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Effect of Barrier Walls on Detection of Breathing Vital
Signs with Through-Wall Radar

Fildha Ridhia®, Aloysius Adya Pramudita®, Yuyu Wahyu?®, Harfan Hian Ryanu*

Abstract—Through-Wall Radar (TWR) has been extensively
applied in various fields, one of which is in the search for, or
evacuation of disaster victims struck by rubbles. The TWR is an
application of radar systems operating in a wide frequency range
or ultra-wideband (UWB), hence it has a high accuracy level in
detecting objects behind walls. In this study, the Vivaldi antenna
was used to obtain a high-level resolution for its capability to
operate on UWB. Parameters such as dielectric characteristics are
needed for each barrier type to generate a high accuracy level. The
experiment was conducted to determine the effect of barrier walls
on the detection of vital signs of respiration using a radar system
modeled using two methods, namely, a vector network analyzer
(VNA) and bladeRF. The experiment stages included the making
of the experimental system design, experimental data collection,
experimental data processing, and experimental results analysis.
Wall types used in this study were brick and wooden walls. The
experimental data results were used to analyze the effect of the
barrier on the detection of vital signs of respiration using a radar
system. Experiments using VNA as a radar system were conducted
to analyze the effect of the barrier wall on the detection of the
target behind the barrier wall. Experiments using bladeRF as a
radar system were conducted to prove the presence or absence of
a barrier effect on the detection of vital signs of respiration using
a radar system. The measurement results showed that the largest
peak-to-peak signal amplitude decrease occurred in the target
detection with a distance of 125 cm, which was 11.51 dB, and a
delay of 0.084 ns when using the Hebel brick barrier. Meanwhile,
in wooden barriers, the average decrease in peak-to-peak signal
amplitude was 2.968 dB, and the delay was 0.006 ns.

Keywords—Through-Wall Radar (TWR), Respiratory, Barrier,
BladeRF.

. INTRODUCTION

Indonesia’s tectonic conditions, dubbed as the Ring of Fire,
make almost all regions of Indonesia prone to natural disasters,
one of which is an earthquake that can lead to many fatalities.
The lack of technology to accurately locate the victim’s
location makes the victim evacuation hindered, resulting in
many victims are unable to be rescued alive. It has encouraged
scientists to continue developing a technology that can detect
the presence of humans behind walls by using radar systems.

A through-wall radar (TWR) is one of the radar applications
emitting electromagnetic waves that can penetrate the wall and
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receive reflections from certain objects behind the wall [1].
TWR is used to generate good wall penetration by working on
very wide bandwidths, thus having the potential to detect small
displacements, such as chest wall movement in breathing [2].
The antenna used for the TWR system has several special
requirements, including having a directional radiation pattern,
high gain, and very wide bandwidth. One antenna that meets
these requirements is the Vivaldi antenna [3].

In [4], a breathing detection radar experiment was conducted
using a performance network analyzer (PNA) and a Doppler
radar with horn-type antennas at a frequency of 10 GHz. In
addition, in [5], the same experiment was conducted using
SIMO radar at a center frequency of 800 MHz. Breathing
detection radar using ultra-wideband impulse radar (UWB) has
also been discussed in [6], [7]. Meanwhile, in [8], breathing
detection experiments with UWB MIMO imaging radar were
shown. From the study, results showed that radar could detect
vital signs of breathing behind walls. However, previous
studies did not specifically discuss the significance of the
barrier effect on the detection of vital signs of breathing using
radar systems.

In this study, experiments were conducted using a vector
network analyzer (VNA) and bladeRF as modeling of the radar
system. Measurement using VNA was intended to determine
the effect caused by the barrier wall through the total
attenuation and delay values. Measurements using VNA cannot
detect breathing patterns in real time, so breathing pattern
detection was done with bladeRF as a radar system.
Measurements using bladeRF are aimed at identifying the
effect of the barrier on the detection of vital signs of breathing
behind walls.

Il. METHODOLOGY

A. Ultra-Wideband (UWB)

UWAB radar is a system that uses electromagnetic waves to
detect and measure the distance of an object [9]. The radar
operates by emitting an electromagnetic wave, which then hits
an object, and receives back the reflected wave from the
detected object. The reflected signal from the object provides
information regarding the range or distance of the target. The
target distance can be recognized from the time it takes for
electromagnetic waves to hit the target and be again received
by the radar [10]. Radar can detect small displacements in the
body, such as detecting breathing through the movement of the
chest wall when inhaling and exhaling. The radar requires a
high resolution to detect small displacements, i.e., the radar
system must have a wide bandwidth [2].

The basic principle of how UWB radar works is that it will
initially generate a short signal in the form of an
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electromagnetic wave and transmit it via the transmitting
antenna. When the transmitted signal hits the object, it is
reflected back by the object to the receiving antenna and
received by the UWB radar. The delay between the sender and
receiver signals is the distance between the Tx — object — Rx.
UWB radar has several advantages, including being able to
penetrate barriers, having good wall penetration, not requiring
direct contact with objects, being low power, portable, and low
cost [11], [12].

B. Through-Wall Radar (TWR) System

TWR is a radar application that emits electromagnetic waves
that can penetrate walls and receive reflections from certain
objects behind walls [1]. The TWR system is capable of
detecting the distance and angle of the object being detected [2].
The TWR work system starts from the radar system consisting
of processing block, transmitter (Tx), receiver (Rx), antenna,
and display. In the processing, signals are processed and set
before they are sent to Tx and after they received by Rx. The
Tx functions as a processing before it is emitted by the antenna,
while the RX functions as a signal processor after it is received
by the antenna. The display serves as an interface so that the
signal shape is visible to humans.

Subsequently, electromagnetic waves or signals emitted by
the Tx antenna will hit the surface of the wall. Signals
propagating through two mediums have two possibilities, i.e.,
reflected or forwarded. When an electromagnetic wave
propagates through a medium, it has a propagation constant that
can be written on (1).

Yy =a+jB 1)

where o and B are damping constants and phase constants
whose values depend on the type of medium propagated by the
wave.

C. Wave Propagation Through-Walls

Waves propagating on a perfect dielectric medium have a
value of a = 0, so the value of the propagation constant is only
a value of B. Meanwhile, waves propagating through the
dielectric medium are imperfect and have « values, with o and
S values being written on (2) and (3).

1

a (real) = (2rnf) ’%’( /1 + (%)2 - 1)E 2
B(imajiner) = (2nf) ”75'( /1 + (3)2 + 1)E 3)

where f is the utilized frequency, u is the wall permeability, &'
is the real permittivity of the medium, & is the imaginary
permittivity of the medium, and u is the medium permeability.

The tests in this experiment used two different types of walls,
i.e., Hebel brick walls, with dielectric constants &' = 2.85 and
€" =0.285, as well as wooden walls with dielectric constants &’
=1.99 and &” = 0.159 [13].

Due to the presence of a barrier wall in the detection,
attenuation and delay will appear in the detection results. Signal
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Fig. 1 Periodic movement of the chest wall.
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attenuation is caused by the barrier and the distance travelled
by the wave when propagating towards the object and back to
the radar. Delay is the delay time caused by the presence of a
barrier during detection, causing a shift in position at the peak
of the reflected signal received by the radar. To determine the
total attenuation (ar,:q;), delay (At), and position shift (AS) of
signal peaks, calculations were made using (4) to (7), with
being the barrier thickness.

Arotai(dB) =2 X € X 4)
_ s

v = )
-

At = - (6)

s == @

where s being the radar distance from the barrier and C being
the fast rate of light propagation, which is 3 x 108 m/s.

D. Chest Wall Movement in the Breathing System

The breathing system is one of the vital signs in humans.
Human breathing is generally a periodic movement that can be
seen from the movement of the chest wall or stomach. When
inhaling air, the chest wall will dilate. It is because air enters
the lungs so the lung volume increases. At the time of
exhalation, the lung wall contracted because the lung volume is
reduced, so that the air comes out [14]. The relationship
between breathing and chest wall movement can be illustrated
in Fig. 1, where T(t) being the wave transmitted from the
sending antenna, R(t) being the signal reflected by the object,
and d, + x(t) is the distance of the human being from the radar.
This small movement in breathing activity is one of the
characteristics that can distinguish humans from dead objects
when detected using a radar system. The movement of the chest
wall and wave propagation are made in the time domain, so that
the changes can be analyzed by looking at the amplitude when
inhaling and exhaling air.

E. Vivaldi Antenna

Antenna is a device that functions to transmit and receive
electromagnetic waves. In applying a TWR system, an antenna
with a compact and lightweight design is needed to be easily
moved [15]. Antennas for TWR systems have several special
requirements: directional radiation patterns, high gain, and very
wide bandwidth. One antenna that meets these requirements is
the Vivaldi antenna [3]. Gipson first created the Vivaldi

Fildha Ridhia: Effect of Barrier Walls ...



Jurnal Nasional Teknik Elektro dan Teknologi Informasi | Vol. 11, No. 4, November 2022

d

VNA

)

Tx Antenna T
raj i
T nsmitted waye

[Port1

Re(f)

<
Port 2
Rx Antenna

flected wave
Re Target

Sa1 (R +X)

Processing

Laptop

Fig. 2 Radar system modeling on VNA.

antenna in 1979 [16]. Based on [2], the Vivaldi antenna is a
special antenna of tapered slot antenna (TSA) in exponential
form or commonly known as an exponentially tapered slot
antenna (ETSA). The narrow bandwidth on microstrip antennas
can be overcome by using Vivaldi microstrip antennas with a
wide bandwidth [17]. The main mechanism of the Vivaldi
antenna is electromagnetic waves that propagate at the end of
the exponential curvature of the Vivaldi arms so that the
antenna can operate in a wide frequency range [17].

F. Radar System Modelling on Vector Network Analyzer (VNA)

VNA is a measuring instrument used to measure scattering
parameters, namely Si1, Sz1, S12, and Sy of a system [18]. The
parameters measured by the VNA are far-field and near-field
parameters on the antenna. VNA has many settings that can be
adjusted to the needs of the experiment.

The VNA radar system modeling has two ports considered
as transmitters and receivers. Port 1 on the VNA functions as a
transmitter (Tx) and port 2 as a receiver (Rx). The measurement
result of S shows a transfer function describing the
relationship between the transmitted and the received signals.
The data taken in the Sy; measurement uses a complex format
mode (R + jX), resulting in a complex number consisting of real
and imaginary components. Sy represents the power
transferred from port 1 to port 2 expressed in the transfer
function in (8).

H() = 28 = Sy ®)

The signal reflected by the object and received by the
antenna Rx may be determined in (9)

R (f) = S21T(f) (9)

where T,(f) is the spectrum of the signal emitted by the radar
system. To reconstruct the shape of the receive signal in the
time region, Fourier transform inverse calculation [2] was
performed as in (10).

Re(t) = FH[R:(f)]. (10)

Signals reconstructed into the time domain were filtered in
the form of signals with monocycle pulse shapes to clarify the
reflections of the signals received by the antenna to be easier to
analyze.
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Fig. 3 Experimental scenario design using VNA, (a) using Hebel barriers, (b)
using wooden barriers.

G. Software-Defined Radio (SDR)

Software-defined radio (SDR) is a technology in wireless
communication that can be configured or reprogrammed using
software [19]. Most of the processing in SDR occurs in
hardware, and wave generation and the conversion are done in
software [20]. The use of SDR can be more flexible because
they can be configured or reprogrammed without having to
replace the hardware [19]. In addition to their flexible nature,
SDR can also minimize expenditures on radar system
components due to their advantages, which include their ease
of configuration, simplicity, and ability to reduce size [19].

H. GNU Radio

GNU Radio is a software that provides signal processing
techniques to implement an SDR. GNU Radio uses an
inexpensive radio frequency hardware or the simulation results
[21]. GNU Radio users can design, simulate, and broadcast
radio communication systems. Most radio communications that
can use GNU Radio software are audio processing, mobile
communications, satellite tracking, radar systems, as well as
GSM and CDMA networks. GNU Radio is capable of working
if it has an external radio frequency (RF) device. Application
programs on GNU Radio generally use the Python
programming language, but during implementation it can also
be combined with the C+ + programming language for more
accurate results [22].

. BladeRF

The bladeRF is an SDR designed for users to explore
wireless communication. It is a hardware incorporated with
GNU Radio as a radar system model. In addition, baldeRF can
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Fig. 4 Transmitted signals of the Vivaldi antenna.

be connected with a MATLAB-installed laptop to transmit or
receive tests [23].

Il. SysTEM MODEL

The system design in this study is generally shown in Fig. 2.
The radar system was modeled using VNA, and GNU Radio
with bladeRF. The object of this experiment was a metal plate
and the movement of the chest wall in humans while breathing.
Two types of barrier walls were used to determine the effect of
barrier walls on breathing detection, namely Hebel brick and
wooden walls.

A. Radar System Design with VNA

The overall design of the radar system using VNA is shown
in Fig. 3. The VNA functions as a radar system and emits
signals through the Vivaldi antenna. The signal evoked by the
VNA has a frequency range of 300 kHz — 8 GHz with a center
frequency of 4 GHz. Fig. 4 shows the signal transmitted by the
antenna that has been affected by return loss. The most
dominant signal was in the frequency range of 1 — 2 GHz. In
this study, the employed S parameter was S, representing the
power transferred from port 1 to port 2. Data was stored in VNA
with a (R + jX) complex mode of 501 points. The evoked radar
signal was in the form of monocycle pulses with a pulse width
of 0.5 ns. The MATLAB R2018a software was used in the
processing section to reconstruct the signal. Then, the results
were displayed through a display in the form of a laptop. In
accordance with Fig. 4, the test using VNA was carried out
under two different conditions, i.e., with and without using
Hebel brick and wooden barriers.

B. Radar System Design Using BladeRF

The radar system was modeled on GNU Radio as well as
bladeRF with two ports for transmitters and receivers. The
specifications for the radar in bladeRF were modeled in the
GNU Radio software with an operating frequency of 2 GHz.
The antenna served as a signal transmitter and receiver of
signals reflected by the object. The signals received by the
antenna were processed on GNU Radio. MATLAB was used to
map data on graphs. Then, the results of signal processing were
displayed through the display. Commensurate with Fig. 5, the
test using GNU Radio and bladeRF was carried out under two

p-ISSN 2301 — 4156 | e-ISSN 2460 — 5719

Jurnal Nasional Teknik Elektro dan Teknologi Informasi | Vol. 11, No. 4, November 2022

TRRE pomze, 0
R((;i]'wl;’C = Antenna | - :
adio I i
Z -4— 5 4 9
2} |
<~ = 1 t !
E B aN .1\
/ |2 4= 2 | "
24emy |
75 em
: 125 cm
Processing
MATLAB
PC
Fig. 5 Experimental scenario design using bladeRF with and without wall
barrier.

different conditions, i.e., with and without using Hebel brick
and wooden barriers in the operating frequency of 2 GHz.

C. Data Processing

Data processing in this experiment was carried out using a
laptop/PC with MATLAB R2018a software. Based on [18],
data processing on measurement results using VNA was carried
out in six stages, as follows.

1. Compiling Sy; data on MATLAB into fast Fourier

transform (FFT) vectors in the frequency domain.

2. Performing the process of evoking a Tx transmit signal
then converted into a discrete vector Tx(n), with n as
many as the number of S,; data, which was 501.
Calculating FFT from Tx(n).

4. Performing a convolution using (11) with k = 1.

[Ry (k)] = FFT [Sz;] . FFT[T ()] (11)

5. Determining signal received using inverse fast Fourier
transform (IFFT), as seen in (12).

[Ry(m)] = IFFT [R, (k)] (12)

6. Signals reconstructed into the time domain were filtered
in the form of signals in the monocycle pulse form to
clarify the signal reflections received by the antenna to
be easier to analyze.

w

Data processing on the test results using bladeRF was
already in the time domain and could differentiate chest wall
movements when inhaling and exhaling air. Hence, data
processing on MATLAB was useful for mapping data on the
chart to be analyzed.

Experimental data using VNA were analyzed to determine
the presence of barrier effects. The barrier effect was sought by
measuring the magnitude of loss occurring when the wave
propagation traveled through the barrier wall compared to wave
propagation without traveling through the barrier. Meanwhile,
the data from the experimental results using bladeRF were
analyzed to validate the effect of the barrier wall on the
detection of chest wall movement when inhaling and exhaling
air behind the wall.
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TABLE |
MEASUREMENT RESULTS USING CALCULATIONS
Calculations Hebel Brick Wood
Wall

a (Nepper/m) 7.06 4.7
B (rad/m) 141.61 118.27
Total attenuation (dB) 12.1 1.63
Delay (ns) 0.563 0.094

IV. RESULTS AND DISCUSSION

A. Measurement Results Using Calculations

Measurement results using the calculations in (2) to (7) show
that each barrier provides losses with a certain value whose
magnitude is affected by the dielectric constant value. Values
of the losses could be determined by calculating the values of a
and p. The a value was used to determine the total attenuation
occurring when waves propagate through the barrier wall.
Table | shows that the total attenuation produced by the Hebel
brick barrier is 12.1 dB with a 10 cm-thick Hebel brick, while
the total attenuation produced by the wooden barrier is 1.63 dB
with a 2 cm-thick wood.

The value of $ was used to calculate the delay experienced
by waves as they propagated through the barrier wall. Delay
affected the wave’s travel time to the object and to reflect back
towards the radar, so the value of g affected the shift of the
signal’s peak position when the radar detected it. Measurement
results using calculations revealed that each barrier caused a
delay with a certain value, the amount of which was affected by
the dielectric constant value of the barrier used. In accordance
with Table I, the delay produced by the Hebel brick barrier was
0.563 ns with a 10 cm-thick Hebel brick, while the delay
produced by the 2 cm-thick wood barrier was 0.094 ns. From
these calculations, it can be concluded that Hebel bricks
provide greater attenuation and delay than wood.

B. Measurement Results Using VNA

The data were retrieved with complex mode (R+jX). The
purpose of observing the S value was to find out the losses
seen from the decrease in power and delay caused by the barrier
when the wave propagated. The total attenuation was obtained
from the difference of peak-to-peak amplitude between the
signal with and without using a barrier written in (13).

Xmeasurement = 20(l09(|Y1| +1Y2]) - lOg(|Y3| + |Y4|))(13)

Delay was obtained from the result of time difference
between signal peaks with and without using a barrier and
written on (14).

Atmeasurement = X3 — X1. (14)

1) Measurement Results with the Hebel Brick Barrier:
Detection of objects with a Hebel brick barrier was carried out
at two distances, i.e., 75 cm and 125 cm, with a 10 cm-thick
Hebel brick barrier. The distance between the barrier and the
radar remained the same, which was 24 cm. From the obtained
results, it could be seen that the signal received by the radar
experienced a significant decrease in power, which could be
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Comparison of the Position of the Reflected Signal at 75 cm
with and without Hebel Barrier
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Fig. 6 Comparison of measurement results of reflected signal with and without
the Hebel brick barrier at a distance of 75 cm.
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at 125 cm with and without Hebel Barrier
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Fig. 7 Comparison of measurement results of reflected signals with and without
the Hebel brick barrier at a distance of 125 cm.

seen from the peak-to-peak amplitude of the reflected signal.
The amplitude value of the receive signal could be seen in the
Y-axis coordinates. In addition, the delay of the reflected signal
received by the radar could also be seen, the value of which was
apparent from the X-axis coordinates.

Fig. 6 shows a comparison of the signals received by the
radar with and without Hebel brick barriers at a distance of 75
cm. The amplitude of the received signal when using a Hebel
brick barrier was lower than without a barrier. The decrease in
power occurred at a distance of 75 cm was 8.636 dB. This
decrease in power occurred because the wave experienced
losses when propagating through the medium, so the power of
the transmitted signal was smaller. These losses could be in the
form of damping affected by the dielectric constant of the Hebel
brick.

In addition, the Hebel brick barrier also caused a delay to the
reflected signal received by the radar. The time difference of
reflected signals received by the radar when utilizing the Hebel
brick barrier and those were not can be seen in Fig. 6. The delay
experienced by the waves propagating through the barrier was
0.21 ns. The presence of delay in object detection has caused
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Fig. 8 Comparison of measurement results of reflected signals with and without
wooden barriers at a distance of 75 cm.

Comparison of the Position of the Reflected Signal at 125 cm
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Fig. 9 Comparison of measurement results of reflected signals with and without
wooden barriers at a distance of 125 cm.

the accuracy level of distance detection to decrease due to a
shift in the position of the signal peak. The value of the shift of
the signal’s peak position in the detection using the Hebel brick
barrier at a distance of 75 cm was 3.15 cm. At a distance of 125
cm, the occurring decrease in power, as shown in Fig. 7, was
11.51 dB, with a delay of 0.084 ns and the shift of the signal’s
peak position with barrier of 1.26 cm.

Fig. 6 and Fig. 7 show the effect of distance on detection
results. The further the object is from the radar, the greater the
decrease in reflected signal power received by the radar. It
happens because the signal power at the time of reaching the
object and returning to the radar is smaller due to the longer
wave propagation distance. In addition, it can also be seen that
the delay value of the reflected signal received by the radar is
greater, corresponds with the distance of the object from the
radar. It is due to farther wave propagation distance resulting in
longer wave propagation times.

2) Measurement Results with Wooden Barriers: Detection
of objects with wooden barriers was carried out with two
distances, i.e., 75 cm and 125 cm, with a 2 cm-thick wooden
barrier. The distance between the barrier and the radar remained
the same, which was 24 cm. Delay was obtained from the time
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Fig. 10 Comparison of bladeRF detection results (a) objects at a distance of 75
cm (b) objects at a distance of 125 cm.

difference between signal peaks with and without using a
barrier. The magnitude of delay value can be seen in the Y-axis
coordinates. The results obtained are shown in Fig. 8 and Fig.
9. It is shown in the figure that the signal received by the radar
experiences a decrease in power, which can be seen from the
peak-to-peak amplitude of the reflected signal. The magnitude
of the amplitude value can be seen from the coordinates of point
X. The further the object is from the radar, the greater the
decrease in reflected signal power received by the radar. It is
the results of signal power being smaller when reaching the
object and returning to the radar due to the longer wave
propagation distance. In addition, it can also be seen that the
delay of the reflected signal received by the radar, which causes
a decrease in the accuracy level of distance detection due to the
shift of the signal’s peak position.

The decrease in power occurring at a distance of 75 cm was
2.51 dB with a delay of 0.12 ns and the shift of the signal’s peak
position with barrier of 0.18 cm. The decrease in power occurs
because the wave experiences losses when propagating through
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TABLE Il

COMPARISON OF TOTAL ATTENUATION MEASUREMENT RESULTS USING
CALCULATION AND VNA.

Barrier Total_ Total Attenuation Using
Type Attengatlon VNA (dB)
Calculation (dB) 75cm 125cm
Hebel Brick 12.1 8.636 11.51
Wood 1.63 2.51 2.968
TABLE 111
COMPARISON OF DELAY MEASUREMENT RESULTS USING CALCULATION AND
VNA.

Barrier Delay using Delay Using VNA (ns)
Type Calculation (ns) 75cm 125 cm
Hebel Brick 0.563 0.21 0.084
Wood 0.094 0.12 0.006

the medium, so the power of the transmitted signal is smaller.
These losses can be in the form of damping which is affected
by the dielectric constant of the wood. The presence of delay in
the object detection has led to the decrease in the accuracy level
of distance detection due to the shift of the signal’s peak
position. The experimental results are shown in Fig. 8.

Meanwhile, at a distance of 125 cm, the decrease in power
that occurred was 2.968 dB with a delay of 0.006 ns and the
shift of the signal’s peak with barrier of a 0.09 cm. The
experimental results are shown in Fig. 9.

C. Measurement Results Using BladeRF

Measurement of the effect of the barrier on object detection
using VNA was validated by measuring vital signs of breathing
using a radar system modeled by bladeRF with several
distances, i.e., 75 cm and 125 cm with wall barriers.
Measurement data taken in the form of breathing samples for
30 s with a typical breathing model. The measurement results
are shown in Fig. 10. The results obtained from the vital signs
of breathing detection behind the walls indicate that the barrier
wall affects the detection. Breathing pattern detection results
when inhaling and exhaling without a barrier were clearer
compared to those using a barrier. The upper peak on the wave
indicates an air-inhaling event while the lower indicates an air-
exhaling event. It has proven that the barrier wall exerts a
significant effect on the detection of vital signs of breathing
using a radar system.

D. Comparative Analysis of Measurement Results Using
Calculations and VNA

In the measurement results using calculations, the dielectric
constant greatly affected the losses resulting from each barrier.
Based on the experiments that have been carried out, there are
differences in the results obtained by measuring and calculating
using VNA, as shown in Table Il. Based on Table Il, the
measurement results of total attenuation using calculation are
relatively close to the measurement results of total attenuation
using VNA. However, the farther the object is from the antenna,
the greater the difference in total attenuation. It occurs because
measurements using calculations are not affected by distance.
The size of the barrier in this experiment was also limited, so
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there was a diffraction effect from the edges of the wall, which
then caused multipath waves from the radar to different targets.
In addition, the further distance of the object from the radar
caused the signal power reaching the object and returning to the
radar to be smaller due to the more distant wave propagation.

According to Table IlI, the results of delay measurements
using calculations and VNA indicate that the barrier causes a
delay in the wave propagation. However, the results obtained
in the measurement using calculation differs from those of
using VNA. It happens because the results of measurements
using VNA are not only influenced by the dielectric constant of
the barrier, but also by other external factors, such as
environmental conditions that can influence the wave
propagation.

V. CONCLUSION

In this study, measurements on the vital signs of breathing
detection without a barrier and using a radar system was
performed. Measurement results using calculations and VNA
indicate that the barrier provides significant losses. It is
indicated by a decrease in the peak-to-peak amplitude of the
signal at the time of measurement using the barrier. As a result
of the smaller amplitude of the detected signal, the process of
detecting the target is more difficult. The decrease in amplitude
when using the Hebel brick barrier at the distance targets of 75
cm and 125 cm were 8.636 dB and 11.51 dB, respectively. On
the other hand, the decrease in amplitude when using a wooden
barrier at the distance targets of 75 cm and 125 cm were 2.51
dB and 2.968 dB, respectively. In addition, the thickness of the
barrier has a significant effect on the total attenuation and delay
at detection. The measurement results indicate that the barrier
causes a delay to the reflected signal received by the radar. It is
indicated by the shift of the peak position of the reflected signal
when using the barrier, resulting in the reduced detection
accuracy. The delays that occurred when using the Hebel brick
barrier were 0.21 ns at a 75 cm-target distance cm and 0.084 ns
at a 125 cm-target distance. At the same time, the delays that
occurred when using a wooden barrier were 0.12 ns ata 75 cm-
target distance and 0.006 ns at a 125 cm-target distance.
Validation of experiments conducted using the bladeRF
showed a barrier effect on vital signs of breathing detection. It
is shown by the detection using barriers that causes the
breathing pattern less visible, so there needs to be an effort to
overcome this effect to obtain undisturbed detection accuracy.
As a further study, it is possible to perform signal transmission
by radar from different sides, other than the vertical side, to
detect breathing in humans.
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