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ABSTRACT

The paper offers an overview of signal processing approaches that are suitable for monitoring of persons by means of ultra-
wideband sensors. The “Monitoring of persons” is related to their detection, localization, and tracking and in the case of static persons,
also to the monitoring of their vital signs such as the breathing frequency and the heart rate. This paper discusses basic principles in
the monitoring of persons who can be moving, static, or changing the character of their movement. In the case of static persons, the
paper describes signal processing methods suitable for contactless estimation of their breathing frequency and the heart rate.
Monitoring of persons using UWB sensors is attractive in many application scenarios such as emergency, rescue, medical, etc.
Therefore, we believe that this comprehensive survey brings a lot of interesting information to researchers and specialists working in

the field of contactless monitoring of persons.
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1. INTRODUCTION

In the last decade, great efforts have been made to
develop systems for people monitoring. In this field, special
attention has been devoted also to tag-free person
localization. The analysis of this issue has shown, that ultra-
wideband (UWB) sensors (radars) operating in the
frequency band DC-5 GHz could be promising tools for
tag-free person monitoring [1], [2]. Due to the employment
of the ultra-wide bandwidth (usually more than 0.5 GHz),
UWB sensors can provide a fine range resolution, and
hence a high accuracy of measurement of the distance
between a target and radar antenna array and ultimately,
high accuracy of target localization as well [1]. On the other
hand, electromagnetic waves occupying such frequency
band can penetrate through most non-metallic standard
building materials (e.g. concrete, bricks, wood, etc.) with a
small enough attenuation. As a result, UWB sensors
operating in the frequency band DC-5 GHz allow to detect
and to localize people not only for line-of-sight scenarios,
but also persons situated behind an non-metallic obstacle
(e.g. a wall) or in the environment with a very low optical
visibility (e.g. in a snowstorm, dust, smoke, through dense
fog and through sparse foliage [3]). Note, that the power of
the signal emitted by the mentioned UWB radars is usually
below 10 mW. Taking into account the outlined
parameters, the key circuitry of the short-range UWB
radars can be implemented in a form of application-specific
integrated circuits at an acceptable size of radar antennas.
Hence, the mentioned radars can be constructed to be light-
weight and small-sized, and therefore also flexibly useable
in the real operation area.

Due to these properties, short-range UWB sensors can
be exploited in many real-life critical situations. Here, the
scenarios such as rescue and security operations, critical
infrastructures monitoring [1], [2], [4], [5], elderly people
monitoring within ambient assisted living programs [6],
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[7], baby monitoring focused on the detection of sudden
death syndrome, etc., can be listed among them.

As has been shown e.g. in [1], [8], due to the
employment of UWB signals, UWB sensors can provide
range measurement with a high resolution. This
fundamental property of UWB sensors allows for these
sensors not only to monitor moving persons (MP) but also
to detect some vital signs of static persons (SP). The UWB
radars which are mainly focused on a contactless detection
of respiration, heart activity, and other biological signals
are generally referred to as biometric radars (bio-radars)
[9]. Their performance is based on the detection and
analysis of backscattered signals caused by movements of
the body surface and internal organs. Objects in the
human’s body, subjected to more or less periodic
fluctuations are cardiac muscle and lungs. There are many
medical and engineering fields and problems, which could
be solved with the help of biometric radars [10]. Here, sleep
medicine (somnology) and bedside monitoring [11], [12],
functional diagnostics, space medicine [13], in-home
monitoring of older adults [7], remote testing of
psychological conditions of the persons [14], contactless
registration of heartbeat and breathing parameters for burnt
patients, newborns, etc., may be considered examples of
such areas.

The outlined high application potential of short-range
UWRB sensors has been the impetus in the last years for
relatively extensive research and development in the area
of UWB sensor systems designed to people monitor.
Analysis of the issue of people monitoring using UWB
sensors shows that a key challenge to be addressed in this
area is processing of primary radar signals to detect and
locate people, and then, if it is requested, to monitor in a
contactless way their vital signs (breathing frequency, heart
rate). These issues have been studied within the framework
of a series of contributions. However, the particular
considered methods have been focused usually only on
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partial issues of monitoring of persons (e.g. for MP or SP
localization or for breathing frequency and heart rate
estimation). In contrast to these approaches, the papers
[15]-[20] are creating a unified platform for all mentioned
aspects of person monitoring. The platform is based on a
set of radar signal processing procedures originally
developed for MP and SP localization which are
complemented by specific algorithms of estimation of
breathing frequency and heart rate. Although a detail
description of these methods is beyond this contribution,
we would like to introduce a survey of the basic concepts
of the methods in this paper. We believe that this short but
comprehensive overview of the solutions of particular
problems of focused on person monitoring could be
attractive for readers interested in this issue.

Following this intention, this paper will have the
following structure. In the next section, the basic principles
of person detection depending on the style of his/her motion
will be summarized. Then, radar signal processing
procedures for MP and SP localization and persons moving
with an unknown character of motion will be discussed in
Sections 3-5. Sections 6-8 will be addressed to the issue of
estimation of breathing frequency and heart rate of human
beings. And finally, in Conclusion (Section 9), we will
point out some challenging problems emerging in the field
of person monitoring using UWB sensors.

2. BASIC PRINCIPLES OF PERSON DETECTION

In the case of person monitoring by using UWB sensors,
raw radar signals (data) gathered by such sensors are
represented by a set of the impulse responses of the
environment through which the electromagnetic waves
emitted by the radar are propagated from transmitting to
receiving antenna of radar. This set of impulse responses is
usually referred to as radargram [1], [15], [16]. Then, target
co-ordinates can be obtained by sequential processing of
particular impulse responses or the radargram as a whole.
However, due to the power level of signals transmitted by
the radar, target-echo-to-noise and clutter ratio (ENCR) is
usually very low, and hence simple signal processing
methods cannot be used directly to detect and localize
persons. Instead, comprehensive radar signal processing
procedures have to be applied for that purpose. Note that
such radar signal processing procedures consist of a set of
radar signal processing phases where each phase is
implemented using proper methods of signal processing
[15]- [20].

Analysis of the issue of people monitoring using UWB
sensors shows that a key challenge to be addressed in this
area is the processing of primary radar signals to detect and
locate people for the different application scenarios. In the
past, two fundamental approaches for human beings
localization have been studied.

The former is intent on the localization of so-called MP,
i.e. persons moving within the monitored area in such a
way, that their coordinates are changing (e.g. a walking
person). In this case, the persons are detected based on an
observation of the time changes of adjacent impulse
responses of the radargram. These changes are identified
along the propagation time (fast-time) axis. This concept
has led to the development of a UWB radar signal
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processing procedure for detection, localization, and
tracking of MP (MPL) [15].

The latter approach is devoted to the localization of so-
called SP, i.e. persons situated, but not moving (e.g.
unconscious persons) within the monitored area (i.e. their
coordinates are not changing). Breathing of a person is
accompanied by his or her respiratory movements, which
manifest themselves outwardly in particular by the
movement of the chest or by movement of other parts of the
body. Note, that respiration is usually the only visible
motion activities of SP. Then, the radar signal processing
procedure has to be able to detect the respiration motion of
a person and hence the person himself/herself. The
employment of this idea has led to the design of UWB radar
signal processing procedure for detection and localization
of SP (SPL) [16].

Many publications dealing with person localization are
usually focused either on MP or SP detection and
localization. In real scenarios, however, it is usually
necessary to locate person changing nature of his/her
movement (MP-SP), i.e., a person who has the character of
an MP within a certain time interval and, but then, he or she
can be considered as an SP in another time interval. An
example is a scenario when a person enters an empty room
and sits on a chair (i.e. first, he or she is in the role of MP),
stays in the room sitting on a chair (then he or she is in the
role of SP) and finally leaves the room again as a MP. The
characteristic feature of MPL is that it allows detection of
MP but is not capable of detecting SP. On the other hand,
SPL allows detection of SP but is not capable of detecting
MP. Because of that, a radar signal processing procedure
based on parallel processing of raw radar data by MPL and
SPL supplemented by fusion of data representing the
coordinates of targets detected and localized by MPL and
SPL can be used for MP-SP detection and localization [17],
[18].

Following the above outlined basic principles of MP
and SP detection, one can create the following concept of
UWRB sensor signal processing intended for the person
monitoring. This concept is based on the decomposition of
possible movement activities of persons to the final set of
basic forms of motion, while for detection and localization
of the person performing a basic form of motion, a specific
procedure for radar signal processing is proposed. And
finally, this approach can be complemented by algorithms
to be applied for the estimation of breathing frequency and
heart rate. Note, these algorithms can be applied for SP
only.

The basic classification and definitions of the person
types according to the basic forms of their motion is given
in Table I [18]. Moreover, motion examples corresponding
to the particular types of persons are given in this table too.
The set of person types is formally complemented by a state
when no person is present in the monitored area (so-called
"empty room"). In the next parts of this paper, we will
outline basic methods allowing localize the particular types
of person and in the case of SP to estimate the basic
parameters of their vital signs.

Here we would like to note, that throughout our paper,
M-sequence UWB radar employing one transmitting and
two receiving antennas is considered as UWB sensor to be
applied for the person monitoring.
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Table 1 A classification of the person types according to the character of their motions

coordinates are changing.

Person type Description of person motion character Example
1. | Moving person I The person is continuously moving within the | Walking, running or crawling
(MP-I) monitored area in such a way that his/her | person.

2. | Moving person II
(MP-II)

Not motionless person but his/ her coordinates are
not changing. The person is still on the same place,
but his or her limbs (legs, hands, head) or trunk are
in motion.

The person waving his hands.

3. | Static person
(SP)

“Motionless” person situated in the monitored
area. Person’s respiration motions are the only
visible form of his/her movement. His/ her
coordinates are not changing.

A sleeping person, unconscious
person.

4. | The person changing of
nature (character) of
his/her movement |
(MP-SP-I)

The same person may be once regarded as MP and
once again as SP. The person is continuously in
the role of SP over an observation time interval*®
with the length AT, <30s.

sP =

The person walking with
stop/stops. The duration of the
stop (in the next referred to asT,)

is maximally 30 s (i.e. T, <30 ).

5. | The person changing
nature (character) of
his/her movement I1
(MP-SP-II)

The same person may be once regarded as MP and
once again as SP. The person is continuously in
the role of SP over an observation time interval*
with the length AT, >30s.

The duration of a stop is
minimally 30 s (i.e. T, >30 ).

6. | Empty monitored area

There is no person in the monitored area.

Empty room.

*Qbservation time interval: An observation time interval associated with the observation time instant 7 is defined as the interval

(r — ATg,z) . The length of this interval is AT, .

3. MOVING PERSON LOCALIZATION

An analysis of MP echo has shown that such signal
represents a significantly non-stationary component of the
primary radar signals. And hence, a basic principle of MP-
I and MP-II detection consists in the detection of time
changes of adjacent impulse responses of radargram due to
non-stationarity of the target echo.

As we have outlined in the previous section, for
detection, localization, and tracking of MP-I and MP-II,
MPL introduced in [15] can be used. MPL consists of the
set of five basic signal processing phases while these phases
are implemented using a properly selected signal
processing methods. These phases include background
subtraction, target detection, time of arrival (TOA)
estimation including TOA association, target localization,
and target tracking. For their implementation, signal
processing methods such as exponential averaging method
(background subtraction phase), constant false alarm rate
detection (target detection phase), trace connection method
(TOA estimation phase), direct computation (target
localization phase) and multiple target tracking system
(target tracking phase) are recommended. The deeper
discussion and description of MPL are behind the scope of
the paper. The additional information focused on this topic
can be found e.g. in [15], [17] and [18].

4. STATIC PERSON LOCALIZATION

A basic principle of SP detection consists usually in the
detection of the person’s respiratory motions. We note that
the term respiratory movement of a human being means a
movement of parts of the human body as a result of his or
her breathing [16].
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Human beings respiration can be considered as a
periodical process with a fundamental harmonic frequency
f, € Fg =<0.16Hz;1Hz >, whereby the pick-to-pick
value of the chest motion due to the respiration in adults is
about 0.4 - 1.2 cm [6], [12], [21]. From the point of view of
localization, these variations can generally be considered
negligible. Then, SP can be detected based on the
identification of periodical components of the radargram
with subtracted background with a fundamental harmonic
component from the frequency interval Fg for a constant

bistatic distance between the target and radar antenna array.

Then, using the outlined principle, SP can be localized
using the SPL proposed in [16]. SPL introduced in this
contribution consists of the set of five basic signal
processing phases such as background subtraction, target
echo enhancement, target detection, TOA estimation, and
target localization. For the implementation of these phases,
exponential averaging method (background subtraction
phase), range filtering along the fast-time axis and low-pass
filtering along slow-time axis (target echo enhancement
phase), trace connection method (TOA estimation phase),
and direct computation method (localization phase) can be
used.

For a robust detection of persons, it is advantageous to
use a two-stage detector consisting of an order statistic
constant false alarm rate detector (OS-CFAR) (the first
detection stage, its decision statistics are given by the total
power of the analysed signal in the frequency band

f, € Fg =<0.16Hz;1Hz > ) and a comparator with a

constant threshold (the second stage of the detector). For
the signal power estimation located inFg, a Welch

periodogram method can be applied [22].
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Here, we would like to note that an important limiting
factor for SP detection is the total time of his/her
monitoring. Our experimental experiences supported also
by knowledge provided by spectrum analysis theory of
periodical signals have shown, that measurement with the
length at least 30s is necessary to detect SP.

Similarly to MPL, a detailed description of SPL is
beyond the scope of this contribution and therefore it is not
mentioned here. The reader can find it e.g. in [16].

5. LOCALIZATION OF PERSONS CHANGING
NATURE OF HIS / HER MOVEMENT

In the case of real-life scenarios, the person monitoring
system has no a priori information about a type of the
person to be monitored. Moreover, persons to be localized
are neither perfectly moving nor perfectly static ones. They
are usually moving by different styles, which are changing.
And hence, we have to deal with the issue of localization of
persons which change the nature of their motion.

In the case of localization of persons of unknown type,
MPL and SPL can be used concurrently for the processing
of the raw radar signals. Then, these procedures allow
simultaneously detect and localize of MP and SP. And
finally, the coordinates of the targets estimated by these
procedures defining the position of the detected persons are
subsequently used in the radar display unit to indicate the
location of the targets in the monitored area.

A specific situation occurs when a person changes
his/her role from SP to MP. For the detection of MP,
theoretically, the time interval necessary to measure two
impulse responses is sufficient. However, taking into
account the transition effects associated with the phases of
background subtraction and target detection, it is necessary
to measure approximately 10-20 impulse responses to
detect MP, if SP is changing his/her role from SP to MP. It
corresponds to a time interval of approximately 1-2
seconds. However, it follows from this that the detection
and localization of a person who changes his role from SP
to MP may be considered almost instantaneous.

A more complicated situation arises in the case of
localization a person who changes his role from MP to SP
[18]. For this scenario, two variants should be considered
according to Table I. Let us first consider the localization
of MP-SP-1. In this case, MP takes the role of SP for during
the time interval shorter than 30 s, and therefore, as shown
in Section 4, the probability of its detection as SP is low.

To solve this problem, it has been suggested in [18] to
use detection of a person’s stop based on monitoring of the
variance of the impulse responses for the particular
observation time instants. In this article, an estimator of the
variance of the impulse responses with a subtracted
background in a combination with a comparator employing
an adaptation of its reference level has been suggested as
the mentioned detector. The response of the detector
indicating the stop of the person is accepted for the period
of cca 30s. In this case, as an estimate of the coordinates of
the target, the most recent estimate of the co-ordinate of the
person in the MP role is considered. After this time, the
person may be detected as SP. In this case, however, it is
the detection of MP-SP-II. However, if this does not
happen, this status is considered to be the situation where
the monitored MP has left the monitored area. A summary
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of the above-described algorithms provides a radar signal
processing procedure for MP-SP-I and MP-SP-II
localization (MP-SP-L). A detail description of MP-SP-L
can be found in [18].

If no target was detected in the monitored area by the
MPL, SPL and MP-SP-L procedures, and at the same time
the stop detector does not indicate an MP stop, it can be
noticed that there are no targets in the monitored area,
which in Table I is formally defined by the NP person type.

6. CONTACTLESS MONITORING OF BASIC
PARAMETERS OF VITAL FUNCTIONS OF
PERSONS

In the field of monitoring of people, in addition to their
localization, great attention is nowadays also paid to the
non-contact measurement of their respiration rate and heart
rate. UWB sensor systems providing this form of human
monitoring are often referred to as biometric radars
(sensors) or as bio-radars [9]. Comparing the requirements
for biometric radar applications and radars applied to the
localization of persons has shown that the same sensors can
be used to solve the tasks to be met by these radars. Note,
however, that specific UWB sensor applications will
always lead to specific technical solutions (different
antennas, ranges, performance, frequency bands, etc.).

An even greater affinity between the above-mentioned
UWRB radar groups can be identified in the field of signal
processing. This affinity results from the fact that in the
case of non-contact measurement of person’s vital signs by
UWRB sensors, a bistatic distance of the monitored person
from the radar antenna system must be determined firstly
(e.g. [19]). Note that the determination of this distance
corresponds to the TOA estimate of the monitored person.
Only by determining this distance it is possible to proceed
to estimate the frequency of respiratory movements and the
heart rate of a person.

The state-of-the-art in the field of biometric radar has
shown that biometric radars have been applied only for SP
monitoring. For the time being, there have not been yet any
published works and results that would indicate the
possibility of using UWB sensors to monitor vital signs of
MP. Theoretically, in our opinion, such a task could be
solvable, but it involves a whole range of unsolved
problems. Therefore, we will focus only on the estimation
of breathing frequency and heart rate of SP in this paper.

Comparing the range resolution UWB radar (e.g 0.5cm-
3cm) and physical dimensions of a human (e.g. 180cm x
60cm x 80cm) shows that such radar can detect not only
one but also several reflections of electromagnetic waves
from the human body. That is why we can say that people
are complex (distributed) goals in this case.

This moment can be used to monitor the vital signs of
the SP by first realizing an estimate of the bistatic distance
of the target (R ). To solve this task, the first to the fourth

phase of SPL can be used, i.e., phases such as background
subtraction, target echo enhancement, and target detection,
with the last phase being the estimate and association of
TOA. Then, due to the relatively high range resolution of
the UWB radar, it is possible to create the interval of
bistatic distances AR=<Ry—-5/2,Ry+S/2> in which

the monitored person could be located. It is known that the
part of the body of a person whose respiratory movements
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are most noticeably observable is the chest. Therefore, the
constant s used in the above relationship is generally one
of the dimensions of the human chest. Starting from such a
defined interval of AR, a subset of the radargram can be
assembled, including all the radargram components that
correspond to the bistatic distances from the AR interval. In
the next, this radargram subset will be referred to K . In the
case of estimating the breathing rate and human heart rate,
only the primary radar signals from this set of signals will
be processed.

7. BREATHING FREQUENCY ESTIMATION

Estimation of the human breathing frequency based on
processing of signals measured by the UWB sensor can be
accomplished by using signal processing phases such as
increasing (enhancing) the power of radargram components
due to person respiration motions-to-clutter and noise ratio
(ENCRg), estimating the power spectrum of the signals
from the set of signals K obtained as a result of the ENCRg
increasing, selection signals with a relatively high level of
ENCReg, and finally the estimation of respiratory rate itself
[19], [20]. In order to increase ENCRg, the exponential
averaging method (clutter suppression) in combination
with the range filtering as well as with the method of
filtering the signals from the K set for the case of constant
bistatic distances (e.g. by a low-pass filter with a cut off
frequency of 1 Hz) can be used. The set of signals obtained
by that approach will be referred to as Kg .

As mentioned in the previous section, human breathing
can be considered as a periodic process, whose fundamental
harmonic component has the frequency

fy € Fg =<0.16Hz;1Hz > . Therefore, the next signal

processing phase consists in estimating the power spectrum
of signals from the Kg; set. To solve this problem, the
Welch periodogram method can be used with advantage
[22].

At estimating breathing rate, it can be assumed that
breathing frequency is the dominant component of the
power spectrum of signals from the set of Kpg;in the
frequency band Fg. Then, to obtain the best possible
estimate of this frequency, it is necessary to choose from
the set of signals Kp; its components, which possess a
relatively high value of ENCRs.

For that purpose, a method based on the evaluation of a
ratio of the dominant spectrum component and the average
power of the other spectrum components of the signal set
of Kgy can be used (peak to average power ratio (PAPR)
metrics) [19].

Using this approach, a subset Kg, of the signals from

sets Kg; whose components have a relatively high ENCRg

value can be obtained. Then, its components are used to get
the best possible estimate of the respiration rate of the
monitored person from the available set of signals.

And finally, the computation of the power spectrum of
signals from the set Kg, using the Welch periodogram is
the last step in the respiratory rate estimation process. The
dominant frequency of the power spectrum thus obtained,
located in the frequency band Fg, is then used as the

estimate of the breathing frequency of the person.
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8. HEART RATE ESTIMATION

Estimation of human heart rate by the processing of
signals measured by the UWB sensor can be made by
modifying the method of estimating the human respiration
rate described in the previous section. This modification
has to reflect finding that the frequency of human heart
activity fy,is from the interval Fy =< 0.8Hz;3Hz >, while

the ratio of the power of radargram components due to heart
motion-to-clutter and noise power (ENCR4) is substantially
lower than in the case of estimation frequency of human
breathing (i.e. as ENCRg). Note, that the physical
background of the detectability of the internal organs of
humans (including heart) is in the case of UWB sensor
applications based on the dielectric contrast of the human
tissues. Some details concerning this issue can be found e.g.
in [1], [23], [24].

In addition, the mathematical analysis of the primary
radar signal model confirmed also by experimental results,
has shown, that the primary radar signal components due to
respiratory movements and cardiac activity are periodic but
not harmonic signals [21]. As a result, not only their basic
harmonic component but also their higher harmonic
components can appear in the frequency domain. This
finding is particularly important in the case of estimating
the heart rate. From the comparison of the frequency
intervals Fg and Fy we can see that the higher harmonic

components of the respiratory rate are also found in the
frequency band Fy; . An analysis of this problem in [20] has

shown that these harmonic components may also have
higher power than the frequency component caused by the
breathing of the person, and hence the dominant component
of the spectrum of signals from the set of K in the frequency
band Fy may not be the heart rate. Based on this, the

method suggested in [20] can be used to estimate the human
heart rate based on the processing of signals measured by
the UWB radar.

Firstly, using the algorithm described in the previous
section, a set of signals K is created. In order to increase
the ENCRy of signals contained in this set, it is possible to
use the method of exponential averaging (clutter
suppression), in combination with the method of filtering
impulse responses (e.g., application of a range filter) as
well as with filtering of signals from the set K for the case
of constant bistatic distances (e.g. by a filter tuned to the
frequency band Fy ). The set of signals obtained by that
approach will be referred to K .

In order to suppress the higher harmonic components of
breathing frequency, an adaptive single delay line canceller
(SDLC) can be applied to process the signals of the set of
Ky [21], [25]. Note that for effective implementation of
SDCL filtering, it is necessary to know the frequency of
human respiration. And finally, filtering using Savitzki and
Golay smoothing filters [26] is the last operation applied at
this stage. Then, a set of signals Ky, will be the result of
this phase of primary radar signal processing (phase of
ENCRy enhancement).

The results of this signal processing phase are followed
by the phase of estimating the power spectrum of signals
from the set Kiy; (Welch periodogram), by the phase of the

selection of signals with relatively high levels of ENCRy
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(PAPR metric application), and ultimately the heart rate
estimation itself ( fyis estimated as the dominant

component of the spectrum of signals from the set of Kij;
in the frequency band Fy ). Note, the implementation of

these phases is similar to those applied in the case of
respiratory rate estimation, but the frequency band Fg has

to be replaced by the frequency band F .

9. CONCLUSIONS

In this paper, we have presented a brief macroscopic
overview of signal processing methods that are suitable for
monitoring of persons by a UWB radar. Under the notion
people monitoring, we have included not only localization
and tracking of persons but also the estimation of selected
vital sign parameters such as their breathing frequency and
heart rate. A detailed description of the procedures,
methods, and algorithms outlined here is beyond the scope
of this contribution. However, the reader advised the papers
listed in the references. Many of these papers contain
detailed descriptions of their procedures, as well as
experimental results.

Despite the great advances in UWB technology and
signal processing methods applied for the monitoring of
persons, multiple challenging problems are still open. They
include e.g. mutual shadowing of targets, identification of
false targets, estimation of MP trajectories with large
deviations from their true trajectories, insufficient coverage
of the monitored area due to radar antenna properties,
efficient solution of the impact of the effect of geometric
dilution of precision, etc. Solutions of these challenges
could result in UWB monitoring systems with much higher
robustness than the current systems have. Moreover, real-
life applications of UWB sensors may be restricted by valid
standards defining especially frequency bands and
electromagnetic emission limits for UWB sensor operation
(e.g. [27], [28]). The implementation of these standards
usually leads to low-levels of ENCR, which decreases the
robustness and reliability of UWB sensor performance. The
relatively high price of UWB sensors and their antenna
systems is another aspect which in our opinion limits their
massive deployment.

On the other hand, the state-of-the-art in the field of
UWB sensor applications focused on people monitoring
has shown that this topic is still very attractive not only for
researchers but also for industry and final users. This has
been confirmed by the increase in the number of papers and
related products of industrial companies. This state can be
perceived by the fact that the knowledge from the area of
UWB sensor technology acquired at the level of basic
research and its subsequent application in applied research
begins to create conditions for the prospective mass
deployment of UWB sensors in the near future.
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