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7) ABSTRACT

A non-invasive apparatus and method for measuring a
temperature of a portion of a living body, includes a signal
receiving unit receiving electromagnetic wave signals emit-
ted from the portion of a living body to be measured, a signal
processing unit processing the electromagnetic signals input
from the signal receiving unit and outputting a radiation
power signal, a medium characteristic measurement unit
measuring a value of a conductivity or a permittivity of the
portion of the living body to be measured and outputting the
measured value, and a temperature conversion unit includ-
ing a computer database storing a plurality of temperature
conversion tables with respect to radiation power according
to the conductivity or the permittivity of the portion of the
living body and determining a corresponding temperature
using the measured value of the conductivity or the permit-
tivity of the portion of the living body and the radiation
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FIG. 2 (PRIOR ART)
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NON-INVASIVE APPARATUS FOR MEASURING A
TEMPERATURE OF A LIVING BODY AND
METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an apparatus and a
method for measuring a temperature of a living body. More
particularly, the present invention relates to a non-invasive
apparatus for measuring an internal temperature of a living
body by measuring the electromagnetic wave characteristics
of a medium, and a method therefor.

[0003]

[0004] In order to detect and treat an abnormal state of a
human body, a non-invasive apparatus and a method for
measuring a temperature of a living body by measuring
microwaves emitted from the living body have been devel-
oped. When the temperature of a medium is greater than
absolute zero, electromagnetic waves are emitted according
to a principle of black body radiation. If the medium is a
living body, electromagnetic wave signals are emitted from
the inside of the living body to the outside of the skin of the
living body. The temperature of abnormal tissues, which is
higher than the temperature of normal tissues, can be
detected by measuring the electromagnetic waves emitted
from a predetermined portion of the living body and con-
verting the measured electromagnetic waves into a tempera-
ture, so that an abnormal state of the living body may be
detected at an early stage.

[0005] FIG. 1 is a functional diagram of a conventional
apparatus employing a microwave radiometer to measure
the temperature of a specimen according to the prior art.

[0006] Referring to FIG. 1, a specimen 100 emits elec-
tromagnetic radiation 102 having a certain intensity and
frequency-spectrum distribution, each of which is a function
of the temperature of the specimen 100 and the character-
istics of the material the specimen 100 is composed of. The
frequency-spectrum distribution includes a portion of a
microwave interval to which a microwave antenna unit 104
is responsive. The temperature of the specimen 100 is sensed
by the microwave antenna unit 104, which is positioned in
a cooperative spatial relationship with the specimen 100 to
receive part of electromagnetic radiation 102, which is
within this microwave interval.

[0007] A microwave radiometer 105, including a micro-
wave receiver 106, a reference microwave noise source 108,
and a temperature meter 110, compares the relative intensity
of the microwave noise output from the microwave antenna
unit 104 with respect to the intensity of the output from the
reference microwave noise source 108. The temperature of
the specimen 100 is indicated by the temperature meter 110
in response to the output from the microwave receiver 106
applied as an input thereto.

[0008] The conventional apparatus for measuring a tem-
perature of a living body stores a temperature conversion
table, established from a temperature conversion graph, with
respect to a specific medium as shown in FIG. 2. The
conventional apparatus determines temperatures according
to the measured emitted intensities.

2. Description of the Related Art
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[0009] Referring to FIG. 2, the emitted intensity and the
temperature are in a linearly proportional relationship. In
other words, as the emitted intensity increases, the detected
temperature increases linearly. Thus, a specific temperature
corresponding to a specific emitted intensity can be selected.
However, the graph of FIG. 2 may be applied only to a
predetermined portion of a living body having a specific
permittivity or conductivity. If the permittivity or the con-
ductivity is changed within the living body, it is preferable
to use an alternate graph.

[0010] As shown in FIG. 3, radiation power, i.c., received
electric power, emitted at the same temperature may vary
when the permittivity or the conductivity is different so that
errors occur in the conversion process of a measured emitted
intensity into a temperature by using a single temperature
conversion table.

[0011] Forexample, if a received electric power measured
at a predetermined portion of a living body having a per-
mittivity of 49.8 is 4x107'° W, a converted temperature
according to the graph f1 is 46.5° C. However, a converted
temperature for the same electric power according to the
graph 2, which represents a predetermined portion of a
living body having a permittivity of 9.8, is 38° C., so that a
difference of 8.5° C. occurs.

[0012] For example, in a case where the temperature of
breasts that have large deviations of the permittivity and the
conductivity from 9.8 to 51.3 S/m and 0.37 to 3.4 S/m,
respectively, is measured, the deviation of emitted intensity
due to the differences of the permittivity and the conduc-
tivity cannot be corrected using a single temperature con-
version table. Accordingly, a large deviation occurs in the
converted temperature. As a result, abnormal tissues may be
determined as normal tissues thereby preventing the detec-
tion of an abnormal state in a living body.

SUMMARY OF THE INVENTION

[0013] In an effort to solve the above and related prob-
lems, it is a feature of an embodiment of the present
invention to provide an apparatus and a method for mea-
suring an internal temperature of a living body with
improved reliability.

[0014] To provide this feature of an embodiment of the
present invention, an apparatus for measuring a temperature
of a portion of a living body includes a signal receiving unit
for receiving electromagnetic wave signals emitted from the
portion of a living body to be measured, a signal processing
unit for processing the electromagnetic signals input from
the signal receiving unit and outputting a radiation power
signal, a medium characteristic measurement unit for mea-
suring a value of a conductivity or a permittivity of the
portion of the living body to be measured and for outputting
the measured value, and a temperature conversion unit,
including a computer database for storing a plurality of
temperature conversion tables with respect to radiation
power according to the conductivity or the permittivity of
the portion of the living body, for determining a correspond-
ing temperature using the measured value of the conductiv-
ity or the permittivity of the portion of the living body and
the radiation power signal of the signal processing unit.

[0015] The signal receiving unit preferably includes a
receiver for receiving the electromagnetic signals and a
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transmission line for sending the electromagnetic wave
signals from the receiver to the signal processing unit. It is
also preferable that the receiver is an antenna or a probe.

[0016] The signal processing unit preferably includes an
amplifier for amplifying the electromagnetic wave signals
input from the signal receiving unit, a filter for extracting a
signal value of a predetermined frequency band from the
electromagnetic wave signals, a noise source for maintain-
ing a reference signal of a specific temperature, a switch for
switching the extracted signal and the reference signal
within a specific interval and for connecting to a next stage,
an isolator for processing the extracted signal in one direc-
tion and matching circuits, and a detector for detecting an
enveloped curve of the extracted signal.

[0017] The temperature conversion unit preferably
includes an information storage unit having a computer
database for storing the plurality of temperature conversion
tables with respect to radiation power, and an information
processing unit for selecting a proper temperature conver-
sion table corresponding to the conductivity or the permit-
tivity measured by the information storage unit and for
determining the temperature corresponding to the radiation
power signal of the electromagnetic wave input from the
signal processing unit, from the temperature conversion
tables.

[0018] The medium characteristic measurement unit pref-
erably includes a signal generator for generating an electro-
magnetic wave signal of a specific frequency band, a trans-
mitter for sending the electromagnetic wave signal to the
portion of the living body, a receiver for receiving the
electromagnetic wave signal passed through the portion of
the living body to be measured, a signal processor for
receiving the electromagnetic wave signal from the receiver
and processing the received signal, and a controller for
controlling the signal generator and the signal processor.

[0019] The receiver preferably receives the electromag-
netic wave signal reflected on the portion of the living body
to be measured.

[0020] Tt is preferable that the apparatus further includes a
display for displaying the temperature selected by the tem-
perature conversion unit.

[0021] To provide another feature of an embodiment of the
present invention, a method for measuring a temperature of
aportion of a living body includes receiving electromagnetic
wave signals from the portion of a living body to be
measured, processing the received electromagnetic wave
signals and extracting a radiation power signal therefrom,
measuring medium characteristics, such as a conductivity or
a permittivity, of the portion of the living body to be
measured, and converting a temperature for determining the
temperature of the portion of the living body based on the
radiation power signal of the received electromagnetic wave
signals and the conductivity or the permittivity of the
measuring medium characteristics process.

[0022] Processing the received electromagnetic signals
preferably includes removing noise from the electromag-
netic wave signals, extracting the electromagnetic wave
signal of a specific frequency band, and amplifying the
extracted signal value.

[0023] Measuring medium characteristics preferably
includes radiating the electromagnetic wave signal of a
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specific frequency band to the portion of the living body to
be measured, receiving the electromagnetic wave signal
passed through the portion of the living body to be mea-
sured, and calculating a conductivity or a permittivity based
on the received electromagnetic wave signal.

[0024] Converting a temperature preferably includes
selecting a specific temperature conversion table corre-
sponding to the conductivity or the permittivity from a
plurality of temperature conversion tables with respect to
radiation power, which are previously stored, and calculat-
ing a specific temperature corresponding to the radiation
power of the electromagnetic wave from the temperature
conversion table.

[0025] 1In operation, the present invention stores a tem-
perature conversion table corresponding to a permittivity or
a conductivity in a radiometer as a computer database, and
measures the permittivity or the conductivity of a medium.
Thereafter, the measured electromagnetic wave is converted
into a temperature with reference to the temperature con-
version table corresponding to the measured constant.
Therefore, when measuring the internal temperature of a
living body, reliability of the measured temperature is
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail preferred
embodiments thereof with reference to the attached draw-
ings in which:

[0027] FIG. 1 is a functional diagram of a conventional
apparatus employing a microwave radiometer to measure
the temperature of a specimen according to the prior art;

[0028] FIG. 2 is a graph illustrating a conventional living
body temperature conversion table;

[0029] FIG. 3 is a graph illustrating changes in an emitted
energy of a living body according to changes in a tempera-
ture with respect to a permittivity and a conductivity of a
living body medium;

[0030] FIG. 4 is a block diagram illustrating an apparatus
for measuring a living body temperature according to an
embodiment of the present invention;

[0031] FIG. 5 illustrates a schematic view of an antenna
emission pattern with respect to a living body tissue;

[0032] FIG. 6is ablock diagram illustrating a temperature
conversion unit of an apparatus for measuring a temperature
of a living body according to an embodiment of the present
invention;

[0033] FIG. 7 is a graph illustrating a temperature con-
version table of a temperature conversion unit in an appa-
ratus for measuring a temperature of a living body according
to an embodiment of the present invention;

[0034] FIG. 8A illustrates a view of a transmission-type
medium characteristic measurement unit in an apparatus for
measuring a temperature of a living body according to an
embodiment of the present invention;

[0035] FIG. 8B illustrates a view of a reflection-type
medium characteristic measurement unit in an apparatus for
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measuring a temperature of a living body according to an
embodiment of the present invention;

[0036] FIG.9isa graph illustrating changes in the emitted
energy and penetration depth of a living body according to
changes in a permittivity and a conductivity;

[0037] FIG. 10 illustrates a view of a device for estab-
lishing a temperature conversion table of an apparatus for
measuring a temperature of a living body according to an
embodiment of the present invention;

[0038] FIG. 11 is a graph illustrating temperature conver-
sion tables of distilled water and mixed solution used in an
apparatus for measuring a temperature of a living body
according to an embodiment of the present invention;

[0039] FIG. 12 is a graph illustrating changes in tempera-
tures of distilled water measured by a radiometer and a
thermometer using the temperature conversion table of
distilled water of FIG. 11;

[0040] FIG. 13 is a graph illustrating changes in tempera-
tures of a mixed solution measured by a radiometer and a
thermometer using the temperature conversion table of
distilled water of FIG. 11;

[0041] FIG. 14 is a graph illustrating changes in tempera-
tures of mixed solution measured by a radiometer and a
thermometer using the temperature conversion table of a
mixed solution of FIG. 11,

[0042] FIG. 15 is a flowchart illustrating a method for
measuring a temperature of a living body according to an
embodiment of the present invention;

[0043] FIG. 16 is a flowchart illustrating a medium char-
acteristic measurement method in the method for measuring
a temperature of a living body according to an embodiment
of the present invention; and

[0044] FIG. 17 is a flowchart illustrating a temperature
conversion method in the method for measuring a tempera-
ture of a living body according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] Korean Patent Application No. 2002-15371, filed
Mar. 21, 2002, and entitled: “Non-Invasive Measuring
Apparatus of Living Body Temperature and Method There-
for,” is incorporated by reference herein in its entirety.

[0046] The present invention will now be described more
fully with reference to the accompanying drawings, in which
preferred embodiments of the invention are shown. Like
reference numerals refer to like elements throughout.

[0047] FIG. 4 is a block diagram illustrating a non-
invasive apparatus for measuring a temperature of a living
body according to an embodiment of the present invention.

[0048] Referring to FIG. 4, the non-invasive apparatus for
measuring a temperature of a living body includes a signal
receiving unit 11 and a signal processing unit 13. The signal
receiving unit 11 receives electromagnetic wave signals
emitted from a portion of a human body 10 to be measured.
The signal processing unit 13 switches the electromagnetic
wave signals of the signal receiving unit 11 with a reference
signal of a noise source to pass an isolator in order to match
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circuits, filters the electromagnetic wave signal of a specific
frequency band to pass the electromagnetic wave signal,
amplifies the filtered signal, and detects an enveloping
curve.

[0049] In addition, the non-invasive apparatus for mea-
suring a living body temperature further includes a medium
characteristic measurement unit 17 and a temperature con-
version unit 15. The medium characteristic measurement
unit 17 measures the conductivity or the permittivity of the
portion of the living body 10 to be measured and sends the
measured value to the temperature conversion unit 15. The
temperature conversion unit 15 includes a computer data-
base having a plurality of temperature conversion tables
with respect to radiation power. In addition, the temperature
conversion unit 15 selects a temperature conversion table
corresponding to the measured conductivity or permittivity,
and selects the temperature corresponding to the radiation
power of the electromagnetic wave input from the signal
processing unit 13, from the temperature conversion table.

[0050] The signal receiving unit 11 receives the electro-
magnetic waves of a specific frequency band emitted from
the portion of a living body, such as a human body 10. The
signal receiving unit 11 includes an antenna (21 of FIG. 5)
for receiving electromagnetic wave signals, a receiver hav-
ing a probe or a transmission line, and a transmission line for
sending the electromagnetic wave signals from the receiver
to the signal processing unit 13.

[0051] The antenna 21 included in the signal receiving
unit 11 is illustrated in FIG. 5. The antenna 21 contacts the
human body 10 to receive the electromagnetic waves emit-
ted from the portion of the human body 10 to be measured.

[0052] Referring to FIG. 5, the antenna 21 aligned in a
direction of the Z-axis receives the electromagnetic wave
signals emitted from a point p of the human body 10 and
sends the received electromagnetic wave signals to the
signal processing unit 13 via the transmission line. The
electromagnetic wave emitted from the point p penetrates to
a skin depth D; while forming an oval shape 23. Such
electromagnetic waves emitted from a specific portion of the
human body 10 have different penetration depths into the
skin according to the conductivity and the permittivity of the
specific portion, which will be described with reference to
FIG. 9.

[0053] The electromagnetic wave signals received by the
antenna 21 are sent to the signal processing unit 13 through
the transmission line. The signal processing unit 13 includes
an amplifier for amplifying the electromagnetic wave signals
input from the signal receiving unit 11, a filter for extracting
signal values of a predetermined frequency band from the
electromagnetic wave signals, a noise source for maintain-
ing a reference signal with respect to a predetermined
temperature, a switch for switching the extracted signal and
the reference signal with a predetermined interval and for
connecting to a next stage, an isolator for processing the
extracted signal in one direction and maintaining the
matched state of circuits, and a detector for detecting the
enveloped curve of the extracted signal, in order to easily
process signals in the temperature conversion unit 15.

[0054] Referring to FIG. 6, the temperature conversion
unit 15 selects a temperature conversion table 15-2 corre-
sponding to the permittivity or the conductivity sent from
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the medium characteristic measurement unit 17, from tem-
perature conversion tables 15-1 with reference to radiation
power, which are previously stored. In addition, the tem-
perature conversion unit 15 calculates the temperature cor-
responding to the radiation power of the measured signal
sent from the signal processing unit using the selected
temperature conversion table 15-2.

[0055] The temperature conversion unit 15 includes an
information storage unit, such as a software having a com-
puter database that stores the temperature conversion tables
15-1 with respect to radiation power, an information pro-
cessing unit, such as a microcomputer, for selecting a
specific temperature conversion table corresponding to the
permittivity or the conductivity from the information storage
unit and for calculating the temperature corresponding to the
radiation power using the temperature conversion tables,
and a display for displaying the calculated temperature.

[0056] FIG. 7 is an example of the computer database
15-1 storing the temperature conversion tables.

[0057] Referring to FIG. 7, changes in the temperature
with respect to material A is represented as a graph g2,
changes in the temperature with respect to material B is
represented as a graph gl, and changes in the temperature
with respect to material C is represented as a graph g3.

[0058] Forexample, if the emitted intensity of the material
Ais 50 Wm™>Hz ':sr!, the temperature of the material A
is about 34° C. with reference to the graph g2, which is a
temperature conversion table of material A. At the same
emitted intensity, the temperature of the material B is about
33° C. with reference to the graph gl and the temperature of
the material C is about 35° C. with reference to the graph g3.
If the graph g1 or g3, which is the temperature conversion
table of material B or C, is applied to the electromagnetic
wave signal from the material A, a temperature different
from the actual temperature of the material A is selected.

[0059] In order to prevent such an error, the present
invention includes the medium characteristic measurement
unit 17 for measuring the medium characteristics of the
portion to be measured and selecting the temperature con-
version table according to the medium characteristics of the
portion. This is because the information on the characteris-
tics of the material is necessary to select the appropriate
temperature conversion table from the temperature conver-
sion tables of materials A, B, and C, as shown in FIG. 7.

[0060] The medium characteristic measurement unit 17
measures the medium characteristics, i.e., permittivity and
conductivity, of the portion of the living body to be mea-
sured and sends the measured values to the temperature
conversion unit 15. Each of FIGS. 8A and 8B illustrates a
transmission-type medium characteristic measurement unit
and a reflection-type medium characteristic measurement
unit.

[0061] Referring to FIG. 8A, a transmission-type medium
characteristic measurement unit 17 includes a signal gen-
erator 17-3 for generating electromagnetic wave signals of a
specific frequency band, a transmitter 17-1 for radiating the
electromagnetic wave signals toward a predetermined por-
tion of a human body, a receiver 17-2 for receiving the
electromagnetic wave signals radiated from the transmitter
17-1 and transmitted human tissues 10, a signal processor
17-5 for processing the output value of the receiver 17-2,
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and a controller 17-4 for controlling the electromagnetic
wave signals radiated from the signal generator 17-3 and the
electromagnetic wave signals received by the signal proces-
sor 17-5. Here, the controller 17-4 further controls the
amount and timing of the signals to be transmitted and
received.

[0062] A reflection-type medium characteristic measure-
ment unit 17' of FIG. 8B includes elements similar to the
transmission-type medium characteristic measurement unit
17, ie., a signal generator 17-3', a transmitter 17-1', a
receiver 17-2', a signal processor 17-§', and a controller
17-4'. In this case, however, the transmitter 17-1' and the
receiver 17-2' are integrally formed to receive the electro-
magnetic wave signals reflected on a predetermined portion
10" of a human body.

[0063] If the permittivity and the conductivity measured in
the medium characteristic measurement unit 17 are sent to
the temperature conversion unit 15 while sending the elec-
tromagnetic wave signals of the signal receiving unit 11 to
the temperature conversion unit 15 after processing the
signals in the signal processing unit 13, the temperature
conversion unit 15 selects the temperature conversion table
corresponding to the measured permittivity and conductivity
amount from the temperature conversion tables with respect
to an electromagnetic wave amount that are previously
stored. Thereafter, the temperature conversion unit 15
searches the temperature corresponding to the electromag-
netic wave on the temperature conversion table.

[0064] The apparatus and method for measuring a tem-
perature of a living body according to the present invention
are based on the principle that radiation power varies
according to the permittivity or the conductivity as described
in Equation 1.

Be=B(e™)’

B=2k T/, (k=1.38x10"J/K) o))
[0065] Here, B; represents the radiation amount of elec-
tromagnetic waves by the temperature based on the Planck’s
law and the Rayleigh-Jeans’ law. In addition, T represents an
absolute temperature in K degrees, A represents a wave-
length m, and a represents an attenuation constant that is
calculated by Equation 2.

a= k[\/l +tan?é — 1)/2]1/2, (here, tand = o/ we)

e L @

FVue

[0066] Here, o represents a conductivity, € represents a
permittivity, and w=2rf. In addition, k represents a wave
number.

[0067] In other words, since radiation power is dependent
upon the conductivity or the permittivity, a precise radiation
power can be detected by measuring the conductivity or the
permittivity of a predetermined portion of a living body. In
addition, the detected radiation power is a function of
temperature according to Equation 1, so that temperature can
be calculated according to radiation power.

[0068] FIG.9isa graph illustrating changes in the emitted
radiation power B, the received radiation power By, and the
penetration depth D, of a living body according to changes
in the permittivity.
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[0069] Referring to FIG. 5 and a graph hl of FIG. 9, as
the permittivity increases, the penetration depth D; of elec-
tromagnetic wave decreases. When the permittivity is 10, D
is about 55 mm. However, when the permittivity is 55, Dy is
reduced to about 10 mm.

[0070] Referring to a graph h3 of FIG. 9, the emitted
radiation power B, about 2x10™"° at a permittivity of 10,
linearly increases to 15x107*° at a permittivity of 55. Refer-
ring to a graph h2 of FIG. 9, the received radiation power
B;, according to the emitted radiation power maintain the
level of about 107° when the permittivity varies from 10 to
60.

[0071] FIG. 10 illustrates a view of a device for estab-
lishing the temperature conversion tables of an apparatus for
measuring a temperature of a living body according to an
embodiment of the present invention.

[0072] Referring to FIG. 10, a medium, such as distilled
water or a mixed solution of distilled water to 54.88%,
diethylene glycol monobutyl ether (DGBE) to 44.91%, and
salt to 0.21%, is filled in a water tank 25, which allows for
temperature adjustment. Thereafter, the temperature of the
medium is measured using a thermometer 19, a medium
characteristic measurement unit 17, and a radiometer 12.

[0073] First, the temperatures of the distilled water as
material A having a permittivity of 80 and a conductivity of
4.5, and the mixed solution as material B having a permit-
tivity of 40 and a conductivity of 1.35 are measured using
the thermometer 19 and the radiometer 12. Thereafter, a
temperature conversion table is established as shown in
FIG. 11. Referring to FIG. 11, the graph Il represents a
temperature conversion table of the material A and the graph
12 represents a temperature conversion table of the material
B with respect to each emitted intensity (Wm™>-Hz ':sr%).

[0074] FIGS. 12 and 13 are graphs illustrating changes in
the temperatures of the distilled water and the mixed solu-
tion measured by the thermometer 19 and the radiometer 12
using the temperature conversion table I1 of distilled water
while varying the temperatures of the distilled water and the
mixed solution.

[0075] As shown in FIG. 12, when the temperature con-
version table I1 of distilled water is used, a measured value
J2 by the thermometer and a measured value J1 by the
radiometer for the distilled water are almost the same.
Accordingly, it is known that reliability of the temperature
conversion table 11 of distilled water is high.

[0076] However, if the temperature conversion table I1 of
distilled water is used for measuring changes in the tem-
perature of the mixed solution, deviations occur between the
measured value K2 by the thermometer and the measured
value K1 by the radiometer of the mixed solution, as shown
in FIG. 13.

[0077] When the temperature conversion table 12 of mixed
solution is used for the mixed solution, the deviations
between the measured value L2 by the thermometer and the
measured value L1 by the radiometer are small. Accord-
ingly, it is known that reliability of the temperature conver-
sion table 12 of mixed solution is high.

[0078] According to the results shown in FIGS. 10
through 14, the precise temperatures corresponding to the
radiation power of the living body may be calculated using

Sep. 25, 2003

the correct temperature conversion table corresponding to
the characteristics of the living body.

[0079] A method for measuring a temperature of a living
body according to an embodiment of the present invention
will now be described with reference to FIGS. 15 through
17.

[0080] Referring to FIG. 15, in step 101, in order to
measure a temperature of a living body, electromagnetic
wave signals emitted from a predetermined portion of a
living body are received. In step 103, the received electro-
magnetic wave signals are processed by removing noises,
and by filtering and amplifying the received signals. In step
105, the medium characteristics of the living body, such as
a conductivity or a permittivity, are measured. Thereafter, in
step 107, the output values of steps 103 and 105 are
converted into a corresponding temperature.

[0081] Referring back to FIG. 16, the process for mea-
suring the medium characteristics of the living body of step
105 may further include, in step 111, radiating electromag-
netic wave signals to living body tissues, in step 113,
receiving the electromagnetic signals that passed the living
body tissues, i.c., transmitting or reflected on the living body
tissues, and in step 115, calculating a conductivity or a
permittivity using the electromagnetic wave signals.

[0082] Referring to FIG. 17, the process for converting
the temperature of step 107 may further include, in step 121,
selecting a temperature conversion table corresponding to
the measured medium characteristics, i.e., the conductivity
or the permittivity, and in step 123, calculating a specific
temperature corresponding to the electromagnetic wave
value output in step 103 from the selected temperature
conversion table.

[0083] The apparatus and the method for measuring a
living body temperature according to the present invention
provide different temperature conversion tables with refer-
ence to radiation power according to the characteristics of a
living body medium, i.e., a conductivity and a permittivity,
so that reliability of the calculated temperatures is improved.

[0084] As described above, the non-invasive apparatus
and method for measuring a living body temperature accord-
ing to the present invention have the advantages of provid-
ing temperature conversion tables with respect to radiation
power according to the conductivity or the permittivity
corresponding to the medium characteristics of a portion of
a living body to be measured. Accordingly, precise tempera-
tures for the measured radiation power are provided to
improve reliability of the converted temperature and an
abnormal state of a human body can be detected and treated
at an early stage.

[0085] Preferred embodiments of the present invention
have been disclosed herein and, although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose of
limitation. For example, a person skilled in the art may use
other characteristics than the conductivity or the permittiv-
ity, which are electric characteristics of the medium. Accord-
ingly, it will be understood by those skilled in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention
as defined by the appended claims and equivalents thereof.
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What is claimed is:

1. An apparatus for measuring a temperature of a portion
of a living body, comprising:

a signal receiving unit for receiving electromagnetic wave
signals emitted from the portion of a living body to be
measured;

a signal processing unit for processing the electromag-
netic signals input from the signal receiving unit and
outputting a radiation power signal;

a medium characteristic measurement unit for measuring
a value of a conductivity or a permittivity of the portion
of the living body to be measured and for outputting the
measured value; and

a temperature conversion unit, including a computer
database for storing a plurality of temperature conver-
sion tables with respect to radiation power according to
the conductivity or the permittivity of the portion of the
living body, for determining a corresponding tempera-
ture using the measured value of the conductivity or the
permittivity of the portion of the living body and the
radiation power signal of the signal processing unit.

2. The apparatus as claimed in claim 1, wherein the signal

receiving unit comprises:

a receiver for receiving the electromagnetic signals; and

a transmission line for sending the electromagnetic wave
signals from the receiver to the signal processing unit.

3. The apparatus as claimed in claim 2, wherein the
receiver is an antenna or a probe.

4. The apparatus as claimed in claim 1, wherein the signal
processing unit comprises:

an amplifier for amplifying the electromagnetic wave
signals input from the signal receiving unit;

a filter for extracting a signal value of a predetermined
frequency band from the electromagnetic wave signals;

a noise source for maintaining a reference signal of a
specific temperature;

a switch for switching the extracted signal and the refer-
ence signal within a specific interval and for connecting
to a next stage;

an isolator for processing the extracted signal in one
direction and matching circuits; and

a detector for detecting an enveloped curve of the
extracted signal.

5. The apparatus as claimed in claim 1, wherein the
temperature conversion unit comprises:

an information storage unit having a computer database
for storing the plurality of temperature conversion
tables with respect to radiation power; and

an information processing unit for selecting a proper
temperature conversion table corresponding to the con-
ductivity or the permittivity measured by the informa-
tion storage unit and for determining the temperature
corresponding to the radiation power signal of the
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electromagnetic wave input from the signal processing
unit, from the temperature conversion tables.

6. The apparatus as claimed in claim 1, wherein the
medium characteristic measurement unit comprises:

a signal generator for generating an electromagnetic wave
signal of a specific frequency band;

a transmitter for sending the electromagnetic wave signal
to the portion of the living body;

a receiver for receiving the electromagnetic wave signal
passed through the portion of the living body to be
measured;

a signal processor for receiving the electromagnetic wave
signal from the receiver and processing the received
signal; and

a controller for controlling the signal generator and the

signal processor.

7. The apparatus as claimed in claim 6, wherein the
transmitter and the receiver are integrally formed to receive
the electromagnetic wave signals reflected on a predeter-
mined portion of the living body.

8. The apparatus as claimed in claim 6, wherein the
receiver receives the electromagnetic wave signal reflected
on the portion of the living body to be measured.

9. The apparatus as claimed in claim 1, further comprising
a display for displaying the temperature selected by the
temperature conversion unit.

10. A method for measuring a temperature of a portion of
a living body, comprising;

receiving electromagnetic wave signals from the portion
of a living body to be measured,

processing the received electromagnetic wave signals and
extracting a radiation power signal therefrom;

measuring medium characteristics, such as a conductivity
or a permittivity, of the portion of the living body to be
measured; and

converting a temperature for selecting the temperature of
the portion of the living body based on the radiation
power signal of the received electromagnetic wave
signals and the conductivity or the permittivity of the
measuring medium characteristics process.
11. The method as claimed in claim 10, wherein process-
ing the received electromagnetic signals comprises:

removing noise-from the electromagnetic wave signals;

extracting the electromagnetic wave signal of a specific
frequency band; and

amplifying the extracted signal value.

12. The method as claimed in claim 10, wherein measur-
ing medium characteristics comprises:

radiating the electromagnetic wave signal of a specific
frequency band to the portion of the living body to be
measured;

receiving the electromagnetic wave signal passed through
the portion of the living body to be measured; and
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calculating a conductivity or a permittivity based on the
received electromagnetic wave signal.
13. The method as claimed in claim 10, wherein convert-
ing a temperature comprises:

selecting a specific temperature conversion table corre-
sponding to the conductivity or the permittivity from a
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plurality of temperature conversion tables with respect
to radiation power, which are previously stored; and

calculating a specific temperature corresponding to the
radiation power of the electromagnetic wave from the
temperature conversion table.
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