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Abstract

Wireless bio-signal sensing system, which is based on the principle of Doppler radar, can measure a respiration and
heart rates with a periodic movement of skin and muscle near the heart. Though the sensing monostatic system using
a circulator has been studied, this bistatic system can be improved by using a circular polarized antenna which has
a high isolation between transmitter and receiver. In this paper, we measured the bio-signal without the direct contact
with the person. The design of each system and experimental results are discussed.

Key words :

[ . Introduction

One of the recent medical trends is a remote health-
care system. With this trend, the parts of wireless sen-
sing technology of respiration and heart rates have been
studied by many laboratory members since 197511,

The wireless medical sensing instrument using RF
system is to profit in terms of the cost and easy to
compare with expensive medical instruments. Since this
sensing system does not require a direct contact with a
person, it can be decreased a patient's psychical burden.
Also, the sensing system can obtain the bio-signal of
emergency patients who can not contact directly such as
a skin burn.

In this paper, two systems are considered. One is the
monostatic system using a circulator, the other is the
bistatic system using a linear or a circular polarized
antenna. Especially, the latter can be improved using a
circular polarized antenna which has a high isolation
between transmitter and receiver rather than an esta-
blished sensing monostatic system. Each system is
consisted of an antenna, RF transceiver(transmitter and
receiver), and baseband section which is extracting a
wave information of respiration and heart rates.

II. Analysis of the Sensing System

2-1 Operating Principle of the System

The wireless bio-signal sensing system which can
measure a weak bio-signal is based on the principle of
Doppler radar®.

If the target has a velocity toward or backward the
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direction of the radar, the reflected signal from the
surface of moving target is shifted in frequency in
proportion to the velocity of target. The skin and the
muscle near the heart are an object of measurement in
the sensing system. That is, the wireless bio-signal
sensing system can measure a respiration and heart rates
with a periodic movement of skin and muscle near the
heart.

At 10 GHz, the dielectric constant and conductivity of
skin and muscle near the heart is listed in Table 17, As
shown in Table 1, since the skin and muscle have a
high dielectric constant and conductivity, the penetration
depth of radiated signal is rapidly attenuated in the outer
tissue. And the reflected signal from the heart is mea-
sured by this wireless sensing system. The received
signal is properly amplified by LNA and entered into
the mixer with the LO signal. Then the IF signal is
filtered by band-pass filter and monitored a wave in-
formation within 0.33~0.5 Hz for respiration, 0.6~3.3

Hz for heart rates”.

2-2 Analysis of the System

A block diagram of the wireless bio-signal sensing
monostatic system is shown in Fig. 1. The source power
of system is 11 dBm. This source signal divided by the

Table 1. The dielectric constant and conductivity of
human skin and muscle.

Dielectric constant Conductivity(S/m)
Skin Muscle Skin Muscle
10 GHz 31.29 42.764 8.0138 10.626
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Fig. 1. The block diagram of wireless bio-signal sensing
monostatic system.

power divider. One of them is entered to the LO port
of mixer with 7 dBm which is included the cable loss
1 dB, the other is entered to the antenna through the
circulator with 7.22 dBm which is included to the cable
loss 0.46 dB, the insertion loss of circulator 0.28 dB,
and the connector loss 0.04 dB. The radiated signal
from the antenna is reflected to the chest, and it is
received the same antenna. This received signal power
is —23~-19 dBm at the port 3 of circulator. The
output signal of circulator is amplified in the LNA that
has a gain 8 dB. This signal is entered the RF port of
mixer and mixed LO signal.

In this system, the isolation of circulator is about —22
dB and shown in Fig. 2. This isolation characteristic is
limited to the dynamic range in the overall system. That

e Sy, = -22.1947 dB at 10 GHz
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Fig. 2. The isolation of the circulator(Ss;).
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Fig. 3. The received power of circulator at port 3 with
changing the distance between the antenna and
person.

is, the signal below —22 dBm can not distinguish
whether by port 1 or by the reflected signal from the
person. In Fig. 3, the received power of circulator at
port 3 is measured with changing to the distance
between the antenna and person. If the distance between
the antenna and person is over 2.5 m, the received
power is almost not varied. Since the isolation of
circulator has a limitation, the signal at port 1 is also
delivered to the port 2 but the port 3. This inevitable
signal degrades a dynamic range of monostatic system.
So, it is needed to improve the isolation of monostatic
system.

2-3 Antenna Model

To solve the problem of monostatic system, the
bistatic system is proposed. The transmitted antenna and
the received antenna are used separately without a
circulator. The four antenna models are considered. The
commercial program HFSS based on the finite element
method(FEM) and Ensemble based on the method of
moments(MoM) are used for analyzing the behavior of
proposed antenna model and determining suitable values
of parameters. The proposed antennas are etched on the
Duroid 5880 substrate with the thickness of 0.508 mm,
relative permittivity of 2.22 and the size of substrate is
72 mmXx34 mm. A 50 Q coaxial probe is connected
vertically to feed this proposed antenna.

2-3-1 Linear to Linear Polarized Antenna

The linear to linear polarized antenna is shown in Fig.
4. The transmitted and the received antenna with linear
polarization are placed on the same substrate. In Fig.
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Fig. 4. The linear to linear polarized antenna.

4(b), the via hole is proposed as an idea that the via
hole between the Tx. and Rx. antenna can reduce an
interference caused by a surface wave in the microstrip
patch anterma®. That is, the unwanted signal which is
the signal at port 2 delivered by port 1 can be reduced.
Therefore, the isolation is able to be improved. The
measured return loss and the isolation of the linear to linear
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Fig. 5. The simulated and measured return loss of linear
to linear polarized antenna.
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g. 6. The simulated and measured isolation of linear to
linear polarized antenna(S)).

polarized antenna are shown in Fig. 5 and Fig. 6. As
Fig. 5, the return losses do not be effected about the via
hole. The isolation of linear to linear polarized antenna
is —32.41 dB without via hole and —35.45 dB with via
hole at 10 GHz. The model with via hole is obtained to
a better isolation about 3 dB. It can be considered to
reduce interference each other. These results are improved
considerably than the monostatic system with isolation
—22.2 dB in Fig. 2. So, the dynamic range of bistatic
system can be wider than the monostatic system. The
half power beamwidth and the antenna gain are obtained
43° and 12.12 dBi, respectively.

(a) Without via hole

(b) With via hole

Fig. 7. The left-hand and right-hand circular polarized
antenna.
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2-3-2 Left-hand to Right-hand Circular Polarized Ante-
nna

The lefi-hand and right-hand circular polarized ante-
nna is shown in Fig. 7. A circular polarized antenna is
considered due to a large polarization loss between
left-hand circular polarization and right-hand circular
polarization, a high dielectric constant and conductivity
of body at 10 GHz.

As the linear to linear antenna model, this antenna is
measured without and with via hole. The measured and
simulated return loss of the circular polarized antenna
without and without via hole are shown in Fig. 8. And
the measured and simulated axial ratio of the circular
polarized antenna without via hole are shown in Fig. 9.
Also the isolation of left-hand to right-hand circular
polarized antenna is illustrated in Fig. 10.

In Fig. 10, the isolation is —39.88 dB without via
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Fig. 8 The measured return loss of circular polarized
antenna.
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Fig. 9. The measured axial ratio of circular polarized
antenna without via hole.

g N 4________..—-—:—“"
—— Y s
30 / / \\
—_ - 7 g P
Q 4 =™\ -~
Py i N -~
T a0 e (.-J,.'-..')"'.r:?ml:t\ < .r;.:::'—,:&g_ “4{1:._ |
= et r ™ 2.
S RS M NP
2 ~ ~sr
=z g 'J’ -
—  Circulator
— - - Simulation without via hole
B0 e RS Measurement without via hole
—— — N Simulation with via hole
—————r Measurement with via hole
.70 T
9.0 85 10.0 10.5 11.0

Frequency (GHz)

Fig. 10. The measured isolation of left-hand to right-hand
circular polarized antenna.

hole and —43.69 dB with via hole at 10 GHz. The
model with via hole is obtained a better isolation about
4 dB. These results are improved than the linear to
linear polarized antenna with isolation —35.45 dB in
Fig. 6. The half power beamwidth and the antenna gain
are obtained 36° and 11.83 dBi, respectively.

2-3-3 Left-hand to Left-hand Circular Polarized Ante-
nna

The left-hand to left-hand circular polarized antenna
and the right-hand to right-hand circular polarized
antenna are used to compare with the characteristic of
the left-hand to right-hand circular polarized antenna. A
left-hand and left-hand circular polarized antenna is
shown in Fig. 11.

2-3-4 Right-hand to Right-hand Circular Polarized Ante-
nna

A right-hand and right-hand circular polarized antenna

Fig. 11. The left-hand and left-hand circular polarized an-
tenna.
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Fig. 12. The right-hand and right-hand circular polarized
antenna.
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Fig. 13. The measured isolations of left-hand and left-
hand circular and right-hand to right-hand pola-
rized antenna.

is shown in Fig. 12. The measured isolations of left-
hand to left-hand and right-hand to right-hand circular
polarized antenna are shown in Fig. 13. Though these
models have a good isolation between Tx. and Rx.
antenna, they have a disadvantage in the bio-signal
sensing system due to a large polarization loss.

As the isolation of each model is measured, the
left-hand to left-hand and right-hand to right-hand cir-
cular polarized antenna is shown a good characteristic
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Fig. 14. The received power with changing to the distance.
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—43.6902 dB. Since linear to linear antenna has a
—35.4508 dB isolation, the dynamic range is limited
than the left-hand to right-hand circular polarized ante-
nna. :

In Fig. 14, the received power is measured with
changing to the distance between the antenna and body,
the antenna and ground. The default distance between
an antenna and an object is 6 cm. The received power
with changing to the distance is related to oneself
isolation and polarization loss. The circular polarization
of a reflected signal from ground or body is changed on
the contrary. The same circular polarized antenna has a
large polarization loss, the received power is very small.
So, the left-hand to right-hand circular polarized antenna
is an optimum result in wireless bio-signal sensing
system because of a large dynamic range and good
isolation. When the received power of left-hand to
right-hand circular polarized antenna is measured be-
tween antenna and body, the power is drastically dro-
pped as compared with between antenna and ground.
Though the body has a high conductivity and dielectric
constant at 10 GHz, the body is not a perfect conductor.
So, the polarization loss is happened. Also, since the
body is not horizontal to an antenna, the reflected power
can not return entirely.

2-4 Bistatic System Using a Circular Polarized Ante-
nna

A block diagram of the wireless bio-signal sensing
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Fig. 15. The block diagram of wireless bio-signal sensing
bistatic system.
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bistatic system using a circular polarized antenna is
shown in Fig. 15. This system uses two circular pola-
rized antennas instead of implementing with a con-
ventional circulator. The transmitted antenna has a
left-hand circular polarization(LHCP) and the received
antenna has a right-hand circular polarization(RHCP).

Theoretically, the LHCP antenna can transmit and
receive the signal which has a LHCP without a po-
larization loss and the RHCP antenna is same. If a
LHCP is reflected to the ideal conductor, a LHCP is
changed to a RHCP". Also, since human skin and
muscle have a high conductivity at 10 GHz in Table 1,
this sensing system transmits a LHCP signal and re-
ceives a RHCP signal reflected at a skin and muscle
near hearts with a small polarization loss.

In this system, the lefi-hand to right-hand circular
polarized antenna is used because left-hand to right-hand
circular polarized antenna has a better isolation than the
linear to linear polarized antenna and a smaller po-
larization loss than the left-hand to left-hand circular
polarized antenna and the right-hand to right-hand
circular polarized antenna. The bistatic system using a
lefi-hand to right-hand circular polarized antenna is
improved to a dynamic range and isolation due to a
change of polarization caused by a high conductivity
and dielectric constant of human at 10 GHz. "

2-5 Measured Results

The measured results of respiration and heart rates at
0.5 m in the monostatic system are shown in Fig. 16.
Fig. 16(a) is shown as the signal which is filtered off
the output of IF signal at 0.03~3.3 Hz in baseband part.
To obtain the respiration, the output of IF signal is
filtered in 0.03~0.5 Hz in Fig. 16(b), and Fig. 16(c) is
shown as the heart rates filtered in 0.6~3.3 Hz®.
Finally, Fig. 16(d) is an electrocardiogram signal used in
the hospital. Since the signals of heart rates and
electrocardiogram signal have an agreement each other,
these results are able to credit.

The respiration and heart rates which measured in-
wireless bio-signal sensing bistatic system are shown in
Fig. 17~18. Fig. 17 shows the measured results of the
bistatic system with linear to linear polarized antenna at
10 GHz. And Fig. 18 shows the measured results of the
bistatic system with left-hand to right-hand polarized
antenna at 10 GHz. Each figure shows the output of IF
signal at 0.03~3.3 Hz, the respiration, heart rates, and
electrocardiogram(ECG) signal. It can be known that the
bistatic system with left-hand to right-hand polarized
antenna has better performance than the bistatic system
with linear to linear polarized antenna because the
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(d) Electrocardiogram(ECG) signal

Fig. 16. The measurement result in the monostatic system
at 10 GHz.

isolation has been improved by using a circular polari-
zed antenna.

The results of respiration and heart rates are measured
with a distance of 50 ¢m from the person in the bistatic
system. The movement by a respiration is dominated
than by heart rates in the chest. So, the respiration can
obtain a more pure waveform. All models can sense a
heart rates and respiration, and these results can credit
because heart rates and ECG have a good agreement.
But the left-hand to left-hand and right-hand to right-
hand circular polarized antenna is sensed a weak signal
due to a large polarization loss.

. Conclusions

The wireless bio-signal sensing bistatic system using
the circular polarized antenna has a wider operating rage
than the monostatic system due to the better isolation.
The isolation of the monostatic system is about —22 dB
at 10 GHz, while the isolation of the bistatic system
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Fig. 17. The measurement result in the bistatic system

with linear to linear polarized antenna at 10
GHz.

with the left-hand to right-hand circular polarized an-
tenna is about —43.69 dB at 10 GHz. Also, it can
reduce the unwanted noise by using the cross po-
larization in the transmitter and receiver. In this paper,
we obtained that the respiration is 0.2~0.3 Hz(12~18
breaths/min.) and the heart rates is 0.9~1.6 Hz(54~96
beats/min.).

The wireless bio-signal sensing bistatic system has
many applications such as a remote medical exami-
nation, portable bio-signal sensing system within PCS
cellular phone, decision either life or death of buried
person, and observation of invaders.
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