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TEMPERATURE CONTROL APPARATUS
AND METHOD IN MICROWAVE IMAGING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0072735 filed in
the Korean Intellectual Property Office on May 26, 2015, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to an apparatus and a
method of controlling a temperature of a matching material
used in an imaging system using microwaves, and particu-
larly, to an apparatus and a method of efficiently controlling
a temperature for maintaining a characteristic of a matching
material related to a propagation loss and a dielectric con-
stant characteristic in a microwave imaging system.

BACKGROUND ART

[0003] Recently, an imaging technology using micro-
waves has been researched by considering a sharp increase
of breast cancer patients and urgent demands for new
technology for a breast cancer diagnosis apparatus in a
medical world, and reflecting potential growth possibility
and market demands. Accordingly, the microwave imaging
system using the technology is a system for diagnosing
cancer by restoring an image of the breast from scattered
data obtained by radiating microwaves to a breast immersed
in a matching material. Accordingly, in order for an ampli-
tude a and phase information of a signal which are the
scattered data, to have accurate and stable values, a charac-
teristic of the matching material needs to be maintained for
a measurement time of signal information.

[0004] In the matching material, a propagation loss is
generated during a process of radiating microwaves, and the
propagation loss is changed according to a temperature.
Further, a dielectric constant characteristic of the matching
material is differently exhibited according to a temperature.
Since a value of signal data is changed when a temperature
of the matching material is changed during a process of
obtaining scattered data of the breast, it is impossible to
obtain a stable value, and as a result, there is a problem in
restoring an image of the breast or it is impossible to restore
an image of the breast. Accordingly, in order to obtain stable
scattered data, an apparatus and a method of controlling a
temperature for controlling a characteristic of a matching
material in a microwave imaging system have been required.

SUMMARY OF THE INVENTION

[0005] The present invention has been made in an effort to
provide an apparatus and a method for efficiently controlling
a temperature, which are capable of minimizing a tempera-
ture deviation and decreasing a temperature control time by
simultaneously controlling temperatures of matching mate-
rial used in a microwave imaging system in a main tank and
an auxiliary tank, and preventing an amplitude and phase
information of the microwaves, which are obtained by the
microwave imaging system, from deteriorating over a lapse
of time.
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[0006] 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.

[0007] An exemplary embodiment of the present inven-
tion provides an apparatus for maintaining a temperature of
a water tank in a microwave imaging system, the apparatus
including: a main water tank configured to contain a match-
ing material for putting a measurement target object in the
matching material; an auxiliary water tank coupled with the
main water tank by a connection hose, and communicable
with the matching material of the main water tank by a pump
installed at a center of the connection hose; and an external
computer (ex, PC) configured to perform a combined control
of a first temperature control apparatus for controlling a first
temperature maintaining device provided within the main
water tank and a second temperature control apparatus for
controlling a second temperature maintaining device pro-
vided within the auxiliary water tank(or manual control in
each of the temperature control apparatus), in which the
external computer obtains a microwave image by using a
difference between homo microwave measurement data for
the matching material of the main water tank and target
microwave measurement data for the measurement target
object after the measurement target object is put into the
main water tank, the homo microwave measurement data
and the target microwave measurement data being received
from a controller for controlling sequential transception of
the microwaves of a plurality of microwave transceivers
installed within the main water tank by using an image
restoring program.

[0008] A temperature of the matching material of each of
the main water tank and the auxiliary water tank according
to a control of operations of a heater and a temperature
sensor included in each of the first temperature maintaining
device and the second temperature maintaining device may
be maintained at a predetermined temperature through the
combined control of the external computer or each tempera-
ture control apparatus.

[0009] A water level sensor control device receiving the
combined control of the external computer may maintain a
water level of the main water tank through the communi-
cation of the matching material through the control of the
pump according to sensing a water level by a water level
sensor of the main water tank.

[0010] Each of the first temperature maintaining device
and the second temperature maintaining device may further
include a water-jet pump for circulating the corresponding
matching material.

[0011] The apparatus may minimize a temperature devia-
tion according to the communication and decrease a time
taken for a temperature control, and make an amplitude and
phase information of a microwave signal of the plurality of
microwave transceivers be stably received by simultane-
ously controlling the temperatures of the matched material
in the main water tank and the auxiliary water tank in the
combined control of the external computer.

[0012] The measurement target object may include a
phantom for a test measurement, a part of a body including
a breast, or other flexible objects.

[0013] In order to obtain the homo microwave measure-
ment data containing an amplitude and phase information of
a scattered microwave signal for the matching material,
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before the measurement target object is put into the match-
ing material of the main water tank, the first temperature
control apparatus and the second temperature control appa-
ratus may control the first temperature maintaining device
and the second temperature maintaining device, respec-
tively, and perform a temperature measurement, temperature
setting, and a temperature control to a predetermined tem-
perature or higher for each matching material.

[0014] In order to obtain the target microwave measure-
ment data containing an amplitude and phase information of
a scattered microwave signal for the measurement target
object, in a state where the measurement target object is put
into the matching material of the main water tark, the first
temperature control apparatus and the second temperature
control apparatus may control the first temperature main-
taining device and the second temperature maintaining
device, respectively, while maintaining the water level of the
main water tank through the communication of the matching
material through a control of the pump according to sensing
a water level by a water level sensor of the main water tank
under the combined control of the external computer, and
perform a temperature measurement and a temperature
control to a predetermined temperature or higher for the
matched material, respectively.

[0015] Each of the first temperature control apparatus and
the second temperature control apparatus may use any one
of a proportional control, an integral control, and a differ-
ential control for controlling a temperature of the matching
material thereof.

[0016] Another exemplary embodiment of the present
invention provides a method of maintaining a temperature of
a water tank in a microwave imaging system, the method
including: uniformly maintaining a temperature of a match-
ing material of each of a main water tank and an auxiliary
water tank by using the main water tank for containing a
matching material for putting a measurement target object in
the matching material, the auxiliary water tank coupled with
the main water tank by a connection hose, and communi-
cable with the matching material of the main water tank by
a pump installed at a center of the connection hose, and an
external computer performing a combined control of a first
temperature control apparatus for controlling a first tem-
perature maintaining device provided within the main water
tank and a second temperature control apparatus for con-
trolling a second temperature maintaining device provided
within the auxiliary water tank; receiving, by the external
computer performing the combined control, homo micro-
wave measurement data for the matching material of the
main water tank from a controller for controlling sequential
transception of the microwaves of a plurality of microwave
transceivers installed within the main water tank; receiving,
by the external computer performing the combined control,
target microwave measurement data for the measurement
target object from the controller after the measurement target
object is put into the main water tank; and obtaining, by the
external computer performing the combined control, a
microwave image by using a difference between the homo
microwave measurement data and the target microwave
measurement data.

[0017] According to the apparatus and the method of
controlling a temperature in the microwave imaging system
according to the present invention, it is possible to minimize
a temperature deviation and decrease a time taken for
controlling a temperature by simultaneously controlling
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temperatures of matching material used in the microwave
imaging system in the main water tank and the auxiliary
water tank, prevent an amplitude and phase information of
microwaves received by the microwave imaging system
from deteriorating over a lapse of time, and easily restore a
microwave image of an object, such as the breast, by stably
and accurately obtaining scattered data.

[0018] The present invention may be widely utilized in a
breast cancer diagnosis apparatus using a matching material,
a cancer diagnosis in a medical device field, a converged
system of a biomedical field and a radio communication
field, other diagnosis device fields utilizing body tissue, and
the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a configuration diagram of a microwave
imaging system including a temperature control apparatus
according to an exemplary embodiment of the present
invention.

[0020] FIG. 2 is a diagram illustrating an example of an
amplitude and phase information of received microwaves
according to a change in a temperature in the microwave
imaging system according to the exemplary embodiment of
the present invention.

[0021] FIG. 3 is a flowchart for describing a method of
restoring an image for a measurement target object accord-
ing to the exemplary embodiment of the present invention.
[0022] FIG. 4 is a flowchart for describing a method of
controlling a temperature of a matching material according
to an exemplary embodiment of the present invention.
[0023] 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.

[0024] In the figures, reference numbers refer to the same
or equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

[0025] Hereinafter, some exemplary embodiments of the
present invention will be described in detail with reference
to the accompanying drawings. When reference numerals
refer to elements of each drawing, it is noted that although
the same elements are illustrated in different drawings, the
same elements are referred to by the same reference numer-
als as much as possible. Further, in describing the exemplary
embodiments of the present invention, when it is determined
that the detailed description of publicly known configura-
tions or functions related to the present invention may
obscure the understanding of the exemplary embodiment of
the present invention, the detailed description thereof will be
omitted.

[0026] In describing constituent elements of the exem-
plary embodiment of the present invention, terms such as
first, second, A, B, (a), (b), and the like may be used. Such
a term is only for discriminating the constituent element
from another constituent element, and does not limit the
essential feature, order, or sequence of the constituent ele-
ment, or the like. Further, otherwise contrarily defined, all
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terms used herein including technological or scientific terms
have the same meaning as those generally understood by
those skilled in the art. Terms 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 otherwise clearly defined in the present invention.
[0027] FIG. 1 1is a configuration diagram of a microwave
imaging system including a temperature control apparatus
according to an exemplary embodiment of the present
invention.

[0028] Referring to FIG. 1, the microwave imaging system
according to the exemplary embodiment of the present
invention includes a main water tank 100 and an auxiliary
water tank 116 for putting a matching material 101, and the
main water tank 100 includes a temperature maintaining
device 103 and N microwave transceivers 102 (N is a natural
number) therein, and the auxiliary water tank 116 also
includes a temperature maintaining device (including a
heater 112, a temperature sensor 113, a water-jet (or circu-
lation) pump 114, and the like) therein. The main water tank
100 and the auxiliary water tank 116 are connected by a
connection hose 111, and a pump 110 for supplying and
discharging the matching material 101 is provided at a center
of the connection hose 111.

[0029] The microwave imaging system according to the
exemplary embodiment of the present invention includes a
main water tank temperature control apparatus 104 control-
ling the temperature maintaining device 103 of the main
water tank 100, and an auxiliary water tank temperature
control apparatus 115 controlling the temperature maintain-
ing devices 112, 113, and 114 of the auxiliary water tank 116.
The main water tank temperature control apparatus 104 and
the auxiliary water tank temperature control apparatus 115
may be manually controlled by control devices thereof,
respectively, and are controlled under a combined control of
an external computer (for example, a personal computer)
117 and receives power from a system power unit 108. A
microwave transception controller 106 may transmit micro-
waves to the N microwave transceivers 102 or receive
microwaves from the N microwave transceivers 102 under
the combined control of the external computer 117. The
combined control of the external computer 117 may control
a general operation of the microwave imaging system. In
addition, the combined control of the external computer 117
may control a water level sensor control device 107, and the
water level sensor control device 107 may be connected with
the pump 110 and a water level sensor 109 and transceive a
control signal necessary for the operations. The matching
material 101 communicates (the material is movable from
one side to the other side) between the main water tank 100
and the auxiliary water tank 116 according to an operation
of the pump 110, and the external computer 117 may control
the matching material 101 to be moved by operating the
pump 110 so that a water level of the matching material 101
of the main water tank 100 is maintained at a predetermined
height through the water level sensor control device 107 in
the combined control of the external computer 117 accord-
ing to a detection signal of the water level sensor 109.
[0030] The N microwave transceivers 102 may have a
form including a microwave radiating unit having a structure
of a waveguide form and a predetermined aperture for
inputting/outputting electromagnetic waves, such as micro-
waves. A measurement target object 105 is put in the
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matching material 101, and the N microwave transceivers
102 may be disposed around the measurement target object
105 at an appropriate interval. The matching material 101
may be a predetermined liquid through which microwaves
pass through well, and the measurement target object 105
may be a flexible object, such as a phantom for a test
measurement or a part of a body, such as a breast, or other
objects, of which images are measurable.

[0031] In order to obtain a microwave image for the
measurement target object 105, under the combined control
(a combined control program, which is software, is avail-
able) of the external computer 117, the microwave transcep-
tion controller 106 controls the N microwave transceivers
102 to sequentially transmit microwaves once from any one
predetermined microwave transceiver, and collects informa-
tion about the microwaves, which the remaining transceiv-
ers, other than the corresponding microwave transceiver
transmitting the microwaves, simultaneously receive. The
information (microwave measurement data) about the
microwaves received by the transceivers contains an ampli-
tude and phase information of a microwave signal, which
passes through the measurement target object 105 and is
scattered, and the N microwave transceivers 102 may
sequentially transmit microwaves once, and the information
about the microwaves received by the remaining transceiv-
ers may be collected by the microwave transception con-
troller 106. An image restoring program (software) of the
external computer 117 may analyze the information about
the microwaves collected by the microwave transception
controller 106, obtain a microwave image for the measure-
ment target object 105, and utilize the obtained microwave
image for diagnosing a cancer and the like.

[0032] In this case, a propagation loss of the microwave
passing through the measurement target object 105 may be
generated in a corresponding frequency region by a charac-
teristic of the matching material 101, and the propagation
loss 1s generated by a characteristic of a unique dielectric
constant and conductivity of the matching material 101 and
the characteristics of the dielectric constant and the conduc-
tivity are changed by a change in a temperature of the
matching material 101, so that a propagation loss charac-
teristic may be varied. Accordingly, a signal analysis of the
received microwave may be inaccurate due to a change in a
temperature, and there is difficulty in restoring a microwave
image of the measurement target object 105.

[0033] Accordingly, in the present invention, it is possible
to minimize a temperature deviation and decrease a time
taken for controlling a temperature by simultaneously con-
trolling temperatures of the matching material 101 in the
main water tank 100 and the auxiliary water tank 116,
prevent an amplitude and phase information of the received
microwave from deteriorating over a lapse of time, and
easily restore a microwave image of the measurement target
object 105, such as the breast, by stably and accurately
obtaining scattered data.

[0034] FIG. 2 is a diagram illustrating an example of an
amplitude and phase information of microwaves received by
the N microwave transceivers 102 according to a change in
a temperature in the microwave imaging system according
to the exemplary embodiment of the present invention. Here,
16 microwave transceivers 102 are used, which includes a
first transmission channel Tx#1 and the remaining 15 recep-
tion channels including a reception channel Rx#9, which is
farthest from the first transmission channel Tx#1, and it is
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assumed that a temperature of the matching material 101 is
11.6 to 25° C., and a time is 100 minutes.

[0035] As illustrated in FIG. 2, it can be seen that when a
temperature (Temp.) of the matching material 101 is
changed over a lapse of time (around 40 mins), an amplitude
(Amp.) and phase (Pha.) information of the received micro-
waves are irregularly changed, so that it is difficult to
accurately generate a microwave image. Accordingly, in the
present invention, it is possible to uniformly maintain a
temperature (Temp.) of the matching material 101 over a
lapse of time (after around 40 mins) according to the
operations of the main water tank temperature control appa-
ratus 104, the temperature maintaining device 103, the
auxiliary water tank temperature control apparatus 115, and
the temperature maintaining devices 112, 113, and 114, and
thus it is possible to stably and accurately obtain an ampli-
tude (Amp.) and phase (Pha.) information about the received
microwave by uniformly maintaining a dielectric constant
and conductivity of the matching material 101 without
degrading the amplitude (Amp.) and the phase (Pha.) infor-
mation about the received microwave, thereby generating a
reliable microwave image for the measurement target object
105.

[0036] For example, during the measurement of the mea-
surement target object 105, the auxiliary water tank tem-
perature control apparatus 115 may heat a solution of the
matching material 101 within the auxiliary water tank 116
by supplying power of the system power unit 108 to the
heater 112, such as a ring type sheath heater operable in
water, by using a thermostat and the like, and generating
heat, and maintain a temperature of the matching material
101 at a predetermined temperature by controlling a supply
of the power to the heater 112 to be on/off according to a
sensed temperature (or signal) obtained through the tem-
perature sensor 113 (the number of temperature sensors 113
may be two or more, and a height of a connection part of an
end of the sensor is variable so that a height of the end of the
sensor is adjustable according to a water level) installed
within the auxiliary water tank 116. Further, the auxiliary
water tank temperature control apparatus 115 may control
the matching material 101 to generally and evenly have a
predetermined temperature by making the matching material
101 within the auxiliary water tank 116 be forcibly circu-
lated by controlling an operation of the water-jet pump 114
during the measurement.

[0037] Similarly, although not illustrated in the drawing,
the temperature maintaining device 103 of the main water
tank 100 may include a heater, a temperature sensor (the
number of temperature sensors may be two or more, and a
height of a connection part of an end of the sensor is variable
so that a height of the end of the sensor is adjustable
according to a water level), a water-jet pump, and the like
having the aforementioned forms. Accordingly, the main
water tank temperature control apparatus 104 may heat the
solution of the matching material 101 of the main water tank
100 by supplying the power of the system power unit 108 to
the heater of the temperature maintaining device 103 and
generating heat, and control the supply of the power to the
corresponding heater to be on/off according to the sensed
temperature (or signal) obtained through the temperature
sensor (the number of temperature sensors may be two or
more) of the temperature maintaining device 103 installed in
the main water tank 100 to maintain the matching material
101 at a predetermined temperature. Further, the main water
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tank temperature control apparatus 104 may control the
matching material 101 to generally and evenly have a
predetermined temperature by making the matching material
101 within the main water tank 100 be forcibly circulated by
controlling the operation of the water-jet pump of the
temperature maintaining device 103 during the measure-
ment.

[0038] FIG. 3 is a flowchart for describing a method of
restoring an image for the measurement target object 105
according to the exemplary embodiment of the present
invention.

[0039] In order to obtain a microwave image for the
measurement target object 105, first, in a state where the
measurement target object 105 is not put in the matching
material 101, the main water tank temperature control appa-
ratus 104 controls the temperature maintaining device 103
so that the matching material 101 of the main water tank 100
is maintained at a predetermined temperature (301). A
method of controlling a temperature of the matching mate-
rial 101 (first control of a temperature of the matching
material) will be described in more detail with reference to
FIG. 4 (401 to 405).

[0040] When the matching material 101 is maintained at
the predetermined temperature in the state where the mea-
surement target object 105 is not put in the matching
material 101 as described above, the microwave transcep-
tion controller 106 controls the N microwave transceivers
102 to sequentially transmit microwaves once from any one
predetermined microwave transceiver (first microwave out-
put) under the combined control of the external computer
117 (302), and collects information (an amplitude and phase
information about a microwave signal, which passes only
the matching material and is scattered) about the micro-
waves, which the remaining transceivers, other than the
corresponding microwave transceiver transmitting the
microwaves, simultaneously receive (303). The information
about the received microwaves in this case corresponds to
homo data (microwave measurement data) for the matching
material 101 in the state where the measurement target
object 105 is not put in the matching material 101.

[0041] When the aforementioned homo data is obtained,
the matching material 101 of the main water tank 100 is
moved to the auxiliary water tank 116 by controlling an
operation of the pump 110 through the water level sensor
control device 107 in the combined control of the external
computer 117 according to a sensed signal of the water level
sensor 109 before or after the measurement target object 105
is put in the matching material 101, so that a water level of
the main water tank 100 is controlled to be maintained at a
predetermined height (see the description of operation 406
of FIG. 4). The main water tank temperature control appa-
ratus 104 controls the temperature maintaining device 103
so that the matching material 101 of the main water tank 100
is maintained at the predetermined corresponding tempera-
ture with the adjustment of the water level at the same time
or after the adjustment of the water level, and the auxiliary
water tank temperature control apparatus 115 controls the
temperature maintaining devices 112, 113, and 114 so that
the matching material 101 of the auxiliary water tank 116 is
maintairned at the predetermined corresponding temperature
(the same temperature as that of the matching material 101
of the main water tank 100) (304). The method of controlling
a temperature of the matching material 101 (second control
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of a temperature of the matching material) will be described
in more detail with reference to FIG. 4 (operations 406 to
408).

[0042] When the matching material 101 is maintained at
the predetermined temperature in the state where the mea-
surement target object 105 is put in the matching material
101 as described above, the microwave transception con-
troller 106 controls the N microwave transceivers 102 to
sequentially transmit microwaves once from any one pre-
determined microwave transceiver (second microwave out-
put) under the combined control of the external computer
117 (305), and collects information (an amplitude and phase
information about a microwave signal, which passes the
measurement target object 105 and is scattered) about the
microwaves, which the remaining transceivers, other than
the corresponding microwave transceiver transmitting the
microwaves, simultaneously receive (306). The information
about the received microwaves in this case corresponds to
target data (microwave measurement data) for the matching
material 101 in the state where the measurement target
object 105 is put in the matching material 101.

[0043] The image restoring program of the external com-
puter 117 may analyze information, that is, the homo data
and the target data, about the microwaves collected by the
microwave transception controller 106, and obtain a micro-
wave image for the measurement target object 105 (307).
That is, the image restoring program of the external com-
puter 117 may generate a microwave image for the mea-
surement target object 105 by calculating a difference (sub-
traction) value between the target data and the homo data.

[0044] FIG. 4 is a flowchart for describing a method of
controlling a temperature of a matching material according
to an exemplary embodiment of the present invention.
Operations 401 to 405 of FIG. 4 may be included in
operation 301 of FIG. 3. Further, operations 406 to 408 of
FIG. 4 may be included in operation 304 of FIG. 3, and in
this case, in the setting of a predetermined temperature for
controlling a temperature of the matching material 101,
setting temperatures of the main water tank 100 and the
auxiliary water tank 116 are equally set.

[0045] First, in a state where the measurement target
object 105 is not put in the matching material 101, water
levels of the matching material 101 in the main water tank
100 and the auxiliary water tank 116 are not changed and are
set under an optimum condition. In this case, it is possible
to measure temperatures of an upper part and a lower part of
the main water tank 100 by using the temperature sensor of
the temperature maintaining device 103 of the main water
tank 100 under the control of the main water tank tempera-
ture control apparatus 104 (401). Particularly, in the mea-
surement of the temperature, it is possible to measure a
temperature of an upper part of the matching material 101
adjacent to the plurality of transceivers 102 and a tempera-
ture of a lower part of the matching material 101 adjacent to
the heater positioned at a lower part of the main water tank
100. Further, it is possible to measure a temperature of the
matching material 101 around the heater 112 of the auxiliary
water tank 116 by using the temperature sensor 113 under
the control of the auxiliary water tank temperature control
apparatus 115. Further, the temperatures measured from the
main water tank 100 and the auxiliary water tank 116 may
be displayed on the temperature control apparatuses 104 and
115, respectively, and may also be displayed in real time on
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a combined control window of a display device of the
external computer 117 depending on a case.

[0046] In order to obtain accurate signal data based on the
temperature of the matching material 101 measured as
described above, a user may set setting temperatures of the
main water tank 100 and the auxiliary water tank 116 by
using the temperature control apparatuses 104 and 115,
respectively, or the combined control window of the external
computer 117 (402). Further, the user may set an operation
of the water-jet pump of the temperature maintaining device
103 of the main water tank 100 by using the temperature
control apparatus 104 or the combined control window of
the external computer 117. Particularly, a temperature devia-
tion of the matching material 101 at the upper part and the
lower part of the main water tank 100 exists, and in order to
minimize the temperature deviation during the temperature
control process, the user may set the operation of the
water-jet pump. Further, in the setting of the operation of the
water-jet pump 114 of the auxiliary water tank 116, the
water-jet pump 114 may be operated by setting a predeter-
mined operation setting value according to a water level of
the matching material 101 put in the auxiliary water tank 116
in the auxiliary water tank temperature control apparatus 115
or on the combined control window of the external computer
117. That is, when a water level of the matching material 101
of the auxiliary water tank 116 is high, the user may input
a setting value so that the water-jet pump 114 is operable for
circulating the matching material 101 and maintaining the
predetermined temperature, and when a water level of the
matching material 101 of the auxiliary water tank 116 is low,
the user may input a setting value so that the water-jet pump
114 is not operated. Further, at least one control method
among proportional integral differential temperature control
methods including a proportional control, an integral con-
trol, and a differential control for controlling the tempera-
tures of the matched material 101 of the main water tank 100
and the auxiliary water tank 116 may be set in the respective
temperature control apparatuses 104 and 115 or the com-
bined control window of the external computer 117.
[0047] After the temperature is set as described above, it
is possible to increase the temperatures of the matched
material 101 of the main water tank 100 and the auxiliary
water tank 116 up to the predetermined corresponding
temperatures by operating the heaters within the respective
water tanks under the control of the respective temperature
control apparatuses 104 and 115 through the combined
control of the external computer 117 (403).

[0048] The temperature control apparatuses 104 and 115
increase the temperatures of the matched material 101 by
operating the heaters until the temperatures of the matched
material 101 become the predetermined corresponding tem-
peratures while confirming whether the temperatures of the
matched material 101 of the main water tank 100 and the
auxiliary water tank 116 are equal to or higher than the
predetermined corresponding temperatures based on the
sensing of the temperature by the temperature sensors
thereof through the combined control of the external com-
puter 117 (404).

[0049] Through the repetition of the aforementioned pro-
cess, the temperatures of the matched material 101 of the
main water tank 100 and the auxiliary water tank 116 may
be maintained at the predetermined corresponding tempera-
tures or higher (405). The aforementioned process may be
performed by operating each water-jet pump by the respec-
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tive temperature control apparatuses 104 and 15 or under the
combined control of the external computer 117.

[0050] In this case, since the matching material 101 of the
auxiliary water tank 116 does not need the adjustment of a
water level with the matching material 101 of the main water
tank 100, so that a process of adjusting a water level for
supplying or discharging the matching material 101 is not
required. Accordingly, in a situation where the matching
material 101 of the main water tank 100 is maintained at the
predetermined temperature, regardless of the situation where
the matching material 101 of the auxiliary water tank 116 is
maintained at the predetermined temperature, the micro-
wave imaging system performs operation 302 of FIG. 3 of
outputting microwaves by using the plurality of transceivers
102 in order to obtain the homo data containing the ampli-
tude and the phase information of the signal for the matching
material 101 in the situation where the measurement target
object 105 is not present in the main water tank 100.

[0051] In the meantime, after the homo data is obtained in
operations 302 and 303 of FIG. 3, in order to obtain the
target data for the measurement target object 105, the
matching material temperature control, which is operation
304 of FIG. 3, is performed again. Further, operations 406
to 408 of FIG. 4 may be included in operation 304 of FIG.
3, and in this case, in the setting of a predetermined
temperature for controlling a temperature of the matching
material 101, setting temperatures of the main water tank
100 and the auxiliary water tank 116 are equally set.

[0052] In order to put the measurement target object 105
in the matching material 101 of the main water tank 100, an
optimized water level of the matching material 101 posi-
tioned at a higher water level sensor 109 of the main water
tank 100 needs to be decreased. Accordingly, a process of
discharging the matching material 101 to the auxiliary water
tank 116 by using a discharge pump 110 and the connection
hose 111 is performed up to a point, at which the water level
sensor 109 is positioned. The matching material 101 of the
main water tank 100 may be discharged to the auxiliary
water tank 116 partially or up to a predetermined position of
the water level sensor 109 before the measurement target
object 105 is put in the matching material 101, or the
matching material 101 may also be supplied to the main
water tank 100 up to a predetermined position of the water
level sensor 109 after the measurement target object 105 is
put in the matching material 101. The appropriate predeter-
mined positions of the water level sensor 109 before and
after the measurement target object 105 is put in the match-
ing material 101 may be manually controlled or be con-
trolled under the combined control of the external computer
117. In order to meet the water level of the matching material
101 up to the position of the water level sensor 109 through
the control of the pump 110 by the water level sensor control
device 107 under the combined control of the external
computer 117, the matching material 101 may be moved to
the auxiliary water tank 116, as well as the main water tank
100, and the temperatures of the matching material 101 for
both the main water tank 100 and the auxiliary water tank
116 are simultaneously controlled as described above, so
that it is possible to minimize a temperature deviation
according to the communication of the matching material
101 between the main water tank 100 and the auxiliary water
tank 116 and decrease a time taken for the temperature
control.
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[0053] When the measurement target object 105 is put in
the main water tank 100, and it is confirmed that the matched
material of the main water tank 100 and the auxiliary water
tank 116 are mixed by performing a process of supplying the
matching material 101 of the auxiliary water tank 116 to the
main water tank 100 up to the position of the water level
sensor 109 of the main water tank 100 by using the pump
110 and the connection hose 11, each temperature control
apparatus 104 or 105 measures a temperature of each water
tank, and the main water tank temperature control apparatus
104 controls the temperature maintaining device 103 so that
the matching material 101 of the main water tank 100 is
maintained at a predetermined corresponding temperature,
and the auxiliary water tank temperature control apparatus
115 controls the temperature maintaining devices 112, 113,
and 114 so that the matching material 101 of the auxiliary
water tank 116 is maintained at a predetermined correspond-
ing temperature (the same temperature as that of the match-
ing material 101 of the main water tank 100) (406). After the
matched material are mixed, it is possible to increase the
temperatures of the matched material 101 of the main water
tank 100 and the auxiliary water tank 116 up to the prede-
termined corresponding temperatures by operating the heat-
ers within the respective water tanks under the control of the
respective temperature control apparatuses 104 and 115.

[0054] The temperature control apparatuses 104 and 115
increase the temperatures of the matched material 101 by
operating the heaters until the temperatures of the matched
material 101 become the predetermined corresponding tem-
peratures while confirming whether the temperatures of the
matched material 101 of the main water tank 100 and the
auxiliary water tank 116 are equal to or higher than the
corresponding predetermined temperatures based on the
sensing of the temperature by the temperature sensors
thereof (407). Through the repetition of the aforementioned
process, the temperatures of the matched material 101 of the
main water tank 100 and the auxiliary water tank 116 may
be maintained at the predetermined corresponding tempera-
tures or higher (408). The aforementioned process may be
performed by operating the water-jet pumps by the tempera-
ture control apparatuses 104 and 115, respectively.

[0055] When the temperatures are maintained as described
above, the microwave imaging system performs operation
305 of FIG. 3 of outputting microwaves by using the
plurality of transceivers 102 in order to obtain the target data
containing the amplitude and phase information of the signal
for the matching material 101 in the situation where the
measurement target object 105 is present in the main water
tank 100.

[0056] According to the microwave imaging system
including the temperature control apparatus according to the
present invention, it is possible to minimize a temperature
deviation and decrease a time taken for controlling a tem-
perature by simultaneously controlling temperatures of
matching material in the main water tank and the auxiliary
water tank, prevent an amplitude and phase information of
microwaves received by the microwave imaging system
from deteriorating over a lapse of time, and easily restore a
microwave image of an object, such as the breast, by stably
and accurately obtaining scattered data. The present inven-
tion may be widely utilized in a breast cancer diagnosis
apparatus using a matching material, a cancer diagnosis in a
medical device field, a converged system of a biomedical



US 2016/0349771 Al

field and a radio communication field, other diagnosis
device fields utilizing body tissue, and the like.

[0057] The foregoing has been described for purposes of
illustrating the technical spirit of the present invention, and
those skilled in the art may change and modify the present
invention in various ways without departing from the essen-
tial characteristic of the present invention.

[0058] Accordingly, the various exemplary embodiments
disclosed herein are not intended to limit the technical spirit
but describe with the true scope and spirit being indicated by
the following claims. The scope of the present invention
should be construed based on the following appended claims
and it should be construed that the technical spirit included
within the scope equivalent to the claims belongs to the
present invention.

What is claimed is:

1. An apparatus for maintaining a temperature of a water
tank in a microwave imaging system, the apparatus com-
prising:

a main water tank configured to contain a matching
material for putting a measurement target object in the
matching material;

an auxiliary water tank coupled with the main water tank
by a connection hose, and communicable with the
matching material of the main water tank by a pump
installed at a center of the connection hose; and

an external computer configured to perform a combined
control of a first temperature control apparatus for
controlling a first temperature maintaining device pro-
vided within the main water tank and a second tem-
perature control apparatus for controlling a second
temperature maintaining device provided within the
auxiliary water tank,

wherein the external computer performing the combined
control obtains a microwave image by using a differ-
ence between homo microwave measurement data for
the matching material of the main water tank and target
microwave measurement data for the measurement
target object after the measurement target object is put
into the main water tank, the homo microwave mea-
surement data and the target microwave measurement
data being received from a controller for controlling
sequential transception of the microwaves of a plurality
of microwave transceivers installed within the main
water tank.

2. The apparatus of claim 1, wherein the external com-
puter performing the combined control maintains a water
level of the main water tank through the communication of
the matching material through the control of the pump
according to sensing a water level by a water level sensor of
the main water tank through a water level sensor control
device, and maintains a temperature of the matching mate-
rial of each of the main water tank and the auxiliary water
tank according to a control of an operation of a heater and
a temperature sensor included in each of the first tempera-
ture maintaining device and the second temperature main-
taining device at a predetermined temperature.

3. The apparatus of claim 2, wherein each of the first
temperature maintaining device and the second temperature
maintaining device further includes a water-jet pump for
circulating the corresponding matching material.

4. The apparatus of claim 1, wherein the external com-
puter performing the combined control minimizes a tem-
perature deviation according to the communication and
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decreases a time taken for a temperature control, and makes
an amplitude and phase information of a microwave signal
of the plurality of microwave transceivers be stably received
by simultaneously controlling the temperatures of the
matched material in the main water tank and the auxiliary
water tank.

5. The apparatus of claim 1, wherein the measurement
target object includes a phantom for a test measurement, a
part of a body including a breast, or other flexible objects.

6. The apparatus of claim 1, wherein in order to obtain the
homo microwave measurement data containing an ampli-
tude and phase information of a scattered microwave signal
for the matching material, before the measurement target
object is put into the matching material of the main water
tank, the first temperature control apparatus and the second
temperature control apparatus control the first temperature
maintaining device and the second temperature maintaining
device, respectively, and perform a temperature measure-
ment, temperature setting, and a temperature control to a
predetermined temperature or higher for each matching
material.

7. The apparatus of claim 1, wherein in order to obtain the
target microwave measurement data containing an ampli-
tude and phase information of a scattered microwave signal
for the measurement target object, in a state where the
measurement target object is put into the matching material
of the main water tank, the first temperature control appa-
ratus and the second temperature control apparatus control
the first temperature maintaining device and the second
temperature maintaining device, respectively, while main-
taining the water level of the main water tank through the
communication of the matching material through a control
of the pump according to sensing a water level by a water
level sensor of the main water tank through a water level
sensor comntrol device under the combined control of the
external computer, and perform a temperature measurement
and a temperature control to a predetermined temperature or
higher for the matched material, respectively.

8. The apparatus of claim 1, wherein each of the first
temperature control apparatus and the second temperature
control apparatus uses one or more of a proportional control,
an integral control, and a differential control for controlling
a temperature of the matching material thereof.

9. A method of maintaining a temperature of a water tank
in a microwave imaging system, the method comprising:

uniformly maintaining a temperature of a matching mate-

rial of each of a main water tank and an auxiliary water
tank by using the main water tank for containing a
matching material for putting a measurement target
object in the matching material, the auxiliary water
tank coupled with the main water tank by a connection
hose, and communicable with the matching material of
the main water tank by a pump installed at a center of
the connection hose, and an external computer per-
forming a combined control of a first temperature
control apparatus for controlling a first temperature
maintaining device provided within the main water
tank and a second temperature control apparatus for
controlling a second temperature maintaining device
provided within the auxiliary water tank;

receiving, by the external computer performing the com-

bined control, homo microwave measurement data for
the matching material of the main water tank from a
controller for controlling sequential transception of the
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microwaves of a plurality of microwave transceivers
installed within the main water tank;

receiving, by the external computer performing the com-

bined control, target microwave measurement data for
the measurement target object from the controller after
the measurement target object is put into the main water
tank; and

obtaining, by the external computer performing the com-

bined control, a microwave image by using a difference
between the homo microwave measurement data and
the target microwave measurement data.

10. The method of claim 9, wherein the combined control
of the external computer includes maintaining a water level
of the main water tank through the communication of the
matching material through the control of the pump accord-
ing to sensing a water level by a water level sensor of the
main water tank through a water level sensor control device,
and maintaining a temperature of the matching material of
each of the main water tank and the auxiliary water tank
according to a control of an operation of a heater and a
temperature sensor included in each of the first temperature
maintaining device and the second temperature maintaining
device at a predetermined temperature.

11. The method of claim 10, wherein each of the first
temperature maintaining device and the second temperature
maintaining device further includes a water-jet pump for
circulating the corresponding matching material.

12. The method of claim 9, wherein the external computer
performing the combined control minimizes a temperature
deviation according to the communication and decreases a
time taken for a temperature control by simultaneously
controlling the temperatures of the matched material in the
main water tank and the auxiliary water tank.

13. The method of claim 9, wherein the measurement
target object includes a phantom for a test measurement, a
part of a body including a breast, or other flexible objects.
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14. The method of claim 9, wherein in order to obtain the
homo microwave measurement data containing an ampli-
tude and phase information of a scattered microwave signal
for the matching material, before the measurement target
object is put into the matching material of the main water
tank, the first temperature control apparatus and the second
temperature control apparatus control the first temperature
maintaining device and the second temperature maintaining
device, respectively, and perform a temperature measure-
ment, temperature setting, and a temperature control to a
predetermined temperature or higher for each matching
material.

15. The method of claim 9, wherein in order to obtain the
target microwave measurement data containing an ampli-
tude and phase information of a scattered microwave signal
for the measurement target object, in a state where the
measurement target object is put into the matching material
of the main water tank, the first temperature control appa-
ratus and the second temperature control apparatus control
the first temperature maintaining device and the second
temperature maintaining device, respectively, while main-
taining the water level of the main water tank through the
communication of the matching material through a control
of the pump according to sensing a water level by a water
level sensor of the main water tank through a water level
sensor comntrol device under the combined control of the
external computer, and perform a temperature measurement
and a temperature control to a predetermined temperature or
higher for the matched material, respectively.

16. The method of claim 9, wherein each of the first
temperature control apparatus and the second temperature
control apparatus uses one or more of a proportional control,
an integral control, and a differential control for controlling
a temperature of the matching material thereof.
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