The method of claim 1, wherein the changing of the level
is performed by multiplying an amplitude of envelop data
included in the response signal by a decompression coeffi-
cient.

3. The method of claim 2, wherein the decompression
coefficient is determined based on at least one of a decom-
pression value, a dynamic range, a minimum detection level
of ultrasound signal amplitude, and an amplitude of envelop
data.

4. The method of claim 3, wherein the decompression
value is determined depending on a position of each pixel
indicating the ultrasound image.

5. The method of claim 3, wherein the decompression
value is preset according to a predetermined reference or is set
in real time according to a user input.

6. The method of claim 2, wherein the decompression
coeflicient is determined via the equation below:

DR DR .
als, 2) = 100DF DYz~ Cosiotsa {1~ pp- g [ Mins.}/ 20

where S denotes a scan line position value, z denotes a
depth position value, a(s, z) is a decompression coeffi-
cient at coordinates (s, z), DR denotes a dynamic range,
DV(s, z) denotes a decompression value at coordinates
(s, z), MIN(s, z) denotes a minimum detection level of
ultrasound signal amplitude at coordinates (s, z), and
x(s, z) denotes an amplitude of envelop data at coordi-
nates (s, z).

7. An apparatus for generating an ultrasound image by

changing a level of a signal on a scan line depending on an
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acquired position and amplitude of an ultrasound response
signal, the apparatus comprising;

a signal acquiring unit that acquires a response signal to an
ultrasound wave transmitted to an object;

a signal level changing unit that changes a level of the
acquired response signal depending on a position and
amplitude of the acquired response signal on a scan line;

a signal compressing unit that performs logarithmic com-
pression on the level-changed response signal; and

an ultrasound image generating unit that generate an ultra-
sound image based on the compressed signal.

8. The apparatus of claim 7, wherein the signal level chang-
ing unit changes the level of the response signal by multiply-
ing an amplitude of envelop data included in the response
signal by a decompression coefficient.

9. The apparatus of claim 8, wherein the decompression
coefficient is determined based on at least one of a decom-
pression value, a dynamic range. a minimum detection level
of ultrasound signal amplitude, and an amplitude of envelop
data.

10. The apparatus of claim 9, wherein the decompression
value is determined depending on a position of each pixel
indicating the ultrasound image.

11. The apparatus of claim 9, wherein the decompression
value is preset according to a predetermined reference or is set
in real time according to a user input.

12. The apparatus of claim 8, wherein the decompression
coeflicient is determined via the equation below:

DR DR .
a(s, 2) = 100D DYz 0ostollsai+{1~ ppyrszy) Wints)/ 20

where S denotes a scan line position value, z denotes a
depth position value, a(s, z) is a decompression coeffi-
cient at coordinates (s, z), DR denotes a dynamic range,
DV(s, z) denotes a decompression value at coordinates
(s, z), MIN(s, z) denotes a minimum detection level of
ultrasound signal intensity at coordinates (s, z), and x(s,
z) denotes an amplitude of envelop data at coordinates

(s, 2).
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