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Abstract: The use of heartbeat analysis based on the propagation characteristics of electromagnetic waves has become
a promising means to detect humans buried under the debris of a collapsed building. The objective of this work is to
develop a methodology of detection from the measurements carried out on the surface. It is proposed to use ground
penetrating radars and obtain information from the reflected signals, using UWB signals in the range 1 to 3 GHz. The
observed echoes carry information on the parameters like heart beat rate, the strength of heart and so on. The reflected
signals are estimated from the simulation of propagation characteristics of EM waves through the multilayered structure
of debris using CST MWS. In this estimation, the frequency dependent properties of various layers are taken into
account. The final signal characteristics that is estimated is the attenuation suffered by the UWB signal in forward and
backward directions. It has been observed that, the basic characteristics of the heart namely, the heartbeat rate
essentially depends on the variation of heart dimensions. It has been possible to show that the attenuation characteristics
with time at specific frequencies do reflect the heartbeat rate and the specific attenuation indicating the strength of the
heart.
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1. Introduction

The measurement and monitoring of heartbeat rate of human beings is used not only to decide the health of
the heart of the human beings but also for applications like human life detection, search and rescue operation
and so on. The continuous-wave (CW) Doppler radars are used for the purpose of life detection by measuring
the heartbeat rate. However, these measurements are limited due to their low penetrating ability through
various obstacles between the human body and the radar especially, for people buried under debris. Ultra-
wideband (UWB) radars used in ground penetrating applications have been exploited and studied for remote
measurement and monitoring of heartbeat by several researchers [1-9]. Study of electromagnetic wave
propagation characteristics with the help of a theoretical model is necessary for an optimal design of any
UWB radar based life detection system.When propagating through the human being buried under debris of a
collapsed building, UWB signals were chosen for the study and UWB is known to suffer more severe
degradations than narrowband signals, because of the effects of frequency-dependent dielectric constants of
the materials in the propagation paths. In narrowband signals, the entire spectrum travels with almost the
same speed and undergoes the same attenuation, and thus there is no material dispersion effect. However, in
UWB cases, each spectral component of the signal undergoes a different amount of delay and undergoes
different amounts of attenuation, because, the complex dielectric constant varies with frequency. This is the
motivation for undertaking the frequency dependent studies of UWB propagation in the layers of materials
used in the model.

In this paper, a methodology has been developed starting from the modelling of human body buried under
the debris of a collapsed building where, the human heart and the materials present between the human being
and the radar constituting the debris have been modelled using the commercial software tool CST MWS.The
debris is a layer consisting of various materials like brick, wood, RCC and so on. This layer is highly
inhomogeneous. The properties of various materials forming the layers vary with frequency and these
variations have been taken into account while estimating the electromagnetic wave propagation through these
layers. The parameter that is used is the effective attenuation of EM wave which is the ratio of the received
EM energy after reflections to the incident EM energy for the purpose of analysis. This parameter is almost
independent of the incident EM energy. As the heart beats, the dimensions of the heart vary and hence the
attenuation varies with time indicating the period of the heartbeat. This property is made use of to predict the
heartbeat from the attenuation characteristics of the system. For the purpose of estimation of attenuation it is
assumed that the various materials are in the form of layers of homogeneous characteristics as used in [4] and
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the attenuation has been estimated. From the signal attenuation studies at some specific frequencies, it is
shown that measurement of attenuation of UWB signals can help in detecting the body under debris as well
as their health.The study of possible heartbeat detection of a person buried live under the debris of a
collapsed building using UWB radar technique is explained in the Section2.

2.Planar Multilayered Model of Human Being Buried under Debris

The schematic diagram showing a human victim trapped under the debris of a collapsed building or an
earthquake rubble is depicted in Fig.1. The UWB radar antenna is shown placed over the surface of the debris
(or rubble) focusing the RF electromagnetic energy at a particular point.

UWB Antenna E
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i t.'!‘) <—+——Human Being

Solid Concrete

Figure 1.Schematic diagram for human being buried under the debris.

The underlying principle for the operation of this life detection system is that when an RF ultra-wideband
electromagnetic signal is aimed from the surface of the debris, the microwave beam penetrates through the
debris to arrive at the buried human victim. The attenuation characteristics of the propagating signal can be
studied to obtain any possible heartbeat of the human being. The position of the antenna need to be shifted to
several points on the surface of the debris to scan the entire area. The debris is highly inhomogeneous layer
as it consists of several parts of the building like steel reinforced cement concrete (RCC) roof, walls of
hollow-core concrete (cinder block), brick wall, wooden door and solid concrete metals. In this work, the
propagation characteristics of the signal is estimated considering a multilayered structure of the debris
composed of various layers of homogeneous materials. The planar layered model of the debris is shown in
Fig.2.
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————— )

Figure 2.Planar layered model of human being under debris. The arrows represent forward and backward wave propagations. The
numbers in the diagram indicate the thickness of the layers in millimeter.

In order to model the human victim, the structure of human thorax is divided into multiple layers starting
from the chest skin up to the posterior skin [Fig.2].Selected biological tissues such as skin, fat, muscle,
cartilage, lung and heart are included.The configuration of tissues as used for the human thorax model [10] is
considered in the development of this model with the tissue data taken from the Visible Human Project
[11].The variation of instantaneous heart dimensions over one cardiac cycle as derived from [12] and used in
[10] is shown in Fig. 3.The dispersive dielectric properties of the tissues based on the Cole-Cole model and
computed in Gabriel’s data book [13] are used in the analysis.
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Figure 3.Variation of instantaneous heart dimensions with time during cardiac cycle.
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The physical dimensions of the various building materials (the propagation path length through the
material) reported in [14, 15] have been used in this model. They include 609.6 mm steel RCC, 91.5 mm
brick, 303.04 mm cinder-block, 44.5 mm wood and 151.5 mm solid dry concrete.In case of steel reinforced
cement concrete (RCC), the average dielectric constant & =9.2 [15] and the conductivity o = 0.08 S/m [16]
are used for the analysis over frequencies in the UWB range from 1 to 3 GHz. The frequency range 1 to 3
GHz is chosen becausephysical data for the debris materials is available only at these frequencies [14].The
dielectric properties for the building wall materials like brick, cinder-block and solid concrete reported in [14]

are used in the model. For the wooden door, conductivity is calculated from 8; =2.08 [14] and the measured

values of ¢/ as reported in [15].

The simulations for the UWB pulse propagation characteristics likesystem impedance, reflection
coefficient and the time domain behavior of incident as well as reflected pulses(assuming normal incidence
of the incident planar wave) at specific frequencies in the UWB range 1-3 GHz are carried out using CST
Microwave Studio as described in Section 3.

3. Modelling and Simulation using CST MWS

The planar multilayered model of a human being buried under debris (Fig.2) is created and then,
simulated in the UWB frequency range 1 to 3 GHz using CST Microwave Studio (MWS). The values of
Epsilon (&,) and El. conductivity (o ) corresponding to the mid-band frequency 2 GHz for the human body
tissues (skin, fat muscle, cartilage, lung and heart)as well as the building wall materials (steel RCC, brick
wall, cinder block, wood and solid concrete) constituting the debris have been used to build this model. The
dielectric properties for various materials used in this model at the center frequency, 2 GHz are shown in
Table 1. The value of Mue (permeability), by default, is taken to be one for the entire band of frequencies
throughout the simulations.

Table 1: Epsilon and EI. conductivity for human body tissues and debris materials at 2 GHz.

Layer_ed Epsilon El. -
Materials conductivity
Skin 40.2 1.26
Fat 11.12 0.21
muscle 54.8 1.454
cartilage 41.7 1.423
lung 50.57 1.39
heart 58.4 1.91
brick 4.75 0.011
‘E)'Irc‘)dcir 3.22 0.097
doneres | 73 | 0138
steel RCC 9.2 0.08
wood 2.1 0.012

3.1. Simulation Procedure

The waveguide ports for excitation of the model are assigned at its end faces. A TEM mode is generated
using the waveguide ports of the planar multilayer model. To achieve this, a plane wave is mimicked with the
defined wave guide ports by specifying the appropriate boundary conditions. The required EM field
distributions are obtained as shown in Section 3.2.

3.2. Electromagnetic Field Distributions

During the port mode simulations, the TEM mode is enforced by having the electric field vectors point in
the y-direction, and the magnetic field vectors point in the x-direction. This results in a plane transverse wave
propagating along z-direction. The distribution of E- and H- fields obtained during the port mode simulation
of the model for human being buried under debris is shown in Fig. 4. It is clear that, both E- and H-field
components lie on a plane transverse to the direction of propagation (z-axis).
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Figure 4.Port mode simulation of the model for human being buried under debris showing the distributions of (a) E-field and (b) H-
field.

The solver excites the structure with an ultra-wideband Gaussian pulse in the time domain, by default.
The simulation of the model is performed using the time-domain solver and the results are reported in
Section 4.

4. Results and Discussion

The (i) system impedance (ohms) and (ii) reflection coefficient (dB) over the UWB range of frequencies
(1-3 GHz) are obtained and their variation with frequency are shown in Fig.5and Fig.6, respectively.

(i) System Impedance: The impedance offered by the entire composite structure of the human body buried
under debris at its surface is known as the system impedance. The variation of system impedance (ohms)
with frequency considering the dilated heart is plotted in Fig.5. It is observed that the thorax impedance is
always less than the impedance of free space at any frequency in the band 1 to 3 GHz.
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Figure 5. Variation of system impedance (ohms) with frequency over the band 1 to 3 GHz for the dilated heart.

(if) Reflection Coefficient: The reflection coefficients (dB) are obtained at specific frequencies for the
dilated heart. Their variation with frequency is plotted in Fig.6.
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Figure 6. Variation of reflection coefficient (dB) with frequency for the dilated heart.

It is noted that the reflection coefficient is negativeat any frequency. This is consistent with the fact that
the impedance offered by the composite debris structure is less than that of free space.This implies that the
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reflected pulses have an inverse relationship with respect to the incident pulses. The time domain behavior of
incident and reflected UWB pulses is obtained and shown in Section 4.1.

4.1. Time Domain Behavior of Incident and Reflected UWB Pulses

From the CST MWS simulation of the model, the instants at which the Gaussian ultra-wideband (1-3
GHz) input pulse is incident and the output pulse is reflected by the multilayered debris and received by the
radar,are obtained from the time domain behavior of the pulses. The incident and reflected pulses considering
the dilated heart are shown in Fig. 7.
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Figure 7. Incident and reflected UWB pulses for the dilated heart in the model of human body buried under debris.

It is seen from Fig.7 that the reflected pulse arrives at the radar after about 6.5 ns from the onset of the
incident pulse peak. Then, with the field strength of the incident pulse peak E; of 1 V/m occurring at the
instant of 1.9 ns, the reduced electric field strength (peak value) of the reflected pulsesk, (V/m) that
represents the attenuation of signal strength are noted for the varying dimensions of the heart in a cardiac
cycle of 0.8 seconds. The variation of the electric field strength (peak value) of the reflected pulses E,(\V/m)
with time for cardiac (a) systole (b) diastole and(c) one complete cardiac cycle are plotted in Fig. 8.
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Figure 8. Variation of electric field strength of the reflected pulses E, (VV/m) with time during (a) cardiac systole (b) cardiac diastole
and (c) one complete cardiac cycle.
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The pattern of variation of signal attenuation (dB) repeats itself for every subsequent beating of heart and
is in tune with the heartbeat of a human being. This can be the indicator of an active cardiac activity of
human being buried under debris of a collapsed buildingusing the principles of an UWB radar.

5. Conclusion

This study is mainly aimed at probing the possibility of an ultra-wideband (UWB) radar to probe a human
body buried under debris of a collapsed building. Since the electromagnetic response of a human tissue
system is highly frequency dependent, the frequency analyses is carried out for the model. The simulationis
carried out using the commercial software tool CST Microwave Studio (MWS) and the UWB propagation
characteristics such as system impedance, reflection coefficient and the attenuation of electric field strength
are investigated.The time domain behavioral analysis indicate that a UWB radar located one meter away
from the system recognizes the reflected pulses after 6.57 ns from a human being buried under the debris.

A very important outcome is the finding that there exists a definite difference in the magnitude of
reflections received by a UWB radar for different dimensions of heart during a cardiac cycle. This establishes
that UWB radar based detection of heartbeat can be viewed as an alternate non-invasive method of human
heartbeat detection and its state of health.

It is obvious that the debris of a collapsed building will have a high transmission loss due to reflection
and/or absorption as it consists of building materials of large thickness and made up of very lossy materials
such as reinforced cement concrete (RCC), cinder block etc. Therefore, when a radio frequency (RF)
electromagnetic wave passes through a layer of debris it suffers heavy attenuation and hence the signal
strength incident on the human being becomes too weak. The reflected signal strength received at the radar
becomes still weaker and may be less than the noise signal received along with it.

To detect these weak signals deeply immersed in noise, one may adopt hardware methods like use of Box
Car Integrator, Correlators etc. Another method is based on efficient signal processing techniques wherein
this hardware operations can be replaced.
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