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DETECTION IMPROVEMENT OF HIDDEN HUMANS RESPIRATORY
USING UWB RADAR

SUMMARY

Ultra-wideband radars are used for several applications such as military services,
medical activities, and rescue missions. The detection of humans hidden behind walls
or rubble, trapped in buildings on fire or avalanche victims are of interest for rescue,
surveillance and security operations. Ultra-wideband technology is favored for these
applications due to its inherent property of ultra-high resolution and the ability to
penetrate most of the non-metallic building materials such as bricks, wood, dry walls,
concrete and reinforced concrete.

Detection of human beings with radars is based on chest movement and respiratory
motion detection.

These motions cause changes in frequency, phase, amplitude and periodic differences
in time-of-arrival of scattered pulses from the target, which are result of periodic
movements of the chest area of the target.

In this thesis, the emphasis is on improvement of detection techniques for a stationary
human target behind the wall using Ultra-wideband radar.

Acquiring the optimal transmitted signal, to obtain the best detection result in
receiver’s output is the novelty and the aim of our proposed work. For this purpose,
we test Gaussian signal and some derivatives of this signal as transmitted signal and
compare the receiver output results. Also, to extract the required information about the
target from receiving signal and subtract the background noise, the wavelet transforms
are the adequate methods and are used in this work. At the signal processing part,
different wavelet transforms will be considered, depending on some parameters such
as the distance between the radar and the target or the wall’s substance. With choosing
the appropriate the wavelet transform, we can detect accurate human breathing signal
affected by background noise.

The result of hidden human detection will be performing with CST (CST Computer
Simulation Technology) Microwave Studio simulation.
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UWB RADAR iLE DUVAR ARKASINDAKI INSANIN TENEFFUSUNU
ALGILAMA YONTEMLERININ IYILESTIRILMESI

OZET

Glinimiizde Asirt Genis Bantli Radarlar (UWB Radar) gesitli kullanim alanlarinda
kullanilmakta ve kullanim1 giderek yayginlasmaktadir. O yiizden bu konu aragtirma
diinyasinda da 6nemli bir yer alip ve ¢ok ilgi ¢ekmistir. Kullanilmas: diistiniilebilir
alanlar ise hastanelerde yogun bakimda olan hastalar, huzur evlerinde ve hatta evlerdir.
24 saatlik kalp atiglar1 ve teneffiisiiniin kontrol edilmesine ihtiya¢ duyan hastalar i¢in
cok yararli olabilecek bir teknoloji sayilir. Hastaya temas etmeden uzaktan algilama
yontemi olarak islem yapan bir biyomedikal cihaz olabilir. ikinci uygulama olarak
duvar arkasinda olan insan1 tespit etmekten yola ¢ikilarak depremde ve ¢1g altinda
kalan insanlar1 bulmakta yardim alabilecegimiz bir cihaz olabilir. Hatta sivil
uygulamalar disinda, bir polis servisine, bina i¢cinde saklananlari bulmakta yardimci
olabilir.

Bu ¢esit radarlar yiiksek bir c¢oziiniirliiye sahiptir. Bu 06zellik genis banta sahip
olmasindan kaynaklanmaktadir. Gonderdigi isaretin penetrasyon kabiliyetinden engel
arkas1 ¢alismalarda faydalanilabilir. Ancak genis banttan dolay: ortamda olan ¢esitli
ferekanslarda ¢alisan cihazlardan kaynaklanan giiriiltiiden etkilenmesi bir dezavantaj
olarak sayilabilir. O yiizden, arkaplanki giiriiltiiyii gidermek, isaret isleme konusunda
bir ¢alisma alani olarak tanimlanir.

Bu tezde, Asir1 Genis Banli Radar ile duvar arkasinda olan insan teneffiistinden tespit
edilmeye ¢alisilmistir. Verici antenden gonderilen isaret havadan ve duvardan gegerek
insana carpip geri donmektedir. Alicida gordiigiimiiz isaretin, katmanlardan
gecmesinden dolay1 ve insanin teneffiisiinden kaynaklanan gogiis kafesinin hareketi
nedeniyle fazi, frekansi ve bant genisligi degismektedir. Vericide uygun bir isaret
secmekle geri donen isaretin degisikliklerini tahmin edebiliriz ve isaret isleme
yontemleriyle istedigimiz bilgileri (insanin teneffiis sinyali) tespit etmis oluyoruz.
Alic1 ve vericide uygun bir anten kullanmak da amacimiza ulasmakta yardimci
olacaktir. Bu amacla, Asir1 Genis Bantta kullanilan en uygun antenler ve 6zellikleri
aciklanmaktadir. Isaret formu olarak Gauss Isareti ve birkag tiirevi kullanilip sonuglari
sunulmustur. Sinyal isleme metodu olarak Wavelet doniisimii uygun gorilup
nedenleri acgiklanmistir. Bu tezde insan olan ortami modellemek igin CST
programindan yardim almmistir. Sonug¢ kisminda insanin tespitine dair sonuclar
detaylartyla sunulmaktadir.
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Mizelerde koruma amaciyla ve hatta daha biiyiik bir alan1 gézlemleme amaciyla
kullanilabilir bir cithazdir.

Bu radarin engel arkasinda olan insani tesbit etmesi bir bagska ve hatta en onemli
kabilliyeti sayilir. Kullanim alanlarisa, depremde gogiik altinda kalan insani1 bulmak
cok hizli ve dogru yanit vermesi ¢ok 6nem tagimaktadir. Hatta 6nce bahsettigimiz gibi
bir bina i¢inde saklanan insanlarin bulmasina polise yardimci olan bir cihaz olabilir.

Bu kullanimda bahsettigimiz insan tesbiti i¢in iki ana yontemden yaklasa biliriz.
Birincisi, insanin vucud dokusunun dielektrik katsayilarin modellememiz gerekiyor.
Alicidan alinan isareti incenerek gonderilen isaretten farki g6z énunde bulundurulup
isaretteki bu farkliliga nasil bir dokunun sebep oldugu gozlemlenmistir.Bu amacla,
farkli calismalarda olan insan dokusu modelinden faydalaniimistir. Ornegin gogiis
kanseriyle ilgili ¢alismalardir.

Ikinci yaklasim, teneffiisden kaynaklanan gogiis kafesinin yer degistirmesi, her ne
kadar kiiciik bir degisim olsa da, dopler etkisine sebep olup insanin bulmasinda
yardimci olacaktir. Bu tezde bu yotem tercih edilmistir. En 6nemli neden olarak engel
arkasinda ve ¢esitli ortamlarda daha dogru yanit vermesi sdylenebilir. Bilindigi gibi,
engel arkasi caligmalarda tiim ortamin dielektriginin modellemesi ve her yerde
kullanilabilecek genel model elde etmek oldukca karmasiktir.

UWAB Radarda kullanilan Vivaldi ve Horn gibi bir kag anten uygun gortlmektedir. Bu
tezde ise genis bir bant genisligine ihtiya¢ duyuluyor ve ayni zamanda duvardan
penetre etmek geregini de géz oniline almak lazimdir. Her iki anten de test edilmistir
ve farki farkli 6zelliklerinden faydalamlmistir. Ornegin Horn ve Vivaldi Antenlerin
boyutu kiigiik oldugu i¢in mikrostrip anten olarak kullanilirlar. Bu antenler yuksek
ferekans ve bant genisligine sahiptir ve yiiksek ¢ozunirlikde performansi makbuldur.
Ama anten’den ¢ikan isaretin duvardan ge¢cmesi i¢in diislik frekanslar1 kullanmamiz
gerektiginden Horn Anten se¢ilmis ve daha uygun goriilmiistiir. Horn Anteni ise daha
biiyilk boyutlu olmasi dezavantaji sayilir. Ancak hem yiiksek ve hem de diisiik
ferekansklarda kullaniglidir.

Isaret formuna gelince her iki (zaman ve ferekans) domende lokalize olan bir isaret
olarak Gaus isareti secilmistir. Bu isaretin farkli tiirevlerinin isaret formu ve
matematiksel ifadesi daha 6nce hesaplanildigi igin ¢ok yararli olacaktir. Daha dogrusu
isaretin degisiklikleri adim adim vericiden aliciya ¢esitli katmanlardan gecerek tahmin
edildikten sonra islem yapmakta kolaylik saglayacaktir.

Bu tezde isaret isleme yontemleriyle arkaplan giirltisiini yok etmek veya en aza
diistirmek amaglanmuistir.

Isaretin zamanla degismesinden dolay: geri donen isareti incelemek icin Wavelet
doniisiimiiniin  kullanilmas1 uygun goriilmiistiir. Ilerleyen boliimlerde Wavelet
Doniistimii’niin Fourier ve STFT gibi baska doniistimlerle olan farki da agiklanmistir.
Buradan yola ¢ikilarak neden Wavelet’in segildigi anlagilmis olacaktir. Wavelete
Doéniistimiiniinde farkli Ana Waveletleri denenmis ve ortaya ¢ikan sonuglar
tartisilmistir.

Sonugta alicida ve vericide dogru bir anten segerek dogru bir isaret formu gondererek
sistem en optimal sekilde tasarlanmis oluyor. Cesitli isaret formlar1 gesitli ortamlar
icin deneyler sonucunda 6nerilmistir.
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Uygun isareti verici ile gonderdikten sonra alicidan aldigimiz isaretten Wavelet
Donitistimiint kullanarak duvar arkasinda olan insanin teneffiis sinyali izlenip dogru
sonucu tesbit edilmistir.

Farkl1 ortamlar i¢in uygun Wavelet Doniisiimii dnerilmistir. Islemlerin sonucudan elde
edilen bilgiler dogru ve hatta yanlis yontem se¢imi sonucunda olan bilgiler detayli bir
sekilde sunulmustur.
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1. INTRODUCTION

One of the most important challenges about using UWB signals is to eliminate
environmental noises from the desired signal. In spite of many advantages, UWB
signals are always exposure to noise because of operated frequency domain. Also in
human respiration detection with UWB radars, background subtraction is always be
considered, because of the sensitivity of respiration signal and its enormous influence

ability by environmental noises.

1.1 Purpose of Thesis

In this thesis for the hidden human detection behind a wall, extract the human
respiratory signal from received signal will be consider. The wavelet transform as the
best method for background subtraction will be presented. For acquire, the acceptable
result in different condition like different wall material and different distance between
target and radar the appropriate signal in transmitter antenna will be introduced. In the
receiver part for processing the received signal, and optioning the appropriate result

(human respiratory signal) the proper wavelet transform will be used.

1.2 Literature Review

1.2.1 Radar

Radar was originally conceived to detect large objects at far ranges. Emphasis was
primarily on air traffic control and surveillance, detection of sea vessels and navigation
(figurel shows the primary system of radar). Channel separation was motivated both
by the physics of electromagnetic propagation and coexistence with other radio
systems. At the time, little effort was made to explore the possibilities of short-range

measurements on complicated structures.

However, the unique ability of electromagnetic waves to penetrate non-metallic

objects have later come to suggest other uses, such as ground penetrating systems for



geological surveys, and probing of the human body. Radar technology was not
seriously considered for medical instrumentation until the early 70s. The attention had
up to this point been limited to the study of adverse effects of tissue heating or possible
curative influence on particular illnesses, such as arthritis. Measurements of minute
organ movements and qualitative detection of water condensation in human lungs were

among the first proposed uses in medical diagnostics [1, 2].

A radar’s ability to extract valuable information about a complex structure, such as the
human body, is to a large extent technology driven. For example, continuous wave
(CW) radars are very sensitive devices in detecting movement, such as time varying
physiological phenomena. The use of CW radar to monitor heart rate and pulmonary
motion appears to be the predominant interest in medical radar during the 80s. The
potential usefulness of radar in rescue operations was clearly emphasized in

experiments to detect vital signs of subjects buried under rubble [3, 4, 5].

Figure 1.1 : Primary radars system.
1.2.2 UWB Radar

Most conventional radar systems operate in a relative narrow frequency band; they use
harmonic (sinusoidal) signals as carrier oscillations to transmit the information. The
reason for that is rather simple: a sinusoid is an Eigen oscillation of LC-contour, which
is the simplest and, so; the most widely used electrical oscillation system. The
resonance features of such a system make possible frequency selection of the large
number of information channels operating in the common environment (space, guiding
and optical communication lines). So, the frequency selection is now the main method

to divide these channels, most radars now in use are narrow band systems with



frequency band much less than the carrier frequency. The theory and practice of
current radar systems are based on this specific feature. However, as known, a
frequency band determines the information content of radar systems, as the volume of
information transmitted per a time unit is directly proportional to a frequency band. To
raise the information capability of a radar system, the widening of its frequency band
is needed. The only alternative approach is an increase in information transmission
time. In connection with fast informatization of society and continuous increase of
information streams, this problem becomes more and actual both for radio
communication and for radars. Actuality of this problem determined rapid
development in the last years the technologies using ultra wide band (UWB) signals.

According to the definition introduced by Defense Advanced Research Projects
Agency (DARPA) in 1990, as Ultra Wide Band, we consider systems and signals with
0.25 <h <1, where h can be determined by the formula:

h=f—f) (f. + ) 1)

Where fy represents the upper frequency of the -10 dB emission limitand fj represents

the lower frequency limit of the -10dB emission limit [6, 7].

The problem of going to UWB signals is of particular interest for radars. The matter is
that conventional radars with frequency band no more than 10% from the carrier
frequency provide only target detection and coordinates measurement (with relatively
low accuracy), but they cannot form target "portrait” or image. Such radars are similar
to a person with weak eyes; he sees an object but cannot recognize it. Therefore, in
present-day practice, many efforts are being taken to increase the information received
from the object observed. In military aviation, identification mode ("friend-or-for") is
used; in civil aviation, they use secondary radar channel operating in interrogation-
respond mode. To rise the information content in radar data, the target recognition
mode is sometimes used; using such, a mode does not provide forming a target image
but makes it possible to obtain additional information on the target using some target
features (“"portrait™), which we can get after special processing. Going to such a mode
requires an essential increase in a radar frequency band and, as a result, new
approaches in both radar methods and technologies. Further widening frequency band
and going to UWB signals help to receive more information on a target and to obtain

radar target image.



The overall conceptual working mode of a UWB radar system resembles that of
ultrasonic echo transducers used in many applications, from autofocus cameras to
proximity and range detectors. The main and fundamental difference being that,
contrary to ultrasound-electromagnetic pulses propagate through walls, ground, ice,
mud, concrete, and the human body, as well. Increasing the system’s information
capacity requires expanding its band of frequencies. The informational content of the

UWB radars increases because of the smaller pulse volume of the signal.
The UWB radar reduced signal length can:

Improve detected target range measurement accuracy. This results in the improvement
of the radar resolution for all coordinates, since the resolution of targets by one
coordinate does not require their resolution by other coordinates. The analysis of fields
of application for UWB radars demonstrates that radars of that type could be used
practically in all cases where we need highly precise remote observation of moving
objects at short distances. UWB radars can be used in security systems as security
signaling sensors, which provide detection of unsanctioned intrusion into the guarded
area. Inarescue, service to detect people buried under building obstructions or snow
slips by their movement. If a person is motionless, the detection can be performed
using person's heart and thorax beats. UWB radars can be also applied in a police
service for searching criminals concealed themselves under various covers. UWB
radars are useful in hospitals and at home, where they can provide remote measuring
heart and respiratory beats and other parameters of patient's vital activity. UWB radar
can perform nondestructive control over building constructions, detect hidden

communications in old buildings and so on.
Thanks to the reduction in pulse volume, UWB radar gets some new features:

Higher range measurement accuracy and range resolution; this leads to a rise in radar
resolution along all coordinates, as target resolution along one coordinate does not
require target resolution along other coordinates. Reduction in radar "dead” zone.
Recognition of target's class and type as well as formation of target's radar image, as
the received signal contains the information not only on the target as a whole but also
target's separate elements. Higher radar immunity to all passive interference, such as
rain, fog, clutter, aerosols, metalized strips, etc. The reason for this is that interference

radar cross section (RCS) in small pulse volume becomes comparable with target RCS.



Increase in radar immunity to extraneous electromagnetic radiations and noises.
Increase in target detection probability and reliable target tracking resulted from
increasing target RCS. Increase in target detection probability and target tracking
reliability caused by elimination of lobe structure of targets' secondary patterns, as
signals scattered by separate target's elements do not interfere. Reliability of target
tracking at low elevation angles increases, which is a result of eliminating interference
nulls in antenna pattern, as a signal scattered by the target and a signal re-scattered by
the earth surface are time divided and can be selected. It is possible to change radiation
parameters (pattern's width and form) by varying radiated signal parameters, among
them, obtaining an ultra-narrow antenna pattern; Increase in radar operation security
[6, 7].

1.2.3 Some Application of UWB Radar

1.2.3.1 Medicine

Although UWB and ultrasound are in fact very similar and many of the signal
processing techniques used in ultrasonic systems can be applied to UWB systems the
major difference is that:

Ultrasound is basically a line of sight technology and it is very short-range works only
over a few inches. However, UWB RF pulses and has high gain this makes viable for
wide area applications where obstacles are certain to be encountered. The feature
makes it easy to image organs of human body for medical application. Another feature
of UWB is the high precision ranging at centimeter level based on the ultra-short pulse
characteristic. High precision of ranging also means strong multi-path resolving
capability. The third feature of UWB is the low electromagnetic radiation due to the
low radio power pulse less than -41.3dB in indoor environment.

The low radiation has little influence on the environment, which is suitable for
hospital. Furthermore, the low radiation is safe for human body, even in the short
distance, which makes it possible to apply UWB to the clairvoyant equipment.
Which also enables the usage of long-life battery-operated devices. Below figure

shows the patient monitoring with UWB radar in a hospital [8, 9].



Figure 1.2: Patient monitoring.

1.2.3.2 Obstetrics imaging

UWB radar in this application area has many advantages over current ultrasound based
fetal monitoring system. These new features include; no contact with patient,
unimpaired mother and childcare, remote operation, no cleaning and easier use.
UWB radar could replace presently used fetal monitors which use ultrasound (to
detect planetary blood flow) and pressure sensors (to detect uterine contractions): the
UWB radar signal contains data about maternal heart rate, maternal breath rate, fetal
heart rate, fetal movements, and uterine contractions. Furthermore, the remote, non-
contact, non-invasive operation permits conventional, uninterrupted mother and
childcare [9].

Heart

1 ! —_'l
Placenta =

Figure 1.3: Imaging.

1.2.3.3 Guarding systems and security systems

Detection of crossing of a guarded perimeter line and detection of people in a forest is

another application of UWB radars. In this application, the UWB radar can detect a



person signal when cross the forbidden line. Below figure, show the sample of these

applications [10, 11].

100 metre

UWB Radar

Figure 1.4.1 : Security. Figure 1.4.2 : Guarding.

1.2.3.4 Rescue systems for sensing buried people

Radar is considered to be a solution to the problem of efficiently, accurately and
reliably detecting and locating victims buried under rubble. Since time is a crucial
factor, the priority during such trapped-victim detection is given to detect living
victims. The operational mode of a search-and-rescue radar is to generate and radiate
electromagnetic energy into the rubble and from the received backscattered radiation
extract any motion produced by the victim [12]. A typical radar-based trapped-victim

detection scenario is depicted in Figure 1.5.

1.2.3.5 Other medical application areas of UWB

The University of lowa's National Center working on speech sensors using UWB
radar technology. The correlations were found between UWB radar signature and
other conventional tracings while recording the movements of lips, tongues, glottis
and tracheal wall.

1.2.3.6 Other possible medical application areas of UWB include

e Underwater medicine measurements.
e Space medicine measurements.

e Sport medicine measurements.

e Military medicine.

e Emergency medicine: Rubble Rescue Radar
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Figure 1.5: Tramping victim detection.



2. UWB RADAR SYSTEM IN HIDDEN HUMAN DETECTION

2.1 Purpose

In this thesis, UWB radar used for hidden human behind a wall. For this reason,
appropriate antenna in transmitter and recievierand proper transmitted signal will be
discussed. For extract favorable information about target, wavelet transforms, as the
best signal processing method will be introduce. Below figure shows the general

scheme about this system without wall.

e v S.(1)

M beght
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»

Receies _q<-. SJ (()

Figure 2.1 : Signal changes during forward and backward path to radar.

The signal changing during the scattering state that can be expressed as in equation

).

5.0 =20 5,0

ds,(t+7)
dt

wx h(t —z)dt 2

Sa®) = [ =2

In this figure Si(t) is the transmitted signal, 7 is the time delay and h is the channel

function indicating the reflection model of the target.



2.2 Antenna

The most proper antennas used in UWB radars are Horn and Vivaldi antennas. These

antennas have been used as both the transmitter and the receiver antenna.

2.2.1 Horn antennas

There is no doubt that horn antennas are the simplest and one of the most widely used
forms of microwave antenna — the antenna is nicely integrated with the feed line
(waveguide) and the performance can be controlled easily. They are mainly used for
standard antenna gain and field measurements, feed elements for reflector antennas
and microwave communications. The horn can take many different forms: pyramidal
horns (shown in Figure 2.1) and conical horns are the most popular types — the former
is most suitable for linear polarization and the latter for circular polarization. Since the
basic theory is covered in the previous section, the focus of this section is on design
and performance estimation. The Horn Antenna can be used as a transmit antenna,
receive antenna or as a gain standard with gains from 9.5 to 22.0 dBi. It's wide
bandwidth and predictability is ideal for many broadband applications. Various
mounting hardware and accessories available to meet our specific needs

Specialty Horns covering different frequency bands with various beam width and gain
options are also available [13].

Figure 2.2 : Pyramidal horn.
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2.2.2 Vivaldi antenna

Vivaldi antennas are simple planar antennas that are very broadband. This type of
antennas can be made for linear polarized waves or - using two devices arranged in

orthogonal direction - for transmitting / receiving both polarization orientations.

Vivaldi antennas are useful for many frequency band. Printed circuit technology makes
this type antenna cost effective at microwave frequencies exceeding 1 GHz.
Advantages of Vivaldi antennas are their broadband characteristics (suitable for ultra-
wideband signals), their easy manufacturing process using common methods for PCB
production, and their easy impedance matching to the feeding line using microstrip
line modeling methods. We can inspect S11 parameter from 1 GHz up to 20 GHz in

this type of antenna.

Microwave Engineering Europe's (MWEE) EM simulation benchmark has become
quite a tradition over the last few years, enticing some of the best-known software
providers to put their diverse simulation methods to the test. The results are always
eagerly awaited as they represent the current statue of simulation technology and

permit revealing comparisons between individual methods and software packets.

Figure 2.3 : A sample of Vivaldi antenna.
2.3 Transmitted Signal

The optimal duration of the reference pulse having Gaussian envelope. Gaussian signal
and its derivatives are the usual choice for modeling UWB impulses. Since the

Gaussian function is perfectly local in both time and frequency domains and is

11



indefinitely derivable. Below figures, show the sample of Gaussian signal that used as
a transmitted signal in many works [14].
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Figure 2.4 : The sample of Gaussian signal.

Antennas on the transmitter and receiver act as differentiation operation on the signal,
meaning that the signal at the receiving end will be of higher derivative order than the
generated pulse. For this reason, discussing about Gaussian signal and derivatives of
Gaussian signal will be proper.

When we take derivatives to x (spatial derivatives) of the Gaussian function
repetitively, we see a pattern emerging of a polynomial of increasing order, multiplied
with the original (normalized) Gaussian function again. The equation of Gaussian
signal and some derivatives of Gaussian signal could be express as below:

2 2 2 2 2

. e e¥'x e (x-o)(x+o) e ' x(x*-30%) e 2 (x'-6x’c’ +304)} 3)
2z \2nc®’ 2rc° ’ Nry Tl ’ V2ro®

Figure 2.5 shows Gaussian signal waveform and some derivatives of this signal.

The Gaussian function itself is a common element of all higher order derivatives. We
extract the polynomials by dividing by the Gaussian function: These polynomials are
the Hermite polynomials, called after Charles Hermite, a brilliant French
mathematician. Gaussian derivative functions start to look more and more alike for
higher order (according to the Hermite polynomials, Charles Hermite (1822-1901)).
Here the graphs are shown for the 20th and 24th order of differentiation in Figure 2.6.

12
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Figure 2.5 : Gaussian signal and some derivatives of Gaussian signal.
Order 20 Order24
1011?" \ 3000:'
e N i
|'Illnllllll SI II| |'{\'| ||I I', iﬁ I| I{\'|
) | || \ ) | | |
oV R T A S Y R WA A‘w | '.2 3 /\}/
-6 \—4 42 |11 1/ 6 Z6 f =2 Il R \4
\/ Iln —%0 II| IIz \/ \-} —rI].D?U I| f \./
P i _?01]}0 I| |I
YRRy WIS,
Moo | = \

Figure 2.6 : The 20" and 24™ derivatives of Gaussian signal.

Moreover, we can show the correlation in matrix and 3-D like in blow:

Figure 2.7 : The Gaussian signals and derivatives correlation.

2.4 Wavelet Transform

Wavelet transform can work with non-stationary signals. Therefore, in this thesis it is

preferred in signal processing part. Wavelet transform also provides multi resolution

analysis with dilated windows, which makes it possible to check different resolutions
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in various frequencies. Therefore, wavelet transform would be a good choice for
processing the received signals that change during passing different layers like air and
wall. Like the Fourier transform, the continuous wavelet transform (CWT) uses inner
products to measure the similarity between a signal and an analyzing function. In the

Fourier transform, the analyzing functions are complex exponentials exp(jat). The

resulting transform is a function of a single variable, ®. In the short-time Fourier
transform, the analyzing functions are windowed complex exponentials, and the result

in a function of two variables. The STFT, f(w,7) coefficients, represent the match

between the signal and a sinusoid with angular frequency o in an interval of a specified
length centered at 1. In the CWT, the analyzing function is a wavelet, y. The CWT
compares the signal to shifted and compressed or stretched versions of a wavelet.
Stretching or compressing a function is collectively referred to as dilation or scaling
and corresponds to the physical notion of scale. By comparing the signal to the wavelet
at various scales and positions, you obtain a function of two variables. The two-
dimensional representation of a one-dimensional signal is redundant. If the wavelet is
complex-valued, the CWT is a complex-valued function of scale and position. If the
signal is real-valued, the CWT is a real-valued function of scale and position. For a

scale parameter, a> 0, and position, b, the CWT is:

+00

Cab; 1MW) = | Ot @

—00

Where * denotes the complex conjugate. Not only do the values of scale and position
affect the CWT coefficients, the choice of wavelet also affects the values of the
coefficients. By continuously varying the values of the scale parameter, a, and the
position parameter, b, you obtain the cwt coefficients C (a, b). Note that for
convenience, the dependence of the CWT coefficients on the function and analyzing
wavelet has been suppressed. Multiplying each coefficient by the appropriately scaled

and shifted wavelet yields the constituent wavelets of the original signal.

There are many different admissible wavelets, which can be used in the CWT. While
it may seem confusing that there are so many choices for the analyzing wavelet, it is
actually a strength of wavelet analysis. Depending on what signal features you are

trying to detect, you are free to select a wavelet that facilitates your detection of that

14



feature. For example, if you are trying to detect abrupt discontinuities in your signal,
you may choose one wavelet. On the other hand, if you are interesting in finding
oscillations with smooth onsets and offsets, you are free to choose a wavelet that more

closely matches that behavior [15, 16].

o i Wavelet

' , | : - 3 | —+- _‘J\!’\P— “L B
: . Transform __\/\/\/‘—— A\f*—
(Signal)
Figure 2.8 : Continuous Wavelet of different scales and positions.

2.5 Dielectric Constant

Another subject matter in hidden human detection is the dielectric constant. For design
the system in simulation stage, we have to modeling the human body and wall. For the
human body modeling with current dielectric constant, we will mention some research

about different subject that relate with human body dielectric.

In fallow, there is a good modeling for the human body dielectric that have been
modeling in Lawrence Livermore National Laboratory (LLNL). In this modeling the
impedance of the cardiac muscle is in the order of 60 ohms and the impedance of blood
is about 50 ohms it can be expected a roughly 10% reflection magnitude of the radio
frequency energy at the heart muscle/blood boundary. The reflection coefficient,
defined as (Y-1)/(Y+1) where Y=Z (heart)/Z (blood), gives a 9.9% return fraction of
the radiated pulse. In blew, we have table of Electromagnetic and anatomical
properties of tissue layers in the thorax and figure of modeling Figure 2.9 and Figure
2.10. Model predicted attenuation of pulse-echo intensity travelling from the
transmitting antenna to the receiving antenna. Each step accounts for echo at the
boundary. Decreasing of the curve accounts for linear attenuation in the tissue
(imaginary part of reflection coefficient and multiple reflections are ignored). The

Figure 2.11 shows the one application of LLNL research.
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Table 2.1 : Electromagnetic and anatomical properties of tissue layers in the thorax.

Impedance attenuation speed thinkness
Q m m/s M

Air 376.7 0.00 2.998 108 1.00 10°28%
Fat 112.6 8.96 8.958 10’ 0.96 102
Muscle 49.99 31.67 3.978 10’ 1.35 102
cartilage 58.16 31.93 4.628 10’ 1.16 10
Lunge 52.86 29.62 4.206 10’ 5.78 103

Heart 49.17 38.71 3.912 10’
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Figure 2.9 : UWB pulse-echo delay times in the thorax as predicted by the model.
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Figure 2.10 : Model predicted attenuation of pulse-echo intensity travelling from the

transmitting antenna to the receiving antenna.
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Actual slice of the thorax from the Visible Human Project. Chest is on the low part of
the image; U-shaped left ventricle section is at center right. The layers of living tissues
are seen from the chest to the heart: skin and fat (yellowish), muscle (red), cartilage
(reddish), lung (red) and the heart wall (red). Pericardium is visible at lung/heart

boundary.

Figure 2.11 : The heart imaging using UWB in the “Visible Human Project’’.

The specific absorption rate (SAR) is another research for obtaining the information

about human body dielectrics [17].

In this type of research, the effect of mobile on human brain have been studied. There
are, figure of head geometry and antenna placement in figure of dielectric and

permittivity of materials inside human head in different frequency in below.

Figure 2.12 : Head geometry and antenna placement.



3GHz 7 GHz 10 GHz

Materials o & (o2 & a Er
Skin 1.60 | 369 | 479 | 32.7 | 749 | 294
Ligaments 227 |1 429 | 6.65 | 357 | 10.1 | 30.7
Fat 0.10 | 441 | 036 | 414 | 059 | 3.86
Cortical bone | 053 | 11.4 | 1.62 | 931 | 225 | 8.08
Cancellous | 76| 179 1 237 | 150 | 372 | 13.1
bone

Blood 315 | 52.8 | 8.09 | 463 | 12.3 | 41.0
Muscle 282 | 548 | 795 | 481 | 126 | 426
Grey matter | 2.60 | 45.0 | 642 | 445 | 935 | 40.0
White matter | 1.67 | 35.0 | 438 | 295 | 574 | 26.0
Cerebro
Spinal Fluid | 370 | 664 | 901 | 600 | 136 | 538
Evesclera | 2.62 | 50.8 | 7.76 | 44.0 | 122 | 386
Eyevitreous | 5 o0 | 665 | 927 | 623 | 160 | 563
humor
Nerve spine | 1.38 | 31.2 | 417 | 272 | 627 | 24.1
Cartilage | 195 | 362 | 531 | 298 | 7.66 | 25.5
Cerebellum | 1.07 | 49.7 | 1.07 | 49.7 | 1.07 | 49.7
Bone marrow | 2.22 | 46.7 | 6.71 41.4 10,6 | 36.9
Eye lens 091 | 515 | 091 | 515 | 091 | 515
Glands 104 | 573 | 1.04 | 573 | 1.04 | 57.3
Blood vessel | 0.94 | 462 | 0.94 | 462 | 0.94 | 462
Body fluid | 243 | 683 | 2.43 | 68.3 | 2.43 | 68.3
Mucous 1 g | 481 | 0.89 | 48.1 | 0.89 | 48.1
membrane
Eye cornea | 1.24 | 52.0 | 1.24 | 52.0 | 1.24 | 52.0
Tooth 017 | 126 | 017 | 126 | 017 | 12.6
Lymph 104 | 573 | 1.04 | 573 | 1.04 | 57.3

Figure 2.13 : Table of Conductivity and permittivity of materials inside human head
at 3,7 ,and 10 GHz.

One of the popular research subject, than involve in dielectric constant of human body,
is breast cancer detection. Researcher in this subject work with human chest dielectric
for detection and imaging the foreign dielectric in chest that named breast cancer.
Another source for acquiring the human body dielectric especially human chest

dielectric is research that involve breast cancer [18].
Figure 2.14 and 2.15 show the breast cancer image and result of detection and imaging.

In this way, online dielectric calculator table were be so useful too. In Figure 2.16,
there is a figure of online site that show calculation of the dielectric properties of body
tissues [19].
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Figure 2.14 : Two-dimensional dielectric-properties breast model derived from an
MRI scan. A 2-mm diameter malignant tumor has been inserted at a
depth of 3.1 cm.
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Figure 2.15 (a): Reconstructed breast image resulted from the confocal algorism
shows the coincident tumor information with the assumed case,
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Figure 2.15 : (b). The contour map of the reconstructed breast image.
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ALL TISSUES, SINGLE FREQUENCY

FREQUENCY = 1000000000 Hz

Tissue Conductivity | Relative Loss |Wavelength |Penetration
name [S/m] permittivity | tangent [m] depth [m]
Air | 0| 1] 0 029979 NA
Aota|  0.72866|  44.561(029393 | 0044442 | 0.049146
Bladder|  0.39663 | 18.85 (037823 | 0.067887 | 0.059107
Blood|  15820|  61.065(046596 | 0.037411| 0.026875
BloodVessel | 072866 |  44.561(0.29303 | 0.044442 | 0.049146
BodyFhid | 16673 |  68.875(0.43514| 0.035332| 0.027016

|

|

|

|

|

|

| BoneCancellous| 036395  20.584 [0.31783 | 0.065278 | 0.066988
| BoneCortical| 015566 12363 [0.22632| 0.084728|  0.12068
|
|
|
|
|
|
|

BoneMarrow | 0.042803 |  5.4854[0.14026 |  0.12769 | 029119
BraiGreyMatter | 0.98541|  52282| 03388 | 0.040894 | 0.039494
BrainWhiteMatter | 0.6219| 38577 (028978 | 0.047779| 0.053362
BreastFat| 0052823  54079(0.17558| 012843 | 02346
Cartlage| 082886 42317035209 | 0.045408 | 0.042287

Cerebelhum | 1308  48.858(048124| 0041759 0.029137
CerebroSpinalFhid | 2.4552| 68439 0.64486 | 0.034632| 0018718
| Cervix|  099272|  49582( 03599 0.041922| 0.038242
| Colon|  11274|  57482(035254| 0038958 0.036236
| Comea|  14381|  54.835 (047142 0039457 0.028048
| Duodemm| 12316  64.797 [0.34167 | 0.036725 | 0.035185
| Dura| 09933 44201 (040395 0044233 | 0.036223
| EyeSclera| 12056 |  55.017| 0.3939 | 0.039683 | 0.033266
| Fat| 0053502|  5447[0.17656 | 0.12796 | 0.23247
| GalBladder | 12883 |  58.997(0.39252| 0.038325| 0.032234
| GalBladderBile| 18759  70.01[0.48165| 0034883 | 0.024321
| Gland| 10788  59.47[0.32608 | 0.038381| 0.038437
| Heart| 12836 5029038916 | 0038242 0032422
| Kidney | 14495  57.039[044971| 0.038469 | 0.028542
| Lens| 082431 46399031935 0043474 0.044411
| Liver |  0.89708|  46.401(034753 | 0.043379| 0.040898
| LungDeflated|  0.89704|  51.102(031554| 0.041437| 0.042817
| Lungluflated | 0.47406 |  21.825 (039044 | 0.063024 | 0.053269
| Lymph | 1.0788 | 59.47 (032608 | 0.038381 | 0.038437
| MucousMembrane | 0.88181|  45.711[034676 | 0.043708 | 0.041293
| Muscle | 097819 54811 03208| 0039995 |  0.04068
| Nal | 015566 | 12363 (022632 0.084728|  0.12068
| Nerve|  059997|  32252(0.33439| 0052085 0.05093

Figure 2.16 : Calculation of the dielectric properties of body tissues
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Oesophagus i 1.2316 i 64.797 i0.34167 i 0.036725 i 0.035185

Ovary | 13448  49.783 [0.48550 | 0.041351| 0.028619
Pancreas| 10783  59.47(0.32608 | 0.038381| 0.038437
Prostate | 12527 60259 037369 | 0.037984| 0.033447
Refna|  12056|  55.017| 0.3939 | 0039683 | 0.033266

SkinDry|  0.89977|  40.936| 0.3951| 0.045999 | 0.038453
SkinWet|  0.88181| 45711034676 0.043708 | 0.041293

Smallntestine |~ 22179 | 58.872(0.67719 | 0.037189 | 0.019296
SpinalCord | 0.59997 |  32252[0.33439| 0.052085| 0.05093
Spleen|  13227|  36.611| 042| 0039028 0.03083
Tendon| 075986 |  45.634[029932| 0.043901| 004771
Testis|  12527| 60259 0.37369 | 0.037984 | 0.033447
Thymus| 10788 5947032608 | 0.038381| 0.038437
Thyroid | 1.0788 | 59.470.32608 | 0.038381| 0.038437

Tongue| 097508  55.017(0.31858| 0.039926| 0.04088
Tooth| 015566 12363 [0.22632 0084728  0.12068
Trachea|  0.80232| 41779 | 0.3452| 0045724 0.043383

|
|
|
|
|
|
|
|
|
|
| Stomach|  12316|  64.797 034167 0.036725| 0.035185
|
|
|
|
|
|
|
|
|
|

Uterss| 13147  60.777[0.38885 | 0037772 0.032048
Vacuum | 0| 1| o 020979 N/A
VireousHumor | 16673 |  68.875 [0.43514| 0035332 0.027016

Figure 2.16 : Calculation of the dielectric properties of body tissues(continue).
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3. APPLICATION

In this part of thesis, the hidden human detection simulation with CST program will
be presented. The optimal transmitted signal will be introduce and the wavelet
transform as the best signal processing will be discuss.

3.1 CST Simulation

During thesis, two type of antenna had been tested for hidden human detection. Firstly,
we test Vivaldi antenna in the presence of a wall. Figure (3.1) shows this experiment.
After that, we used Horn antenna for human detection behind a wall. Figure (3.2)
shows the CST simulation stage. In this experiments Horn antenna had a better result
therefore are preferred for the next steps. Figure (3.3) shows the farfield characteristic

of Horn antenna in 1 GHz.

{
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Figure 3.1 : The Vivaldi antenna in the presence of a wall.
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Figure 3.2: Human body behind a wall in the presence of Horn antenna.
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Figure 3.3 : Horn antennas farfield in 1 GHz.

3.2 Human Body Model

Voxel Data used for human body modelling. Voxel

In the simulation part of thesis

data is the prepared modeling of human body that include dielectric constant of all

24

human body tissue. Figure of this model available in Figure 3.4.
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Figure 3.4 : The Voxel data of CST program include human body tissue dielectric.

3.3 Transmitted Signal

As mentioned before, The most commonly used signal in UWBs is Gaussian signal
and some of its derivatives. In this thesis, Gaussian signal, sinusoidal Gaussian
and seven derivative of Gaussian signal is used as transmitted signal . In below
there are some example figures of transmitted signal in Figure 3.5 and Figure 3.6
and the uploading state of these signal on CST program in Figure 3.7.
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3.4 Received Signal

Transmitted signal, return to the receiver antenna, after crossing the wall and
contact to the target. The saving received signals step, repeat for all transmitted

signal one by one. Some received signal illustrate in Figure 3.8 and Figure 3.9.

Excitation: default

default

Time / ns
Figure 3.5 : The Gaussian signal used as transmitted signal.

Excitation: 1DGaussian
0.03

1DGaussian

VY S S —— — —

| e . — .
0.025

Time / ns

Figure 3.6 : The first derivatives of Gaussian signal used as transmitted signal.

3.5 Signal Processing

As explained in the first part, the shape and bandwidth of transmitted signal changes
during passing the wall, hitting the target and returning to the receiver antenna. Wall
thickness and its substance and distance between the human and antenna also affect

the received signal. By using appropriate signal in transmitter, the received signal can

26



be predicted. As derivative of transmitted signal, the bandwidth of the signal changes
and appears in receiver. Using wavelet transform, because of predicting the occurred
changes like waveform and received signal bandwidth, is helpful in background
subtraction and results appropriate output signal. The returned signal from target is
received by the receiver antenna and to extract target information, proposed
signal processing method is used to analyze. The Wavelet transform, as the best
signal processing method for obtaining the respiratory signal of hidden human with
background subtraction have used. In this step, the return signal from the target is
received in two-time interval of breathing (inhalation and exhalation). The difference
between these two signals, illustration the spatial variations of chest during breathing.
The result of this change is a sample of breathing signal. Thence, the transmit and
receive operation will be repeated. The result in a certain period will be saved. After
that, the resulting matrix from the sample signals will be depicted. The resulting figure
is the human breathing raw data. Afterward, with using the proper wavelet transform

(as mentioned in beginning of this part) required respiratory signal could be obtained.

In Figure 3.10, Figure 3.11 and Figure 3.12 some figure of popular wavelet that used

in this thesis is available.
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Figure 3.7 : The uploading signal on CST.
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Figure 3.8 : The sample of receives signal (output of the fifth derivative).

15 20
Time [ ns

25

01(1)1(1)

30

Time Signal

8e-005

6e-005 -

4e-005 1

2e-005

-2e-005

-4e-005 1

-6e-005 7

-8e-005

Figure 3.9 : The sample of recived signal (output of the first derivative).
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Figure 3.11 : The Mexican hat Wavelet.
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4. RESULTS

As mentioned in part 2.4, because of Wavelet transforms ability in working with non-
stationary signals and provide multi resolution analysis with dilated windows,
preferred to the other transforms like Fourier. In addition, selection the appropriate
wavelet would be so important. In case of choosing wrong method in signal processing
part, In other words, selecting the unsuitable wavelet transforms can be cause to the
different result. In this situation, the obtained signal, completely affected with the
background noise. As well as, the signal processing method will not be helpful for
background subtraction and the expected result will not be acquire. The sample of

inappropriate wavelet available in Figure 4.1.

Below figures shows diagrams of final data resulted from signal processing part, which
is human respiration periodic signal (Vertical axis show the amplitude of breathing

signal and the horizontal axis show the repeat of this signal).

Figure 4.2 shows the sample of received signal after signal processing. The obtained
results show that, Mayer and Morlet Wavelets give the best results by sending first
derivative of Gaussian signal in transmitter. Also between these two wavelets, Mayer
is closer to received signal and has better results. In these results, the background noise
is completely omitted and respiration signal with acceptable amplitude can be
observed (Figure 4.3). By sending the second derivative of Gaussian signals, Mexican
hat wavelet gives better and acceptable output. By the way, Mayer wavelet would be
more suitable as the transmitted signal in sending the second derivative of Gaussian
signal (Figure 4.4). During simulation process, it could be understood that the forth
derivative of Gaussian signal in transmitter would have the best results using Morlet.
For other derivatives (5, 6, 7), using Coiflets, Symlets and Daubechies wavelets would
have better results which among them. Symlets would be more appropriate for fifth
derivative and Daubechies would be more appropriate for sixth derivative of Gaussian
signal. It can be concluded from the results that the transmitting antenna forms the
transmitted signal and then it can be interpreted as the second derivative of the
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transmitted signal at the receiver. Considering this, the best results for the target can
be obtained by choosing appropriate wavelet.

In forward, after different simulations, it could be observed that second derivative of
Gaussian signal would be the best choice for similar environments. In addition, if the
distance between human and antenna increase, using Daubechies wavelet would be a
better choice for extracting desired target specifications. About walls with higher
dielectric constant, using second derivative of Gaussian signal with Morlet wavelet

would give the best results for target specifications.
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Figure 4.1: The results of inappropriate wavelet transform.

33



1 1 L 1
1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600

Figure 4.2: one pulse of received signal after using wavelet methods.

Figure 4.3 : The result of Meyer wavelet when first derivatives of the
Gaussian signal used as transmitted signal.
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Figure 4.4: The result of Mexican hat wavelet when second derivatives of the
Gaussian signal used as transmitted signal.
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5. CONCLUSIONS AND RECOMMENDATIONS

In this thesis, human respiration detecting is considered. At first, the general UWB
system used in detection is discussed. Then the choice of the antennas used in this
work is presented. According to the importance of the transmitted signal form,
appropriate transmitting signal for improving detection and obtaining better results are
introduced. Finally, the wavelet transform method as the best method for background
subtraction is used and simulation results are presented. It is concluded that for
different system geometries, appropriate derivative of the transmitted signal and the
mother wavelet selection give the best result. Additionally the respiratory signal of

more than one hidden humans and moving humans could be consider in next work.
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