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ULTRASOUND OPTIMIZATION METHOD
AND ULTRASONIC MEDICAL DEVICE
THEREFOR

TECHNICAL FIELD

[0001] Some embodiments of the present disclosure relate
to an ultrasonic optimization method and an ultrasonic medi-
cal apparatus therefor. More particularly, some embodiments
of the present disclosure relate to an ultrasonic optimization
method and an ultrasonic medical apparatus therefor, which
identify subject (human body) features by analyzing an echo
signal corresponding to an impulse transmitted to a target
subject, and optimize a transmit parameter of an ultrasound or
compensate for a receive parameter according to the subject
(human body) features.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to some embodiments of the
present disclosure and do not necessarily constitute prior art.
[0003] An ultrasonic apparatus has non-invasive and non-
destructive features and thus is widely used in the medical
field for obtaining information on the inside of a subject. With
the ultrasonic apparatus, a high resolution image of the inside
of a subject can be provided in real time without performing
a direct surgical incision of the subject for observation. Such
an ultrasonic apparatus transmits an ultrasound to the subject
and receives an echo signal from the subject to form an
ultrasound image of the subject.

[0004] Different subject (human body) features inevitably
lead to deviations in the ultrasound image which is difficult to
be optimized to various human body features. In order to
optimize the ultrasound image, an operator needs to directly
adjust or manually input image parameters.

DISCLOSURE

Technical Problem

[0005] Therefore, some embodiments ofthe present disclo-
sure provide an ultrasonic optimization method and an ultra-
sonic medical apparatus therefor, which is capable of identi-
fying subject (human body) features by analyzing an echo
signal corresponding to an impulse transmitted to a subject,
and optimize a transmit parameter of an ultrasound or com-
pensate for a receive parameter according to the subject (hu-
man body) features.

SUMMARY

[0006] In accordance with some embodiments of the
present disclosure, an ultrasonic medical apparatus includes
an impulse generator, a transducer, an analyzer and an opti-
mizer. The impulse generator is configured to generate an
impulse. The transducer is configured to transmit the impulse
to asubjectand receive a first echo signal reflected in response
to the impulse. The analyzer is configured to generate a sub-
ject attribute or a subject feature information by using fre-
quency characteristics of the first echo signal and generate an
analysis result data by comparing the subject feature infor-
mation with a default value. The optimizer is configured to
optimize, based on the analysis result data, at least one trans-
mit parameter of an ultrasound to be transmitted to the sub-
ject, or compensate, based on the analysis result data, for at

Mar. 17, 2016

least one receive parameter of a second echo signal received
in response to the ultrasound from the subject.

[0007] Further, in accordance with some embodiments of
the present disclosure, an ultrasonic medical apparatus
includes an impulse generator, a transducer, an analyzer, a
signal processor, a transmitter and a scan converter. The
impulse generator is configured to generate an impulse. The
transducer is configured to transmit the impulse to a subject
and receive a first echo signal reflected in response to the
impulse. The analyzer is configured to identify resonance
frequency characteristics of at least one transducer element
based on the first echo signal. The signal processor is config-
ured to generate an arbitrary waveform reflecting the reso-
nance frequency characteristics and generate a normalized
signal by normalizing the arbitrary waveform. The transmit-
ter is configured to generate an ultrasound based on the nor-
malized signal. The scan converter is configured to convert a
second echo signal received in response to the ultrasound
from the subject into an image data for display and to render
the image data to be displayed on a display unit.

[0008] Further, in accordance with some embodiments of
the present disclosure, an ultrasonic optimization method
performed by an ultrasonic medical apparatus includes
[0009] generating an impulse,

[0010] transmitting the impulse to a subject and receiving a
first echo signal reflected in response to the impulse,

[0011] performing an analysis, including generating a sub-
ject attribute or feature information by using frequency char-
acteristics of the first echo signal, and generating an analysis
result data by comparing the subject feature information with
a default value, and

[0012] performing an optimization, including optimizing,
based on the analysis result data, at least one transmit param-
eter of an ultrasound to be transmitted to the subject, or
compensating, based on the analysis result data, for at least
one receive parameter of a second echo signal received in
response to the ultrasound from the subject.

[0013] Further, in accordance with some embodiments of
the present disclosure, an ultrasonic optimization method
performed by an ultrasonic medical apparatus includes
[0014] generating an impulse,

[0015] transmitting the impulse to a subject and receiving a
first echo signal reflected in response to the impulse,

[0016] performing an analysis, including identifying reso-
nance frequency characteristics of at least one transducer
element based on the first echo signal,

[0017] performing a signal processing, including generat-
ing an arbitrary waveform reflecting the resonance frequency
characteristics, and generating a normalized signal by nor-
malizing the arbitrary waveform,

[0018] generating an ultrasound based on the normalized

signal, and

[0019] transmitting the ultrasound to the subject.
Advantageous Effects

[0020] Atleast one embodiment ofthe present disclosure as

described above, can identify subject (human body) features
by analyzing an echo signal corresponding to an impulse
transmitted to the subject, and it can optimize a transmit
parameter of an ultrasound or compensate for a receive
parameter according to the subject (human body) features. In
other words, without an operator’s direct adjustment of an
image parameter or manual input of a parameter with a view
to optimizing an ultrasound image, the ultrasound can be
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optimized in accordance with human body features by ana-
lyzing an echo signal corresponding to the impulse.

[0021] Moreover, at least one embodiment of the present
disclosure as described above can optimize an ultrasound
image by adjusting a parameter of a transmitted ultrasound or
a received reflection signal depending on the subject (human
body) features instead of adjusting a parameter value for an
image. More specifically, some embodiments of the present
disclosure optimize the formed image by adjusting the trans-
mit parameter of the ultrasound transmitted to the subject or
compensates for the receive parameter of the reflected signal
corresponding to the ultrasound. In addition, at least one
embodiment of the present disclosure as described above can
prevent a deviation in the ultrasound image due to different
subject (human body) features.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG.11isa schematic block diagram of an ultrasonic
medical apparatus according to a first apparatus embodiment
of the present disclosure.

[0023] FIG. 2 is a schematic block diagram of a signal
processor of an ultrasonic medical apparatus according to a
second apparatus embodiment of the present disclosure.
[0024] FIG. 3 is a flowchart of an ultrasonic optimization
method utilizing subject (human body) features according to
a first method embodiment of the present disclosure.

[0025] FIG. 4 is a flowchart of an ultrasonic optimization
method utilizing resonance frequency characteristics accord-
ing to a second method embodiment of the present disclosure.
[0026] FIGS. 5A and 5B are diagrams of a method for
obtaining subject (human body) features or resonance fre-
quency characteristics by using an impulse according to the
first and second method embodiments of the present disclo-
sure.

[0027] FIG. 6is a diagram of a transmit pulser for obtaining
realtime images by using a resonance frequency according to
the second method embodiment of the present disclosure.
[0028] FIG. 7 is a diagram of a signal processing process
for generating an arbitrary waveform for a frequency dis-
placement according to the second method embodiment of
the present disclosure.

[0029] FIG. 8 is a diagram of a process for optimizing a
transmit parameter or compensating for a receive parameter
by utilizing the subject (human body) features according to
the first method embodiment of the present disclosure.
[0030] FIG.91isa diagram of a system according to the first
method embodiment of the subject (human body) features.
[0031]

REFERENCE NUMERALS

110: transducer

130: impulse generator

134: receiver

150: analog-digital converter
164: optimizer

180: scan converter

100: ultrasonic medical apparatus
120: transmission/reception switch
132: transmitter

140: beamformer

162: analyzer

170: signal processor

190: display unit

DETAILED DESCRIPTION

[0032] Hereinafter, the first and second apparatus embodi-
ments of the present disclosure will be described in detail with
reference to the accompanying drawings.
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[0033] FIG. 1isaschematic block diagram of an ultrasonic
medical apparatus according to a first embodiment of the
present disclosure.

[0034] According to the first apparatus embodiment, an
ultrasonic medical apparatus 100 includes a transducer 110, a
transmission/reception switch 120, an impulse generator 130,
atransmitter 132, a receiver 134, a beamformer 140, an ana-
log-digital converter 150, an analyzer 162, an optimizer 164,
asignal processor 170, a scan converter 180 and a display unit
190. In the present embodiment, the ultrasonic medical appa-
ratus 100 is described to include only the transducer 110,
transmission/reception switch 120, impulse generator 130,
transmitter 132, receiver 134, beamformer 140, analog-digi-
tal converter 150, analyzer 162, optimizer 164, signal proces-
sor 170, scan converter 180 and display unit 190, but is not
necessarily limited thereto. Alternatively, various modifica-
tions, additions, and substitutions to constituent elements
included in the ultrasonic medical apparatus 100 are possible,
without departing from the gist and the nature of the first
embodiment of the present disclosure.

[0035] The transducer 110 converts an electric analog sig-
nal into an ultrasound, transmits the ultrasound to a subject,
and receives a signal reflected at the subject (hereinafter,
referred to as an echo signal), and converts the echo signal
into an electric analog signal. In general, the transducer 110
includes a plurality of transducer elements coupled to each
other. The transducer 110 converts an acoustic energy into an
electric signal, and vice versa. In some embodiments, the
transducer 110 includes a transducer array, transmits the
ultrasound to the subject by using transducer elements in the
transducer array, and receives an echo signal from the subject.
[0036] The transducer 110 may include a plurality of (e.g.,
128) transducer elements, and generates an ultrasound in
response to a voltage applied from the transmitter 132. In this
case, part of the transducer elements may be used to transmit
the ultrasound. For example, when the transducer 110
includes 128 transducer elements, only 64 transducer ele-
ments may involve in the transmission of an ultrasound to
form one transmit scanline. The transducer 110 can be used
for both transmission and reception. The transducer 110 can
be implemented with a plurality of 1D (dimension), 1.25 D,
1.5D, 1.75 D or 2D transducer arrays.

[0037] The transducer 110 according to the first embodi-
ment transmits an impulse to a subject (or a ROI, region of
interest of the subject) selected by an operator, and receives a
first echo signal corresponding to an impulse from the sub-
ject. In this case, the transducer 110 transmits the impulse to
the subject when the operator inputs a command to transmit
an impulse. Further, the transducer 110 transmits an ultra-
sound to the subject (or the ROI of the subject) selected by the
operator, and receives a second echo signal corresponding to
the ultrasound from the subject.

[0038] Further, the transducer 110 transmits an ultrasound
focused by appropriately delaying the input times of pulses to
the respective transducer elements under the control of the
beamformer 140, to the subject along the transmit scanline.
The second echo signal reflected from the subject in response
to the ultrasound is fed to the transducer 110 at a different
reception time, and the transducer 110 outputs the second
echo signal to the beamformer 140.

[0039] The transmission/reception switch 120 serves to
switch connections to/from the transmitter 132 and the
receiver 134 so that the transducer 110 may alternately per-
form transmission and reception. In addition, the transmis-
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sion/reception switch 120 serves to prevent a voltage output-
ted from the transmitter 132 from affecting the receiver 134.
[0040] The impulse generator 130 generates an impulse
and transmits it to the transmitter 132 or directly applies the
impulse to the transducer 110 under control of the transmis-
sion/reception switch 120 so that the impulse is output from
each of the transducer elements of the transducer 110. Here,
the impulse refers to a voltage or a current or a shock wave
having a large amplitude within an extremely short time. The
impulse generator 130 is illustrated at a location for connec-
tion with the transmission/reception switch 120 or the trans-
mitter 132, but is not necessarily limited thereto. Rather, the
impulse generator 130 may be provided to be connected to
another module within the ultrasonic medical apparatus 100.
[0041] The transmitter 132 includes a pulser which gener-
ates a pulse and applies it to the transducer 100. For example,
the transmitter 132 applies a voltage pulse to the transducer
110, so that each transducer element of the transducer 110
outputs an ultrasound. Further, the transmitter 132 according
to the first embodiment applies the impulse generated by the
impulse generator 130 to the transducer 110, and all or part of
the transducer elements of the transducer 110 outputs the
impulse. The receiver 134 receives the returning first echo
signal after the impulse outputted from each transducer ele-
ment of the transducer 110 is reflected from the subject,
processes the received first echo signal through at least ampli-
fication, aliasing phenomenon and noise component elimina-
tion, and correction of attenuation occurring while the
impulse passes through a body, and transmits the processed
signal to the analog-digital converter 150. Further, the
receiver 134 receives the returning second echo signal after
the ultrasound outputted from each transducer element of the
transducer 110 is reflected from the subject, processes the
received second echo signal through at least amplification,
aliasing phenomenon and noise component elimination, and
correction of attenuation occurring while the ultrasound
passes through a body, and transmits the processed signal to
the analog-digital converter 150.

[0042] The beamformer 140 appropriately delays electric
signals for the transducer 110, to convert the electric signals
into an electric signal suitable for each transducer element.
Further, the beamformer 140 delays or sums the electric sig-
nals converted by respective transducer elements, to calculate
an output value of the corresponding transducer element. The
beamformer 140 includes a transmit beamformer, a receive
beamformer and a beamforming unit 146. Here, the transmit
beamformer is represented in FIG. 1 by a transmit focusing
delaying unit 142, and the receive beamformer is represented
by a receive focusing delaying unit 144. Further, the beam-
former 140 generates a delay time required to focus the ultra-
sound on the subject, and then generates a combined signal by
combining digital signals to which the delay time is applied.
[0043] The transmit focusing delaying unit 142 adds an
appropriate delay to each electric digital signal in consider-
ation of the time to reach each transducer element from the
subject to be diagnosed. That is, when the transducer 110
includes a transducer array, the transmit focusing delaying
unit 142 adjusts the beam and electronically focuses the
beam. The transducer array is supposed to electronically
focus the beam according to different depths, while the trans-
mit focusing delay unit 142 focuses the beam on the trans-
mission side by successively applying a pulse delay time to
each of the transducer elements of the transducer array. Con-
sequently, the transmit focusing delaying unit 142 adjusts the
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direction of the beam with respect to the transducer array that
1s electronically scanned. The receive focusing delaying umt
144 generates a delay time required to focus the digital signal
converted by the analog-digital converter 150 or to perform a
beamforming. That is, the receive focusing delaying unit 144
provides a time delay for focusing the echo signal received
from the transducer 110, and adjusts a dynamic focusing of
the echo signal.

[0044] Thebeamforming unit 146 forms a receive focusing
signal by summing the electrical digital signals converted by
the analog-to-digital converter 150. The beamforming unit
146 combines the digitized signals into a single signal. At this
time, echo signals having the same phase are coupled by the
beamforming unit 146, and after being subject to various
signal processing methods by the signal processing unit 170,
outputted by the display unit 190 via the scan converter 180.
The beamforming unit 146 applies different amounts of delay
(that depend on where the receive focusing is desired) to the
signals received from the analog-to-digital converter 150, and
performs the dynamic focusing by combining delayed sig-
nals. That is, the beamforming unit 146 combines the echo
signals respectively received from the transducer elements
into a single signal for a subsequent signal processing. The
beamforming unit 146 generates a combined signal upon
combining the echo signals received from the transducer ele-
ments, in order to form a single echo signal for each reflecting
member (subject). The combined signal generated in this
manner is transmitted from the beamforming unit 146 to the
signal processor 170, and finally transmitted to a digitizing
device that converts the combined signal into a digital signal
for image data storage.

[0045] The analog-digital converter 150 converts an analog
echo signal into a digital signal and then transmits the digital
signal to the beamforming unit 146. The echo signal as
received by the analog-to-digital converter 150 from the
transducer 110 takes the form of analogue signal that is rep-
resented by a continuous voltage signal. In this case, the
analog signal needs to be converted to a digital signal prior to
being processed by the scan converter 180. Therefore, the
analog-to-digital converter 150 converts the analog form of
echo signal into a combination of Os and 1s. The digitized
binary signal from the analog-to-digital converter 150 goes
through the signal processor 170 and is stored in the memory
of the scan converter 180. Further, the analog-digital con-
verter 150 converts the first echo signal or the second echo
signal into the digital signal.

[0046] The analyzer 162 generates a subject attribute or a
subject feature information by using frequency characteris-
tics of the first echo signal received in response to the impulse,
and then generates an analysis result data by comparing the
subject feature information with a default value. In this case,
the default value is a kind of reference value and may be set to
acumulative average of different corresponding feature infor-
mation, an experimentally determined optimum value or an
ideal value. Here, the subject feature information includes a
plurality of pieces of coefficient information, which will be
described in detail below. That is, the analyzer 162 identifies
an information on one or more from among a reflection coef-
ficient, a transmission coefficient, an acoustic impedance, a
scattering coefficient, an attenuation coefficient, a modulus of
elasticity, and a temperature coefficient by using the fre-
quency characteristics of the first echo signal, and recognizes
the information as the subject feature information.
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[0047] The analyzer 162 transmits to the optimizer 164 the
information (analysis result data) needed for the optimizer
164 to optimize the transmit parameter or compensate for the
receive parameter. The analyzer 162 calculates an amount of
attenuation in the subject based on the attenuation coefficient
(o), an ultrasound propagation distance (d) and an ultrasound
frequency, calculates a speed of sound (¢) in a medium based
on the density (p) and the stiffness (B) of the medium, and
calculates the reflection coefficient (R) based on a ratio of a
reflected sound pressure amplitude (P,) and an incident sound
pressure amplitude (P,). The attenuation coefficient o, ultra-
sound propagation distance d, frequency. attenuation amount,
medium density p, stiffness B, speed of sound ¢, sound pres-
sure amplitude P,, sound pressure amplitude P, and reflection
coefficient (R) may be transmitted to the optimizer 164 by the
analyzer 162 as the information (analysis result data) for
determining whether to optimize the transmit parameter or to
compensate for the receive parameter.

[0048] In line with this, an operation of the analyzer 162
will now be described below.

[0049] By measuring ultrasound propagation distance d,
the analyzer 162 may calculate attenuation coefficients o for
respective bodily tissues using [ Equation 1], and calculate the
attenuation amount. The analyzer 162 may calculate the
amount of the attenuation of the impulse passing through the
thickness of a tissue of the subject (human body) by multi-
plying the attenuation coefficient (dB/cm) by the ultrasound
propagation distance (cm).

Attenuation amount [dB] = Equation 1

attenuation coefficient [dB/(cm MHz)] X ultrasound

propagation distance [cm] X frequency [MHz]

[0050] The impulse is attenuated within the tissue of the
subject. The amplitude or intensity of the impulse passing
through the tissue of the subject is decreased depending on its
propagation distance. The attenuation is typically represented
by even more decreasing amplitudes in proportion to increas-
ing propagation distances.

[0051] The attenuation is caused by refraction, scattering,
or absorption on a boundary surface of the tissue of the
subject. The refraction and the scattering of the impulse
within the tissue of the subject cause the attenuation, and
refraction at a specific location (e.g., tumor tissue or the like)
may be responsible for an ultrasound loss. However, when the
subject is a large organ, the refraction and the scattering do
not seemingly exercise a profound impact, but contribute to
the overall attenuation. Further, acoustic energy is converted
into thermal energy by absorption that causes the attenuation
within the tissue of the subject (human body). The acoustic
energy means a loss.

[0052] The attenuation coefficient within the subject (hu-
man body) is typically represented by ‘dB/cm’. In this case,
the impulse needs to reciprocate between reflectors, and
therefore it moves a distance corresponding to two times the
interval between the reflectors. When the reflectors are equal
(i.e., have the same magnitude, the same direction, and the
same reflection coefficient), their echo signals have the same
signal magnitude. The attenuation coefficient of the tissue
represented by ‘dB/cm’ is obtained by quantifying the change
in signal magnitude.
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[0053] The tissue of the subject (human body) may be one
of soft tissues, for which tests have been conducted with
respective attenuation coefficients, to exhibit the following
reflection coefficients of tissues: water ‘0.0002 dB/cm’, blood
‘0.18 dB/cm’, liver ‘0.5 dB/cm’, and muscle ‘1.2 dB/cm’. The
reflection coefficients were measured at the frequency of 1
MHz. At this frequency, the attenuation coefficient of the
water is very low, the attenuation coefficient of a multiorgan
parenchyma (such as liver) is moderate, and the attenuation
coefficient of the muscle is slightly high. In the meantime, the
attenuation coefficient in the soft tissue has a value between
0.5 dB/cm and 1 dB/cm at the frequency of 1 MHz.

[0054] Theattenuation in the soft tissue is closely related to
the frequency of the ultrasound. In most cases, the attenuation
is substantially proportional to the frequency. Accordingly,
when the attenuation coefficient of the tissue at the frequency
of 1 MHz is given and the frequency becomes 2 MHz, the
attenuation coefficient is also doubled. When the frequency is
5 MHz, the attenuation coefficient quintuples. As the fre-
quency is increased, the attenuation is increased, so that the
depth of penetration of the ultrasound into the tissue becomes
shallow. That is, when an image is acquired by using the
highest ultrasound frequency, the best spatial resolution is
obtained.

[0055] Moreover, the analyzer 162 may determine a rate of
change in volume (V) when a pressure is applied to the
subject (human body) by using Equation 2 and Equation 3
below, thereby determining the stiffness B.

Equation 2

c= E [m/s]

Ay

[0056] (c: speed of sound, B: stiffness, p: density of
medium)
B VBP_ opP N/ Equation 3
= Vv =r3, [N/m"]
[0057] (B: stiffness, p: density of medium, P: power, V:

volume, a: attenuation coefficient)

[0058] That is, the analyzer 162 may determine varying
densities p according to the subject (human body) when ana-
lyzing the first echo signal of the impulse corresponding to
that would be transmitted by the transducer 110, by the same
distance of the transducer 110 from the same subject and at
the same position and pressure condition thereof.

[0059] Further, the analyzer 162 may determine the reflec-
tion coefficient R by using Equation 4 below, and determines
an acoustic impedance Z of the subject (e.g., human body) by
using the reflection coefficient R.

e P %7
- P _ZQ+ZI

Equation 4

[0060] (R: reflection coefficient, P,: incident sound pres-
sure amplitude, P : reflected sound pressure amplitude, Z:
impedance wherein 7, is the acoustic impedance of an adja-
cent first medium (proximal medium) and Z, is the acoustic
impedance of a second medium (interfacial medium))
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[0061] Thatis, after identifying the acoustic impedance, the
analyzer 162 may predict scattering of an ultrasound transmit
(Tx) signal, and thereafter predicts a noise component. The
information may be used when the optimizer 164 compen-
sates for the receive parameter. After the analyzer 162 ana-
lyzes the first echo signal corresponding to the impulse trans-
mitted to the subject, a frequency characteristic and a pulse
shape are changed by the attenuation and the impedance
depending on the frequency, and an ultrasound transmission
velocity varies for respective frequencies. In this case, when
the component has a higher frequency, the transmission
velocity is higher, so that the analyzer 162 may determine the
rate of change according to the subject (human body) at the
ultrasound velocity of the boundary surface according to the
tissue of the subject.

[0062] Further, the analyzer 162 identifies a subject feature
information based on a center frequency and a frequency
displacement of the first echo signal received in response to
the impulse. The analyzer 162 obtains an acoustic impedance
information based on a time axis to predict a non-linear com-
ponent of the subject. The analyzer 162 generates an analysis
result data which includes a super default value information
indicating that a coefficient is larger than the default value or
a sub-default value information indicating that the coefficient
is equal to or smaller than the default value by comparing a
plurality of coefficients included in the first echo signal
respectively with the default value.

[0063] The optimizer 164 optimizes the transmit (Tx)
parameter of the ultrasound to be transmitted to the subject or
compensates for the receive (Rx) parameter of the second
echo signal received in response to the ultrasound from the
subject based on the analysis result data received from the
analyzer 162. That is, the optimizer 164 calculates an added
score by assigning a weight to each of the coefficients (the
reflection coefficient, the transmission coefficient, the acous-
tic impedance, the scattering coefficient, the attenuation coef-
ficient, the modulus of elasticity, the temperature coefficient,
and the like) included in the analysis result data received from
the analyzer 162, and adjusts the transmit parameter or the
receive parameter according to the added score. For example,
the optimizer 164 applies a predetermined weight to each of
the coefficients (the reflection coefficient, the transmission
coefficient, the acoustic impedance, the scattering coefficient,
the attenuation coefficient, the modulus of elasticity, the tem-
perature coefficient, and the like) included in the analysis
result data, calculates an added score by adding all the coef-
ficients each of which the weight is applied to, and then
adjusts the transmit parameter or the receive parameter under
a condition corresponding to the added score. In addition, the
optimizer 164 adjusts the transmit parameter or the receive
parameter corresponding to the super default value informa-
tion of the coefficient information included in the analysis
result data to be reduced by the weight or adjusts the transmit
parameter or the receive parameter corresponding to the sub-
default value information of the coefficient information to be
increased by the weight.

[0064] The transmit parameter optimized by the optimizer
164 is as follows. The optimizer 164 adjusts one or more of
the transmit parameters from among an apodization param-
eter differently setting a size of each transducer element
depending on a focal point, a transmit burst parameter deter-
mining the number of times of transmitting the ultrasound, a
transmit frequency selection parameter selecting a center fre-
quency of a transmit (Tx) waveform, and an aperture com-
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pounding parameter allowing realtime images to be displayed
by differently setting a ratio of the received signal according
to each time difference frame based on the analysis result
data.

[0065] Further, the receive parameter compensated by the
optimizer 164 is as follows. The optimizer 164 adjusts one or
more of the receive parameters from among a signal size
changing parameter changing a size of the received signal
based on a time axis, a filter selection parameter selecting a
filter (e.g., a low pass filter (LPF), a high pass filter (HPF))
required for image processing, an image setting parameter
setting an image data according to the subject, and a receive
frequency selection parameter selecting a center frequency of
a receive (Rx) waveform based on the analysis result data.
[0066] The signal processor 170 converts the echo signals
of receive scanlines, focused by the beamforming unit 146 to
baseband signals, detects an envelope by using a quadrature
demodulator to obtain data for a single scanline. Furthermore,
signal processor 170 performs the A/D conversion of the data
generated by the beamformer 140 into a digital signal.
[0067] Thescan converter 180 records the data obtained by
the signal processor 170 into memory, directs the data scan-
ning to match the pixel direction of the display unit 190 (i.e.,
monitor), and maps the corresponding data to the pixel posi-
tions on the display unit 190. The scan converter 180 converts
the ultrasound image data into a data format for use in the
display unit 190 having a predetermined scanline display
format.

[0068] Theprimary role ofthe scan converter 180 is to store
temporary ultrasound image data. The scan converter 180
receives an echo signal from the transducer 110, and then
stores the echo signal received in the internal memory (i.e.,
storage device). Then, the scan converter 180 converts the
echo signal into image data and outputs the same on the
display unit 190. In this case, image data may be converted
into B-mode image data as well as M-mode image data,
Doppler mode image data and color flow mode image data. If
the scan converter 180 is not in the stop mode, the echo signal
stored in the internal memory is constantly updated to be new
information. Here, the converted image data is output to the
display unit 190 as the same data is updated in real time. On
the other hand, in the stop mode, the scanning operation is
stopped, and the scan converter 180 performs only the output
function. The scan conversion of the scan converter 180 is
required because the format of the image acquisition is dif-
ferent from that of its reconstruction, and the ultrasound
image data is output on the display unit 190. In this case, the
echo signals reach the scan converter 180 along the respective
scanlines. In addition, the memory of the scan converter 180
takes a buffer role between different data formats while writ-
ing and reading the data. The scan converter 180 receives the
echo signal at the information format and the speed of the
transducer 110. The scan converter 180 records the echo
signal as a unit of image data in the memory. The image data
is read from the memory by the scan converter 180 for display
on the display unit 190 or monitor and is processed to con-
form to the horizontal image scanning by the display unit 190.
[0069] The memory of the scan converter 180 can be rec-
ognized as a matrix of elements, each made up of multi-bit
storage units with respect to the ultrasound image data
received from a preset position. Here, the digitized element is
referred to as a pixel. That is, the memory of the scan con-
verter 180 is a matrix of such pixels. Ultrasound image data
that is output on the display unit 190 is actually present in the
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memory of the scan converter 180, in a matrix form of digital
numbers. During a probing operation, the echo signal is
inserted in the pixel position (address) depending on the
location of the object. In order to calculate the exact pixel
addresses, the scan converter 180 uses the delay time of the
echo signal and beam coordinates of the transducer 110.
[0070] At this time, to present the value of the echo signal
on the position of each pixel, the scan converter 180 operates
on at least eight bits. An 8-bit has 256 amplitude levels at each
position. Such memory of the scan converter 180 is constantly
updated with new echo signal information as the ultrasonic
beam proceeds to the ROI. Meanwhile, the image stop func-
tion of the scan converter 180 enables the echo signal to be
stored in the memory for not only image recording but also
photo or other digital information storage. The memory of the
scan converter 180 provides its output by transmitting the
values of the pixels to the digital-analog converter (DAC) for
supplying the necessary signals to adjust the level of bright-
ness of the display unit 190.

[0071] The display unit 190 outputs the ultrasound image
data generated by the scan converter 180. Ultrasound image
data described in some embodiments includes a B-mode
image and a C-mode image. The B-mode image is a grayscale
image in an image mode for displaying a motion of a target
object, and the C-mode image is an image in a color flow
image mode. A BC-mode image is an image in an image
mode for displaying a blood flow or a motion of the target
object by using a Doppler effect, which simultaneously pro-
vides the B-mode image and the C-mode image to provide
anatomic information together with the blood flow and the
motion of the target object. That is, the B-mode is a grayscale
image mode for displaying the motion of the target object, and
the C-mode is a color flow image mode for displaying the
blood flow or the motion of the target object. An ultrasound
medical apparatus 100 according to some embodiments is
capable of simultaneously providing a B-mode image and the
C-mode image that is a color flow image.

[0072] Insomeembodiments, theultrasound medical appa-
ratus 100 further includes a user input unit which receives an
instruction from an operation or an input of a user. In some
embodiments, the user instruction includes a setting instruc-
tion for controlling the ultrasound medical apparatus 100 and
the like.

[0073] FIG. 2 is a schematic block diagram of a signal
processor of an ultrasonic medical apparatus according to a
second embodiment of the present disclosure.

[0074] The signal processor 170 according to the second
embodiment includes an arbitrary waveform generator 210
and a normalizer 220. In the second embodiment, the signal
processor 170 is described to include only the arbitrary wave-
form generator 210 and the normalizer 220, but is not neces-
sarily limited. Therefore, various modifications, additions,
and substitutions to constituent elements included in the sig-
nal processor 170 are possible, without departing from the
gist and the nature of the second of the present disclosure.
[0075] The analyzer 162 identifies resonance frequency
characteristics of the transducer element based on the first
echo signal received in response to the impulse. Here, the
resonance frequency refers to a resonance frequency of the
transducer element (piezoelectric element) of the transducer
110. At the resonance frequency, electric energy is most effi-
ciently converted into acoustic energy, and vice versa. In
general, the resonance frequency may be mainly set by a
thickness of the piezoelectric element of the transducer 110.
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Forexample, a piezoelectric element having a small thickness
has a high resonance frequency, and a thick piezoelectric
element may be set to have a low resonance frequency. The
transducer 110 operates at the resonance frequency of the
piezoelectric element or a frequency close thereto, so that a
thickness of a piezoelectric element attached to a transducer
for a high frequency is smaller than that of a piezoelectric
element attached to a transducer for a low frequency.

[0076] For example, a broadband transducer is designed to
operate at one or more frequencies, and a frequency of an
acoustic wave emitted when the transducer is used may be
determined by the ultrasonic medical apparatus 100 itself.
The operator may select a frequency used for flaw detection
by using a selection switch of the ultrasonic medical appara-
tus 100, and a transmitter of the ultrasonic medical apparatus
100 determines an electric pulse applied to the transducer 110
in order to generate the selected frequency. In this case, an
amplifier of the receiver is also adjusted to have the same
frequency.

[0077] However, since the resonance frequency set by the
thickness of the piezoelectric element of the transducer 110
includes thermal noise according to the frequency character-
istics of the transmit pulse, the analyzer 162 according to the
second embodiment exactly identifies the resonance fre-
quency of the transducer element based on the first echo
signal received in response to the impulse.

[0078] The arbitrary waveform generator 210 generates an
arbitrary waveform with the resonance frequency character-
istics reflected therein. The normalizer 220 generates a nor-
malized signal by processing the arbitrary waveform through
a fast Fourier transform (FFT) and then a normalization.
Here, the FFT is spectral analysis in which a complex signal
is divided into simple frequency components or is analyzed.
The most common method used for the spectral analysis is
Fourier analysis.

[0079] To perform the spectral analysis in the ultrasonic
medical apparatus 100, the normalizer 220 included in the
signal processor 170 performs the FFT. The normalizer 220
represents a plurality of frequency components expressed by
a function of time by a Doppler signal. The normalizer 220
consecutively divides a segment of the Doppler signal into
small pieces of about 1 to 5 ms. In this case, the segment ofthe
signal is converted into a digital value by the analog-digital
converter 150 and sent to the normalizer 220. The normalizer
220 presents respective relative signal values at several dis-
crete frequencies, then processes other signal segments, and
continually presents the processed signal segments. As a
result of performing the FFT by the normalizer 220, a hori-
zontal axis represents a time and is divided into small inter-
vals corresponding to the segments of the signal. In other
words, a vertical axis represents a Doppler frequency or a
velocity of a reflector and is divided into discrete frequencies
to be stored. The larger the value stored at vertical intervals is,
the higher the frequency is. The normalizer 220 has a gray
concentration or density for representing a frequency distri-
bution between the segments. The segments of the signal are
successfully divided, thereby enabling the analyzer to repre-
sent a continuous spectrum. The normalization performed by
the normalizer 220 refers to a process of digitizing an unnor-
malized signal (signal subjected to the FFT). That is, the
normalization refers to a process of setting a reference with
respect to the unnormalized signal, identifying a peak, and
calculating a ‘.
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[0080] The transmitter 132 according to the second
embodiment generates an ultrasound based on a normalized
signal received from the normalizer 220. That is, the trans-
mitter 132 according to the second embodiment includes a
pulser that generates an ultrasound based on the normalized
signal. Thereafter, the transducer 11 according to the second
embodiment transmits the ultrasound generated based on the
normalized signal to the subject, and receives a second echo
signal corresponding to the ultrasound generated based on the
normalized signal from the subject. Then, the scan converter
180 receives the second echo signal corresponding to the
ultrasound generated based on the normalized signal, and
converts the second echo signal into an (untrasonic) image
data for displaying the second echo signal, so that the image
data is displayed on the display unit included therein.

[0081] In other words, the impulse generator 130 of the
ultrasonic medical apparatus 100 according to the second
embodiment generates an impulse, the ultrasonic medical
apparatus 100 transmits the impulse from the transducer 110
to the subject, and then receives a first echo signal received in
response to the impulse. Then, the analyzer 162 of the ultra-
sonic medical apparatus 100 identifies resonance frequency
characteristics of the transducer element based on the first
echo signal, the arbitrary waveform generator 210 generates
an arbitrary waveform with the resonance frequency charac-
teristics reflected therein, and the normalizer 220 generates a
normalized signal by normalizing the arbitrary waveform and
transmits the normalized signal to the transmitter 132. Then,
the transmitter 132 of the ultrasonic medical apparatus 100
generates an ultrasound based on the normalized signal
received from the normalizer 220. The transducer 110 of the
ultrasonic medical apparatus 100 transmits the ultrasound
generated based on the normalized signal to the subject, and
receives a second echo signal corresponding to the ultrasound
generated based on the normalized signal from the subject.
Then, the scan converter 180 of the ultrasonic medical appa-
ratus 100 receives the second echo signal, and converts the
second echo signal into an (ultrasonic) image data for dis-
playing the second echo signal, so that the image data is
displayed on the display unit 190 included therein. Thatis, the
resonance frequency characteristics of the transducer element
of the transducer 110 have been already reflected to the ultra-
sound generated based on the normalized signal, and as a
result, the optimized (ultrasonic) image data is generated in
the scan converter 180.

[0082] FIG. 3 is a flowchart of an ultrasonic optimization
method utilizing subject (human body) features according to
the first embodiment of the present disclosure.

[0083] The ultrasonic medical apparatus 100 generates an
impulse, transmits the impulse to the subject, and receives a
first echo signal reflected in response to the impulse from the
subject (S310). The ultrasonic medical apparatus 100 identi-
fies a subject feature information by using frequency charac-
teristics of the first echo signal received in response to the
impulse (8320). In step S320, the ultrasonic medical appara-
tus 100 identifies an information on one or more from among
areflection coefficient, a transmission coefficient, an acoustic
impedance, a scattering coefficient, an attenuation coeffi-
cient, a modulus of elasticity, and a temperature coefficient by
using the frequency characteristics of the first echo signal and
recognizes the information as the subject feature information.
In this case, the ultrasonic medical apparatus 100 identifies
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the subject feature information based on a center frequency
and a frequency displacement of the first echo signal received
in response to the impulse.

[0084] The ultrasonic medical apparatus 100 generates an
analysis result data by comparing the subject feature infor-
mation with a default value (S330). In step S330, the ultra-
sonic medical apparatus 100 generates the analysis result data
which includes a super default value information indicating
that a coefficient is larger than the default value or a sub-
default value information indicating that the coefficient is
equal to or smaller than the default value by comparing a
plurality of coefficients included in the first echo signal
respectively with the default value. Further, in step S330, the
ultrasonic medical apparatus 100 calculates an amount of
attenuation in the subject based on the attenuation coefficient
(), an ultrasound propagation distance (d) and a frequency,
calculates a speed of sound (c) based on a density (p) of a
medium and a stiffness (B), and calculates the reflection
coefficient (R) based on a ratio of a reflected sound pressure
amplitude (P,) and an incident sound pressure amplitude (P,).
The attenuation coefficient (), the ultrasound propagation
distance (d), the frequency, the amount of the attenuation, the
density (p) of the medium, the stiffhess (B), the speed of
sound (c¢), the sound pressure amplitude (P,), the sound pres-
sure amplitude (P;), and the reflection coefficients (R) may be
generated as the information (analysis result data) for deter-
mining whether to optimize the transmit parameter or com-
pensate for the receive parameter by the ultrasonic medical
apparatus 100. In addition, the ultrasonic medical apparatus
100 may predict a non-linear component of the subject by
obtaining an acoustic impedance information based on a time
axis.

[0085] The ultrasonic medical apparatus 100 checks
whether optimization is required for the transmit parameter of
the ultrasound to be transmitted to the subject based on the
analysis result data (S340). In step S340, the ultrasonic medi-
cal apparatus 100 calculates an added score by assigning a
weight to each of the coefficients (the reflection coefficient,
the transmission coefficient, the acoustic impedance, the scat-
tering coefficient, the attenuation coefficient, the modulus of
elasticity, the temperature coefficient, and the like) included
in the analysis result data, and checks whether optimization is
required for the transmit parameter according to the added
score. For example, the ultrasonic medical apparatus 100
applies apredetermined weight to each of the coefficients (the
reflection coefficient, the transmission coefficient, the acous-
tic impedance, the scattering coefficient, the attenuation coef-
ficient, the modulus of elasticity, the temperature coefficient,
and the like) included in the analysis result data, calculates the
added score by adding all the coefficients each of which the
weight is applied to, and when there is an optimization con-
dition corresponding to the added score, adjusts (optimizes)
the transmit parameter.

[0086] As a result of checking in step S340, when optimi-
zation is required for the transmit parameter, the ultrasonic
medical apparatus 100 optimizes the transmit parameter
according to the corresponding condition (S350). That is, in
step S350, the ultrasonic medical apparatus 100 adjusts the
transmit parameter corresponding to the super default value
information of the coefficient information included in the
analysis result data to be reduced by the weight, or adjusts the
transmit parameter corresponding to the sub-default value
information of the coefficient information to be increased by
the weight. In this case, the ultrasonic medical apparatus 100
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adjusts one or more of the transmit parameters from among an
apodization parameter differently setting a size of each trans-
ducer element depending on a focal point, a transmit burst
parameter determining the number of times of transmitting
the ultrasound, a transmit frequency selection parameter
selecting a center frequency of a transmit waveform, and an
aperture compounding parameter allowing realtime images
to be displayed by differently setting a ratio of the received
signal according to each time difference frame based on the
analysis result data.

[0087] The ultrasonic medical apparatus 100 checks
whether compensation is required for the receive parameter
of the second echo signal received in response to the ultra-
sound from the subject (S360). In step S360, the ultrasonic
medical apparatus 100 calculates an added score by assigning
aweight to each of the coefficients (the reflection coefficient,
the transmission coefficient, the acoustic impedance, the scat-
tering coeflicient, the attenuation coefficient, the modulus of
elasticity, the temperature coefficient, and the like) included
in the analysis result data, and checks whether compensation
is required for the receive parameter according to the added
score. For example, the ultrasonic medical apparatus 100
applies a predetermined weight to each of the coefficients (the
reflection coefficient, the transmission coefficient, the acous-
tic impedance, the scattering coefficient, the attenuation coef-
ficient, the modulus of elasticity, the temperature coefficient,
and the like) included in the analysis result data, calculates the
added score by adding all the coefficients each of which the
weight is applied to, and when there is a compensation con-
dition corresponding to the added score, adjusts (compen-
sates for) the receive parameter.

[0088] As aresult of checking in step S360, when compen-
sation is required for the receive parameter, the ultrasonic
medical apparatus 100 compensates for the receive parameter
according to the corresponding condition (S370). That is, in
step S370, the ultrasonic medical apparatus 100 adjusts the
receive parameter corresponding to the super default value
information of the coefficient information included in the
analysis result data to be reduced by the weight, or adjusts the
receive parameter corresponding to the sub-default value
information of the coefficient information to be increased by
the weight. In this case, the ultrasonic medical apparatus 100
adjusts one or more of the receive parameters from among a
signal size changing parameter changing a size of the
received signal based on a time axis, a filter selection param-
eter selecting a filter (e.g., LPE, HPF) required for image
processing, an image setting parameter setting an image data
according to the subject, and a receive frequency selection
parameter selecting a center frequency of a receive waveform
based on the analysis result data.

[0089] Although steps S310 to S370 are described to be
sequentially performed in the example shown in F1G. 3, they
merely instantiate a technical idea of the first embodiment of
the present disclosure. Therefore, a person having ordinary
skill in the pertinent art could appreciate that various modi-
fications, additions, and substitutions are possible by chang-
ing the sequences described in FIG. 3 or by executing one or
more steps from S310 to S370 in parallel, without departing
from the gist and the nature of the first embodiment of the
present disclosure, and hence FIG. 3 is not limited to the
illustrated chronological sequences.

[0090] The ultrasonic optimization method utilizing sub-
ject (human body) features according to the first embodiment
shown in FIG. 3 can be implemented as a computer program,
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and can be recorded on a computer-readable recording
medium. The computer-readable recording medium on which
the program for implementing the ultrasonic optimization
method utilizing subject (human body) features according to
the first embodiment is recordable includes any type of
recording device on which data that can be read by a computer
system are recordable. Examples of the computer-readable
recording medium are a ROM, a RAM, a CD-ROM, a mag-
netic tape, a floppy disk, an optical data storage device, and
the like, and also include one implemented in the form of a
carrier wave (e.g., transmission through the Internet). Further,
the computer-readable recording medium can be distributed
in computer systems connected via a network, and computer-
readable codes can be stored and executed in a distributed
mode. Moreover, functional programs, codes, and code seg-
ments for implementing the first embodiment can be easily
deduced by a programmer in technical fields to which the first
embodiment belongs.

[0091] FIG. 4 is a flowchart of an ultrasonic optimization
method utilizing resonance frequency characteristics accord-
ing to the second embodiment of the present disclosure.

[0092] The ultrasonic medical apparatus 100 generates an
impulse, transmits the impulse to the subject, and receives a
first echo signal reflected in response to the impulse from the
subject (S410). The ultrasonic medical apparatus 100 identi-
fies resonance frequency characteristics by using frequency
characteristics of the first echo signal received in response to
the impulse (5420).

[0093] The ultrasonic medical apparatus 100 generates an
arbitrary waveform with the resonance frequency character-
istics reflected therein (S430). The ultrasonic medical appa-
ratus 100 generates a normalized signal by processing the
arbitrary waveform through a fast Fourier transform (FFT)
and then a normalization (S440). The ultrasonic medical
apparatus 100 generates an ultrasound based on the normal-
ized signal (S450).

[0094] The ultrasonic medical apparatus 100 transmits the
ultrasound generated based on the normalized signal to the
subject, and receives a second echo signal corresponding to
the ultrasound generated based on the normalized signal from
the subject (S460). The ultrasonic medical apparatus 100
receives the second echo signal, and converts the second echo
signal into an image data for displaying the second echo
signal, so that the image data is displayed on the display unit
included therein (S470). In other words, in the ultrasonic
medical apparatus 100, the resonance frequency characteris-
tics of the transducer element of the transducer 110 have been
already reflected to the ultrasound generated based on the
normalized signal, and as a result, the optimized (ultrasonic)
image data is generated in the scan converter 180.

[0095] Although steps S410 to S470 are described to be
sequentially performed in the example shown in FIG. 4, they
merely instantiate a technical idea of the second embodiment
of the present disclosure. Therefore, a person having ordinary
skill in the pertinent art could appreciate that various modi-
fications, additions, and substitutions are possible by chang-
ing the sequences described in FIG. 4 or by executing one or
more steps from S410 to S470 in parallel, without departing
from the gist and the nature of the second embodiment of the
present disclosure, and hence FIG. 4 is not limited to the
illustrated chronological sequences.

[0096] FIGS. SA and 5B are diagrams of a method for
obtaining subject (human body) features or resonance fre-
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quency characteristics by using an impulse, according to the
first and second embodiments of the present disclosure.
[0097] Theimpulse generator 130 of the ultrasonic medical
apparatus 100 generates the impulse. In this case, the impulse
generator 130 transmits the impulse to the transmitter 132, or
directly applies the impulse to the transducer 110 under con-
trol of the transmission/reception switch 120, so that each
transducer element of the transducer 110 outputs the impulse.
That is, the transducer 110 of the ultrasonic medical apparatus
100 transmits the impulse to the subject, and receives the first
echo signal corresponding to the impulse from the subject.
Then, the analyzer 162 of the ultrasonic medical apparatus
100 identifies the resonance frequency characteristics of the
transducer element of the transducer 110 and applies the
resonance frequency characteristics to the generation of the
ultrasound as it is.

[0098] Asillustrated in FIG. 5A, when an operator selects a
‘test mode’ or a ‘subject (human body) feature identification
mode’, the ultrasonic medical apparatus 100 transmits an
impulse to the subject in order to identify resonance fre-
quency characteristics of the transducer element of the trans-
ducer 110. As illustrated in FIG. 5B, the ultrasonic medical
apparatus 100 receives a first echo signal corresponding to the
impulse from the subject, subjects the first echo signal to an
analog-digital conversion, and stores the converted signal ina
memory.

[0099] FIG. 6is a diagram of a transmit pulser for obtaining
realtime images by using a resonance frequency according to
the second embodiment of the present disclosure.

[0100] When the operator selects a ‘realtime mode’, the
ultrasonic medical apparatus 100 generates an ultrasound for
obtaining realtime images by using an optimal resonance
frequency obtained by analyzing the first echo signal received
in response to the impulse. As illustrated in FIG. 6, the ultra-
sonic medical apparatus 100 identifies resonance frequency
characteristics of the transducer element based on the first
echo signal received in response to the impulse. The uvltra-
sonic medical apparatus 100 generates an arbitrary waveform
with the resonance frequency characteristics reflected therein
by using the arbitrary waveform generator 210. That is, the
ultrasonic medical apparatus 100 identifies the optimal reso-
nance frequency characteristics of the transducer 110, and
generates the ultrasound transmitted to the subject with the
frequency, thereby generating an ultrasound image data.
[0101] In this case, the ultrasonic medical apparatus 100
identifies the resonance frequency characteristics exactly
coinciding with characteristics of the transducer element of
the transducer 110, and in turn uses the resonarnce frequency
characteristics to generate the ultrasound image data. More-
over, when the resonance frequency exactly coinciding with
the characteristics of the transducer element of the transducer
110 is obtained and used to generate the ultrasound image
data, a thermal noise generated in the transducer 110 may be
minimized, and higher transmit (Tx) power may be applied to
the subject (human body), thereby improving penetration.
[0102] FIG. 7 is a diagram of a signal processing process
for generating an arbitrary waveform for a frequency dis-
placement according to the second embodiment of the present
disclosure.

[0103] Asillustrated in FIG. 7, the ultrasonic medical appa-
ratus 100 generates a normalized signal by processing the
arbitrary waveform through a fast Fourier transform (FFT)
and then a normalization by using the normalizer 220. That is,
the normalizer 220 of the ultrasonic medical apparatus 100
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generates the arbitrary waveform with the resonance fre-
quency characteristics reflected therein, and then uses the
FFT for the best frequency displacement. The ultrasonic
medical apparatus 100 identifies the optimal resonance fre-
quency characteristics based on the first echo signal, and
changes a frequency by the FFT and the normalization. The
ultrasonic medical apparatus 100 may generate an ideal ultra-
sound for forming a harmonic image by performing the fore-
going signal processing operation.

[0104] When the impulse generator 130 generates the
impulse, the ultrasonic medical apparatus 100 transmits the
impulse from the transducer 110 to the subject, and receives
the first echo signal reflected in response to the impulse. Then,
the analyzer 162 identifies resonance frequency characteris-
tics of the transducer element based on the first echo signal,
the arbitrary waveform generator 210 generates an arbitrary
waveform with the resonance frequency characteristics
reflected therein, and the normalizer 220 generates a normal-
ized signal by normalizing the arbitrary waveform, and trans-
mits the normalized signal to the transmitter 132. Then, the
transmitter 132 generates an ultrasound based on the normal-
ized signal received from the normalizer 220, the transducer
110 transmits the ultrasound based on the normalize signal to
the subject, and receives a second echo signal corresponding
to the ultrasound generated based on the normalized signal
from the subject. Then, the ultrasonic medical apparatus 100
converts the second echo signal into an image data for dis-
playing the second echo signal, so that the image data is
displayed on the display unit included therein. In other words,
the resonance frequency characteristics of the transducer ele-
ment of the transducer 110 have been already reflected to the
ultrasound generated based on the normalized signal, and as
a result, the converted image data is optimized in the scan
converter 180.

[0105] FIG. 8 is a diagram of a process for optimizing a
transmit parameter or compensating for a receive parameter
by utilizing the subject (human body) features according to
the first embodiment of the present disclosure.

[0106] Asillustrated in FIG. 8, the ultrasonic medical appa-
ratus 100 identifies and analyzes subject (human body) fea-
tures having different coefficients. In this case, the ultrasonic
medical apparatus 100 transmits an impulse to the subject in
order to identify the subject (human body) features, analyzes
a first echo signal corresponding to the impulse (e.g., identi-
fies asignal to noise ratio (SNR), a center frequency, or a point
having a high frequency displacement), and optimizes a
transmit parameter. Here, the transmit parameter optimizable
by the ultrasonic medical apparatus 100 may be one or more
of the parameters from among an apodization parameter dif-
ferently setting a size of each transducer element depending
on a focal point, a transmit burst parameter determining the
number of times of transmitting the ultrasound, a transmit
frequency selection parameter selecting a center frequency of
a transmit waveform, and an aperture compounding param-
eter allowing realtime images to be displayed by differently
setting a ratio of the received signal according to each time
difference frame, as illustrated in FIG. 8.

[0107] Further, the ultrasonic medical apparatus 100 trans-
mits the impulse to the subject in order to identify of the
subject (human body) features, analyzes the first echo signal
corresponding to the impulse (e.g., identifies a signal to noise
ratio (SNR), a center frequency or a point having a high
frequency displacement), and compensates for the receive
parameter. Here, the receive parameter capable of being com-
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pensated by the ultrasonic medical apparatus 100 may be one
or more of the parameters from among a signal size changing
parameter changing a size of the received signal based on a
time axis, a filter selection parameter selecting a filter (e.g.,
LPF, HPF) required for image processing, an image setting
parameter setting an image data according to the subject, and
a receive frequency selection parameter selecting a center
frequency of a receive waveform based on the analysis result
data, as illustrated in FIG. 8.

[0108] FIG.9isa diagram of a system according to the first
embodiment of the subject (human body) features.

[0109] Asillustrated in FIG. 9, the ultrasonic medical appa-
ratus 100 selects or inputs a ‘body information’ of a patient
from or to a control panel by a manipulation of the operator.
That is, the ultrasonic medical apparatus 100 may generate a
‘subject feature information’ based on the ‘body information’
of the patient.

[0110] In the meantime, the ultrasonic medical apparatus
100 builds a database of accumulated subject feature infor-
mation of a specific subject (patient), and sets the databased
information as a reference value. For example, the ultrasonic
medical apparatus 100 receives an information on at least one
of a ‘gender information’, an ‘age information’, a ‘height
information’, and a ‘weight information’ corresponding to the
body information of the patient by the manipulation of the
operator, extracts a transmit parameter or a receive parameter
when an optimal ultrasound image data based on the body
information is output, databases the transmit parameter or the
receive parameter, and sets an average value obtained by
accumulating a plurality of pieces of similar body informa-
tion as a reference value.

[0111] Although exemplary embodiments of the present
disclosure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the idea and scope of the claimed disclosure. Accord-
ingly, one of ordinary skill would understand the scope of the
claimed disclosure is not to be limited by the explicitly
described above embodiments but by the claims and equiva-
lents thereof.

CROSS-REFERENCE TO RELATED
APPLICATION

[0112] Ifapplicable, this application claims priority under
35 US.C §119(a) of Patent Application No. 10-2013-
0052724, filed on May 9, 2013 in Korea, the entire content of
which is incorporated herein by reference. In addition, this
non-provisional application claims priority in countries,
other than the U.S., with the same reason based on the Korean
patent application, the entire content of which is hereby incor-
porated by reference.
1. An ultrasonic medical apparatus, comptrising:
an impulse generator configured to generate an impulse;
atransducer configured to transmit the impulse to a subject
and receive a first echo signal reflected in response to the
impulse;
an analyzer configured to generate a subject attribute or a
subject feature information by using frequency charac-
teristics of the first echo signal and generate an analysis
result data by comparing the subject feature information
with a default value; and
an optimizer configured to optimize, based on the analysis
result data, at least one transmit parameter of an ultra-
sound to be transmitted to the subject, or compensate,
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based on the analysis result data, for at least one receive
parameter of a second echo signal received in response
to the ultrasound from the subject.

2. The ultrasonic medical apparatus of claim 1, wherein the
analyzer is configured to:

identify at least one information of a reflection coefficient,

a transmission coefficient, an acoustic impedance, a
scattering coefficient, an attenuation coefficient, a
modulus of elasticity, and a temperature coefficient by
using the frequency characteristics of the first echo sig-
nal; and

recognize the atleast one information as the subject feature

information.

3. The ultrasonic medical apparatus of claim 2, wherein the
analyzer is configured to:

calculate an amount of attenuation in the subject based on

the attenuation coefficient (a), an ultrasound propaga-
tion distance (d) and a frequency of the ultrasound;

calculate a speed of sound (c) in a medium based on a

density (p) and a stiffness (B) of the medium; and

calculate the reflection coefficient (R) based on a ratio of a

reflected sound pressure amplitude (P,) to an incident
sound pressure amplitude (P,).

4. The ultrasonic medical apparatus of claim 2, wherein the
analyzer is configured to obtain the acoustic impedance infor-
mation based on a time axis to predict a non-linear component
of the subject.

5. The ultrasonic medical apparatus of claim 1, wherein the
analyzer is configured to identify the subject feature informa-
tion based on a center frequency and a frequency displace-
ment of the first echo signal.

6. The ultrasonic medical apparatus of claim 1, wherein the
analyzer is configured to:

generate a super default value information in the analysis

result data if the default value is exceeded in a compari-
son by each of one or more coefficient information
included in the first echo signal; and

generate a sub-default value information in the analysis

result data if each of the one or more coefficient infor-
mation is smaller than the default value.

7. The ultrasonic medical apparatus of claim 1, wherein the
optimizer is configured to adjust, based on the analysis result
data, one or more of the transmit parameters comprising an
apodization parameter for differently setting the size of each
element of'the transducer depending on a focal point, a trans-
mit burst parameter for determining the number of times of
transmitting the ultrasound, a transmit frequency selection
parameter for selecting a center frequency of a transmit wave-
form, and an aperture compounding parameter for allowing
realtime images to be displayed by differently setting a ratio
of a received signal according to each time difference frame.

8. The ultrasonic medical apparatus of claim 1, wherein the
optimizer is configured to adjust, based on the analysis result
data, one or more of the receive parameters comprising a
signal size changing parameter for changing the size of a
received signal based on a time axis, a filter selection param-
eter for selecting a filter required for an image processing, an
image setting parameter for setting an image data according
to the subject, and a receive frequency selection parameter for
selecting a center frequency of a receive waveform.

9. The ultrasonic medical apparatus of claim 1, wherein the
optimizer is configured to:

calculate a weighted sum by assigning a weight to each of

coefficients included in the analysis result data; and
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adjust the transmit parameter or the receive parameter
according to the weighted sum.

10. The ultrasonic medical apparatus of claim 1, wherein

the optimizer is configured to:

adjust a transmit parameter or a receive parameter corre-
sponding to super-default information out of the coeffi-
cient information included in the analysis result data to
be reduced by a weight, or

adjust a transmit parameter or a receive parameter corre-
sponding to sub-default information out of the coeffi-
cient information to be increased by a weight.

11. The ultrasonic medical apparatus of claim 1, further

comprising:

a signal processor configured to generate an arbitrary
waveform reflecting the resonance frequency character-
istics; and

a transmitter configured to generate the ultrasound based
on the arbitrary waveform, and

wherein the analyzer is configured to identify resonance
frequency characteristics of at least one of the elements
of the transducer based on the first echo signal.

12. The ultrasonic medical apparatus of claim 11, wherein

the signal processor comprises:

an arbitrary waveform generator configured to generate the
arbitrary waveform reflecting the resonance frequency
characteristics; and

anormalizer configured to perform a fast Fourier transform
(FFT) and a normalization successively on the arbitrary
waveform to generate a normalized signal, and

wherein the transmitter is configured to generate the ultra-
sound based on the normalized signal.

13. The ultrasonic medical apparatus of claim 12, further

comprising a scan converter configured to:

convert the second echo signal into an image data for
display; and

render the image data to be displayed on a display unit.

14. An ultrasonic diagnostic apparatus, comprising:

an impulse generator configured to generate an impulse;

atransducer configured to transmit the impulse to a subject
and receive a first echo signal reflected in response to the
impulse;

an analyzer configured to identify resonance frequency
characteristics of at least one transducer element based
on the first echo signal;

a signal processor configured to generate an arbitrary
waveform reflecting the resonance frequency character-
istics and generate a normalized signal by normalizing
the arbitrary waveform;

atransmitter configured to generate an ultrasound based on
the normalized signal; and

ascan converter configured to convert a second echo signal
received in response to the ultrasound from the subject
into an image data for display and to render the image
data to be displayed on a display unit.
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15. An ultrasonic optimization method performed by an
ultrasonic medical apparatus, the method comprising:
generating an impulse;
transmitting the impulse to a subject and receiving a first
echo signal reflected in response to the impulse;
performing an analysis, comprising:
generating a subject attribute or feature information by
using frequency characteristics of the first echo sig-
nal, and
generating an analysis result data by comparing the sub-
ject feature information with a default value; and
performing an optimization, comprising:
optimizing, based on the analysis result data, at least one
transmit parameter of an ultrasound to be transmitted
to the subject; or
compensating, based on the analysis result data, for at
least one receive parameter of a second echo signal
received in response to the ultrasound from the sub-
ject.
16. The ultrasonic optimization method of claim 15,
wherein the performing of the analysis comprises:
identifying at least one information of a reflection coeffi-
cient, a transmission coefficient, an acoustic impedance,
a scattering coeflicient, an attenuation coefficient, a
modulus of elasticity and a temperature coefficient by
using the frequency characteristics of the first echo sig-
nal; and
recognizing the at least one information as the subject
feature information.
17. The ultrasonic optimization method of claim 15,
wherein the performing of the optimization comprises:
calculating a weighted sum by assigning a weight to each
of the coefficients included in the analysis result data;
and
adjusting the transmit parameter or the receive parameter
according to the weighted sum.
18. An ultrasonic optimization method performed by an
ultrasonic medical apparatus, the method comprising:
generating an impulse;
transmitting the impulse to a subject and receiving a first
echo signal reflected in response to the impulse;
performing an analysis, comprising:
identifying resonance frequency characteristics of at
least one transducer element based on the first echo
signal;
performing a signal processing, comprising:
generating an arbitrary waveform reflecting the reso-
nance frequency characteristics, and
generating a normalized signal by normalizing the arbi-
trary waveform;
generating an ultrasound based on the normalized signal,
and
transmitting the ultrasound to the subject.
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