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7) ABSTRACT

Disclosed is a wircless heart rate sensing system which
comprises: an oscillator for generating signals of a specific
frequency; a power divider for dividing power of the signals
generated by the oscillator; a transmit antenna for radiating
a first signal output by the power divider to a patient’s chest;
a receive antenna for receiving a signal, the frequency of
which is transited by a motion of the patient’s chest and
which is reflected and returned; a mixer for combining
frequency components of an RF signal received through the
receive antenna and a second signal output by the power
divider; and a baseband unit for filtering the signal combined
by the mixer, converting it into a digital signal, and output-
ting the digital signal.
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WIRELESS HEART RATE SENSING SYSTEM AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korea Patent Application No. 10-2003-97581 filed on
Dec. 26,2003 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] (a) Field of the Invention

[0003] The present invention relates to a system for sens-
ing heart rates. More specifically, the present invention
relates to a wireless system for sensing heart rates in
real-time using circular polarization.

[0004] (b) Description of the Related Art

[0005] Many doctors in hospital settings measure heart
rates by attaching electrodes of an ECG (electrocardiograph)
meter to a human body, but this method allows measuring
the heart rates only when attaching the electrodes to the
body, and additionally requires manpower to manage equip-
ment. Also, patents may feel resistance since they know their
heart rates are being measured during the measuring process.

[0006] U.S. Pat. No. 3,934,577 entitled “Fetal heart rate
monitoring apparatus” discloses a conventional wireless
measuring system for heart rates.

[0007] As shown in FIG. 1, the patent uses a Doppler
radar method, and in detail, it only filters signals which carry
Doppler converted heart rate information, performs signal
processing, and counts the number of heart beats. Further,
the patent fails to disclose an RF system part but only shows
a baseband part which is a signal processor.

[0008] In addition, Korea Patent No. 204980 entitled
“Electromagnetic wave surface current meter” discloses a
conventional technique which relates to a measuring device
using the Doppler radar principle.

[0009] As shown in FIG. 2, the patent relates to a device
for measuring the surface flux of watercourses using elec-
tromagnetic waves, which uses structures such as bridges
built in the watercourses to shoot electromagnetic waves to
the surface of a fluid, calculates a frequency according to the
Doppler effect through the reflected and received signals,
and uses the principle of converting the surface flux of the
watercourses from the frequency. The device uses the Dop-
pler radar principle, and one antenna performs both trans-
mitting and receiving functions.

[0010] As described, the conventional techniques apply
the Doppler radar method without considering an increase of
isolation or widening a dynamic range of the system in most
cases, and fail to represent data in real-time since the prior
art collects the measured data without further applying any
skills to antennas.

[0011] Also, the conventional breath or heart rate measur-
ing system using the Doppler radar does not consider how to
widen the dynamic range (an operational range) of the
system. For example, a conventional system including a
single antenna and using a circulator gives isolation char-
acteristics of about -20.3 dB in the frequency bandwidth of
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10 GHz, and the corresponding dynamic range of the system
is saturated without reduction of the intensity of the power
reflected on the patient’s chest when the distance between
the system and the patient is about 2.5 m. That is, the
measured results by the conventional system cannot be
relied when the operational range exceeds 2.5 m.

[0012] Further, the heart rates can be measured by a wired
ECG meter which is generally used in hospitals and is used
for measuring the patients’ heart rates only when the elec-
trode terminals are attached to the patient’s body. Therefore,
it is impossible to measure the patient when he is wounded
or burned at a skin area on which the electrode terminals are
to be attached.

[0013] Hence, it required for both a person to measure and
a person to be measured to have a technique for representing
wireless measuring of current heart rates of a patient in
real-time.

SUMMARY OF THE INVENTION

[0014] It is an advantage of the present invention to
provide a system for measuring heart rates wirelessly and
representing them in real-time.

[0015] It is another advantage of the present invention to
provide a heart rate measuring system with compactness of
size and convenience of manipulation.

[0016] In one aspect of the present invention, a wireless
heart rate sensing system comprises: an oscillator for gen-
erating signals of a specific frequency; a power divider for
dividing power of the signals generated by the oscillator; a
transmit antenna for radiating a first signal output by the
power divider to a patient’s chest; a receive antenna for
receiving a signal, the frequency of which is transited by a
motion of the patient’s chest and which is reflected and
returned; a mixer for combining frequency components of
an RF signal received through the receive antenna and a
second signal output by the power divider; and a baseband
unit for filtering the signal combined by the mixer, convert-
ing it into a digital signal, and outputting the digital signal.

[0017] The wireless heart rate sensing system further
comprises a low noise amplifier, connected between the
receive antenna and the mixer, for eliminating noise from the
signal received through the receive antenna, maximizing a
gain, and outputting a result signal.

[0018] The transmit antenna and the receive antenna are
respectively a circular polarized antenna with a different
polarized component.

[0019] The transmit antenna and the receive antenna have
a patch antenna format in which a cavity is provided
between the two antennas on a single substrate.

[0020] The baseband unit filters the signals through the
IR (infinite impulse response) filtering method.

[0021] In another aspect of the present invention, a wire-
less heart rate sensing method comprises: (a) power-dividing
an oscillated signal and radiating it to a patient’s chest; (b)
receiving the signal, the frequency of which is transited by
a motion of the patient’s chest, and which is then reflected
and returned; (¢) combining frequency components of the
received signal and the power-divided signal; and (d) filter-
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ing the combined signals, converting them into digital
signals, and displaying them on a monitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

[0023] FIG. 1 shows a conventional heart rate measuring
device;

[0024] FIG. 2 shows a conventional measuring device
using electromagnetic waves,

[0025] FIG. 3 shows a schematic diagram of a whole
system according to a preferred embodiment of the present
invention;

[0026] FIG. 4 shows a diagram comparing peaks of wave-
forms between the data collected by using the system
according to a embodiment and a commercial ECG meter;

[0027] FIG. 5 shows a graph for comparing isolation
measured results of a transmit antenna and a receive antenna
and a circulator used for the heart rate sensing system
according to a preferred embodiment of the present inven-
tion; and

[0028] FIG. 6 shows a configuration of a transmit antenna
and a receive antenna for the heart rate sensing system
according to a preferred embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] In the following detailed description, only the
preferred embodiment of the invention has been shown and
described, simply by way of illustration of the best mode
contemplated by the inventor(s) of carrying out the inven-
tion. As will be realized, the invention is capable of modi-
fication in various obvious respects, all without departing
from the invention. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative in nature, and not
restrictive. To clarify the present invention, parts which are
not described in the specification are omitted, and parts
which have similar descriptions have the same reference
numerals.

[0030] A transmit antenna and a receive antenna having
two different polarized components using circular polariza-
tion are used in the preferred embodiment to increase an
isolation effect compared to the conventional method for
performing both transmission and receiving functions with a
single antenna, thereby widening the system’s dynamic
range, eliminating the noise component, and representing
the heart rates by realizing a real-time filter in a software
manner.

[0031] FIG. 3 shows a schematic diagram of a heart rate
sensing system according to a preferred embodiment of the
present invention.

[0032] As shown, the heart rate sensing system comprises
a dielectric oscillator 100, a power divider 200, a mixer 300,
an LNA (low noise amplifier) 400, a transmit antenna 500,
a receive antenna 600, and a bascband unit 700,

[0033] The diclectric oscillator 100 outputs oscillation
signals with the frequency of f,.
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[0034] The power divider 200 divides the signals output
by the dielectric oscillator 100 into two signals and respec-
tively transmits them to the mixer 300 and the transmit
antenna 500.

[0035] The transmit antenna 500 radiates the input signal
to the patient’s chest.

[0036] The receive antenna 600 receives the signal which
has been radiated to the patient’s chest, the frequency of
which has been transited and which has been reflected and
returned from the patient, and outputs it to the LNA 400.

[0037] The LNA 400 maximally eliminates noise from the
signal provided by the receive antenna 600, maximizes it
gain, and transmits it to an RF (radio frequency) terminal of
the mixer 300.

[0038] The mixer 300 mixes a signal input to an LO (local
oscillator) terminal from the power divider 200 and the
signal input to the RF terminal from the LNA 400 to output
an IF (intermediate frequency) signal.

[0039] The baseband unit 700 processes the IF signal input
from the mixer 300, converts it to a digital signal, and
displays it on a monitor.

[0040] Next, an operation of the heart rate sensing system
will be described in detail.

[0041] First, the signal with the frequency of £, oscillated
by the dielectric oscillator 100 is divided into two signals
through the power divider 200. One of the signals is input to
the LO terminal of the mixer 300, and another one thereof
is radiated to the patient’s chest through the transmit antenna
500.

[0042] The signal radiated to the patient’s chest from the
transmit antenna 500 is frequency-transited by minute
motion of the chest’s outer skin such as the patient’s heart
beating and breathing, and is returned with the frequency of
fo2f.

[0043] The signal is then received by the receive antenna
600, noise thereof is eliminated by the LNA 400, and it is
amplified and input to the RF terminal of the mixer 300.

[0044] The mixer 300 mixes the signals (the LO signal and
the RF signal) having the frequencies of two components,
and outputs signals which have information on the heart
rates and breathing through an IF port of the mixer 300.

[0045] The analog signals output from the IF terminal of
the mixer 300 are converted into digital signals, are filtered
by the IR (infinite impulse response) filtering method, and
are then displayed on the monitor in real-time.

[0046] The transmit antenna 500 and the receive antenna
600 of the heart rate sensing system uses a patch antenna
form using circular polarization, and transmits and receives
signals with different polarized components.

[0047] The principle of the transmit antenna 500 and the
receive antenna 600 will now be described.

[0048] The conductivity of the human skin and muscles is
substantially 40 S/m in the frequency of 10 GHz, which is
a very great value and is near that of a conductor. When a
left-polarized signal is radiated on the conductor, it is
converted to a right-polarized signal, and is returned. How-
ever, the left-polarized antenna transmits and reccives the
left-polarized signals, and the right-polarized antenna trans-
mits and receives the right-polarized signals.
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[0049] Therefore, the heart rate sensing system transmits
the signals by using the left-polarized antenna, and receives
the right-polarized signals reflected and returned from the
skin near the heart through the right-polarized antenna.
Through the process, undesired reflected signals are nor
received but are eliminated, the isolation effect is improved,
and the system’s operational range is widened.

[0050] FIG. 4 shows a diagram comparing peaks of data
waveforms between those measured by using the heart rate
sensing system according to the embodiment and those
measured by a commercial ECG meter; FIG. § shows a
graph for comparing isolation measured results of the trans-
mit antenna, the receive antenna, and a circulator used for
the heart rate sensing system according to the preferred
embodiment of the present invention; and FIG. 6 shows a
configuration of the transmit antenna and the receive
antenna for the heart rate sensing system according to the
preferred embodiment of the present invention.

[0051] As shown, the heart rate sensing system obtains the
isolation effect of about -45.2 dB near the frequency of 10
GHz through the transmit antenna and the receive antenna.

[0052] Also, the dimensions of the heart rate sensing
system can be minimized by realizing an RF circuit operable
in the frequency of 10 GHz and manufacturing a cavity
between the transmit antenna and the receive antenna on a
single substrate in a patch format as shown in FIG. 6, and
the circulator can be eliminated from the heart rate sensing
system by individually using the transmit antenna and the
receive antenna.

[0053] While this invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

[0054] Forexample, the dielectric oscillator is exemplified
for the oscillator in the preferred embodiment, and in
addition, other types of various oscillators can be used.

[0055] As described, the heart rate sensing system is
smaller and provides easy operation compared to the con-
ventional ECG meter, and it accurately measures the
patient’s heart rate states without direct physical connection.
Also, the heart rate sensing system has a wider operational
range because of the high isolation effect.

What s claimed is:
1. A wireless heart rate sensing system comprising:

an oscillator for generating signals of a specific fre-
quency;

a power divider for dividing power of the signals gener-
ated by the oscillator;

a transmit antenna for radiating a first signal output by the
power divider to a patient’s chest;

a receive antenna for receiving a signal, the frequency of
which is transited by a motion of the patient’s chest and
which is reflected and returned;
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a mixer for combining frequency components of an RF
signal received through the receive antenna and a
second signal output by the power divider; and

a baseband unit for filtering the signal combined by the
mixer, converting it into a digital signal, and outputting
the digital signal.

2. The wireless heart rate sensing system of claim 1,
further comprising a low noise amplifier, connected between
the receive antenna and the mixer, for eliminating noise from
the signal received through the receive antenna, maximizing
a gain, and outputting a result signal.

3. The wireless heart rate sensing system of claim 1,
wherein the transmit antenna and the receive antenna are
respectively a circular polarized antenna with a different
polarized component.

4. The wireless heart rate sensing system of claim 1,
wherein the transmit antenna and the receive antenna have
a patch antenna format in which a cavity is provided
between the two antennas on a single substrate.

5. The wireless heart rate sensing system of claim 1,
wherein the baseband unit filters the signals through the IIR
(infinite impulse response) filtering method.

6. A wireless heart rate sensing method comprising:

(a) power-dividing an oscillated signal and radiating it to
a patient’s chest;

(b) receiving the signal, the frequency of which is tran-
sited by a motion of the patient’s chest, and which is
then reflected and returned;

(c) combining frequency components of the received
signal and the power-divided signal; and

(d) filtering the combined signals, converting them into

digital signals, and displaying them on a monitor.

7. The wireless heart rate sensing method of claim 6,
further comprising, between (b) and (c), eliminating noise
from the received signals, and maximizing a gain.

8. The wireless heart rate sensing method of claim 7,
wherein (a) and (b) comprise using a circular polarization
phenomena with different polarized components, and trans-
mitting and receiving signals.

9. A wireless heart rate sensing method comprising:

(a) power-dividing an oscillated signal, and radiating the
signal to a patient’s chest through an antenna with a
circular polarized component in a first direction;

(b) receiving the signal, the frequency of which is tran-
sited by a motion of the patient’s chest, and which is
then reflected and returned, at an antenna with a cir-
cular polarized component in a second direction,

(c) combining frequency components of the received
signal and the power-divided signal; and

(d) filtering the combined signals, converting them into
digital signals, and displaying the digital signals on a
monitor.

10. The wircless heart rate sensing method of claim 9,

wherein the first direction is the right (or left) direction and
the second direction is the left (or right) direction.
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