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A new signal processing method called the Cyclic Frequency method is proposed for small displacement detection of vital signals
such as heart rate and respiration using the CW radar method. We have presented experimental results of small displacement
detection to confirm the validity of the method. The displacement amplitude 2.5 mm can be detected with a propagation frequency

of 24.15 GHz. We may increase the propagation frequency for smaller displacement amplitude or target velocity.

1. Introduction

Microwave Doppler radar with quadrature direct conver-
sion is a promising method for noncontact detection and
monitoring of human cardiopulmonary activities. Because
Doppler radar can detect respiration and heartbeat rates in
a noninvasive way, some patients no longer experience pain,
especially burn victims, and disruptions to the activity of
subjects can be minimised. Thus, its application is more
suitable when extended monitoring is required, such as health
monitoring. In addition to its potential uses in health care,
Doppler radar can be applied in emergency rescue situations
such as earthquakes and fire rescue, where it is impossible
to reach subjects trapped under debris. It can also be used
to quickly locate victims. Furthermore, due to its ability to
penetrate walls, Doppler radar can be used for security in
places where noncooperative subjects are present, such as
airports and military checkpoints.

CW (continuous wave) radar has the advantages of low
power consumption and simple radio architecture. How-
ever, it is usually difficult to distinguish heart rate signals
from components of respiratory fluctuation. Therefore, some
signal processing and radar technologies, such as multiple-
input and multiple-output techniques for the detection of

multiple subjects [1, 2], robust spectral RELAX algorithm
for accurately discriminating heartbeat and respiration fre-
quencies [3], adaptive noise cancellation for extracting heart
rate signals [4], and the MEM method [5] based on Fourier
transform, have been proposed.

Heart rate signals are concealed in respiratory signals.
Because of this, we proposed a projection matrix method in
previous work to suppress unnecessary and periodic compo-
nents of fluctuation and reduce the effects of harmonics [6],
which is based on the correlation matrix principle. Usually,
body surface displacement velocities due to respiration and
the heart are very different, and they can be distinguished
by different Doppler frequencies. However, if displacement
reaches almost the same velocity then it is difficult to read
respiratory signals and heart rate signals using this method.
In this paper, we aim to introduce a new signal processing
method in order to clearly separate them. The short time
Fourier transform is used to obtain the Doppler frequency
which is shown along the vertical axis. Fourier transform is
then executed to obtain the Cyclic Frequency, which is shown
along the horizontal axis. The same approach was used to
investigate the recognition of the walking motion of humans
in previous literature [7]. The results show that it is also
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FIGURE 1: Cyclic Frequency method, the proposed data processing method.
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FIGURE 2: The proposed experimental radar system.

possible to separate respiratory signals and heart rate signals
even with the same displacement velocity.

2. Materials and Methods

2.1. Cyclic Frequency Method. Sending a constant CW wave
and mixing the received wave with the transmitted wave
through the LPF (low pass filter), we obtain the following beat
signal [8]:

B(t) = Ae/Pa*9) with

2 @)

fd=7’

where v is the target velocity (receding direction is positive),
A is the wavelength of the transmitted wave, and ¢ is the phase
value determined by the initial target distance. During the
observation period, Fourier transform is performed for the
beat signal and the frequency spectrum becomes the Doppler
frequency f; = 2v/A corresponding to velocity. If the target
is displaced periodically, then the same frequency spectrum
will appear during each displacement period. Therefore, by
determining the frequency of the temporal variation of the
Doppler frequency spectrum, called Cyclic Frequency, we can
obtain the displacement period.

First, we perform Fourier transform on the beat signal
during the predetermined observation period to obtain a
Doppler frequency spectrum. Then, we adjust the observa-
tion period and repeat Fourier transform. This well-known

process is STFT (short time Fourier transform). The fre-
quency spectrum is arranged in the time direction as shown
in Figure 1(a). The horizontal axis is time and the vertical axis
is Doppler frequency, while the figure is called a spectrogram.

Next, performing Fourier transform in the time direction
for each Doppler frequency in the spectrogram, we can obtain
Figure 1(b). The period of displacement can be determined
from the peak frequency position in the figure. Because the
Doppler frequency and period of displacement of heart rate
signals are very different compared with those of respiratory
signals, this method distinguishes between heart rate signals
and respiratory signals quite well even if they have the
same displacement velocity. We call this method the Cyclic
Frequency method.

3. Results and Discussion

The experiment was performed using the radar software
developed in our laboratory, as shown in Figure 2. The target
was the human body. The radar software was placed 1.8
metres in front of the target. The propagation frequency was
24.15 GHz, the sampling frequency was 10 kHz, the Fourier
transform period was 2.5 s, and the adjustment time was 0.1 s.
For the simulated experiment, we assumed a target constant
velocity of 5mm/s and the target displacement period and
amplitude were set at 4 s and 10 mm, respectively. As shown
in Figure 3, the figure on the left is called a spectrogram
and the figure on the right shows the results using the
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FIGURE 3: The proposed data processing method with a displacement period of 1s.
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FIGURE 4: The simulation results with a displacement period of 1 s.

Cyclic Frequency method. The Cyclic Frequency value was
discovered to be 0.25 Hz, exactly equivalent to the period of
the target displacement.

In order to verify the volume of the displacement period
and amplitude detected using the Cyclic Frequency method
according to the above-mentioned conditions, we adjusted
the displacement period to 1s and 0.5 s. This was equivalent
to the amplitude being adjusted from 2.5 mm to 1.25 mm. The
results are shown in Figures 4 and 5. For the displacement
period of 0.5 s, it was impossible to obtain a clear peak in the
Cyclic Frequency figure, and, in the spectrogram figure, it is
hard to see that the Doppler frequency is 0.80 Hz (period of
1.255).

Following this, we paid more attention to the details
when the displacement period was adjusted to 0.5s and
4s. We extracted the real part of the beat signal and the
target displacement, which are shown in Figure 6. At 45, the
target displacement period was approximately three times
the Doppler frequency period in the beat signal. At 0.5s, the
target displacement period was about 0.4 times the Doppler
frequency period. From this, we can see that the Doppler
frequency periodic component was reduced during the target
displacement period. This means that if the displacement

period or velocity becomes smaller, the Doppler frequency
periodic component will decrease during the period. In this
condition, it is more difficult to use the Cyclic Frequency
method.

In Figure 7, the curves show the relationship between
displacement period and target velocity at certain propa-
gation frequencies. On each curve, the Doppler frequency
component is included for one period. As the propagation
frequency increases, the zone of the displacement period and
target velocity (upper zone of the curve) widens. This shows
that we can improve the propagation frequency for smaller
displacement periods or target velocities using the Cyclic
Frequency method.

4. Conclusions

We proposed a method called the Cyclic Frequency method
for detecting small displacement such as respiration and
heartbeat. Our simulation shows that when propagation
frequency is 24 GHz, we can measure displacement ampli-
tude of 2.5mm, which corresponds to one second of the
target displacement period. Furthermore, we can improve the
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FIGURE 5: The simulation results with a displacement period of 0.5s.
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FIGURE 6: The target displacement and real part of the beat signal.
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FIGURE 7: Relationship between displacement periods and target
velocities for propagation frequency.

propagation frequency for smaller displacement periods or
target velocities using the Cyclic Frequency method.
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