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PORTABLE ULTRASONIC DIAGNOSTIC
DEVICE AND POWER EFFICIENCY
IMPROVEMENT METHOD THEREIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase application of PCT
Application No. PCT/KR2015/002450, filed on 13 Mar.
2015, which claims benefit of Korean Patent Application
10-2014-0085249, filed on 8 Jul. 2014. The entire disclosure
of the applications identified in this paragraph are incorpo-
rated herein by reference.

FIELD

The present invention relates to a portable ultrasonic
diagnostic apparatus, and more particularly, to a portable
ultrasonic apparatus and a method of improving power
efficiency of the ultrasonic diagnostic apparatus.

BACKGROUND

With noninvasive and nondestructive properties, an ultra-
sonic diagnostic apparatus is generally used in the medical
field to obtain information of the inside of a subject. Since
it is possible to provide a high-resolution image of internal
organs of the subject to a doctor with no surgical operations
of directly incising and observing the subject, ultrasonic
diagnostic systems are very importantly used in the medical
field.

An ultrasonic diagnostic apparatus is a system which
transmits an ultrasonic signal from a body surface of a
subject toward a target portion inside the subject, extracts
information from a reflected ultrasonic signal, and obtains
an image of a section of soft tissue or a blood flow in a
noninvasive manner.

Compared with other imaging diagnostic apparatuses
such as an X-ray inspection apparatus, a computerized
tomography (CT) scanner, a magnetic resonance image
(MRI) scanner, and a nuclear medicine inspection apparatus,
since having a small size, being cheap, being capable of
displaying in real time, and having excellent safety without
being exposed to X-rays, such ultrasonic diagnostic system
described above is generally used to diagnose hearts, intet-
nal organs in an abdominal cavity, urinary systems, and
genital organs.

Due to an alternating current (AC) power source to which
power is constantly supplied, a power shortage does not
occur in a typical ultrasonic diagnostic apparatus. However,
recently, as portable ultrasonic diagnostic apparatuses using
batteries with limited power as power sources have been
used, technologies for providing a maximum amount of
usage time by minimum power are needed.

DISCLOSURE OF INVENTION

Technical Problem

Existing portable ultrasonic diagnostic apparatuses gen-
erate pulse signals with maximum voltages which are uni-
form regardless of depths for measurement and use pulse
signals with the same maximum voltages when measure-
ment is performed at shallower depths. Due to this, since
high loads are applied to a battery end and a circuit portion,
power efficiency is not high.
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Therefore, it is an aspect of the present invention to
provide a portable ultrasonic diagnostic apparatus capable of
improving power efficiency by adjusting a voltage of a pulse
signal depending on a depth for measurement and a method
of improving power efficiency of the portable ultrasonic
diagnostic apparatus.

Technical Solution

One aspect of the present invention provides a portable
ultrasonic diagnostic apparatus including a measurement
depth setting portion configured to set a measurement depth
for measurement, a voltage supplying portion configured to
supply a voltage to be applied to a pulse generating portion
according to the set measurement depth and supply a lower
voltage as the set measurement depth gets shallower, and the
pulse generating portion configured to generate an electric
pulse to be applied to an ultrasonic transducer to generate an
ultrasonic wave and generate an electric pulse of a voltage
corresponding to a voltage supplied from the voltage sup-
plying portion.

The portable ultrasonic diagnostic apparatus may further
include a variable gain amplifier configured to compensate
for attenuation according to a reflection depth by amplifying
an echo signal input from the ultrasonic transducer.

The portable ultrasonic diagnostic apparatus may further
include a compensation property adjusting portion config-
ured to adjust amplification properties of the variable gain
amplifier according to a reflection depth.

The amplification properties may allow a gain to have a
certain maximum value at the set measurement depth and
have a greater value as the reflection depth is deeper within
a range below the set measurement depth. Here, the ampli-
fication properties may have a form in which the gain is
increased according to the reflection depth within the range
below the set measurement depth.

Another aspect of the present invention provides a method
of improving power efliciency of a portable ultrasonic
diagnostic apparatus, including setting a measurement depth
for measurement, supplying a voltage to a pulse generating
portion which generates an electric pulse to be applied to an
ultrasonic transducer according to the set measurement
depth in which a lower voltage is supplied when the set
measurement depth is shallower, and generating an electric
pulse, by the pulse generating portion, according to the
supplied voltage.

The method may further include compensating for attenu-
ation according to a reflection depth by amplifying an echo
signal input from the ultrasonic transducer using a variable
gain amplifier.

The method may further include adjusting amplification
properties of the variable gain amplifier according to a
reflection depth according to the set measurement depth.

The adjusting may include adjusting amplification prop-
erties to allow a gain to have a certain maximum value at the
set measurement depth and have a greater value as the
reflection depth is deeper within a range below the set
measurement depth. Here, the amplification properties may
have a form in which the gain is increased according to the
reflection depth within the range below the set measurement
depth.

Advantageous Effects
According to the present invention, there is provided an

effect of providing power efficiency by adjusting a voltage
of a pulse signal according to a depth for measurement.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a configuration of a portable ultrasonic
diagnostic apparatus according to one embodiment of the
present invention.

FIG. 2 illustrates an example of a phantom that is mea-
surable instead of a human body and displayed with supplied
voltages according to measurement depths.

FIG. 3 illustrates one example of a measurement depth-
voltage table.

FIG. 4 illustrates electric pulses with different voltages
generated by a pulse generating portion 122 and echo signals
according thereto.

FIG. 5 is a graph illustrating an example of amplification
properties according to a reflection depth of a variable gain
amplifier 123.

FIG. 6 is a graph which illustrates amplification properties
adjusted according to a reflection depth of the variable gain
amplifier 123 according to embodiments of the present
invention and illustrates amplification properties when a
measurement depth is 10 cm.

FIG. 7 is a graph which illustrates amplification properties
adjusted according to a reflection depth of the variable gain
amplifier 123 according to embodiments of the present
invention and illustrates amplification properties when a
measurement depth is 15 cm.

FIG. 8 is a graph which illustrates amplification properties
adjusted according to a reflection depth of the variable gain
amplifier 123 according to embodiments of the present
invention and illustrates amplification properties when a
measurement depth is 5 cm.

FIG. 9 is a flowchart illustrating a method of improving
power efficiency of the portable ultrasonic diagnostic appa-
ratus according to one embodiment of the present invention.

MODE FOR INVENTION

Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
drawings. In the following description and attached draw-
ings, substantially identical components will be referred to
as identical reference numerals and a repeated description
thereof will be omitted. Also, in the description of the
embodiments of the present invention, detailed explanations
of well-known functions and components of the related art
will be omitted when it is deemed that they may unneces-
sarily obscure the essence of the present invention.

FIG. 1 illustrates a configuration of a portable ultrasonic
diagnostic apparatus according to one embodiment of the
present invention. The portable ultrasonic diagnostic appa-
ratus according to the embodiment includes an ultrasonic
transducer 110, a main circuit portion 120, a battery 130, a
measurement depth setting portion 150, and a compensation
property adjusting portion 160.

The ultrasonic transducer 110 generates an ultrasonic
pulse from an electric pulse applied from the main circuit
portion 120 to inspect the inside of a subject, converts an
ultrasonic echo signal which is reflected by the subject and
returns into an electric signal, and transfers the electric
signal to the main circuit portion 120. The ultrasonic trans-
ducer 110 may be formed of a piezoelectric element array
module. The piezoelectric element array module may be
configured to allow a large number, such as 64, 128, 192 and
the like, of piezoelectric elements to be arranged in an array
shape. As the piezoelectric elements, lead zirconate titanate
(PZT) with high efliciency of electro-acoustic conversion
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may be used. As a voltage of an electric pulse for driving a
piezoelectric element, a voltage of +100 V to =100 V may
be used.

The main circuit portion 120 performs functions of gen-
erating an electric pulse to be applied to the ultrasonic
transducer 110, generating an ultrasonic image by analyzing
an echo signal received through the ultrasonic transducer
110, and transmitting the ultrasonic image to an external
display device (not shown).

In detail, the main circuit portion 120 includes a trans-
mitting and receiving portion 121, a pulse generating portion
122, a variable gain amplifier 123, an analog-digital (A/D)
converter 124, a beam former 125, a processor 126, and a
communication portion 127.

The transmitting and receiving portion 121 transmits an
electric pulse generated by the pulse generating portion 122
to the ultrasonic transducer 110 and transmits an echo signal
received through the ultrasonic transducer 110 to the vari-
able gain amplifier 123. For example, the transmitting and
receiving portion 121 may be formed of a switch configured
to connect a TX circuit and the piezoelectric element array
module when transmitting ultrasonic waves and to connect
an RX circuit and the piezoelectric element array module
when receiving ultrasonic echoes.

The pulse generating portion 122 generates electric pulses
to be applied to the ultrasonic transducer 110 for generating
ultrasonic waves. Here, the pulse generating portion 122
generates electric pulses with voltages corresponding to
voltages supplied from a voltage supplying portion 140 that
will be described below.

The variable gain amplifier 123 amplifies echo signals
input from the ultrasonic transducer 110 and compensates
for attenuation of the echo signals according to reflection
depths. Since ultrasonic waves are absorbed into a human
body due to properties thereof, signals that are reflected from
a deep place and arrive late lose more energy in such a way
that size thereof is reduced. Accordingly, as a reflection
depth becomes deeper (that is, as an arrival time is later),
echo signals should be compensated with larger values.
Accordingly, the amplification properties of the variable
gain amplifier 123 according to the reflection depth may
have a form that is increased according to a reflection depth
or arrival time of a signal.

The A/D converter 124 converts an echo signal compen-
sated for loss thereof by the variable gain amplifier 123 into
a digital signal.

The beam former 125 performs TX beam forming and RX
beam forming. TX beam forming is allowing the pulse
generating portion 122 to generate adequate electric pulses
using a parameter corresponding to the ultrasonic transducer
110, and for example, is delaying times of electric pulses
depending on positions of piezoelectric elements to concen-
trate energy of ultrasonic waves on a focus at a certain
distance when the ultrasonic waves are transmitted. RX
beam forming is data-converting digital signals from the
A/D converter 124 to be adequate for the ultrasonic trans-
ducer 110 transferring the data-converted digital signals to
the processor 126, and for example, is time-delaying electric
signals from piezoelectric elements according to positions
and receiving times of the piezoelectric elements when
ultrasonic echoes are received and generating ultrasonic data
(scan data) by summing the time-delayed signals.

The processor 126 controls the beam former 125 to
perform adequate beam forming at the ultrasonic transducer,
generates an ultrasonic image using the scan data to transmit
the ultrasonic image to an external display device through
the communication portion 127 or transmits the scan data to
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the external display device through the communication
portion 127, and controls each of the components of the
portable ultrasonic diagnostic apparatus. The processor 126
may compress the scan data to reduce a bandwidth used for
communication as necessary.

The communication portion 127 may use a wired or
wireless communication type communication module for
transmitting and receiving data with the external display
device. The wired communication type may include a wired
with cable such as a universal serial bus (USB) cable and the
like. The wireless communication type may include one of
Bluetooth, wireless USB, wireless local area network
(LAN), wireless fidelity (WiFi), Zigbee, and Infrared data
association (IrDA).

The external display device configured to display an
ultrasonic image using the ultrasonic image or the scan data
transmitted through the communication portion 127 may be,
for example, a personal computer (PC), a smart phone, a
table PC, personal digital assistants (PDA) and the like.

According to the embodiment, the portable ultrasonic
diagnostic apparatus may include a display portion (not
shown) thereof for displaying the ultrasonic image generated
by the processor 126. In this case, the communication
portion 127 configured to transmit ultrasonic images or scan
data to the outside may be not provided.

The battery 130 supplies power for operations of the
portable ultrasonic diagnostic apparatus, including power
necessary for the pulse generating portion 122 to generate
electric pulses.

Generally, since a uniform maximum voltage (for
example, 100 V) is supplied to the pulse generating portion
122 regardless of a measurement depth, the pulse generating
portion 122 generates electric pulse signals with uniform
maximum voltages (for example, a peak to peak value of
+100 V to -100 V). However, in the embodiment of the
present invention, a measurement depth for measurement is
set and a voltage adjusted according to the set measurement
depth is supplied to the pulse generating portion 122,
thereby improving power efficiency. When the measurement
depth for measurement is determined, since data at a posi-
tion deeper than the measurement depth is actually unnec-
essary, it is unnecessary to supply maximum voltage.

The measurement depth setting portion 150 sets a mea-
surement depth for measuring a subject. The measurement
depth may be received from a user. The portable ultrasonic
diagnostic apparatus may include a user interface for input-
ting the measurement depth. Depending on the embodi-
ments, when the user inputs a portion for diagnosis, symp-
tom, or purpose, a measurement depth may be set according
to predetermined references corresponding thereto.

The voltage supplying portion 140 generates a voltage
according to a measurement depth set by the measurement
depth setting portion 150 and supplies the voltage to the
pulse generating portion 122. Here, the voltage supplying
portion 140 supplies a lower voltage as a measurement depth
is shallower and supplies a higher voltage as a measurement
depth is deeper. For example, a direct current (DC)-DC
converter may be used as the voltage supplying portion 140.
In this case, supplied voltages may be adjusted by modu-
lating pulse widths by the DC-DC converter. According to
the embodiment of the present invention, since the pulse
generating portion 122 does not always supply uniform
maximum voltage but supplies voltages lower than the
maximum voltage according to set measurement depths,
loads applied to a battery end and a circuit portion become
reduced, thereby increasing power efficiency.
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FIG. 2 illustrates an example of a phantom that is mea-
surable instead of a human body and displayed with supplied
voltages according to measurement depths. Referring to
FIG. 2, when a maximum measurement depth is 20 cm and
a set measurement depth is 20 cm that is the maximum
measurement depth, a maximum voltage of 100 V is sup-
plied. However, when a set measurement depth is shallower
than 20 cm, a voltage of 75 V, 50 V, or 25 V is supplied as
shown in the drawing.

To allow the voltage supplying portion 140 to supply a
voltage adjusted according to a set measurement depth, a
measurement depth-voltage table that indicates voltages
according to measurement depths in a memory (not shown)
of the portable ultrasonic diagnostic apparatus. The proces-
sor 126 controls the voltage supplying portion 140 by
referring to the measurement depth-voltage table, thereby
adjusting supplied voltages. FIG. 3 illustrates one example
of the measurement depth-voltage table described above.
Referring to FIG. 3, supplied voltages corresponding to
measurement depths 3 cm to 20 cm are shown. Here,
excluding of 1 to 2 cm is because interesting areas in an
ultrasonic image are generally places positioned at depths of
3 c¢m or below from the skin of a human body. Since areas
at depths of 1 to 2 cm are mainly subcutaneous fat including
skin, they do not have significant information for clinical
diagnosis.

Referring to FIG. 1 again, the pulse generating portion
122 generates electric pulses with voltages corresponding to
voltages supplied from the voltage supplying portion 140.
For example, the pulse generating portion 122 generates
electric pulse signals with a peak to peak value of +100 V
to =100 V when a voltage of 100 V is supplied from the
voltage supplying portion 140 and generates electric pulse
signals with a peak to peak value of +50 V to 50 V when a
voltage of 50 V is supplied.

When the pulse generating portion 122 generates electric
pulse signals of different voltages depending on set mea-
surement depths as described above, a level of an ultrasonic
signal emitted to a subject through the ultrasonic transducer
110 is changed. Accordingly, a level of an echo signal input
from the ultrasonic transducer 110 is also changed.

FIG. 4 illustrates electric pulses with different voltages
generated by the pulse generating portion 122 and echo
signals according thereto. Referring to FIG. 4, when a
voltage of an electric pulse is reduced, a level of an echo
signal according thereto is also reduced. Accordingly, it is
necessary to compensate for the reduced level of the echo
signal as described above.

For this, in the embodiment of the present invention,
amplification properties according to a reflection depth of
the variable gain amplifier 123 are allowed to be adjusted
according to a measurement depth set by the measurement
depth setting portion 150. Referring to FIG. 1, the compen-
sation property adjusting portion 160 adjusts amplification
properties according to the reflection depth (that is, an
arrival time of a signal) of the variable gain amplifier 123
depending on a measurement depth set through the mea-
surement depth setting portion 150. Adjusting of the ampli-
fication properties of the variable gain amplifier 123 may be,
for example, achieved by configuring some of elements
forming the variable gain amplifier 123 with variable ele-
ments and adequately adjusting element values of variable
elements. Although the compensation property adjusting
portion 160 is shown as a separate component from the
variable gain amplifier 123 in FIG. 1, the compensation
property adjusting portion 160 may be a component
included in the variable gain amplifier 123.
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FIG. 5 is a graph illustrating an example of the amplifi-
cation properties of the variable gain amplifier 123 accord-
ing to the reflection depth when a uniform maximum voltage
(for example, 100 V) is supplied to the pulse generating
portion 122 regardless of measurement depth. Referring to
FIG. 5, the amplification properties have a maximum gain
Gmax at a maximum depth of 20 cm and have a form in
which a gain is linearly increased according to reflection
depth. Although it is shown as an example that the gain is
linearly increased according to the reflection depth in FIG.
5, the gain may be increased like an exponential function or
a logarithmic function according to attenuation propetties in
a human body.

In the embodiment of the present invention, to compen-
sate for a level of an echo signal that is reduced as a voltage
of an electric pulse generated by the pulse generating portion
122 is reduced, the amplification properties of the variable
gain amplifier 123 according to the reflection depth may be
adjusted, for example, as shown in FIGS. 6 to 8. FIGS. 6, 7,
and 8 illustrate amplification properties when set measure-
ment depths are 10 cm, 15 cm, and 5 cm, respectively.

Referring to FIGS. 6 to 8, amplification properties are
adjusted to have a maximum gain Gmax at a set measure-
ment depth and have a greater gain when a reflection depth
is deeper within a range below a set measurement depth, that
is, to allow a gain to be gradually increased according to a
reflection depth within a range below a measurement depth
and have the maximum gain Gmax at the set measurenent
depth.

Referring to FIG. 6, the amplification properties have a
maximum gain Gmax at a set measurement depth of 10 cm
and have a form in which a gain is gradually increased
according to a reflection depth within a range below 10 cm.

Referring to FIG. 3, a voltage of an electric pulse genet-
ated by the pulse generating portion 122 is a peak to peak
value of +100 V to -100 V when the set measurement depth
is 20 cm and an echo signal reflected at the reflection depth
of 10 cm is amplified with a gain of % Gmax through the
variable gain amplifier 123. Since the voltage generated by
the pulse generating portion 122 is reduced to be with a peak
to peak value of +50 V to =50 V when the set measurement
depth is 10 cm, a level of the echo signal is reduced to half.
However, since the gain at the reflection depth of 10 cm is
the maximum gain Gmax according to adjustment of the
amplification properties, the level of the echo signal ampli-
fied by the variable gain amplifier 123 is identical to a case
in which a voltage of an electric pulse is a peak to peak value
of +100 V to -100 V.

Referring to FIG. 7, the amplification properties have a
maximum gain Gmax at a set measurement depth of 15 cm
and have a form in which a gain is gradually increased
according to a reflection depth within a range below 15 cm.

Referring to FIG. 3, a voltage of an electric pulse gener-
ated by the pulse generating portion 122 is a peak to peak
value of +100 V to —100 V when the set measurement depth
is 20 cm and an echo signal reflected at the reflection depth
of 15 cm is amplified with a gain of 3% Gmax through the
variable gain amplifier 123. Since the voltage generated by
the pulse generating portion 122 is reduced to be with a peak
to peak value of +75V to -75V when the set measurement
depth is 15 cm, a level of the echo signal is reduced to 75%.
However, since the gain at the reflection depth of 15 cm is
the maximum gain Gmax according to adjustment of the
amplification properties, the level of the echo signal ampli-
fied by the variable gain amplifier 123 is identical to a case
in which a voltage of an electric pulse is a peak to peak value
of +100 V to -100 V.
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Referring to FIG. 8, the amplification properties have a
maximum gain Gmax at a set measurement depth of 5 cm
and have a form in which a gain is gradually increased
according to a reflection depth within a range below 5 cm.

Referring to FIG. 3, a voltage of an electric pulse gener-
ated by the pulse generating portion 122 is a peak to peak
value of +100 V to =100 V when the set measurement depth
is 20 cm and an echo signal reflected at the reflection depth
of 5 cm is amplified with a gain of % Gmax through the
variable gain amplifier 123. Since the voltage generated by
the pulse generating portion 122 is reduced to be with a peak
to peak value of +25V to -25V when the set measurement
depth is 5 cm, a level of the echo signal is reduced to 25%.
However, since the gain at the reflection depth of 5 em is the
maximum gain Gmax according to adjustment of the ampli-
fication properties, the level of the echo signal amplified by
the variable gain amplifier 123 is identical to a case in which
a voltage of an electric pulse is a peak to peak value of +100
Vto -100 V.

Although it is shown as an example that the gain is
linearly increased according to the reflection depth to the set
measurement depth in FIGS. 6 to 8, the gain may be
increased like an exponential function or a logarithmic
function according to attenuation properties in a human
body.

FIG. 9 is a flowchart illustrating a method of improving
power efficiency of the portable ultrasonic diagnostic appa-
ratus according to one embodiment of the present invention.
The method of improving power efficiency according to the
embodiment includes operations performed by the portable
ultrasonic diagnostic apparatus described. Accordingly, even
content omitted below but related to the portable ultrasonic
diagnostic apparatus will be also applied to the method of
improving power efficiency according to the embodiment.

In operation 710, the measurement depth setting portion
150 sets a measurement depth for measuring a subject.

In operation 720, the voltage supplying portion 140 sets
a voltage to be supplied to the pulse generating portion 122
according to the set measurement depth.

In operation 730, the compensation property adjusting
portion 160 adjusts amplification properties of the variable
gain amplifier 123 according to a reflection depth according
to the set measurement depth.

In operation 740, the voltage supplying portion 140
generates and supplies the set voltage to the pulse generating
portion 122.

In operation 750, the pulse generating portion 122 gen-
erates an electric pulse of a voltage corresponding to the
supplied voltage.

In operation 760, the ultrasonic transducer 110 generates
an ultrasonic pulse from the electric pulse and emits the
ultrasonic pulse to the inside of the subject.

In operation 770, the ultrasonic transducer 110 converts
an ultrasonic echo reflected and received from the inside of
the subject into an electric signal.

In operation 780, the variable gain amplifier 123 amplifies
an echo signal that is a converted electric signal according
to the amplification properties adjusted in operation 730 and
compensates for attenuation according to the reflection
depth.

In operation 790, the A/D converter 124 converts the echo
signal compensated for loss thereof by the variable gain
amplifier 123 into a digital signal.

The exemplary embodiments of the present invention
have been described above. It should be understood by one
of ordinary skill in the art that the present invention may be
modified without departing from the essential features of the
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present invention. Therefore, the disclosed embodiments
should be considered not in a limitative point of view but in
a descriptive point of view. It should be understood that the
scope of the present invention is defined by the claims not
by the above description and includes all differences within
the equivalent scope thereof.

What is claimed is:

1. A portable ultrasonic diagnostic apparatus comprising:

a user interface for setting a measurement depth for
measurement;

a voltage supply circuit configured to supply a voltage to
a pulse generator according to the set measurement
depth, wherein a lower supplied voltage corresponds to
a shallower set measurement depth;

a variable gain amplifier configured to compensate for
attenuation according to a reflection depth by amplify-
ing an echo signal input from an ultrasonic transducer,
wherein the variable gain amplifier includes variable
elements to adjust amplification properties of the vari-
able gain amplifier according to a reflection depth,
wherein the amplification properties allow a gain to
have a maximum value Gmax at the set measurement
depth, and the gain is gradually increased up to the
maximum value Gmax as the reflection depth gets
deeper from zero to the set measurement depth;

the pulse generator configured to generate an electric
pulse to be applied to the ultrasonic transducer to
generate an ultrasonic wave, the generated electric
pulse including a voltage corresponding to the voltage
supplied from the voltage supply circuit.
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2. The portable ultrasonic diagnostic apparatus of claim 1,
wherein the amplification properties are defined to increase
the gain according to the reflection depth as the reflection
depth gets deeper from zero to the set measurement depth.

3. A method of improving power efficiency of a portable
ultrasonic diagnostic apparatus, the method comprising:

setting a measurement depth for measurement;

supplying a voltage to a pulse generator which generates
an electric pulse to be applied to an ultrasonic trans-
ducer according to the set measurement depth, where a
lower supplied voltage corresponds to a shallower set
measurement depth;
compensating for attenuation according to a reflection
depth by amplifying an echo signal input from the
ultrasonic transducer using a variable gain amplifier;

adjusting amplification properties of the variable gain
amplifier according to a reflection depth according to
the set measurement depth, to allow a gain to have a
maximum value Gmax at the set measurement depth,
and to gradually increase the gain up to the maximum
value Gmax as the reflection depth gets deeper from
zero to the set measurement depth; and

generating an electric pulse, by the pulse generator,

according to the supplied voltage.

4. The method of claim 3, wherein the amplification
properties are defined to increase the gain according to the
reflection depth as the reflection depth gets deeper from zero
to the set measurement depth.
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