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(57) ABSTRACT

According to the exemplary embodiment of the present
invention, a microwave tomography apparatus is an appa-
ratus which measures microwave tomograph of a subject
which is inserted into a medium container including: a
plurality of antennas which is located in the medium con-
tainer and transmits and receives an electromagnetic wave;
a plurality of transceivers which, when a radio wave signal
transmitted from one of the plurality of antennas is simul-
taneously received by the remaining antennas of the plural-
ity of antennas, measures intensity and phase information of
the radio wave signal received from the remaining antennas;
and a controller which generates an image using the values
measured by the plurality of transceivers.
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MICROWAVE TOMOGRAPHY APPARATUS
AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0098699 filed in
the Korean Intellectual Property Office on Jul. 10, 2015, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to a microwave
tomography apparatus and a method thereof, and more
particularly, to a measuring apparatus which transmits a
microwave to a portion of a human tissue including a breast
to diagnose whether there is abnormality in the tissue.

BACKGROUND ART

[0003] As breast cancer patients are rapidly increased, a
necessity of a safe and convenient apparatus for diagnosing
the breast cancer is rapidly increased. A breast cancer
imaging apparatus (a microwave tomography apparatus)
using an electromagnetic wave is developed to diagnose the
breast cancer. The breast cancer imaging apparatus using the
electromagnetic wave irradiates an electromagnetic wave
(microwave) onto a variable imaging subject and then
restores an image to diagnose whether a patient has a cancer.
That is, when the electromagnetic wave which is output
from an aperture of an antenna passes through an imaging
subject, a breast cancer imaging apparatus obtains size and
phase information of a scattered signal and restores an image
through an inverse scattering analysis and diagnoses
whether a patient has a cancer from a restored image based
on the information.

[0004] A configuration and an operation of the breast
cancer imaging apparatus of the related art will be described
in more detail. The breast cancer imaging apparatus includes
a monopole antenna in a medium container, a transmitter
which transmits a radio wave signal to the antenna, a
plurality of receivers which receives the radio wave signal
from the antenna, a switching circuit which selects an
antenna to transmit or receive a signal, and a signal proces-
sor which processes a received signal.

[0005] That is, the breast cancer imaging apparatus of the
related art includes the switching circuit between the
antenna and the transmitter/receiver so that several signal
paths are generated and signal interference is also generated
between the transmitted signal and the received signal due to
signal leakage. Therefore, measuring quality may be low-
ered.

[0006] The breast cancer imaging apparatus of the related
art uses a switching circuit, so that receivers are selected one
by one to be sequentially operated for one measurement.
Therefore, when several reception antennas are provided, a
long measuring time is required.

[0007] The breast cancer imaging apparatus of the related
art transmits and irradiates the microwave onto a portion of
a human tissue including the breast and receives a varying
radio wave. Therefore, there is no consideration for elements
which secure and maintain a quality of measurement and
imaging analysis is simply performed only using radio wave
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measurement values, so that complexity of image analysis is
high and it takes a long time to analyze the image.

RELATED ART DOCUMENT

Patent Document

[0008] Korean Unexamined Patent Application Publica-
tion No. 2010-0072600

SUMMARY OF THE INVENTION

[0009] An exemplary embodiment of the present inven-
tion has been made in an effort to provide a technique which
prevents signal interruption due to signal leakage between a
transmitted signal and a received signal in a microwave
tomography apparatus.

[0010] An exemplary embodiment of the present inven-
tion has also been made in an effort to shorten a measure-
ment time by simultaneously operating a plurality of receiv-
ers for one measurement in a microwave tomography
apparatus.

[0011] An exemplary embodiment of the present invention
has also been made in an effort to measure a profile
coordinate value of a subject in advance to use the profile
coordinate value only to calculate a region in the profile of
the subject while substituting a characteristic value of a
known medium to a region outside the profile of the subject
with respect to the profile coordinate value of the subject
during imaging analysis of the entire space, thereby reduc-
ing a region to be analyzed to minimize complexity of
imaging analysis.

[0012] Technical objects of the present invention are not
limited to the aforementioned technical objects and other
technical objects which are not mentioned will be apparently
appreciated by those skilled in the art from the following
description.

[0013] An exemplary embodiment of the present inven-
tion provides a microwave tomography apparatus which is
an apparatus which measures microwave tomograph of a
subject which is inserted into a medium container including:
a plurality of antennas which is located in the medium
container and transmits and receives an electromagnetic
wave; a plurality of transceivers which, when a radio wave
signal transmitted from one of the plurality of antennas is
simultaneously received by the remaining antennas of the
plurality of antennas, measures intensity and phase infor-
mation of the radio wave signal received from the remaining
antennas; and a controller which generates an image using
the values measured by the plurality of transceivers.

[0014] The controller may control to perform primary
measurement which measures the intensity and phase infor-
mation of the radio wave signal in a state when the subject
is not present in the medium container and control to
perform secondary measurement of the intensity and phase
information of the radio wave signal in a state when the
measuring subject is inserted into the medium container.

[0015] The plurality of transceivers may be connected to
the plurality of antennas by one to one correspondence.

[0016] The apparatus may further include a surface mea-
suring unit which measures a profile coordinate value of the
measuring subject to transmit a measuring result to the
controller.
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[0017] The controller may analyze an image using a first
measurement value by the primary measurement, a second
measurement value by the secondary measurement, and the
profile coordinate value.

[0018] The plurality of antennas may include a circularly
coupled single antenna.

[0019] The microwave tomography apparatus according
to an exemplary embodiment of the present invention may
further include: a temperature sensor which measures a
temperature in the medium container; a temperature heater
which consistently maintains the temperature in the medium
container; a temperature pump which convects the medium
to maintain the temperature in the medium container; and a
temperature controller which interworks with the controller
to control operations of the temperature sensor, the tempera-
ture heater, and the temperature pump.

[0020] The microwave tomography apparatus according
to an exemplary embodiment of the present invention may
further include: a level sensor which measures an amount of
medium in the medium container; a medium supply pump
which supplies the medium into the medium container; a
rotatable driving motor which rotates the plurality of anten-
nas; an up-down driving motor which drives the plurality of
antennas up and down; and a driving controller which
interworks with the controller to control the level sensor, the
medium supply pump, the rotatable driving motor, and the
up-down driving motor.

[0021] The controller may interwork with the driving
controller to control to perform the primary measurement
and the secondary measurement while controlling rotation or
up-down position of the plurality of antennas.

[0022] Another exemplary embodiment of the present
invention provides a microwave tomography method which
is a method for measuring microwave tomography of a
subject through a medium container which includes a plu-
rality of antennas and a plurality of transceivers which
corresponds to the plurality of antennas one to one, includ-
ing: performing primary measurement on a radio wave
signal in a state when the subject is not inserted into the
medium container; measuring a profile of the subject in a
state when the subject is inserted into the medium container;
performing secondary measurement on the radio wave sig-
nal in a state when the subject is inserted into the medium
container; and performing image analysis using the primary
measuring result, the profile measuring result, and the sec-
ondary measuring result.

[0023] The method may further include performing pri-
mary initialization which initializes an apparatus before the
primary measurement; and performing secondary initializa-
tion considering that the subject is inserted into the medium
container before the secondary measurement.

[0024] The primary initialization and the secondary ini-
tialization may set a temperature and a level in the medium
container, and a parameter for rotation or up-down position
of the antenna.

[0025] In the performing of primary measurement or the
performing of secondary measurement, when one of the
plurality of transceivers transmits a radio wave signal to the
plurality of antennas, the remaining transceivers of the
plurality of transceivers may simultaneously receive the
radio wave signal to measure the radio wave signal.
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[0026] In the performing of primary measurement or the
performing of secondary measurement, the remaining trans-
ceivers may measure an intensity and a phase of the radio
wave signal.

[0027] According to the present invention, a switching
circuit is not provided, so that a signal interruption problem
due to signal leakage is solved, thereby achieving a mea-
suring quality with a high signal to noise ratio.

[0028] According to the present invention, a plurality of
transceivers is operated for one measurement, so that a
measuring time is shortened. Therefore, an influence by
which an electric characteristic of the apparatus varies as
time goes is reduced, to improve a measuring quality.
[0029] According to the present invention, a measuring
condition of a measuring apparatus is consistently main-
tained by a temperature sensor, a temperature heater, a
temperature pump, a level sensor, a medium supply pump,
and a rotatable driving motor, thereby improving measuring
reliability.

[0030] According to the present invention, a profile coor-
dinate value of a human tissue located in a medium container
is measured to be used for imaging analysis, so that analysis
complexity and analysis time are reduced and the image
quality may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a diagram of a microwave tomography
apparatus according to an exemplary embodiment of the
present invention.

[0032] FIG. 2 is a flowchart illustrating a microwave
tomography method according to an exemplary embodiment
of the present invention.

[0033] It should be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simpli-
fied representation of various features illustrative of the
basic principles of the invention. The specific design fea-
tures of the present invention as disclosed herein, including,
for example, specific dimensions, orientations, locations,
and shapes will be determined in part by the particular
intended application and use environment.

[0034] 1In the figures, reference numbers refer to the same
or equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

[0035] Hereinafter, some embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. When reference numerals denote
components in the drawings, even though the like parts are
illustrated in different drawings, it should be understood that
like reference numerals refer to the same parts. In describing
the embodiments of the present invention, when it is deter-
mined that the detailed description of the known configu-
ration or function related to the present invention may
obscure the understanding of embodiments of the present
invention, the detailed description thereof will be omitted.
[0036] In describing components of the exemplary
embodiment of the present invention, terminologies such as
first, second, A, B, (a), (b), and the like may be used.
However, such terminologies are used only to distinguish a
component from another component but nature, a sequence
or an order of the component is not limited by the termi-
nologies. If it is not contrarily defined, all terminologies
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used herein including technological or scientific terms have
the same meaning as those generally understood by a person
with ordinary skill in the art. Terminologies which are
defined in a generally used dictionary should be interpreted
to have the same meaning as the meaning in the context of
the related art but are not interpreted as ideal or excessively
formal meaning if they are not clearly defined in the present
invention.

[0037] The present invention discloses a microwave
tomography technique which transmits and irradiates a
microwave onto a part of a measuring subject including a
breast (human tissue) and receives a variable electromag-
netic wave to measure an intensity and a phase of a signal,
analyzes a measuring result to image a radio wave charac-
teristic of the human tissue, and diagnoses whether the tissue
is abnormal based on a difference of the radio wave char-
acteristics between tissues. Further, in the present invention,
a microwave is used as an example of an electromagnetic
wave. However, the electromagnetic wave is not limited to
the microwave and includes an electromagnetic wave having
various frequency bands.

[0038] Hereinafter, exemplary embodiments of the present
invention will be specifically described with reference to
FIGS. 1 to 2.

[0039] FIG. 1 is a diagram of a microwave tomography
apparatus according to an exemplary embodiment of the
present invention.

[0040] A microwave tomography apparatus according to
an exemplary embodiment of the present invention includes
a transmission/reception controller 110, a transceiver array
120, a medium container 130, an antenna 131, a temperature
sensor 132, a temperature heater 133, a temperature pump
134, a temperature controller 140, a level sensor 141, a
medium supply pump 142, a rotatable driving motor 143, an
up-down driving motor 144, a driving controller 150, a
surface measuring unit 160, and a system controller 170.

[0041] The transmission/reception controller 110 gener-
ates a reference frequency signal to the transceiver array 120
and controls transmission/reception of all transceivers 121
and 122.

[0042] The transceiver array 120 generates a microwave
signal using the reference frequency signal which is received
from the transmission/reception controller 110 and transmits
the generated microwave signal to the antenna 131. In this
case, in the transceiver array 120, N transceivers 121a to
1217 may be provided. Further, the N transceivers 121a to
121# in the transceiver array 120 are coupled to N antennas
131a to 131z in the medium container 130 by one to one
correspondence. The transceiver array 120 performs fre-
quency conversion processing and signal processing on a
signal received from the antenna 131 to measure an intensity
and a phase of the signal, thereby generating a first mea-
surement value. For example, when one transceiver among
the N transceivers transmits a microwave signal, the signal
is output to one of the N antennas and the remaining N-1
transceivers are coupled to the remaining N-1 antennas to
simultaneously receive a radio wave signal and measure the
intensities and the phases of the signals.

[0043] The medium container 130 is filled with a medium
so that a human tissue such as a breast which is a measuring
subject is inserted therein and the medium container 130
includes the antenna 131 which transmits and receives a
radio wave signal, the temperature sensor 132 which main-
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tains a temperature to be a constant temperature as a
measuring condition, the temperature heater 133, and the
temperature pump 134.

[0044] The antennas 131 are located in the medium con-
tainer 130 and circularly coupled to each other, and N
antennas 131a to 131» are arranged on a disc plate with a
constant interval. The temperature sensor 132 measures a
temperature in the medium container 130 to transmit the
measured temperature to the temperature controller 140. The
temperature heater 133 supplies heat to maintain a tempera-
ture in the medium container 130 in accordance with control
of the temperature controller 140. The temperature pump
134 convects the medium to maintain a temperature in the
medium container 130 in accordance with control of the
temperature controller 140. The temperature controller 140
controls operations of the temperature sensor 132, the tem-
perature heater 133, and the temperature pump 134 in
accordance with a temperature in the medium container 130
by the control of the system controller 170.

[0045] The level sensor 141 measures an amount of
medium of the medium container 130 and the medium
supply pump 142 supplies or discharges the medium to or
from the medium container 130. The rotatable driving motor
143 is coupled to the antennas 131 which are circularly
coupled and rotates a position of the antennas 131. The
up-down driving motor 144 is coupled to the antennas 131
which are circularly coupled and moves a position of the
antennas 131 up or down. The driving controller 150 con-
trols operations of the level sensor 141, the medium supply
pump 142, the rotatable driving motor 143, and the up-down
driving motor 144 by the control of the system controller
170.

[0046] The surface measuring unit 160 measures a profile
coordinate value of a measuring subject which is located in
the medium container 130 and transmits the measuring
result to the system controller 170. In this case, the profile
coordinate value of the measuring subject is a three-dimen-
sional coordinate value and indicates spatial information of
the measuring subject.

[0047] The system controller 170 is connected to the
transmission/reception controller 110, the temperature con-
troller 140, and the driving controller 150 to receive a state
signal of the measuring apparatus and outputs a control
signal of the measuring apparatus to monitor and control the
measuring apparatus of the system. The system controller
170 performs initialization by setting the measuring appa-
ratus to have a predetermined parameter value before mea-
suring the radio wave signal, performs primary measure-
ment through the transceiver array 120 in a state when the
measuring subject is not inserted in the medium container
130, and performs secondary measurement through the
transceiver array 120 in a state when the measuring subject
is inserted in the medium container 130. Further, the system
controller 170 performs image analysis using all the primary
measurement value, the secondary measurement value, and
a surface coordinate value to provide an image. In this case,
a general method is used as the image analyzing method. In
the present invention, a surface coordinate value of the
subject is measured in advance to be directly provided, so
that during the imaging analysis of the entire space, with
respect to the profile coordinate value of the subject, a
known characteristic value of the medium is substituted into
a region outside the profile of the subject and only a region
in the profile of the subject is calculated. Therefore, a region



US 2017/0007150 A1

to be analyzed is reduced, thereby reducing a time to analyze
the image and a complexity thereof.

[0048] A microwave tomography apparatus with the
above-described configuration of the present invention
transmits a signal using one of N transceivers and the
remaining N-1 transceivers simultaneously receive the sig-
nal to measure intensities and phases of the signals, thereby
reducing a measuring time. Further, the microwave tomog-
raphy apparatus does not include a switching circuit, so that
signal interruption is prevented. Furthermore, during image
analysis, a shape coordinate value of the measuring subject
is used, so that complexity of the image analysis is mini-
mized

[0049] Hereinafter, a measuring method of a microwave
tomography apparatus according to an exemplary embodi-
ment of the present invention will be described in detail with
reference to FIG. 2.

[0050] A system controller 170 performs primary initial-
ization which sets parameter values of the transmission/
reception controller 110, the temperature controller 140, and
the driving controller 150 of FIG. 1 to set a parameter value
required for each element to initialize the tomography
apparatus in step S101. In this case, the parameter includes
a level of the medium, a temperature of the medium, an
up-down or rotation position of the antenna. When the
parameter is set, the temperature sensor 132, the temperature
heater 133, the temperature pump 134, the level sensor 141,
the medium supply pump 142, the rotatable driving motor
143, and the up-down driving motor 144 are controlled to
perform the primary initialization.

[0051] Thereafter, while a human tissue is not inserted in
the medium container 130, one transceiver 121a among N
transceivers of the transceiver array 120 generates a micro-
wave signal from a reference frequency signal and transmits
the generated microwave signal to the antenna 131. Next,
the remaining N-1 transceivers 1215 to 121z simultane-
ously perform frequency synthesis and signal processing on
the signal which is received by the antenna 131 to measure
intensities and phases of received radio wave signal. There-
after, the N-1 transceivers repeatedly measure intensities of
the signals while changing a frequency of the received radio
wave signal and interwork with the transmission/reception
controller 103 and the system controller 170 to repeatedly
measure the intensities and phases of the radio wave signals
while rotating the antennas 131 through the rotatable driving
motor 143. Further, the N-1 transceivers interwork with the
transmission/reception controller 103 and the system con-
troller 170 to repeatedly measure the intensities and phases
of the radio wave signals while up-down driving the anten-
nas 131 through the up-down driving motor 144 to obtain a
first measurement value in step S102.

[0052] Thereafter, the system controller 170 resets param-
eter values of the transmission/reception controller 110, the
temperature controller 140, and the driving controller 150
for target measurement to perform secondary initialization
for target measurement in step S103. That is, a parameter of
the secondary initializing step is similar to a parameter at the
time of the primary initializing step of S101, but the param-
eter is set considering that the medium in the medium
container 130 overflows when the measuring subject is
inserted into the medium container 130, which is different
from the primary initializing step.

[0053] Next, in a state when the measuring subject is
inserted into the medium container 140, a profile of the
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measuring subject is measured in step S104. In this case, the
profile of the measuring subject is a three-dimensional
coordinate value and indicates spatial information of the
measuring subject. The profile of the measuring subject is
measured in advance because when imaging analysis is
performed only using the intensity and the phase informa-
tion of the radio wave signal through the microwave trans-
mission/reception, it takes a long time and is complex to
perform imaging analysis. Therefore, profile information of
the measuring subject which is easily obtained is used to
perform the imaging analysis, so that a known characteristic
value of the medium is substituted to a region outside the
profile of the subject with respect to the profile coordinate
value of the subject during the imaging analysis of the entire
space and only the region in the profile of the subject is
calculated. As a result, a region to be analyzed is reduced,
thereby minimizing complexity and time.

[0054] Thereafter, in a state when the human tissue is
inserted into the medium container 130, similarly to the
primary measurement of step S102, one transceiver 121a
among the N transceivers generates a microwave signal to
transmit the microwave signal to the antenna 131 and a radio
wave signal which is received by the antenna 131 is simul-
taneously received by the remaining N-1 transceivers 1215
to 121# to perform frequency synthesis and signal process-
ing and measure an intensity and a phase of the signal to
obtain a secondary measurement value in step S105. In this
case, at the time of the secondary measurement, similarly to
the primary measurement, the N-1 transceivers 1215 to
1217 interwork with the transmission/reception controller
110 and the system controller 170 to repeatedly measure the
intensities and phases of the radio wave signal while up-
down driving the antennas 131 through the up-down driving
motor 144.

[0055] Next, the system controller 170 determines
whether a user inputs an additional measuring order. When
the additional measuring order is not input, the system
controller 170 performs imaging analysis using the first
measurement value, the second measurement value, and the
profile measurement value of the subject in step S108. In this
case, when the measuring subject is the breast, if the user
wants to continuously measure a right breast after measuring
a left breast, the additional measuring order may be input
from the user.

[0056] In the meantime, when the additional measuring
order is input, it is determined whether a first measurement
value obtaining request in a state when no measuring subject
is inserted in step S102 is input in step S107. That is, an
order indicating whether to use the first measurement value
in a state when the measuring subject is not inserted or
reobtain the first measurement value is input and when the
first measurement value is used, steps S103 to S105 are
repeated and when the first measurement value is reobtained,
the first measurement value is reobtained by returning to
step S102.

[0057] The control order is a basic exemplary embodiment
and various determining equations are input in FIG. 2 to
detour or return to elements in the control during start,
processing, and end steps.

[0058] It will be appreciated that various exemplary
embodiments of the present invention have been described
herein for purposes of illustration, and that various modifi-
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cations, changes, and substitutions may be made by those
skilled in the art without departing from the scope and spirit
of the present invention.

[0059] Accordingly, the exemplary embodiments dis-
closed herein are intended to not limit but describe the
technical spirit of the present invention and the scope of the
technical spirit of the present invention is not restricted by
the exemplary embodiments. The protection scope of the
present invention should be interpreted based on the follow-
ing appended claims and it should be appreciated that all
technical spirits included within a range equivalent thereto
are included in the protection scope of the present invention.

What is claimed is:

1. A microwave tomography apparatus in a system which
measures microwave tomograph of a subject which is
inserted into a medium container, the apparatus comptrising:

a plurality of antennas which is located in the medium
container and transmits and receives an electromag-
netic wave;

a plurality of transceivers which, when a radio wave
signal transmitted from one of the plurality of antennas
is simultaneously received by the remaining antennas
of the plurality of antennas, measures intensity and
phase information of the radio wave signal received
from the remaining antennas; and

a controller which generates an image using the values
measured by the plurality of transceivers.

2. The apparatus of claim 1, wherein the controller
controls to perform primary measurement which measures
the intensity and phase information of the radio wave signal
in a state when the subject is not present in the medium
container and controls to perform secondary measurement of
the intensity and phase information of the radio wave signal
in a state when the measuring subject is inserted into the
medium container.

3. The apparatus of claim 1, wherein the plurality of
transceivers is connected to the plurality of antennas by one
to one correspondence.

4. The apparatus of claim 1, further comprising:

a surface measuring unit which measures a profile coor-
dinate value of the measuring subject to transmit a
measuring result to the controller.

5. The apparatus of claim 4, wherein the controller
analyzes an image by substituting a known characteristic
value of the medium to a region outside of the profile of the
subject and calculating only a region in the profile of the
subject with respect to the profile coordinate value using a
first measurement value by the primary measurement, a
second measurement value by the secondary measurement,
and the profile coordinate value.

6. The apparatus of claim 1, wherein the plurality of
antennas is a circularly coupled single antenna.

7. The apparatus of claim 1, further comprising:

a temperature sensor which measures a temperature in the

medium container;

a temperature heater which consistently maintains the
temperature in the medium container;

a temperature pump which convects the medium to main-
tain the temperature in the medium container; and
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a temperature controller which interworks with the con-
troller to control operations of the temperature sensor,
the temperature heater, and the temperature pump.

8. The apparatus of claim 1, further comprising:

a level sensor which measures an amount of medium in
the medium container;

a medium supply pump which supplies the medium into
the medium container;

a rotatable driving motor which rotates the plurality of
antennas;

an up-down driving motor which drives the plurality of
antennas up and down; and

a driving controller which interworks with the controller
to control the level sensor, the medium supply pump,
the rotatable driving motor, and the up-down driving
motor.

9. The apparatus of claim 8, wherein the controller
interworks with the driving controller to control to perform
the primary measurement and the secondary measurement
while controlling rotation or up-down position of the plu-
rality of antennas.

10. A method for measuring microwave tomography of a
subject through a medium container which includes a plu-
rality of antennas and a plurality of transceivers which
corresponds to the plurality of antennas one to one, the
method comprising:

performing primary measurement on a radio wave signal
in a state when the subject is not inserted into the
medium container;

measuring a profile of the subject in a state when the
subject is inserted into the medium container;

performing secondary measurement on the radio wave
signal in a state when the subject is inserted into the
medium container; and

performing image analysis using the primary measuring
result, the profile measuring result, and the secondary
measuring result.

11. The method of claim 10, further comprising;

performing primary initialization which initializes an
apparatus before the primary measurement;

performing secondary initialization considering that the
subject is inserted into the medium container before the
secondary measurement.

12. The method of claim 11, wherein the primary initial-
ization and the secondary initialization set a temperature and
alevel in the medium container, and a parameter for rotation
or up-down position of the antenna.

13. The method of claim 10, wherein in the performing of
primary measurement or the performing of secondary mea-
surement, when one of the plurality of transceivers transmits
a radio wave signal to the plurality of antennas, the remain-
ing transceivers of the plurality of transceivers simultane-
ously receive the radio wave signal to measure the radio
wave signal.

14. The method of claim 13, wherein in the performing of
primary measurement or the performing of secondary mea-
surement, the remaining transceivers measure an intensity
and a phase of the radio wave signal.
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