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An X-Band Microwave Life-Detection System

KUN-MU CHEN, FELLOW,

Abstract—An X-band microwave life-detection system has been de-
veloped for detecting the heartbeat and breathing of human subjects
lying on the ground at a distance of about 30 m or located behind a
cinder block wall. The basic principle of the system is to illuminate the
subject with a low-intensity microwave beam, and then from the back-
scattered microwave signal, extract the heart and breathing signals that
modulate it. The circuit description of the system and some experi-
mental results are presented. Potential applications of the system are
noted.

I. INTRODUCTION

HERE are needs for remotely observing the physio-

logical status of wounded subjects lying on the ground
at a distance or for detecting the vital signs of human sub-
jects located behind barriers. This can be done with mi-
crowave radiation as follows. We illuminate the subject
with a low-intensity microwave beam. The small ampli-
tude body vibrations due to heartbeat and breathing of the
human subject will modulate the backscattered wave, pro-
ducing a signal from which information of the heart and
breathing rates can be extracted using phase detection in
the microwave receiving system.

This technique has been used by several workers [1]-
[3] for similar purposes. However, those experiments
were limited to short distances, less than 1 m. In this pa-
per, we report the circuit description and performance of
an X-band microwave life-detection system that can be
used to detect the heartbeat and breathing of human sub-
jects lying on the ground at a distance of 30 m or farther
or sitting behind a cinder block wall over 3 m away.

This system may be useful for locating persons trapped
behind rubble or barriers or it may find medical applica-
tions such as the remote monitoring of the breathing and
heartbeat of a patient in a clinic.

II. THEORETICAL BACKGROUND

In order to study the behavior of the backscattered field
from a human body illuminated by plane electromagnetic
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Fig. 1. Coordinate system for the spherical model.

waves, we simplify the problem by modeling the body as
a sphere of complex permittivity. The solution of this
simplified problem is well known [4]. Using the coordi-
nate system shown in Fig. 1, the expression for the back-
scattered electric field may be constructed as
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€, is the complex permittivity of the sphere, a is its radius,
k and ky represent wavenumbers inside and outside the
sphere, respectively, and usual notations for Bessel func-
tions and their derivatives are employed. E, is the ampli-
tude of the incident plane wave and £ represents the unit
vector along the x axis.

The phase and the square of the magnitude of the back-
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Fig. 3. Circuit diagram of the distance life-detection system.

scattered electric field EBS from a sphere of relative per-
mittivity 39.9 and conductivity 10.3 s/m are depicted in
Fig. 2 as functions of the radius multiplied by the wave-
number k; of the medium. The frequency of the micro-
wave radiation is assumed to be 10 GHz, and the sphere
is situated 30.48 m (100 ft) from the transceiver. Breath-
ing and heartbeat produce small vibrations of the spheri-
cal surface due to changes in its radius. From Fig. 2, we
conclude that these vibrations will produce a linear change
in the phase and a relatively smaller linear change in the
amplitude squared of the backscattered field. Similar re-
sults were obtained when the body was modeled as an
infinitely long cylinder [5] of complex permittivity, illu-
minated by a TM-polarized plane electromagnetic wave.

These simplified models show that there will be, in gen-
eral, amplitude as well as phase modulation of the inci-
dent wave as it is backscattered by the body. However,
since the phase variation is more linear and it is easier to

detect the phase variation from the viewpoint of the sig-
nal/noise ratio, we used the phase modulation of the back-
scattered wave to find the vibrations of the body surface
caused by the heartbeat and breathing.

III. DESCRIPTION OF THE SYSTEM

The schematic diagram of the X-band life-detection
system is shown in Fig. 3. A phase-locked oscillator at
10 GHz produces a stable output of about 20 mW. This
output is amplified by a low-noise microwave amplifier to
a power level of about 200 mW. The output of the am-
plifier is fed through a 6 dB directional coupler, a variable
attenuator, a circuldtor, and then to a horn antenna. The
6 dB directional coupler branches out } of the amplifier

-output to provide a reference signal for clutter cancella-

tion and another reference signal for the mixer. The var-.
iable attenuator controls the power level of the microwave
signal to be radiated by the antenna. Usually, the radiated
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power is kept at a level of about 10-20 mW. The hom
antenna radiates a microwave beam of about 15° beam-
width aimed at the human subjects lying on the ground.
The signal received by the antenna consists of a large clut-
ter and a weak return signal scattered from the body. The
large clutter signal is cancelled by a reference signal, the
amplitude, and phase of which are adjusted by a variable
attenuator and a phase shifter, in a 10 dB directional cou-
pler. After this clutter cancellation, the output of the 10
dB directional coupler contains mainly the weak scattered
signal from the body. This body-scattered signal is a 10
GHz CW microwave signal modulated by the breathing
and the heartbeat. This signal is then amplified by a low-
noise microwave preamplifier (30 dB) and then mixed with
another reference signal in a double-balanced mixer. Be-
tween the microwave preamplifier and the double-bal-
anced mixer, a 10 dB directional coupler is inserted to
take out a small portion of the amplifier signal for moni-
toring its intensity. This monitoring is mainly for check-
ing how well the clutter is cancelled. The mixing of the
amplified, body-scattered signal and a reference signal (7-
10 mW) in the double-balanced mixer produces low-fre-
quency signals resulting from motion due to breathing and
heart motion within the body. This output from the mixer
is amplified by an operational amplifier and then passed
through a low-pass filter (4 Hz cutoff) before reaching a
recorder.

IV. MEASURED HEART AND BREATHING SIGNALS

Recordings of the heart and breathing signals of several
persons were taken under different conditions. However,
only a few of them are presented here for illustration [5],
[6]. Fig. 4 shows the measured heart and breathing sig-
nals of a human subject lying on the ground at a distance
of 30 m with a 4.5 mW, 10 GHz microwave beam aimed
at him. The top graph in Fig. 4 shows the breathing signal
superimposed upon the heart signal when the human sub-
ject was lying on the ground in a face-up position with
the body perpendicular to the microwave beam. The mid-
dle graph in Fig. 4 shows only the heart signal when the
subject was holding his breath. The bottom graph in Fig.
4 shows the background noise. The results of Fig. 4 in-
dicate satisfactory performance of the system in detecting
the heart and breathing signals of human subjects lying on
the ground at a distance of 30 m or farther. However, the
system performance will deteriorate if a large time-vary-
ing clutter created by moving trees and bushes is present.

We have also studied the effect of clothing on the sys-
tem performance by repeating the experiment with differ-
ent clothing on the subject, e.g., up to four layers of very
thick jackets. The effect of the clothing over the sensitiv-
ity of the system was found to be insignificant. Further-
more, the polarization effect of the microwave signal on
the system performance was also investigated. When cir-
cular, linear-vertical, and linear-horizontal polarization
were employed, the system sensitivity was found to be of
the same order in all three cases. '

Fig. 5 shows the measured heart and breathing signals
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Fig. 4. Heart and breathing signals of a human subject lying on the ground
at a distance of 30 m measured with a 4.5 mW, 10 GHz microwave
beam.
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Fig. 5. Measured breathing and heart signals from a human subject sitting
behind a cinder block wall (15.24 cm thick) at various distances. The
antenna of the life-detection system was located on the other side of the
wall and it radiated a power of about 20 mW at 10 GHz.

of a human subject sitting behind a dry 15.24 cm (6 in)
cinder block wall at a distance of 0.6, 2, or 3 m. The
antenna was placed close to the other side of the wall and
energized to radiate 20 mW at 10 GHz. It is observed
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Fig. 6. Breathing and heartbeats recorded for a person lying inside a me-
tallic wire-mesh chamber with dimensions 2.5 X 1 X 0.8 m. The body
was parallel to the radiation beam, with the head away from the antenna.
Transmitted power was about 100 uW.

from Fig. 5 that the heart and breathing signals were
clearly detected at all three distances. The background
noise in each case is also shown in the figure. The results
of Fig. 5 indicate that the microwave beam can penetrate
the wall and a satisfactory detection of the heart and
breathing signals of human subjects behind the wall is
possible. We have repeated the experiment by moving
both the system and the human subject away from the
wall. It was found that the system could perform satisfac-
torily even when the human subject was 5 m away from
the wall while the antenna on the other side was about 3
m from the wall. If the antenna was moved further from
the wall, system performance was affected by movement
of the system operator.

This life-detection system can be easily modified to
produce a device for monitoring the breathing and heart-
beat of a patient in a clinic. To conduct such an experi-
ment, a metallic wire-mesh chamber with the dimensions
of 2.5 X 1 X 0.8 m was constructed as shown in Fig. 6.
The antenna of the system was replaced by an open-ended
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waveguide which was mounted on a wall of the chamber.
A microwave signal of 100 uW at 10 GHz was radiated
into the chamber through the waveguide. A human sub-
ject was lying inside the chamber in various positions,
face up, or lying on his right or left shoulder. The mea-
sured heart and breathing signals of the subject lying in
these three positions are shown in Fig. 6. It is observed
that a clear detection of the heart and breathing signals
can be achieved. It is noted that since the microwave field
is confined inside a metallic chamber and the environ-
mental noise is minimal, only very low power microwave
radiation is needed for this purpose.

The experimental results of Fig. 6 may suggest poten-
tial applications of the system, such as detection of human
subjects hiding inside a vehicle without searching the in-
terior of the vehicle.

V. DiscussioN

In this paper, we have described the circuit and perfor-
mance of an X-band microwave life-detection system that
can be used to detect the heartbeat and breathing of human
subjects lying on the ground at a distance of 30 m or far-
ther or sitting behind a cinder block wall at a distance of
about 3 m. The system can also be used for noninvasive,
remote monitoring of the breathing and heartbeat of a pa-
tient in a clinic. Other potential applications for the sys-
tem are also noted.

The performance of the system can be severely ham-
pered if a large time-varying clutter, as that which would
be created by moving trees and bushes or other moving
objects, is present. To solve this problem, a high-gain an-
tenna for providing a sharp microwave beam and an ap-
propriate signal processing scheme such as adaptive noise
cancellation scheme should be implemented.
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