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ABSTRACT
Detection and localization of non-moving human targets by ultra-wideband radars (sensors) is becoming crucial in the last years.
In contrast to a moving target localization this task is much more challenging. A movement of a static person caused by the respiratory
motion is barely observable. In this paper, a new method of respiratory motion detection based on Welch periodogram is presented. The
performance of this method is demonstrated on a scenario with real radar data obtained by a measurement at laboratory conditions.
Moreover, a custom-made flat antipodal Vivaldi antennas are used. Despite of the conditions, one static person is succesfully detected

and localized.
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1. INTRODUCTION

Ultra-wideband (UWB) radars are progressive devices
used for various type of nonintrusive monitoring of people
movement. The term nonintrusive means that a radar can
operate without any awareness of the monitored persons.
UWB radar can be used in many applications for human
surveillance e.g. monitoring of elder people [[1], moving
person monitoring [2] or human vital signs monitoring [3].
A special attention is given to the moving targets monitor-
ing due to the increasing terrorist threads in the recent years.

Usually, the signals emitted by an UWB radar have an
ability to penetrate through the solid non-metallic obstacles
and back [4]. Therefore, using proper signal processing
methods, we are able to detect, localize and track various
motions belonging to the human targets. In the actual re-
search state, every type of human movement (e.g. walk, res-
piratory motions, heartbeat etc.) has to be processed with
its own set of signal processing methods. Therefore, meth-
ods used for moving target surveillance (presented in [2]])
do not operate properly in a situation when a monitored tar-
get remains on his/her place. Such human target is referred
to as a static person.

A static person appears as a clutter in comparison with
a moving person and is much harder to detect. In this paper,
we propose a method that is able to detect and even local-
ize a static person based on his/her respiratory motions. For
this purpose, an UWB radar device with three antennas (one
transmitting (Tx) and two receiving (Rx) antennas) will be
used.

The proposed method of the static person detection con-
sists of a signal power spectrum calculation followed-up by
the application of a two-stage detector. The power spec-
trum is calculated by Welch periodogram method [5]. The
first detection stage consists of usage of the Order Statis-
tics Constant False Alarm detector with guarding interval
(OS-CFAR) []§|] The second detector stage consists of a
treshold detector using constant treshold value. Eventually,
a localization of the target can be performed.

Within this paper, two similar measurements were per-
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formed in order to compare the performance of two an-
tenna types. Within our previous laboratory experiments,
we used the double ridged horn antennas RFspin DRH-
10 with frequency range 0.74 GHz—10.5 GHz, dimensions
(width x length x depth) 148 mm x 204 mm x 242 mm
and weight around 1.24kg. The second antenna type are
the low-cost antipodal Vivaldi antennas with low profile,
originally introduced in [7]. These antennas are printed
on ARLON 600 substrate with relative permitivity & =
6.15 and tangent loss tang = 0.003. The top layer of
the antenna feeds the signal conductor and the bottom
layer feeds the ground plane of the feeding line. Final
dimensions of the antenna are (width x length x height)
128 mm x 190 mm x 1.575 mm and weight only 0.108 kg.
The antennas operate in the frequency band from 0.81 GHz
to 12 GHz with the average gain 6.32 dBi, fractional band-
width BW = 163 % and with the low ringing factor. A pro-
totype of the manufactured antenna is shown in Fig.[T} An-
tenna pattern for the frequency 2 GHz and 4 GHz are shown
in Fig. 2] and Fig. 3] respectively.

Fig.1 Antipodal Vivaldi antennas
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Fig.2 Antenna pattern of the planar antipodal Vivaldi antenna at
2GHz
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Fig.3 Antenna pattern of the planar antipodal Vivaldi antenna at
4 GHz

This paper is organized as follows. Section 2 provides
the description of the respiratory motion detection. The
third section describes the novel respiratory motion detec-
tion method. Section 4 shows the results of this method
using the radar signals obtained from a laboratory measure-
ment. In the conclusion, method performance is evaluated.

2. RESPIRATORY MOTION

The respiratory motion can be described as a movement
of a person’s chest which is performed during the breath-
ing process. The identification of the respiratory motion
in environment can be described as follows. An antenna
converts an input signal p(¢) into an electromagnetic waves
which propagate through a monitored area. The emitted
signal is partially reflected back to the antenna and con-
verted by a radar into an impulse response of the environ-
ment A(t, 7). Usually, a static human target is situated be-
hind a solid nonmetallic obstacle (e.g. wall) at a certain dis-
tance dy. The static person is exposed to the UWB signal
emitted by the radar antenna. For simplicity, we can as-
sume that the transmitting and receiving antennas (Tx and
Rx) are represented by the same antenna while the electro-
magnetic wave emitted by the Tx propagates through the
front wall and by a multipath environment to the Rx. The
emitted signal is partially reflected from the body of the
person and it travels back, where is captured by the Rx an-
tenna. The radar device converts the received signals using
a pulse compression method into an impulse response of
the environment A(z, 7) as follows:

N

h(t,7) =Y Aip(t —1;)+ Ao p(t —14(7)) W
i=1

=hp(t,7) 4+ ho(t, 7)

where hy,(7,T) is part of the signal representing the static
background (clutter) and % (7, T) represents a signal com-
ponent that are due to the static target. Constant term A;
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in (I denotes the path gain or loss of the i-th signal path.
The time variable 7,(T) takes values according to the dis-
tance of the target (dp) from the antenna. The time 7,(T)
is referred to as time-of-arrival (TOA). TOA expresses the
time interval which electromagnetic wave needs to prop-
agate along the Tx-farget-Rx trajectory. The movement of
the person’s chest caused by the respiratory motions are ob-
servable as a slight and periodic changes of the TOA within
the received radar data [8]]. TOA is expressed as

t4(7) =2d(t,7)/c (2)
where
d(l(), ‘L') = d()(t(), T) +m(’c) = d()(t(), T) +m Sin(ZEfT) 3)

The term dy(fo, T) is a DC component expressing the re-
flection from a static human target situated at a distance d
from the radar antenna. On the other hand, the second part
of (3) represents an alteration of the person’s chest position
caused by the respiratory motion. Its magnitude m usually
takes values between 0.2 cm and 0.6 cm [9]. After approx.
1-2 minutes of observation time, human breathing can be
generalized as a periodic process with its own breathing fre-
quency f. The frequency of the first harmonic component of
the breathing rate usually takes values between 0.2 Hz and
0.7Hz (e.g. [8H10]).

The above mentioned comments summarizing the de-
tailed analyses presented in [[8] and [[10] indicate, that a
static person can be detected based on a detection of a pe-
riodical signal components (i.e. a periodical motion) with
a frequency from the interval 0.2 Hz-0.7 Hz with regard to
the slow-time variable (7) for a constant fast-time instant
(to). For that purpose, the radar signal processing proce-
dure for static person detection and localization described
in the next section can be used.

3. WELCH PERIODOGRAM METHOD

The radar signal processing procedure for detection and
localization of a static person consists from the following
phases: radar calibration (raw radar signal preprocessing),
background subtraction, weak signal enhancement, peri-
odogram calculation, two-stage detection and target local-
ization.

3.1. Radar calibration (raw radar signal preprocess-
ing)

At the beginning, raw input signal h(z,7) obtained
by the radar is not calibrated. Due to the usage of a
M-sequence radar, a starting chip of M-sequence is situ-
ated at a random position. Therefore, a constant round shift
must be applied on every impulse response. This procedure
is often called the time-zero setting. In case of using sepa-
rate antennas for the Tx and Rx, the most common method
for the time-zero setting is the method using crosstalk be-
tween Tx and Rx [2]. Crosstalk is caused by transmitted
electromagnetic wave from Tx directly into the Rx.
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3.2. Background subtraction

The calibrated signal contains some undesired signal
components i.e. noise and stationary background (7, 7).
Static background is estimated and subtracted from the
original calibrated signal A(¢, 7). The background estima-
tion is realized because the background itself (without any
target) is unknown. Here, an estimation using exponential
averaging method is applied [2].

3.3. Weak signals enhancement

Breathing itself is a barely observable movement. An
amplitude change is very small so an improvement of a
target echo to noise ratio is needed. To enhance the sig-
nal components appearing due to the respiratory motion,
we need to separate the signal component d (o, T) from the
hp(teonst, T). The time instant # = ., Stands for a constant
value of the propagation time. Input signal is filtered by
so-called slow-time filter (signal is filtered along the time
axis 7). As it was mentioned before, spectral components
that are due to the human respiratory motion can be found
within the interval 0.2Hz-0.7Hz. A slow-time filter can
be realized either as a bandpass filter with mentioned cut-
off frequencies or as a lowpass filter with the upper cutoff
frequency (0.7 Hz).

3.4. Power spectrum estimation

For estimation of the energy distribution into the signal
spectrum, a periodogram can be used. Welch periodogram
computes the power spectrum [5] from the signal compo-
nents s(z,7) = d(t, 7).Here, the power estimates are com-
puted for each row of the input signal. As we are searching
for a static target, the power integration between frequen-
cies of 0.2 Hz-0.7 Hz is performed in order to highlight the
spectral components on the mentioned interval. In this sig-
nal hy (¢, T) the power is concentrated on the TOA that cor-
responds to the real target position.

3.5. Detection

Presence of the target within the filtered signals is exa-
mined by the detector. At the detector input, the signal is
treated as a testing (decision) statistics X (#, T) and it is com-
pared to the detector treshold Y(fcons, T) as follows:

O ifX(r,7) <v(t,7)
ha(t,7) = {1 if X(¢,7) > y(t,7 @

Within this method, a two-stage detection is used. The first
stage contains an adaptive OS-CFAR detector, the second
stage uses a treshold detector.

Adaptive detector

Basic block diagram of the OS-CFAR detector with
guarding interval is shown in Fig. |4} Since the background
noise varies over a large timescales, an OS-CFAR detector
is used to provide an adaptive detector treshold y(¢,T) for
each time instant .
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Basic operation of the OS-CFAR detector can be de-
scribed as follows. As a testing statistics X (¢, T), signal of
integrated power spectrum Ay (¢, 7) is used. Within this sig-
nal a static human target is represented by multiple samples.
Thus, guarding interval ensures that only samples of back-
ground and noise take into account. The rest of the signal
samples in the reference window N are sorted in ascending
order by the size of their magnitude. The detector theshold
is then estimated as

v(t,7) = hw(t, %) 5)

where value k is according to [[11] set to 3 /4 size of sliding
range window. It can be considered as a 3/4 of a clutter
power. Computation of a scale facror and more detailed
description of the OS-CFAR detector is beyond this publi-
cation and it can be found in [11]].

Sliding Range Window (N) =

hy(t,0) &, | Block | &,
=5 hy(tr) ) S [ o) |
7, 8| Test %, %]
C R
Comparator I Target
YES or NO
Fig. 4 OS-CFAR detector scheme

Treshold detector

Despite of the detector performance, a standalone false
alarms may occur at the OS-CFAR detector output. As it
was mentioned before, a static human target generates more
than one echo (sample) at the received input signal. Such
target is referred to as distributed target. Hence, integration
of nearby samples is performed in order to join all nearby
positive detections from the target into the one with bigger
value. Intergated false alarms should not get value set as a
detector theshold and, thus, they are not taken into account.

4. EXPERIMENTAL RESULTS

Method performance was tested on the radar data ac-
quired in a laboratory measurement. It is a scenario, where
a single static person is situated in front of the antennas be-
hind a solid obstacle. The only observable movement was
uplift and descent of his chest. In order to compare the per-
formance of two types of antennas, two similar measure-
ments were performed. In both cases, a person was sitting
behind a solid obstacle. Measurement setup is shown in
Fig.[5d

Base of the co-ordinates system was the Tx antenna at
position [0;0] m. The static person was sitting on a chair,
but due to the different antenna stands, his position in two
measurements was slightly different. In the first case, us-
ing the antipodal Vivaldi antennas, the target was situated
at co-ordinates [0.25;2.3] m from the Tx antenna (Fig. [5b).
In the second case, using the double ridged horn antennas,
his co-ordinates were [0.5;2.7] m from the Tx (Fig.[5c).
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Fig. 5 Monitored area; (a) measurement setup (dimensions are in cm), (b) (c) radar system and antenna configuration

Person was illuminated by the signal from the
M-sequence UWB radar with the following parameters:
radar clock frequency 13.82 GHz, length of binary se-
quence 12 bits (4095 samples per impulse response), im-
pulse response duration 296.3 ns, maximum range 44.5 m,
range resolution 1 chip = 0.0185m, radiated power
—6.5dBm. Received signals were not externally amplified
due to the laboratory conditions. The signal amplification
was performed by the internal circuits of the UWB radar.
However, monitored area contains several metallic parts of
furniture and surroundings.

At first, the background is estimated and then sub-
tracted (Fig. [7a). Then, signal components resulting from
the presence of the static target are enhanced (filtered) by
the band-pass filter with the cutoff frequencies 0.1 Hz and
0.7Hz (Fig. [70). Then, power spectrum is computed us-
ing Welch periodogram (Fig. [7c). Here, the spectral com-
ponents caused by the respiratory motion of the target are
slightly visible. As we are interested only for the specific
frequency interval, we sum up all the periodogram columns
within the band [0.1 Hz,0.7 Hz] into one signal hy (¢,7).
This signal is shown in Fig.[7d|for Rx1 and Fig.[7e|for Rx2.
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In order to detect a target presence within the signal, the
two-stage detection is used. At first, an OS-CFAR detec-
tor with guarding interval is applied. In Fig. [7f] for Rx1 and
Fig.[Tg|for Rx2 is shown an adaptive treshold value (dashed
red) computed from the input signal (solid blue). In order
to reduce the presence of possible false alarms, an individ-
ual nearby peaks (representing one distributed target) are
summed-up into one peak with a bigger value. Position of
the every peak denotes the TOA that belongs to the static
target. The second detection stage now eliminates all the
single false alarms (Fig. [7h]for Rx1 and Fig. [7j for Rx2).

At this point, the TOA for every target is estimated cor-
rectly and no false alarms are present. Now the TOAs out
of both Rx are associated into pairs, where the true TOA of
the target can be estimated. This can be done by using the
trace connection method. Target is then localized using the
direct calculation method. We assume that the estimated
position can take place within 30 cm from the center posi-
tion (black circle). This is due to the bigger dimensions of
the target in comparison with one point which is estimated
by the localization phase. Result of the localization phase
for both measurements can be seen in Fig.[6]
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Fig. 6 Static person localization: (a) antipodal Vivaldi antennas, (b) double ridged horn antennas
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Fig. 7 The results of selected signal processing phases; phase: (a) background subtraction, (b) weak signal enhancement, (c) the
estimates of the power spectrum, (d) and (e) integrated power spectrum along the frequency interval of interest (< 0.1 Hz;0.7 > Hz)
and the first stage detector treshold for Rx1 and Rx2, (f) and (g) the first stage detector output for Rx1 and Rx2, (h) and (i) the second
stage detector output for Rx1 and Rx2
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5. CONCLUSION

In this paper, a novel method for a static person detec-
tion and localization has been presented. The person detec-
tion is achieved by the precise monitoring of his respiration
movement i.e. uplift and drop of his/her chest.

The main goal of this paper is to point out the perfor-
mance of the proposed method using Welch periodogram
in combination with the two stage detector even when low-
cost antennas are being used. All the results were achieved
by processing of the radar data collected during the labora-
tory measurement. To emulate the conditions similar to the
real life, no additional signal amplifiers were used. Despite
of these conditions, monitored target is localized correctly
using both antenna types.

The obtained results indicate, that low-cost compact an-
tipodal Vivaldi antennas can be used for static person local-
ization in conditions similar to laboratory. Besides, a usage
of compact antennas in real-life applications is considerably
better because of their compact dimensions, low weight and
easy manipulation. Therefore, it can be concluded that low-
cost compact antipodal Vivaldi antennas could be used for
the static person localization under simple scenarios (e.g.
line-of-sight scenarios).
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