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ABSTRACT

Investigation of the objects behind an opaque wall is very promising field for a rescue
and security applications nowadays. The quality of thfough the wall radar image depends
upon knowledge of the wall parameters. Ambiguities in parameters smear and blur the
image and shift the targets from its true location. In this research first calculation of
complex dielectric constant of low loss material has been done by means of real
equations requiring only one dimensional root search techniques, in which data has been
taken from both side of the wall. But it is not suitable in real time applications as other
side come in danger zone. So a new method has been ‘developed, which require
measurement from one side of the wall for this pu'rpose the magnitude and the time
position of reflections from inner and outer surfaces of the wall are extracted from the

data.

The effect of wall parameters on image has been shown by developing 2D- beam forming
image. Tﬁe wall causes wave refractions and change in propagation speed, this effect
alters the time between transmitter to target, and target to receiver. Coherently combining
all the signals at a same position can enhance image quality, but the calculated wall
parameters are not exact so auto-focusing techniques based on higher order statics is
presented which correct errors under ambiguities. All the techniques have been developed
on real data and data has been taken in real time environments by interfacing the VNA to

the laptop.
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CHAPTER1

1. I’NTRODUCTION AND MOTIVATION

1.1 Introduction
Detection and imaging of objects behind walls, i.e., through wall and other visually ‘
opaque materials, using microwave signals has become a major area of interest in a
variety of applications such as rescue mission, in collapsed buildings or avalanches,
surveillance and reconnaissance, detection of human maneuvering; police search

operations, hostage situations.

o Rescue Mission: In the process of police investigation with terrorists and hostages
are inside the room. The police can get real time information about the interior state
of the room, before getting inside. Also in hazardous environment full of smoke with
zero visibility, it is useful for the fireman to get information about the position of the
object.

o Security: investigating objects through plasﬁc, rubber, dress or other nonmetallic

material could be highly useful as on additional tool to the existing X-rays scanners.

The technology is either active or passive imaging. In active imaging, RF, acoustic,
optical or X ray energy are used to estimate the reflectivity distribution of a remote scene
and in passive imaging millimeter wave imaging radiometer are used which uses

energies that is radiated by the bodies of persons within a building for detection [1].

Any object can be visualized by the reflection of light. However, wavelength of visible
light is such that we can only see the transparent view. On the other hand UWB signals
are able to penetrate through the opaque material. So by applying some techniques on
these signals we can investigate behind the opaque material. According to FCC UWB
signals must have bandwidths of greater than 500 MHz or a fractional bandwidth larger
than 20 percent at all times of transmissio; .[5 5]. Fractional bandwidth is a factor used to
classify signals as narrowband, wideband, or ultra-wideband and is defined by the ratio of

bandwidth at —10 dB points to center frequency [42]. So

1



8, =2 «100% = 2001, 0004 (11)

f. (it 1)

Where, f;, and £ are the highest and lowest cutoff frequencies of a UWB pulse spectrum,
respectively. UWB based radar system have become more popular since it provide both
the requirements resolution and penetration, to a large extent without much compromise
i.e. with low center frequency high bandwidth is achieved. The advantages of UWB
signal are

a. It improves the resolution that improves detected target range measurement

accuracy. | J

b. Identification of target class and type.

c. Reduce the radar passive interference from rain, must and interfering object.

d. Decrease the radar dead zone.
To achieve high resolution image is the measure aspect in TWI, the wall parameters have
major effects on the target imaging and location estimation. The composition and
thickness of the wall, its dielectric constant, and the angle of incidence all affect the
characteristics of the signal propagating through the wall. The propagating wave slows
down, encounters refraction, and is attenuated as it passes through the wall. In practical
situation these parameters are not known. Ambiguities in these parameters smear and blur
the image and shift the image of the target from its true position. These effects increase
significantly when multiple walls separate the target from the radar, which typically is the
case in urban sensing applications [10].
Electromagnetic characterization of materials is essential to many applications like |
transmission line, microwave devices, and optical components and for wave propagation
in indoor environment [8-10]. Various techniques have been developed for the
characterization of materials, the techniques using insertion transfer function [11]
dielectric constant, attenuation constant aﬁd loss tangent can be calculated for a material.
It is assume that material should be homogenous (¢ and p are constant), isotropic (¢ and p
are scalar), and linear. But in practical situation, we have no information behind the wall
so it is meaningless to measure the wall from both the side. A further approach uses
different standoff distances to locate the pbsition of the object behind the wall under

unknown parameters [12-13]. For this method a small object, behind the wall, has to be



visible at least from two antenna position which is also impractical. Approach using
Fresnel equation at the wall interface and by concept of reflectometry [14]. However, the
piece of wall has been placed in anechoic chamber; it’s a challenging aspect to use it in
real time environment. | '

For accurate measurement high resolution sensor is the primary requirement. TWI radar
system requires very wide bandwidth to achieve high resolution. The attenuation due to
building materials increases rapidly with frequency so the radar should have the"
transmitted signal at a frequenéy low enough to be able to penetrate walls. Due to
resolution problem the wall thickness cannot measure accurately so some error has been
remained in location estimation of target. Although blurring of images is in practice very
~small and mostly lost in noise [16].

An auto focusing system for through-the-wall applications that focuses the image and
corrects for shifts in imaged locations of stationary targets is presented {17]. The analysis
- shows that at correct wall parameters all signals has been conserved at a signal points and
focused image has been obtained, for the focused image the intensity values should be
high so by calculation of intensities values wall parameters error can be nullified. For the
processing of these techniques large amount of data, in future work data size can be
reduce by using some preprocessing techniques. The work has been more effective if use

in real time environment.

1.2 Problems in TWI
The major goal for TWI is detecting and identifying target enclosed in building
structures. An Electromagnetic wave is transmifted via antenna system, penetrates
through the wall, it is reflected by the investigated object, penetrates again through the
wall, and is received back via receiver antenna, and by applying some signal processing
techniques on receive signal, we can detect and identify the target. This whole process
contains some complexities and difficulties in which some of them are listed below:

1. The signal, reflected from the target is very complex signal, full of | noise and

clutters, which is very difficult to interpret. |
2. Every time the wave passes tﬁrough the wall, the reflection, refraction,

diffraction, and absorption on the boundaries of these materials occurs [16]. Also



multiple reflections between antennas, walls, and all the objects in the scanned
area arise.

3. Due to wall target get displaced and defocused.

4. For high precision imaging, high resolution radar is required. The basic rule for
good recognition ability is that, the resolving power of radar system must be 1/10
times of the maximumbdimension of objects. TWI radar system requires very
wide bandwidth to achieve high resolution. On the other hand the radar should
have the transmitted signal at a frequency low enough to be able to penetrate
walls. Since resolution also increases with frequency there is a tradeoff between

power and resolution.

1.3 Problem Statement
This dissertation is based upon characterization of wall for TWI system in real time of
different material, as dielectric constant and thickness and then applies Auto focusing
techniques to nullify the wall ambiguities to achieve focused image behind the wall. To
achieve this goal following problems have been attempted:

1. Critical study of characterization of wall parameters like dielectric constant,
attenuation constant and loss tangent.
Develop B scan image of the target by beam forming technique.
Applying focusing techniques to achieve accurate wall parameters.

Calculate the quality index value of image at different wall parameters.

ook wN

Development of adaptive Statistical model for calculating the wall parameters and
get focused image that can be used for identification and élassiﬁcation of targets.

This dissertation work focused on implementing a real time through wall imaging system
which addresses these issues. Therefore, a Vector Network Analyzer was interfaced with

a PC to enable processing in real time.

1.4 Dissertation overview

For fulfilling the dissertation task this report is structured in the following sections. First
chapter is the introductory chapter showing the ﬁork going on TWI and brief
introduction of TWI and UWB. Second chapter gives brief introduction of SFCW Radar,

Basic Radar operations which are used in the experimental case which basically consist
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of VNA and working in frequency domain. Radar data collection and data processing

techniques have been describes in subsequent sections.

Chapter 3 describe about experimental setup and properties of components used in the
experiment which will be useful for deciding whether these components can be used in
the experiment or not and also from their characterization system performance can be
found. Data collection process and collected data have been showed also in this chapter.
Further calculations of actual time of arrival, detailed description of technique used in
characterization of different walls is described next. The technique is applied from which
dielectric constant and attenuation variation with respect to frequency is calculated. Other
method used to calculate walls dielectric constant and thickness in time domain.
Description about beam forming image technique, affected of wall errors on the image
quality and auto‘foc‘:using approach used to neglect wall errors have been describes in
next sections of chapter 3.

Chapter 4 first discussed results of wall characterization process by different techniques
and compare. Then beam forming image at different wall parameters have been shown,
and then by applying quality indices paramefe’rs focused image have been developed.
Finally a contribution of this thesis and possible extensions of the research are proposed

in Chapter S.



CHAPTER 2

2. BASIC REVIEW

2.1 Introduction

To achieve high resolution image is challenging task in TWIL. For this purpose high
resolution radar is require. Radar is electromagnetic instrument that is use for detection
and location estimation of targets. Basic operation of radar is shown in fig (2.1). It
transmitted electromagnetic wave towards the target and receives reflected signals from
the target and clutters. The unwanted signals that interfere with desire target signal is a
clutter signal. So by analyzing received signal and reducing the clutter, information about
the target can be achieved. Compare to optical and infrared sensors the radar can perform
at large range with high accuracy under the weather condition. Therefore it has been

widely used for civilian and military operation [21].

Figure 2.1: Radar operation scenarios [25]

Stepped frequency radar and short pulse radar represent two different techniques that are
used to generate wide band of frequencies for detection of hidden objects. Stepped
frequency radar is frequency domain system whereas pulse radar is time domain. SFCW
radar system possesses several advantages over time domain systems. The main
advantage of the stepped frequency technique is that it is relatively easy with current -
technologies to efﬁéiently sample ultra wideband signals with low speed analog to digital
converters. The other advantages are high dynamic range, low power consumption and

high signal to noise ratio [2].
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2.2 Step-Frequency Waveform
The waveform for step-frequency radar consists of a group of N coherent pulses with
constant frequency increment of Af. The frequency for nth pulse can be written as:

f, = fo + nAf : 2.1
Where fpis the starting car;'ier frequency and Af is the step frequency size. In SFCW radar

frequency is constant within the individual pulse; its bandwidth is approximately equal to

_the inverse of pulse width. The effective bandwidth is determined by the total frequency

excursion, i.e., NAf over the duration of N pulses. The downrange range resolution of
step-frequency radar is given by [47]

c _ c
2B, 2NA

2.2)

The Cross Range Resolution is the resolution of the radar system in the cross-range

direction. The Cross Range Resolution is given by [47]

ACR=2R (2.3)
D |

This implies that the system will_ be able to indentify two objects separated by a distance

greater than ACR in the cross range as two distinct objects.
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Figure 2.2: Stepped-frequeny't":y CW waveform with frequencies

The fact that step-frequency radar resolution does not depend on the instantaneous

bandwidth, and that resolution can be .increased arbitrarily by increasing NAf, are
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significant advantages. A step-frequency waveform achieves wide bandwidth (VA/)

sequentially (over a burst of many pulses) but has a narrow instantaneous bandwidth of

% . It provides the high range resolution of wideband radar systems with some of the

advantages of narrowband radar systems. Step-frequency radar achieves range resolution
of ¢/2NAf (equivalent to a bandwidth of NAf) as compared with range resolution of ¢ 7/2
for constant-frequency waveforms [2]. The main advantage of the stepped frequency
technique is that it is relatively easy with current technologies to efficiently sample ultra
wideband signals with low speed analog to digital converters. The other advantages are
high dynamic range, low power consumption and high signal to noise ratio [2]. Because

of these advantages SFCW radar has been preferred over pulse radar.

2.3 Basic Radar target detection and measurement

In the operation of radar, radar transmitted the signals towards the target. In the reflected
signal, there is also an additive noise. The signal to noise ratio (SNR) at the receiver is
determine by the intensity of the received signal, the noise figure, and bandwidth of the
receiver. Any improvement in SNR increases the probability of target detection and
accuracy in its measurement.

Target information contain in the returned signals may be extracted directly from the
radar range profile or from its frequency spectrum by applying the Fourier transform [22-
23]. The target’s range measured along the radar LOS can be estimated by the time-delay
between the transmitted signal and the received signal. For a moving target, its velocity is
measured based on the well-known Doppler Effect. If the radar transmits a signal at a
frequency fp, the reflected signal from the moving target is subjected to a Doppler
frequency shift fp from its transmitted frequency fp induced by the relative motion
between the radar and the target [25].

The radar targets are considered as a collection of point-scatters. They have different
types of reflecting and back-scattering behaviors [24]. They can be surfaces, edges,
corners, dihedrals, trihedral, and cavities (see Figure 2.3). Each type of scatter has a
different back-scattering behavior. An important factor of image quality is its resolution.

It is the ability to separate closely related scattered in range and cross range.



Edge
Corner

>

2 Surface

Figure 2.3: Reflection and Scattering from the targets.

The minimum distance in the range4r,, and in the cross range Ar,, by which two point-
scatters can be separated, is the resolution of the image. High band-width is requiring for
high down range resolution. For high cross range resolution, large antenna aperture is
required. Usually a synthetic aperture is utilized to synthesize a large antenna aperture.
Synthetic aperture processing coherently combines signals obtained from sequences of
small apertures at different aspect angles of a target to emulate the result that would be
obtained from a large antenna aperture [25].

Coherent processing maintains the relative phases of successive pulses. Thus, the phase
from pulse to pulse is preserved and a phase correction can be applied to the returned
signals to make them coherent for successive inter-pulse periods. If radar returns are
processed coherently, the processed data retains both the amplitude and the phase
information about the target. The amplitude is related to the radar cross section (a
measure of the ability to reflect electromagnetic waves) of fhe target and the phase is

related to the radial velocity of the target [25].

2.4 Through Wall Radar Basic Model: Data collection

There are two major components in through wall imaging system. First is how data will
be collected and second is image formation. The sequence of data collection and image
formation is referred as the imaging system. In data collection the transmitter Tx
generates a microwave signal and radiates it to generate the illuminating field. The
illuminating field is scattered by the object. The scattered field is measured by the
-receiver Rx. The radar can operate in monostatic, bistatic or multistatic mode. The target

detection/identification process requires additional processing to form enhanced images.



This additional processing is achieved by preprocessing or by post processing [26]. The
electric field which is generated by the Tx antenna is called E™ and could be modeled by

[28].

1 \/ZAVS (n) (2.4)

E™ (r,0,¢,n)= Hﬂ;hrx @.,¢,m)* Jz_An

Where r,0, ¢ are spatial coordinates and # is a discrete time, Z. and Z, impedances of the
feed cable and free space respectively, and c is the speed of light in vacuum. The voltage
time evolution applied to the Tx antenna is denoted Vs (1), hry is the transfer function for

the emitting antenna. The receive voltage at Ry is V then

Ve(n)= %hm (6.¢,n)* E™* (n) | (2.5)

Where Agy is the transfer function of the receiving antenna, and E™* (n) is the field at the

Rx antenna. The transformation of field from Ty to Ry depends upon travel signal path

and shown by unknown impulse response X (r,6,¢,n) then

Va (n) = \/Z hey (9, @, n) * X(r,H, @, n)* E™ (r, 0,¢, n) . (2.6)

N

If the 1/r dependency is taken out of the definition of E™ all antenna terms could be

combined into one term A4
Vi (1) =Lk, (6.4.1)* X (r,0,,n) )
r

Antenna cross talk also effect between and receiver, it depend upon distance and impulse
response of direct path, C4 between transmitting and receiving antenna then Vg(n)
become [28]

| 1

Vo (n)=———h, (6,4,n)*C, +%hA (6,4.1)* X, 2.8)

dTXRX
The first term can be measured by pointing the antenna system to the anechoic chamber
room, so that X; becomes zero. The second term contain information about target but the
reflected signal also contain clutter signal means X, contains target signal Ar and clutter
signal /.. clutter signal is undesired signal that interfere with desired target signal which

is due to multiple reflections of the wall, multiple reflection of the wall and target
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reflection from the environment, apart from that a noise signal also present at the receiver

that is due to measurement system itself. Then model of receive signal become

Ve ()=

1, (6,4,m)*C, +-]1:hA (0,,1)* (hy (n) + b (n)) 4 rivise  (2.9)

dTXRX
So the measured signal Vr(n) is the combination of all these variable. By processing of
these signals we can extract the information about the target. In data collection single
antenna can be used as transmit and receive antenna simultaneously, two separate
. antenna or multiple antenna can be used. When scanning is used two approaches has

been used, Synthetic aperture radar and real aperture synthetically organized radar.

2.5 Data Processing

After Data collection, challenging task in TWI is to process and extract information form
collected data. Radar imaging is a well known field for ground penetrating radar (GPR)
application [29]. Where through- wall- imaging (TWI) has.been developed only few
years before [30]. Nowadays most of the research has been going on to' produce high
quality of image and extract the information from the image. Different imaging and non-
imaging sensor with these imaging capabilities are described in [3]. Several studies have
been carried out to detect the target behind the wall with known and unknown wall
parameters. For that purpose UWB radar system is used for scanning the object behind
the wall. As UWB signal are able to penetrate through the wall and by using some
sophisticated method object can be investigated behind the wall. The wall cannot be too
thick and not form to attenuating material in the used frequency band. Figure (2.4) shows
a comparison of measured one way losses versus frequency for a variety of different
~ common wall and building materials. The one way attenuation for concrete block around
3 GHz appears to be less than 5 dB. Signal attenuation rises with frequency, so that at
freqﬁency of 10 GHz, the concrete block will introduce a two way attenuation of about 30
dB. These estimates are based on concrete blocks of thickness 6" [1].

Hence considering all these aspects there is a tradeoff between the system complexity,
data collection time and image quality.

The building material like wooden, dry wall has small dispersion and loss effect on the

other hand material like brick wall and blocks have significant dispersion and loss effect.
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Figure 2.4: Attenuation of radio signals through various materials as a function of frequency
[1]. '

In [32] a preliminary study on using ultra wide band synthetic aperture for through wall
detection was conducted with focused on detection of human body without considering
wall effect on detection. The blending of ultra wide band short pulse radar and synthetic
aperture processing for through wall imaging application is described. The broadband
content of a radiated pulse provides fine range resolution, while synthetic processing
enhances cross range resolution.

In [13], the potentials and limitations of through wall human body detection are carried
out experimentally. For target detection simple data processing technique is used to

extract the data pertaining to reflected fields by target.

There are two different techﬁiques used for imaging, coherent and non-coherent imaging.
Coherent imaging require wide band beam forming using transmitter and receiver
antenna array [3, 33, 34, 36]. Non- coherent approach mainly based upon trilateration
technique [36-38]. In [39] a technique has been described to calculate correct target
location without knowledge of wall parameters, this [39] method require data to be
calculated using at least two different positions against the wall, at each positions
imaging is performed for different assumed values of wall parameters, the displacement

in target position because of incorrect parameters form a trajectory which shows highest
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peak of the target image as a shift. The trajectory with different transmitter position will

intersect at true positions.

Some methods are-used to characterize wall parameters. They can be used more precisely
when wall is placed between two antennas [40, 50]. But it has no use in real life as we are

working in dangerous environment.

In [12, 43] estimation of wall parameters have been done by using different standoff
distances. In this method target should be visible at least two antenna positions. The wall
parameters that ¢stimated are totally wrong if position of the object is calculated eéven
with small inaccuracy. In [44], Prony’s method is use to calculate the wall parameters, in
this [44] reflections have been represented in Laplace domain and pole positions is use to
find out these parameters. A method by using green [45] function that solve wave
equations by iteration, it is computationally complex and require huge number of

calculations.

Ahmad and Amin [46] generated images using wideband synthetic aperture data beam
forming. The full-polarization, two dimensional synthetic aperture data measurements
were taken using an Agilent network analyzer, implementing a stepped-frequency
waveform over a 2-3 GHz frequency range with a step size of 5 MHz. The data is
processed using post-data acquisition beam forming. The analysis in [46] did not address
a key problem of practical importance in TWI systems, namely, the wave refraction due
to the presence of the wall. The composition and thickness of the wall, its dielectric
constant, and the angle of incidence all affect the characteristics of the signal propagating
through the wall. The propagating wave slows down, encounters refraction, and is
attenuated as it passes through the wall.

In [12] shows the effects of thickness and dielectric error on target locations. Effect on
incident angle at air-wall iﬁterface, refraction angle on wall- air interface and focusing
delay because of these errors all the signals are not converse at a single point that causes
smearing and blurriness on the image qualgty. '

Farris and Currie [1] developed a systerr;,:whiCh can detect the person behind the wall

and trace their movement, for this purpose the radar resolution should be high so that
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system can detect the person behind the wall and trace their movement, if it is in small
step. However, most of the systems have very low spatial resolution.

Dehanmollaian and Sarabandi [17] proposed auto focusing approach using synthetic
aperture radar (SAR), in which the values of wall parameters have to be derived by
solving non-linear optimization problem. In [49], auto focusing approach by using time
reversal techniques has been developed, in this process First, radar transmits time domain
fields to illuminate the unknown target; Second the signal scattered form the target
received by the array of receiver and measure the data; Third, the receive signal is phase
conjugate in frequency domain by sent to the same media for it receiver. The main aim of
the works that have been done so far to obtain high quality of image and applying feature
extraction techniques for classification purpose. 3D measurements capabilities
significantly enhance the capability to discriminate the targets. One of the major thrusts
for the near future will be investigating ways to reduce data throughput, possibly by some

type of preprocessing, and develop more efficient imaging algorithms.
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CHAPTER 3

3. METHODOLOGY
The main aim of Through Wall Imaging is to obtain high quality of images. The quality

of images is based upon wall parameters. Unknown parameters smear and blur the image
and shift the targets from its true location [51]. So the aim of this dissertation is to

calculate wall parameters that can be use to obtain high quality of images.

Techniques based upon transmission and reflection [16, 40, 50] coefficient have been
applied on experimental data to characterize wall parameters, ambiguities in parameters

have been nullify by using autofocusing [49, 51] approach.

For the implementation purpose first data has been collected then data processing
techniques have been developed on collected data. In this chapter first three sections
describe experimental setup, components used in experiment, collection, and then
theoretical review of processing techniques have been described in fourth sections.

Implementation of these techniques on real data and results has been described in later

chapter.
3.1 Experimental Setup
-
@
?
Antenna with
Personal
scanner
computer

Figure 3.1: Experimental setup W
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The experimental setup for TWI is shown in the figure (3.1). The setup consists of VNA
which act as a power source, laptop connected to VINA using LAN connection thét is use
for real time application. Two coaxial cables, length of 1m and 5m are used. Double rigid
horn antenna R&S HF 906, operating in a frequency range of 1-18 GHz used as a
transmitter and receiver. Walls of different type such as plywood, asbestos and brick and
target used are of Teflon and metal. For scanning purpose 2D scanner of wooden frame
was used on which the antenna was moved and target is placed on a wooden platform.

The detailed description of the components is given in coming subsections.

3.2 TWI Components and Properties
The detailed of components such as VNA, Aﬁtenna, Cables and their properties are

detailed below.

3.2.1 Antenna
Electromagnetic horn antennas are radiating elements which can be characterized by their
ability to effect transition from a medium supporting limited number of modes to a

medium supporting large number of modes i.e. from a waveguide to free space.

The horn antenna may be considered as an RF transformer or impedance match between
the waveguide feeder and free space which has an impedance of 377 ohms. By having a
tapered or having a flared end to the waveguide the horn antenna is formed and this
enables the impedance to be matched. Although the waveguide will radiate without a
horn antenna, this provides a far more efficient match. However the main advantage of
the horn antenna is that it provides a significant level of directivity and gain. For greater
levels of gain the horn antenna should have a large aperture. Also to achieve the
maximum gain for a given aperture size, the taper should be long so that the phase of the
wave-front is as nearly constant as possible across the aperture. Thus the radiation
characteristics depend on the flare angle, aperture dimension, type of flare, length of the
flare etc. The lowest frequency of operation of a horn is fixed by the cut-off frequency of
the waveguide and the neck dimension. The highest frequency gets limited on

deterioration in radiation characteristic.
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(a)
Figure 3.2: (a) HF 906 antenna (b) VSWR of antenna

(b)

Frequency range 1 GHz to 18 GHz

polarization Linear

RF connector N female

Nominal impedance 50

Gain 7 dBi to 14 dBi

VSWR <25

Max. RF input power 300 WCW, 500 W PEAK

Max. height 160 mm

Max. width 250 mm

Max. length 290 mm

Weight 1.5kg

MTBF >250.000 h

Environmental conditions:

Rated temperature range 0°C to+50°C
40°C to +70°C

Table 3.1: Antenna Specification

3.2.1.1 Antenna pattern
At the mouth of the horn antenna (E-plane height b, H-plane width a) the fields are given

by the rectangular waveguide mode with a phase curvature essentially equal to the flare
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length of the horn. The radiation pattern of horn antenna used was calculated by taking E

plane and H plane observations in the anechoic chamber.

Sl=t=i Salpxsn

Figure 3.3: Diagram indicating H-plane (Vertical Polarization) and E-piane (Horizontal
Polarization) cuts for Horn antenna [16].

o

The polar graph shown above is E-plane characteristics of the antenna at frequency 3
GHz. The half power beam width of antenna is called elevation angle. It is 35° in this

_case.

The polar graph of H-plane characteristics of the antenna at frequency 3 GHz is shown
below. The half power beam width. of antenna is called azimuth angle. It is 33" in this

case.

«20 -
15

Figure 3.4: Antenna Pattern (a) E Plane (b) H-Plane
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3.2.2 Vector Network Analyzer (VNA)

~ Commercial available network analyzer is used as both a generator and radar receiver. A
synthetic pulse is reconstructed from a step frequency signal and then transmitted to the
antenna. The major advantages of such system are controlling an ultra wideband around
the central frequency and for obtaining higher dynamic range. A ZVL3 has been chosen
for the experimental work. The synthetic pulse signal is generated by continuous step
frequency signal with a maximum output power of 20 dBm, selected number of"
frequencies as 4001. It is able to measure a variety of different parameters including the
amplitude response as well as the network scattering parameters, or S-parameters, which
are the transmission and reflection coefficients for the device under test. These S-
parameters contain both amplitude and phase information, and therefore a vector network

analyzer, VNA is able to give a very comprehensive view of the device.

Figure 3.5: Front view of R&S ZVL3 vector network analyzer

3.2.2.1 Selection of frequency band:

For the application of TWI, the radar must provide low frequencies for deep penetration.
For the absorption of électromagnetic fields in various types of wall the frequency is such
that it can penetrate through the wall. The resolution should be as small as a few
centimeters so that it can separate the closely related scattered. The reflection through the
target is function of power higher the power higher should be the reflection, but higher
power is dangerous for human being so an adjustmént should be made for the purpose of
our goal. High absolute bandwidth ensures high resolution of the system, it can be seen
that lower center frequency ensures that attenuation of the signal through the wall is not
very high. This makes UWB signals ideal for Through Wall Imaging applications as they

allow us to deal effectively with the resolution-power trade-off. By specifying the start
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and stop frequencies, f,,, and f,, , and the number of frequencies N 7> we can easily

top 3

derive the frequency step by equation [47].

Af — fﬂ%_ .f.:i':lar!

i 3.1
. The maximum unambiguous range R, and the frequency step size Af of the stepped
frequency signal are related by R,=c/2Af. since our aim is to achieve high resolution, first
we chosen number of frequency points (4001). The used frequency range the calculated

step size will be 475 KHz which will give unambiguous range of 315.78 m.

3.2.2.2 VNA calibration
Calibration is the process of eliminating systematic, reproducible errors  from the
measurement results, Calibration plays an important role in determining the accuracy of

the measurement system. The process involves the following stages:

1. A set of calibration standards is selected and measured over the required sweep

range.

2. The analyzer compares the measurement data of the standards with their known,
ideal response. The difference is used to calculate the system errors using a
particular error model (calibration type) and derive a set of system -error

correction data.

3. The system error correction data is used to correct the measurement results of a

DUT that is measured instead of the standards.

Based upon the requirement one or two port calibration will take place. A full one port
calibration requires a short, an open and a match standards to be connected to a single test

port. The three standard measurements are used to derive all three reflection error terms:

e The short and open standards are used to derive the source match and the

reflection tracking error terms.

e The match standard is used to derive the directivity error.
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Calibration procedure is as follows:

e A channel contains hardware-related settings to specify how the network analyzer

collects data. Therefore first the channel setting is done.

rodlus

L Center. .

e After channel setting one port calibration is performed.

Standard cal kit . | ZV-Z132

Figure 3.6: One port calibration menu in VNA
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A two-port VNA with S-parameter test set can measure four scattering parametérs, Si,
S21, Si2 and Sy, of the device under test (DUT). In through wall imaging only one
reflection (S;;) coefficient is recorded for image development. Only for wall parameters

measurement need both S;; and Sy; but it is not applicable for real time application.

3.2.3 Scanner
A wooden scanner is used for positioning the radar. The scanner has 30 positions along
the horizontal direction and 20 positions along the vertical direction. Thus a total of 600

different positions for the radar are possible.

3.2.4 Cables
The two coaxial cables are used to connect the network analyzer to the antenna. When the
cables move during the scanning operation a change in amplitude and phase response

occurs. Length of cable is 5 m and 1m respectively.

3.2.5 P‘ersonal Computer |

A laptop is used which is connected to the Vector Network Analyzer (VNA) using a
LAN connection. The PC is important for real time implementation. The software used is
Math works MATLAB. Virtual Instrument Software Architecture (VISA) provided by
National Instruments (NI) was used to provide an interface between hardware (VNA) and

the development environment (MATLAB).

3.3 Data Collection

Measurements were carried out with different type of walls, different type of targets,
different shape and size of targets and with different distance between antenna scanner
and wall.

All three scans, namely A-scan, B-scan and C-scan, were used to collect data.

e The signal received at any measurement point is called the A-secan. A-scan will be

used to detect and locate the target.

e B-scan is a succession of stacked A-scans. Here we take a series of A-scans

recorded along a scanning line.
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e The C-scan (or three-dimensional data presentation) signal is obtained from the
ensemble of B-scans, measured by repeated line scans along the plane. In addition
to range, the C-scan provides valuable information about the target extent in

length, height and width.

3.3.1 Wall characterization

For the wall characterization using insertion transfer function, two low loss cables were
connected between the horn antennas and the two ports of VNA. Three different wall
materials which are used in through wall imaging are selected for characterization. These
include plywood, asbestos and brick wall of room. In case of brick wall, the two antennas
were kept in two adjacent rooms so that wall dividing them can be used for experiment.
VNA system was calibrated (two port calibration TOSM) and the reference positions
were set to be at the output ports of coaxial cables that will be connected to antennas. The
transmitted power, frequency range and number of frequency points are 20 dBm, 2 GHz
to 3 GHz and 201 respectively. Transmitting antenna is kept at a distance of 1 m and
receiving antenna is placed at distance 60 and 70 cm, so that variation of dielectric
constant with distance can be calculated. Table. 3.2 shows three different wall type used

for experiment with their dimensions and distance between antennas and wall.

Sr. no. | Material Dimension (cm) Distance Distance
between between  wall
transmitting and receiving
antenna and wall | antenna

1 Plywood 12x365.76x121.92 | 1 m 60 and 70 cm

2 Asbestos 0.04x121.92x121.92 | I m 60 and 70 om

3 Brick wall 0.012x184x123 I m 60 and 70 cm

Table 3.2: Data collection for wall characterization

For the wall characterization by using reflection method, measurement has been done

bnly from one side of the wall. VNA systé'm was calibrated by using one port scattering

parameter S|, and the reference positions were set to be at the output ports of coaxial
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cable that will be connected to antennas. The transﬁiﬁed power, frequency range and
number of frequency points are 20 dBm, 1 GHz to 3 GHz and 201 respectively.
Transmitting antenna is kept at a distance of 75, 82.5, 90, 97.5, 105 and 112.5cm from
the wall.

3.3.2 Single Target

In first experiment a single metal plate was chosen as a target. Table 4.1 shows the
different type of walls used with different type of shapes of target at different distances.
The readings were taken for 30 antenna position in cross range (azimuth) direction and 20
antenna position in vertical (upward) direction means a matrix of 30x20 is scanned by

shifting the antenna by 5cm at each scanning point.

Sr. Type of Thickn Shape of Size of target Distance | Distance | Height | Height at
no Wall ess of | Single Metal between | between | of stand which
wall target antenna | wall and | on which | scanning
(cm) and wall target target is start
(cm) (cm) placed above
ground
1 Brick Wall | 12.5 Square 58 cmx 58 cm | 41 50 105 47
2 Brick Wall | 12.5 Circular 58 cm diameter | 41 50 105 47
3 Brick Wall | 12.5 Eq. triangle | 58 cm side 41 50 105 47_
4 |Plywood |12 Square 58 cmx 58 cm | 41 50 105 47
5 | Plywood 1.2 Circular 58 cm diameter | 41 50 105 47
6 | Plywood 1.2 Eq. triangle | 58 cm side 41 50 105 47

Table 3.3: Data collection for single Target

VNA system was calibrated by using one port scattering parameter S;;. The transmitted
power, frequency range and number of frequency points are 20 dBm, 1 GHz to 3 GHz
and 201 respectively. Plywood walls are mounted on wooden stand whereas brick wall is
used from the room which is dividing two rooms. So in case of brick room antenna
scanner is placed in one room and target is placed in another room which resembles the

actual situation.
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3.4 Data Processing

In this dissertation two main tasks have been done, characterization of wall parameters
and auto focusing approach to improve image quality. To get good quality image at an
exact position behind the wall, wall parameters must be known exactly. But clutter,
system noise and radar range resolution effect the measurement and error in wall
parameters shift the target from its true location and image that we obtain is smear and

blur so focusing approach has been applied to achieve good quality image.

3.4.1 Properties of Wave Penetrating Through wall

In Through wall imaging wave propagate through different types of wall as concrete wall,
wooden wall, asbestos wall, plaster, dry wall etc. the transmitted signal gets attenuation
due to free space loss, scattering from air wall interface, multiple reflection due to in
homogeneities in wall material, loss in the wall and scattering from the targets. The wave
propagate through the antenna is generally spherical wave, but for simplification purpose
the wave assumed to be planner wave, so all the experiment has to be done in far field
condition. UWB signal are able to penetrate through the wall without massive attenuation
so it can be use for TWI purpose. TOA mainly refer the time require to reach the signal
between transmitting antenna, wall and receiver for simplification we can divide it into
two parts transmitting to the target and target to the receive antenna. The waves
transmitted strike wall the at different angles and propagate through the wall but change
in direction the same has been apply in wall-air interface, the velocity in free space is
equal to the velocity of the light but in dielectric media it depend upon the value of &,
velocity decrease by square root of relative dielectric constant, so total flight time is equal
to the travel distances in different part divided by velocity in different parts. When
electromagnetic wave propagate through the wall loss in signal strength takes place, to

see the losses let us consider a TEM wave propagating in ‘+z’ direction can be

represented using phasor expression E(z,w)= Eje ™, where w =2z f is the radiation

frequency ( f will be in Hz) and vy is the propagation constant, given by:

(@) = a(w)+ jB(o) = joue (3.2)

It is assume that wall is a non magnetic material then pu= Mo =Mo as 4,=1 and assume
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o = 0, The dielectric polarization loss may be accounted for by a complex permittivity

g(w)=¢'(»)-j& (@) . So the value of

7(@) = jofus,(s, - je',) =jw\/ueo€,'(l—j —5) (3.3)

r

The 'second radical factor become unity as & vanish so the value of o become zero, then
it can be say that losses occurs if € is present. It represents dielectric losses. If material is

of finite conductivity the Maxwell equation become
VxH =(o+ jwe )E (3.4)
And in dielectric material |

VxH = jo(s - je )E (3.5)

By comparing (3.6) to (3.7) it has been observed that £ = ¢ /o in any conducting media.
In wall conductive loss cannot be easily separated from dielectric loss but the
combination of two terms gives effective loss tangent [50].

_g+olo & | o

P. (co) £ £ e

So complex effective relative permittivity can now be define as

e (@) = s{@)[1jpe(@)] (3.7)

So we can characterize the wall by its relative permittivity and effective loss tangent.

3.4.2 Measurement of wall Paré_meters

As discussed earlier through wall imaging use for the purpose of terrorist’s localization
or weapon detection behind walls, the detection of illegal immigrants, the detection,
localization and tracking of the moving objects behind a wall becomes more and more
important nowadays. Ultra-wideband radar imaging presents an interesting technology |
for that purpose. However, the imaging algorithms need the wall parametefs such as
thickness and permittivity in order to correct and to improve the obtained results. There

are a few methods for estimation of the wall parameters [10, 16, 40, 43, 50]. In one
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method the wall parameters can measure precisely when the wall is placed in between’
[40, 50] the antennas. However this is not practical especially in the case with terrorists
or fire since it is meaningless for the intended applications to measure the wall from both
sides.

In other wall parameters have been measured by using reflection coefficient [16, 28]. The
main attention was paid to a practical estimation method that can be used in the real
environment. The measurement is carried out from one side of the wall, thus there is no

need to enter a dangerous space.

3.4.2.1 Measurement by Insertion Transfer Function

The transmission scattering signal related to the transmitted and incident signal by

Su(jo) =——§g§:’ 8{ (3.8)

Measurement is given in figure (3.7).Where v; is the voltage at the output terminals of the
receive antenna and is proportional to E,, while v; is the voltage at the input terminals of
the transmit antenna and is proportional to E,. Instead of measuring the transmitted and -
received {roltage signals, it is more convenient to measure the following two signals on
the receive side [25].

* A transmit ‘through’ signal, v,(#), which is received with the material layer in place, and
« A free-space reference signal, v{"(z) ,which is the received signal without the wall.

So the two measurements have been done exactly same distance with same antenna set
up. Now the insertion transfer function can be written as [50]

E(jo)/ E(jo) _ E(jo) FFT{(0} _ v (jo)
E* (jo)! E,(jo) E* (jw) FFT{v (1)} v"(jo)

H(jo)= (3.9)

In time domain the delay between two pulses has been measure to obtain the approximate
dielectric constant of the wall. By measuring the total signal power in free space case and

through the material, power loss through the material can be obtained.
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Figure 3.7: Model for characterizing wall parameters

3.4.2.1.1 Analysis Technique:

In real time environment reflection from the clutters and multiple reflections come into
the picture so it is very difficult task to obtain the exact parameters. Measurement has to
be done in far field to avoid spherical radiations. For measurement purpose two
techniques can be applied [16, 40, 50] based on time domain and frequency domain,
single-pass, multiple-pass, and approximate solutions for low loss materials by using

multi-pass technique, are presented.

Single Pass Technique:

Electromagnetic wave of short duration has been applied to the homogenous,
isotropic medium. It was assume that the wave incident on the wall normally and
width of the wall is much larger so the pulse duration is much small then the time

travel through the wall. The derivation of the measurement is given in [50].

£(f)= [1 +Arr—(f)]2 (3.10)

0
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Multi — Pass Technique:

Singlé pass technique is not effective if the time taken by the signal through the wall
is less then applied pulse width because of it multiple reflections through the wall
cannot account. So the multiple pass technique can be applied, in this the data is
obtained in frequency domain.

To obtain the expression for the insertion transfer function it is assume that TEM
wave propagating in ‘+z’ direction. In which electric field directed towards ‘+x’ anci
magnetic field is towards ‘+y’, when it incident on the wall some part of it transmitted

and some reflected back. The wall has complex dielectric constant of
¢(w)=¢'(w)- je'(») Ithasbeen shown in figure (3.8).

Field in the region given by

—

E=a, (E te T + E‘e*”) , (3.11)

H=(Hje” —Hye")a, (3.12)

By applying boundary conditions at the interface the transmission that is obtain [40]

B g Th Ty, i Th _Thy

7, n 7, ™

(3.13)

The complex frequency response of the transmission channel can be obtained by
measuring the scattering parameter Sz; with this system. The transmission coefficient
is obtained by comparing the measured S,; with and without wall and it is related to
insertion transfer function S;;=H (®). Once the insertion transfer function is obtained,
numerical methods are used to extract the attenuation coefficient and dielectric
constant. From the complex insertion transfer function, the dielectric constant and

loss tangent of the material under test are to be extracted.
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Figure 3.8: EM wave propagation through the wall

3.4.2.1.2 Calculation of Dielectric Constant of the Wall:
Due to Dielectric constant of the wall, velocity of the signals propagate through the wall

is reduce by square root of dielectric constant of the wall.

V, = (3.14)

Je

While dielectric constant is the relative permittivity of the wall. After determination of

insertion transfer function following equations have to be solved [40]

4ebd
H(jo) = (3.15)
e Q2+ My i Th Thy
- m ™, ™
While = th N, = \/_ﬂ()——
g, g,(s, — j&,)
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4o P
H(jw)= T 1 (3.16)
e+ e (2=
& &

r r

thickness of the wall is d. Generally gives the complex solutions and can be solved by
reducing it into one dimensional approximate solutions given by following equations and

can be deduced where only € is present.

o 1-0x .
tan(fB,d — ZH(jw))+ I+gX tan Bd =0 (3.17)

~ AE -
0= (\/;H

ﬂ:ﬂo‘/‘;

)? (3.18)

r
|H(jo)|

&

[cos2Bd(s —1)* +8 1 - -1)*
[H(jo) |

]- \/[cos 2Bd(s —-1)* +8
Wz -1

X — e~2ad —

(3.19)

These equations are used to find € (real part of dielectric constant), which is required to
calculate the speed of wave inside the wall so that a suitable velocity correction can be
applied. Attenuation constant (o) can be calculated by using (3.17) assuming

conductivity of walls to be zero the loss tangent can be calculated using

; 2005\/;
E =

@

(3.20)

tan(8) = Z- (3.21)
g .

By solving these equations we can find out the dielectric constant, attenuation constant

and loss téngent. As describe in section 3.4.1, loss tangent of wall contain both dielectric
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and conductive properties of the wall so it is difficult to extract the conductivity of the

wall from loss fangent.

3.4.2.2 Measurement byl Reflection Method:

Practically insertion method cannot be used in real time application, especially in the case
when there is some harmful object behind the wall, terrorist or fire since it is become
meaningless to measure the wall from both sides. So here an approach has been applied
to measure the thickness and permittivity of the wall. Measurement has been done from
one side of the wall so there is no need to enter in dangerous zone. It can be easily

applied in real time environment. The processing takes only 3-4 second by using mat-lab.

In this method we use time domain reflection. The Fresnel equations at the wall interface
and plane wave propagation within the wall is applied. The whole wave propagation is
assumed to be planner; this is not the practical situation so measurement has been done in

far field environment.

Figure (3.9) show the model of wave propagation within the wall, in this figure

perpendicular polarization means electric field is perpendicular to the plane of incident.

Let the wave incident on the wall by making an angle 6 with z axis then incident electric

and magnetic field can be define as
E’ — Eoe—y(xsin0+zcosé)ay (3.22)

- E . —y(xsinf+zc
H = —°(~ cosfa, +sinBa z)e 7(xsinf+zcosb)a, (3.23)
n
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Transmitted wave
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Figure 3.9: Model of wave propagation through the wall

By taking reflected and transmitted wave into the consideration and applying boundary
condition the Fresnel equations for reflected and transmitted wave can be obtain. In this
approach we can assume spherical wave and oblique incident but for simplicity we
assume planner wave and normal incident of the wave, the error obtained by this
approximation is negligible since only spreading loss_has been neglected. For this case
we assume- wall structure is planner, homogenous and isotropic and frequency
independent wall permittivity and pefmeability more over it has been assume that wall
material is non magnetic then p=1. In this case reflections at the wall surfaces have been

taken into the account.

Reflections of higher order have negligible amplitude so it can be neglected. The Fresnel

equation for perpendicular incident is given by

refe _m=-m ‘ (3.24)
E  mtn

_E _ 2n (3.25)
E n,+n
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While n = /ﬂ , 1, = f"“’
80 grgo

So, I'= %i\/:g— (3.26)
A ga' gf )

Where I is a reflection coefficient; < is a transmission coefficient, &, is the permittivity of
the air and & is the permittivity of the wall. When EM wave propagate through the wall

attenuation in the wave occurs, which is usually determine for the frequency domain:

o =w\/£[ f1+(i)2 _1} (3.27)
2 wE

It can be easily interpret that attenuation through the wall increase with frequency since

the conductivity of the wall is very low then attenuation can assume to be zero. And the
phase constant is linearly varied with frequency.

From this set of simple equations, it is possible to estimate the wanted wall parameters.
The first reflection will provide the permittivity of the wall, From that the propagation
speed can be calculated. Hence, the time delay of the inner wall reflection will give us the
wall thickness. Thus, there is no iteration required and the data may be taken directly
from radar measurements which are usually given in the time domain but in our case data
has been taken into frequency domain and then by using inverse Fourier transform

frequency domain data can be converted into time domain.

3.4.2.2.1 Clutter reduction

To obtain precisely reflections from wall-air interface or second reflection from the wall
is a difficult task because of clutters, antenna ringing and system noise. It can overlap
with the wall reflection and make calculation difficult.

In order to separate wall reflection from unwanted component some changes in scanning
has to be done.

If we scan the wall in horizontal direction in front of wall then at each point we will get
same reflection from the wall due to homogenous structure but the clutter signal will

change their distances from the antenna, so by averaging the data the clutters can be
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reduces. So by averaging the data in horizontal we clearly get the first two reflections

from the wall that can be use for further calculations.

3.4.2.2.2 Wall Parameters calculation
The first step is to determine the reflection coefficient I of the outer surface in order to

be able to determine the wall permittivity. Since the incident wave is not known in
practice, a reference measurement Am(n) was made before and stored in the device
memory. For that purpose, we used a large sheet of metal whose reflectivity is
approximé.tely equal to 1, and measured the reflection at different distance. Since the wall
parameters are not frequency dependent, we can determine T of the first surface from the
peak values of the measured data, by using reflection we can find out dielectric constant

of the wall by uéing equation as given in equation (3.28).

e
e

For this case g, is the permittivity of the air and & is the permittivity of the wall.

Then the value of [28]

_I»)
|7, )]

After that ' we can calculate the value of &

(3.28)

_(+g)
(-5,
The propagation time At within the wall will give the wall thickness
v, At
D, =
2 ,
Time At results from the time position of the maximum of A2(n) referred to the second

(3.29)

(3.30)

reflection.
We first subtract the first reflection 4/(n) from the data in order to gain the improved
reflection from the inner surface. Since the wall parameters are frequency independent,

we can suppose that 41(n) and hm(n) have the same time shape [16], then

|71

.h2(n)=h(n)—||h o

hm(n) ' (3.31)
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3.4.3 Through-Wall TOA Estimation
For the accurate measurement wave propagation through the wall must be clearly

estimated. Some conventional method uses constant velocity propagation produce error
in object shape and position [12-13]. It is assumed that wall is homogenous in structure
then problem has been converted to three layer model (air, wall and, air) for simplicity it
can be also transform to the two layer (air-wall) model. By using iteration method we can
calculate the TOA and it can easily use in real time application. If multilayer wall has
been assumed then it converted to complex model and requires some numerical
minimization method [28]. The number of variables is equal to the number of layers. This
is a very time consuming process, but for small number of layers (especially for air-wall-
air structure) a few improvements that significantly reduce the computation éomplexity

will be presented.

3.4.3.1 Calculation of TOA between Antenna and target

To calculate true position of target behind the wall TOA between wall and antenna has to
be known. For the computation the model has been given in the figure (3.10).

The wall assumes to be homogenous with constant permittivity and constant thickness,
the relative permittivity of the air in front of the wall and behind the wall is same and

<

equal to one. Horizontal scanning assume in ‘~ x’ direction vertical scanning in ‘+z’
direction and target assume to be in ‘+y’ direction. It is assume that target and are have
same ‘z’ co-ordinate. Initial position of antenna is (0, -d, z), target is at (X, Yo, Zo), wave
transmitted from transmitting antenna incident on the wall at a angle of 0;, angle of
refraction is 6,. The relative permittivity of the wall is €, and thickness is #. the radar has
standoff distance d from the wall. The position of target from the radar is Ry The

equivalent travel distance L calculated from equation (3.32)-(3.34) [35].

sing, = .[¢, sin#, (3.32)

(Rycosf, —t—d)tanf, +tand, +dtan g, = R, sin 0, (3.33)

L=L +.s L, +1L,
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=R000890—t—d+\/2 4 + d (3.34)
cosf, cosf,

cosf,

Target (x,, y,)

€
Wall €<
>
€p X
Antenna (0, -d)
Figure 3.10: Model for calculation of True TOA [35].
The propagation delays are given by
L L
r=£+ﬁ+—3 (3.35)

c v ¢

3.4.4 Imaging: Beamforming

Beam forming is a technique used for directional signal transmission and reception. In
this proce.ss the array has been design in such a way that the signals at a particular angle
experience constructive interference and while others experience destructive interference.
Beam forming has been found numerous applications in radar, sonar, seismology,
wireless communications, radio astronomy, speech, acoustics,.a’nd biomedicine. Adaptive
beam forming is used to detect and estimate the signal-of-interest at the output of a sensor

array by means of data-adaptive spatial filtering and interference rejection.
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3.4.4.1 Beam forming Concept

Consider the case of single transmitter and receiver, both located along the x-axis. Target
is located along the positive z-axis. And scanning in longitudinal direction has been done
along positive y-axis. In y-axis radar is at fixed location y; and it only move along
positive x-direction. Let the transmitter is placed at mth position, (Xum,0), transmitted a
signal towards the target located at x,=(x, , z,) making an angle 8, with z-axis. Then the
output at the receiver is given by a(Xp)s(t-Tmn) Where n is the receiver location, where
a(xp) is the complex reflectivity of the point target. As shown in the figure (3.11)
propagation delay T, is the time travel by the signal as it travels from mth transmitter to

target and from target to »th receiver. That is given by [5]
— d(xtm> xp) + d(xp9 xm)

m (3.36)
C c
Xq
‘T 4 Xp
w Y M;1 w 9 E = = w ”
Y g
P 1
’," 'l' d(xrnr xp) Tl 12 " o zm
“ o - g i
Rq "'".‘ - ’ ., I'
5 - '
o T / \
e o, . !
R4 B o, 1
- %, S .
—.: 4 = ", i X . E}
0
Xtm . Xrn S,: (l )

Figure 3.11: Layout representing the free space and block diagram of time domain beam
former [5]
Where c is the speed of light and d(x, y) denotes the Cartesian distance between locétions
x and y. this process is repeat till M™ location. If the target is divided into finite number
of pixels in range and angle. Then the signal corresponds to image of the pixel located at
Xq , is obtain applying time delay and weights to M receive corresponds to M transmitter

locations, and summing the results. Then the output

~

M
Zomg )= Z w,ma(xp )»$(it-z,,-7,) _ (3.37)

m=]
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Where w, is weight épplied to the receiver and r;" is the focusing delay applied to the
receiver. The focusing delay is given by figure (3.11). -
- 2R, d(x,,,%,) _ d(x,,x,,)

- (3.38)
C C (&

The weight applied to the transmitter and receiver are independent to the pixel location
the complex value of image x, is obtain by passing the signal z,(t) to through a filter

matched to the transmitted pulse and sampling the output of a filter at a time t=2R4/c
I(x,) = (z,()* k() |, lan, sc (3.39)

The time-domain beam former can be implemented as follows:

i. Divide the whole region into small pixels in range and angle.
ii. For each pixel, synchronizes the outputs of the M receivers to gain the
corresponding signal by using Eq. 3.37.
ili. Pass the corresponding signal through a match filter to obtain the pixel’s image
value by using Eq. 3.39.

iv. Repeat step ii and iii for all pixels to generate the composite image of the region.

Divide space into cubic voxel

Select a voxel

Applying related mag. And
phase adjustment on Rx signals
and summing up.

Pass through Matched filter to
obtain image pixel value

T a

Display 2-D image

Figure 3.12: 2-D beamformer flow chart
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3.4.4.2 Effect of Dielectric Wall on Beam forming

The characteristic of signal propagating through the wall has been affected by dielectric
constant, thickness of the wall and angle of incident of the wave. The propagating wave
slows down, encounters refraction, and attenuated as it passes through the wall.

As referring the figure (3.10).length Li, Ly, and L3 can be éalculated from equation
(3.34) in which radar act as a transmitter, length L; and Ls is the free space length that
can be combine and make a composite length L. when radar act as a receivervlength'can
be represented as a L, and L.

The incident angle ©; can also be calculated by equation (3.33). We assume that the
thickness of the wall and its dielectric constant are known exactly. The effects of the
estimation errors in the wall thickness and its dielectric constant on beam forming are
analyzed further. The sequential transmission and reception as describe in section 3.4.4.1
and after coherent combination of the delayed and weighted versions of thé received
signals, the complex signal corresponding to the pixel Jocated at x4, due to a single target

located at xy, is given by [5]
g _
z,(t)=>, w,mwma(xp ) exp(-a(L, +L,)s(t—7,,—7..) (3.40)
m=1

Where o, is the attenuation constant of the wall. And

L, L, L, L,
v, =222 P 2P anq
c v ¢ v

L L L L
f~mn=T—7q+—12)i+7q+% . (341)

Where T = (2L/c) + (2L /v)
Finally, the complex amplitude image value for the pixel located at x, is obtained by

filtering the signal using a filter matched to the transmitted pulse and sampling the output
att="T, | | '

I(x,) = f Win W@ (%, ) eXp(= (L, + Ly))s(t = 7,5, = T3 ) ¥ B (E) | oy (3.42)
m=1 .

By using this equation B-scan image can be obtained.
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3.4.4.3 Effect of Wall Parameters Ambiguities on Beam forming image .

If the wall parameters are known exactly, the focusing delay cancels the propagation
delay and then x4= X, and all receive pulse align and add together to produce a coherently
combine output, it means that all the receive signal focus on a single point then output
image intensity of the beam former is maximize. But in real time situation wall
parameters are not known and it has to be calculated and these parameters have to be
used for computing the focusing delay. By result of it, distorted image has been obtained.
This degradation of image quality will be more pronounced in wall materials with high
dielectric constants. Letde, 8y, denote the error in the dielectric constant and dielectric
constant respectively. In this case the value of v, dy, and € are replaced by c/(e+5:)"1/2 ,
dy 10w and &+3; , ‘respectively for T, and T value. The value of focusing delay because

of these errors become

T =r+A7 (3.43)
The change in focusing delay due to wall and dielectric errors [12]

i. Due to wall thickness error

Are Ad(sin@,—e,>+sm<®,—e,>]

¢ | sin(6) sin(6,) (3.44)

ii. Due to dielectric error

aptedf 1 1 (3.45)
2/ec| cos(6,)  cos(8.) '

Where @ is the angle at refraction angle at wall-air interface and 0 is the incident angle at

air-wall interface, these angles are measure from the axis perpendicular to the incident
plane.

Putting the value of focusing delay to the equation (3.40) then
M . | -~ . -
z, (1) =D W, W,,a (xp ) exp(—a(L, + L,))s(t —T + Ar) ' (3.46)
m=1

From equation (3.43) it is clear due to At all the signal will not focus at same point and
distortion in image will occurs, and because of thickness error target will shift from its
true position. This degradation in image quality will be more when wall material having

high dielectric constant and in presence of multiple wall separating the target from the
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radar. So to neglect the effect of wall ambiguities auto focusing approach can be applied

- and obtained good quality of image.

3.4.5 Auto focusing Approach

As discussed earlier to locate and image the target behind the wall, wall parameters
should be exactly known, ambiguities in wall parameters smear and blur the image and
shift the target from its true position. Some algorithms has been developed in previous
sections to obtain the wall parameters but because of low resolutions of radar systems and
effect of clutters parameters cannot be exactly estimated, and some errors remains in
estimation of parameters that errors are sufficient for distortion of the image so focusing
approach can be applied to neglect these errors and obtained good quality of image. In
~ this process image intensity profile has been generated for different values of dielectric
and thickness. The approximate values of wall parameters can be assume as calculated
values in previous sections. Then the values of thickness and dielectric have been put in
the range of approximated value.

In this method both conventional contrast values and higher order standardized moments
measures for measuring the degree of searing and blurriness of TWI of stationary target
distributions. The block diagram for image quality estimation or to calculate the degree of
smearing and blurriness of the image has been shown in figure (3.13)

In the process the measuring module that measure the image quality by using quality
indices and feedback system that develop the image at change the wall parameters, the

process continued till high quality image is not obtain.

Real Image Image Quality ‘ Visual plot of
Estimation > Quality change

Wall Parameter Tuner

F

Figure 3.13: Image quality measurement feedback systems [51]
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For measurement of image quality beam forming image has been generated, and use
iteration for measurement. At each iteration, the assumed wall parameters are changed
and image has been generated on the updated wall parameters. At exact wall parameter
all signal will converse at a single point and focused image has been obtained so at this
point the quality indices will show its maximum value. This analysis shows that exact, as
well as incorrect, assumed wall characteristics, defined by wall thickness and dielectric
constant, can lead to focused images with imaged target positions in close proximity to

true target locations [51]

3.4.5.1 Image quality measurement:
Several metrics has been used for image quality measurement [52, 53, 54]. The following
quality indices can be used for contrast measurement in TWI [51]

a) Normalized sum of image intensity:

0 2
PR UCAD
C, =2 (3.47)

= A ,
[Z_lll(xq’yql ]

b) Normalize sum of Squared intensity:

9 4
§|I(x.,,y,,)|

C, = y (3.48)
9
(Sl
q=1
c) Negative of image entropy
Q
G = Zss(xq, yq)]n[ss(xq, Y, )] (3.49)
g=1

Where ss(x,,y,) = (II(xq’yq)lz) / (Zill(xq’yq )lJ
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d) Ratio of standard deviation to mean amplitude:

Q 1 0 g
Z[|I(xq,yq)|—Ezlqu,yq)\}

C, = 5 (3.50)
DG, 3,)]
g=1

Where I(xq ,yq ) is image pixel value and Q is total no of pixel in the image.

For good contrast measurement, the quality indices will show maximum or minimum
value for undistorted image corresponds to the correct wall parameters. And the value of

indices will decrease or increase monotonically as we increase the error in parameters.

It has been seen that value of standardize moments can also be use as indices for
measurement of smearing and blurriness of the image. Let P(xq ,yq ) = | I(x4 ,¥4 )| is the
magnitude of the gth image pixel. Then, the nth standardized moment of P(.) is defined as
the ratio of the nth moment-about-the-mean and the nth power of the standard deviation

[27]. For an image consisting of Q pixels, this moment is given by [51]

0 ANT
Z(P(xq,yq)—,u)
y, =& O-Do" : (3.51)

Where M and o denote the sample mean and the sample standard deviation of P(.) and are,

respectively, given by

1 &
H= —Q— 2 DX, ¥,) (3.52)
g=1 '

1 0 n , 1/2 |
0—{5_—12(17(%,3/4)—#) } (3.53)

gq=1
For the higher value of » as we changes the wall parameters from its true value, there is
sharpen change in moment will be observed, and it can be easily use for the multiple wall
case where optimum parameters can be obtained by using standard moment.
It is not surprising that increasing the order of the standardized moment leads to an
increased sensitivity to wall parameter errors. This is because the peaks in the image
intensity profile become sharper as the image intensity is raised to a higher power,

increasing the overall image contrast [51].

a4



To develop statical model for focused image following steps have to be follow:

i.
ii.
iii.
iv.

TR

Develop 2-D beam forming image.
Estimate image quality using quality indices value, and make a visual plot for it.
Change wall parameters.

Repeat steps from 1 to 3 till focused image has not developed.

Develop a statical model for quality indices having wall parameters as an‘input.~ ~ ~~ " -

The equation developed at step 5 shows its maximum value at correct parameters, so by

solving this equations, accurate wall parameters can be obtain.

Developed Beam forming image <

Image quality estimation Tuned Wall Parameters

A

No

Get focused image

Yes

Developed Statical model for
image Quality Indices having
wall parameters as a input

Figure 3.14: Flow chart for adaptive autofocusing algorithm -
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CHAPTER 4

4. RESULTS AND DISCUSSION

4.1 Wall parameters Calculation by using insertion transfer function

For wall characterization data has been collected for brick wall, plywood wall and
asbestos wall. Multi-pass technique has been applied for calculation purposes, S21, with
wall and without has been measure by using Vector Network Analyzer (VNA) ZVL3
over the frequency range of 2-3 GHz at 201 frequency points by using R&S HF 906
double ridge horn antenna working as a transmitter and S-band antenna used as a
receiver. VNA output power has been set to 20dBm. A laptop is used which is connected
to the Vector Network Analyzer (VNA) using a LAN connection. The PC is important
for real time implementation. The softwére used for calculation is Math-works
MATLAB. |

Vector Network Analyzer R&S ZVL ' 2 GHz —3GHz
Antenna Double-ridged waveguide | 1-18 GHz
type (HF 906)
VNA Power 20 dBm
Range resolution 15cm
Azimuth resolution 29.8
Cable Loss 7 dB
Unambiguous range 600 m(for 4000 point)
Unambiguous range ' 30 m(for 201_points)

Table 4.1: System parameter
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After collecting the data (data collection for different walls have been shown in
table 3.2) magnitude of transmission coefficient have been calculated by equation
(3.9) and magnitude of transmission coefficient vs frequency has been plotted for

all three walls and compare which are shown in figure (4.1).

figure
Fle Edt View Insert Tools Desitop Window Help -

Dedsé h AN ¢ 0B =0

° S N T R T S N A |
DAY DAL ¢ NG S Y SN 1 B ¢ T SRR YN T MR |
Frequency(2 to 3 Ghz)

Figure 4.1: Transmission Coefficient; magnitude vs frequency

It has been observed that plywood wall has higher transmission coefficient and brick wall

has lowest. Therefore brick wall provide the maximum attenuation and plywood wall

provide the least attenuation.

a) Brick Wall ( 12x365.76x121.92 cm)

To calculate wall parameters for brick wall following steps have to be followed:

ii.

As shown in step (i) of section 4.1 magnitude of transmission coefficient have to
be calculated.

By using equations (3.16 to 3.18) real part of the dielectric constant has been
calculated. Figure( 4.2) showing variation of dielectric constant with frequency at
distances 60 to 70 cm in the case of brick wall the dielectric constant is varying
4.2 to 6.5 and the mean value at 60cm, and 70cm is 5.34 and 5.50
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Figure 4.2: Variation of Dielectric Constant with frequency

Frequency(GHz) Dielectric Constant | Frequency(GHz) | Dielectric Constant
2.0 6.756 2.0 7.116
2.1 5.38 2.1 5.74
2.2 5.432 2.2 5.792
2.3 5.631 23 5.156
2.4 4.933 24 5.293
2.5 4.376 2.5 4.732
2.6 5.432 2.6 5.792
2.7 4.926 2.7 5.286
2.8 5.826 2.8 6.186
2.9 5.372 2.9 5.732
3.0 34.918 3.0 5.278

iii.  Real part of dielectric constant, is required to calculate the speed of wave inside

the wall so that a suitable velocity correction can be applied. Attenuation constant

Table 4.2: Variation of Dielectric Constant with frequency

(o) can be calculated by using (3.19)
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Figure 4.3: Variation of Attenuation Constant with frequency

iv.  Assuming conductivity of walls to be zero the loss tangent can be calculated using
equations (3.20) to (3.21) |

Figure 4.4: Variation of Loss Tangent with frequency



b) Ply wood Wall (0.012x184x123 cm) -

The parameters for plywood wall have been calculated by using same equations as

applied in section (a), results have been shown below:

wwd, . e
Window Help

AR

[ErTaonnt R

Figure 4.5: Variation of Dielectric Constant with frequency

Distance (63 cm) ‘ Distance(70 cm)

Frequency(GHz) Dielectric Constant | Frequency(GHz) Dielectric Constant
2.0 2.174 2.0 2.374
2.1 2.724 _ 21 2.924
22 2.454 2.2 2.654
23 3.532 2.3 3.732
2.4 2.833 2.4 3.033
2.5 2.776 25 2.976
2.6 3.332 2.6 3.532
2.7 2.826 2.7 3.026
2.8 3.726 2.8 3.926
2.9 3.272 . 2.9 3.472
3.0 2.818 3.0 1.524

Table 4.3: Variation of Dielectric Constant with frequency
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In the case of plywood wall we show the variation of dielectric constant with frequency.

It is observed that dielectric constant of plywood wall is almost varying between1 to 4.5.

The mean vaiue of dielectric constant at 60 and 70 cm is 2.95 and 3.146 respectivély.
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c) Asbestos Wall:
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Figure 4.8: Variation of Dielectric Constant with frequency

Distance (60 cm) Distance(70 e¢m)
Frequency(GHz) Dielectric Constant | Frequency(GHz) Dielectric Constant
2.0 3.698 2.0 4.077
2.1 3.25 2.1 3.698
2.2 4.146 2.2 3.37
2.3 3.698 2.3 4.027
2.4 3.319 2.4 3.698
2.5 4.077 2.5 3.408
2.6 3.698 2.6 3.988
2.7 3.37 2.7 3.698
2.8 4.027 2.8 3.439
2.9 3.698 2.9 3.958
3.0 3.408 3.0 3.698

Table 4.4: Variation of Dielectric Constant with frequency
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Figure 4.10: Variation of Loss tangent with frequency4. 2 Reflection Method

4. 2 Reflection Method

a) Brick Wall
In the case of brick wall we keep our antenna at a distance of 75, 82.5, 90, 97.5, 105 and

112.5cm.The result has been shown at a distance of 90 cm from the wall. The system

parameters is shown in table (4.4)
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Vector Network Analyzer R&S ZVL 1 GHz — 3GHz

Antenna Double-ridged waveguide | 1-18 GHz
type (HF 906)

VNA Power 20 dBm

Range resolution 7.5cm

Azimuth resolution 14.9cm

Cable Loss 1-1.5dB

Unambiguous range (4001 300 m

point)

Unambiguous 15m

range(201point)

Antenna-air reflection 0.225m

Table 4.5: System parameter

For the calculation of wall parameters following steps have to be followed:

i.  Generate A-scan range profile for wall and metal. The data collected by the VNA
is in the frequency domain at frequency points £, which is converted to the time

domain by inverse fast Fourier transform (IFFT). Mathematically,(see appendix I

for detail description of algorithm), results have been shown in figure (4.11) and

(4.12).

In fig two peaks have been displayed that is correspond to air wall reflection and wall air

reflection. Multiple reflections inside the wall have been neglected.

The delay produce by antenna is 22.5 cm (see appendix ) so first wall air reflection will

be shown at a distance of 105 cm.

ii.  Separate wall first and second reflections wall first reflection will be the same as

metal, wall- air reflection can be separated by using equation (3.31). By these

reflections width of the wall can be calculated.
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qair wall
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Figure 4.13: Reflection at air wall interface clear view
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Figure 4.14: Reflection at wall air interface clear view
The peaks are due to reflection air-wall interface and at the wall-air interface. The
distance between these two peaks to the square root of dielectric constant of the wall

calculate width of the wall.

s

By using equation (3.28) reflection coefficient for wall calculated, then applying

[—

it to the equation (3.29) dielectric constant has been obtained.

ne of points =

i e = e
dieelectric constant:5.183740

wall width:13.176487 cm

Figure 4.15: Calculation of parameter
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Distance(cm) Dielectric Constant
75 5.47

82.5 5.14

90 5.18

97.5 4.31

105 5.36

112.5 4.353

Table 4.6: Dielectric constant with distance

b) Plywood Wall

In the arrangement of plywood wall (184x123 cm) of 12mm of width. The range
resolution of antenna is 7.5cm so we cannot calculate the width of the wall for calculation
of width we put a large metal (150x120 cm) sheet at a distance of 40cm from the wall and
calculate the distance between the wall. Calculation has been done at a distance of 75cm,

82.5cm, 90cm, 97.5cm, 105cm, and 112.5cm.The result has been shown at a distance of

105cm. For calculation of parameters steps are same as use in the case of brick wall.

Figure 4.16: Experimental set up (front and side view)
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air yratal reflaction

Figure 4.17: Range profile of plywood wall{ clearly showing the reflections)

It is visible that first wall air reflection is at 127.5cm and air metal reflection is at
165cm.

Figure 4.19: Reflection at air wall interface clear view
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Figure 4.21: Calculation of parameter

In fig 5.17 it is shown that the dielectric constant is 3.488 and distance between wall and
metal is around 37.5cm where the actual distance is 40 cm.

Distance (cm)

" Dielectric Conﬁtant |
75 | 2.7
82.5 2.5
90 3.5 )
105 3.448
112.5 3.29
Table 4.7: Dielectric constant \-N’ith distance
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c) Asbestos Wall

{iRangerprafile targat’l L - o o
T I S —

Air wall reflection Air metal reflection

Figure 4.22:Range profile of Asbestos wall ( clearly showing the reflections)

It is visible that first wall air reflection is at 127.5cm and air metal reflection is at

157.5cm

Figure 4.24: Reflection at air wall interface clear view
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dieelectric constant:4.665369

% wall width:30.000000 cm

Figure 4.26: Calculation of parameter

In fig 5.17 it is shown that the dielectric constant is 3.488 and distance between wall and
metal is afound 37.5cm where the actual distance is 40 cm.

Distance (cm)

Dielectric Constant

75 27
82.5 25
90 3.5
105 3.448
112.5 3.29

Table 4.8: Dielectric constant with distance
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4.3 Imaging: Beam forming
Beam forming irhage has been developed by keeping the different types by target behind
the wall. By this imaging the effect of wall parameters can be show and parameters error

can be reduce by focusing technique.

A metal target has been kept at a distance of 50 cm behind the brick wall of width about
to 12.5cm. Data has been taken in frequency range by using Vector Network Analyzer
(VNA) ZVL3 over the frequency range of 1-3 GHz at 201 frequency points by using
R&S HF 906 double ridge horn antenna working in mono-static mode. The distance
between antenna and wall is 41 cm. VNA output power has been set to 20dBm. A laptop
is used which is connected to the Vector Network Analyzer (VNA) using a LAN
connection. The PC is important for real time implementation. The software used for
calculation is Math-works MATLAB. For proper C-scan imaging data has been taken at
20 points in down range and 30 pdints in cross range direction. The B-Scan image has

been shown in figure (4.27) at different wall parameters.

Vector Network Analyzer R&S ZVL | 1 GHz - 3GHz

Antenna Double-ridged waveguide | 1-18 GHz
type (HF 906)

VNA Power 20 dBm

Range resolution | 7.5cm

Azimuth resolution 14.9cm

Cable Loss 1-1.5dB

Unambiguous range (4001 300 m

point}

Unambiguous I5m

range(201point)

Antenna-air reflection 0.225m

Table 4.9: System Parameters
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For the purpose of image formation following steps have to be followed:

i.  Divide whole region into small pixel and for each pixel calculate reflection and
refraction angle for the incident wave by solving equations (3.32) and (3.33).
ii. For each pixel, synchronize the outputs of the M receiver to gain the
corresponding signal by using equation (3.37).
iii.  Generate the composite image of the region.

iv.  Tune the wall parameters and then follow step i to iii for N number of times.

The results have been shown by keeping thickness constant and varying dielectric and by

keeping dielectric constant and varying frequency.

DS beamforming

(c) (d)
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Figure 4.27: Beam forming image at different dielectric value (a) 3.9 (b) 4.1 (c) 4.3 (d) 4.6 (e)
4.9 (f) 5.2 (g) 5.5 (h) 5.9 keeping wall thicknesses value 12.5 cm.

The results have been shown at a thickness value of 12.5 cm and by varying the dielectric
constant from 3.9 to 5.5. The variation in image intensity values have been shown in the
figure (4.27) as shown in equation (3.45) dielectric error change the focusing delay by an
amount and all the signals cannot focused on same point. Because of it image get

smeared and blurred.

To over-come from this problem some focusing techniques have been applied as

discussed in chapter 3.4.5, and the result have been shown in section 4.4.



Crossrange (m) : y S

Crossrange (m) : ' Crossrange (m)

Figure 4.28: Beam forming image at different wall thickness value (a) 8.5 (b) 9.5 (c) 10.5 (d)
11.5 (e) 12.5 (f) 13.5 (g) 14.5 cm, keeping dielectric constant value constant 5.2 ..

The results have been shown at a dielectric value of 5.2 cm and by varying the thickness

from 8.5 to 14.5 cm. The variation in image intensity values have been shown in the
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figure (4.28) as shown in equation (3.44) thickness error change the focusing delay by an
amount and all the signals cannot focused on same point. Because of it image get

smeared and blurred, and target shift from its true location.

4.4 Auto focusing Approach

In processing of developing beamforming image, If the wall parameters are known
exactly, the focusing delay cancels the propagation delay (refer equation 3.38) and then
Xq = Xp (see figure 3.11) and all receive pulse align and add together to produce a
coherently combine output, it means that all the receive signal focus on a single point
then output image intensity of the beam former is maximize. But in real time situation
wall parameters are not known and it has to be calculated and these parameters have to be
used for computing the focusing delay. By result of it, distorted image has been obtained
because of ambiguous wall parameters. To get high quality of image and nullify the
effect of wall ambiguities autofocusing approach has to be used. By using'image quality
indices parameters, image quality estimation has been done. The steps to obtain high

quality image has been followed: -

i.  Develop 2-D beam forming image.

ii.  Estimate image quality using quality indices value, and make a visual pfot for it.
iii.  Change wall parameters.
iv.  Repeat steps from i to iii, till focused image has not developed.

v.  Develop a statical model for quality indices having wall parameters as an input.

The equation developed at step (v) shows its maximum value at correct parameters, so by

solving this equations, accurate wall parameters can be obtain.

For the process of it first look up technique has been applied and wall parameters have
been obtain at maximum indices value, then develop a statical model for image quality
indices and by solving it, parameters have been obtained. Results for both techniques

have been shown in later sections.
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e Calculation of Wall Thickness Value When Dielectric value is known

T UNERERIES, R

Figure 4.29: Plot of quality indices values (a) normalize sum of image intensity (b) Negative of
image entropy (c) Ratio of Standered deviation to mean (d) Standardized moment at different
values of n.

Quality indices parameters have been calculated at constant dielectric value of 5.1 and
thickness have been changed from 3.5 cm to 20.5 cm. From the figure (4.29) it is clear
that the value of quality indices is maximum at wall thickness 12.5 cm. So we can take it
as an accurate wall thickness. So pair (5.1, 12.5 cm) can be assuming as a wall

parameters by using lookup method.
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e Calculation of dielectric at constant thickness

A

© | (d)

Figure 4.30: Plot of quality indices values (a) normalize sum of image intensity (b) Negative of

image entropy (c) Ratio of Standered deviation to mean (d) Standardized moment at different
valuesofn.

Quality indices parameters have been calculated at constant thickness value of 12.0 ¢cm

and thickness have been changed from 4.5 to 5.9 cm. From the figure (4.30) it is clear

that the value of quality indices is maximum at wall dielectric 5.3. So we can take it as an

accurate wall thickness. So pair (5.3, 12.0 cm) can be assuming as a wall parameters by

using lookup method.
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So we have seen form figure (4.29) to (4.30) as we change parameters, maximum values
of the indices have been changed, and so for successfully applying this techniques one

parameter should be exactly known.

e When Thickness and Dielectric Both are Unknown

vanation of nth standanzed moment with dielectnc and walk-thickness variation of nth standarized moment with dielectric and wall-thickness

(a) (b)

(d)

(c)
Figure 4.31: nth standardized moment for unknown dielectric and thickness value where n is

equal to (a) 5 (b) 10 (c) 15 (d) 20.
As discussed earlier, for the higher value of n as we changes the wall parameters from its
true value, there is sharpen change in moment will be observed, and it can be easily use
for the multiple wall/ inhomogeneous wall case where optimum parameters can be

obtained by using standard moment. So the value of standardized moment has been
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calculate for different values of n by changing the thickness values from 5 to 20 cm and
dielectric values form 4.5 to 6. As shown in the figure (4.31) the standardized moment
shows its maximum value for dielectric, 5.1 and 5.2, and at a thickness value 11.5 cm and
12.5 cm. So by calculating quality indices at these values we may obtain more accﬁrate

solutions.

e At dielectric Value 5.1

(c)
Figure 4.32: Quality indices plot at constant dielectric value and, varying thickness around
12.0cm by an amount of 0.2, (a) Normalize Sum of image intensity (b) Ration of standardizes
deviation to mean (c) 20th moment.

It can be said that it is in the form of exponential function. So the function is assumed to
be

F () = al *exp(~((t’-b1)/c])*2) + a2*exp(-((t-b2)/c2)"2); 4.1)
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We change thickness value by an amount of 0.2, around 12.0 cm so, t = 12.0+t’ cm;- by
applying curve fitting method, equation has been obtain for quality indices value (see

equatiqn 4.1)

Normalize sum of image intensity Ratio of Std deviation to mean " nth standard moment
al bl |cl |a2 b2 [c2[R* [al [b]c|la|b|c|R |a|bllclal|b2]c2] R
] 11122 |2 1 112
099 | 03 |8 (001 [~14(0 {099 | 1 [0 (9.(0. |- (0.[09(1 [0 {1[.]~-10.7]0995
8 7 7 4 69 | 87 4 1210 ]1.]81]9 61 |40 1. |43
7 2| 8|7 4| 2

Table 4.10: Constant terms value for equation (4.1).

By solving equation (4.1), value of t’ can be obtained.

* At Dielectric Value 5.2

Figure 4.33: Quality indices plot at constant dielectri¢ value and ,varying thickness around
12.0cm by an amount of 0.2.
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We change thickness value by an amount of 0.2, around 12.0 ¢cm so, t = 12.0+t’ cm; by

applying curve fitting method, equation has been obtain for quality indices value (see

equation 4.2)
F @) =al*exp(-((t’-b1)/c1)"2) + a2*exp(-((t’-b2)/c2)"2) 4.2)
"~ Where t=12.0+t’ cm; by applying curve fitting method . “ )
Normalize sum of image intensity Ratio of Std deviation to mean
al |[bl el a2 b2 |[c2 R’ al [bl |[ecl a2 b2 [c2 [R®
0.99 | 0.12 | 9.604 | 0.003 | - 10334 (0998 |1 |0.14 | 10.12 | 0.006 | - 0.56 | 0.991
1.11 1.34
nth standard moment
al bl cl a2 b2 c2 R®
1 0.39 15.21 0.002 -1.10 0.35 0.9994

Table 4.11: Constant values for equation 4.2

It shows maximum value at accurate parameters so by differénﬁating the function wrt t’

and equating it equai to zero give the accurate value.

e At Thickness 12.5 cm

F (') = al*exp(-((n’-b1)/c1)"2) + a2*exp(-((n’-b2)/c2)"2); “(4.3)
Where n = 5.0+n’ ; by applying curve fitting method
Normalize sum of image intensity Ratio of Std deviation to mean
al [bl |el a2 b2 |2 R’ al [bl [cl a2 b2 [c2 |R?
0.99 | 0.18 | 7.604 { 0.0065 | - 0.784 | 0988 | 1 0.19 | 10.19 | 0.087 | - 0.96 | 0.971
1.61 2.34
nth standard moment

al bl cl a2 b2 c2 R’

1 0.43 11.26 0.010 -1.34 0.597 0.9991

Table 4.12: Values of constant for equation 4.3

It shows maximum value at accurate parameters so by differentiating the function wrt n’

and equating it equal to zero give the accurate value.
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Figure 4.34: Quality indices plot at constant thickness value and, varying dielectric around
5.0by an amount of 0.2.

e At Thickness 11.5 cm

F (n’) = al*exp(-((n’-b1)/c1)"2) + a2*exp(-((n’-b2)/c2)"2); 4.4)
Where n = 5.0+n’ ; by applying curve ﬁtfing method
Normalize sum of irhage intensity 7 “Ratio of Std deviation to mean ]
al bl cl [a2 [b2 |2 |R® al |bl |el a2 b2 | c2 R
099 (062 {37 1018 |- _.|1.08 {09971 0.14 { 14.19 | 0.587 | - 1.96 | 0.991
1.81 4.74

nth standard moment

al bl cl a2 b2 2 TR

0.997 0.75 7.07 0.059 -1.55 1 0.961 0.9988

Table 4.13: Values of constant for equation 4.4

It shows maximum value at accurate parameters so .by differentiating the function wrt n”

and equating it equal to zero give the accurate value.
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Figure 4.35: Qua

o General §
From the figure (4
negligible change

environment so cl

ity indices plot at constant thickness value and, varying dielectric around |
5.0by an amount of 0.1.

solution

.34 & 4.35) it is clear that changing the dielectric value by 0.1, there is
in quality indices value, and the experiment had been done in real

utter also affect the data. So by taking a data in wide ranges and then

summing them, we can go for optimum solution.

Quality indices varues had been calculated at different values of thickness, by varying the

dielectric values fTom 3 to 7. By averaging al, bl, cl, a2, b2, c2 we got optimum values

of these parameters. At true parameters quality indices shows its maximum value, so by

differentiating the| equation 4.5 with respect to 4rn and then putting it equal to zero we

will get optimum value of parameters. -
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thic | Normalize sum of image intensity “Ratio of Std deviation to mean
knes )
s al [bl |a2 |[b2 |c1 c2 |R? al | b1 |a2 b2 cl c2 | R
(cm) , -
119 [099 | 0.50;3.7 | 1.6 0.12 | 092 |1 09862 |1 [0.33(42.38 | 0.0004 | -1.05 | 0.31 | 0.9578
, g ) ' . 4
120 (099(0301411004 |-1.2 [0.48( 09943 (1 |0.30 | 45.98 | 0.0078 | -1.46 | 0.45 | 0.9786
) . 6
121 10589 (030|141 (004 |-13 [ 05809862 |0. |0.26 | 31.25 | 0.008 | -1.21 |.0.48 | 0.9862
9 7
. 9 |
12.2 | 0.891{0.20| 4.4 - 031109811 (0. | .33 30.71 | 0.012 - 0.06 | 0.9793
0.02 | 1.09 9 1.131 | 2
9 - A
123 1099 (0.19 |44 | 0.04 | - 0.31109748 { 1 0.17 | 41.8 0.04 -1.03 | 0.58 { 0.9745
1.709 7 , » ‘
12.4 | 0.99 | 0.17 | 4.8 | 0.04 | -. 0.58 10.9845 | 1 0.48 | 28.87 | 0.07 -1.76 | 0.59 | 0.9628
1.03
nth stanrdarrd rﬁorﬁént
al b1 a2 b2 c1 c2 R?
0.99 0.4 10.38 0.016 1.44 0731 | 09925
0.99 .33 10.71 0.012 ' -1.131 0.062 0.9893
0.99 0.26 11.25 0.008 121 | 0487 0.9862
0.99 0.20 11.58 0.005 1.137 0383 | 0.9708
0.99 0.13 11.97 0.004. 1-1.09 0.331 0.9598
1.03 1.543 15.79 -0.04931 2.59 3.077 0.9265
Table 4.14: Obatin values of constant by dsing curve fitting method for équati;m {4.5)
F(x) = al*exp (-((4n-b1)/c1)*2) + a2*exp(-((An-b2)/c2)"2) 4.5

- £=5.0+An;
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. Normalize sum of image intensity Ratio of Std deviation to mean
al |bl fecl a2 [b2 |c2 [R® Jal bl |cl [a2 [b2 2 [R
0.99 | 0.326 | - 493 10734029 (0988 |1 [0.19 |-2.34|3238 | 0.087 | 0.96 | 0.971
1.61
nth standard moment
al bl cl a2 b2 c2 R’
1 0.43 -1.34 0.012 -1.34 0.597 0.9991

Table 4.15: Average value

Same as, quality indices values had been calculated at different values of dielectric, by

varying the thickness values from 5 to 15 cm. by averaging al, b1, cl, a2, b2, c2 we got

optimum values of these parameters. At true parameters quality indices shows its

maximum value, so by differentiating the equation (4.6) with respect to A¢ and then

putting it equal to zero we will get optimum value of parameters.
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F(x) = al*exp (-((4r-b1)/c1)"2) + a2*exp(~((4t-b2)/c2)"2) - (4.6)
t=5.0 +4t
diel | Normalize sum of image intensity Ratio of Std deviation to mean
ectri _
c al |[bl |a2 |b2 |c1 |c2 |[R? al |b1 |a2 b2 cl 2 |R
49 [099|060(57(19 [042 06209762 |1 |0.3832.38|0.0087 | -1.35 | 0.56 | 0.9678
' 4
51 (099037 |6.1(094 |-3.2 |0.98[0.9843 |0. [ 0.32|25.98 | 0.0876 | - 0.75 | 0.9456
9 1.786 | 6
53 1099|048 |57(0.75|-43 | 16809762 |0. | 0.36|31.67 | 1.006 |-1.31 | 0.68 | 0.9732
9 7
9
55 [099]089 |64 - 0.71| 09611 | 0. | .43 | 29.61|1.09 - 0.36 | 0.9433
‘ 0.48 | 3.09 9 ’ 1,141 | 2
9
57 (099|098 |7.4(0.72 |- 09109748 |1 | 047|376 |0.87 -1.53 | 0.48 | 0.9845
: 4.09
59 09906349176 |- 1.28 109887 |1 |0.28 | 30.77 | 0.089 | -1.76 | 0.49 | 0.9528
5.03 \




nth standard moment

al b1l a2 b2 cl c2 R?

6.99 0.78 18.38 0.018 =1.94 0.987 0.9885
0.99 1.33 7.71 1.012 -1.231 0.089 0.9763
0.99 | 1.27 13.25 1.008 -1.561 0.76 0.9892
0.99 1.20 12.58 0.045 37 | 0543 0.9878
0.98 1.23 17.97 0.304 -1.675 0.574 0.9788
1.03 2443 | 17.89 -0.4931 2.129 3.987 0.9325

Table 4.16: Obatain values of constant for eq (4.6)

Normalize sum of image intensity Ratio of Std deviation to mean
al bl cl a2 b2 Jc2 |R? al | bl cl a2 b2 |2 R?
0.99 | 0.65 | - 6.03511.09 |1.03 (0978 | 1 0.37 | - 3133 | .52 [ 055 | 0.961
3.215 1.47
nth standard moment )
al bl cl a2 b2 c2 R®
0.98 1.37 1.644 14.63 -0.315 1.15 0.9753

Table 4.17: Average value

By solving the equations (4.5) and (4.6)‘dielectric and thickness value 12.8 and 5.4 has

been obtain, we have taken it as a optimum parameters and obtain beam forming image

for it.

77




DS beamforming

Downrange (m)

0 02 04 06 08 1 12 14
Crossrange (m)

Figure 4.36: Beamforming image for dielectric value 5.4 and thickness 12.8cm.
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CHAPTER 5

5. CONCLUSION AND FUTURE SCOPE

5.1 Conclusion

Our main aim for this work is to characterize wall parameters and then apply focusing
approach to improve results, so that we can get high qualyity of image. We have used here
step frequency continuous wave radar (SFCW) which consists of mainly VNA and data is
collected in frequency domain. The PC was interfaced with the VNA using MATLAB
and NI VISA. For wall characterization insertion transfer function method and reflection
method had been applied first. The insertion transfer function method provide variation
of parameters with frequency, for this method complex equations have to be solved and it
cannot be applied in real time applications. However, reflection method is simple, easy-to
use and can be used in real time environment but to the effect of multiple reflections from
wall effect its accuracy. Further beam forming B-scan image had been developed and
showed the effect of wall parameters in image -i'ntensity. The errors in these parameters
smear and blur the image and shift the target from its true location. Then we presented an
" auto-focusing system for through-the-wall applications that focuses the image and
corrects for shifts in imaged locations of stationary targets. We analyzed the intensity
profile, for this system, under far-field and small erfor assumptions. We considered point
targets and assumed single uniform walls. We examined potential image quality metrics
that allon the system operator to perform ir_riaging under wall parameter ambiguities. It
was shown that higher order statistics are more sensitive to errors in wall parameters as
compared to conventional contrast measures such as sum of squared intensity. This is
because the peaks in the image intensity profile become sharper as the image intensity is

raised to a higher power, increasing the overall image contrast.

5.2 Future Work
There are lots of applications where the imaging of the objects through the opaque

obstacles could be used. It seems that the radar with the electromagnetic waves
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penetration is a good way to achjeve it. However, all the required techniques need to be

improved in a large scale.

To include the multilayer model approach for the measurements of the wall
parameters. This would provide thickness, permittivity and conductivity for every
layer of the wall such as brick wall, plaster, plywood etc.

To include the multilayer model of the wall into the precise TOA estimation. By

~ using this effects wall parameters on image can be precisely obtained.

Since different clutter reduction techniques and their results show improvement in
detection. But these resﬁlts_ are influence by priory information about the presence
of target. It will interesting to apply in unknown environment, particularly
adaptive techniques should be applied.

The process that takes into account multiple reflections between object and

diffraction should be investigated.

Investigate the ways to reduce data throughput, possibly by some type of

preprocessing, and develop more efficient imaging algorithms.

Apart from it radar hardware has the great ability for improvement. By improving the

radar range resolution detection of moving targets can make easy. It can be expected that

more sophisticated methods with much larger computational requirements would be

investigated in the future. They will require more powerful hardware that is available

now.
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APPENDIX

|

Experimental Setup, delay calculation of antenna and A-Scan

algorithm
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Fig: Experimental setup and Delay calculation of antenna

A Scan Algorithm: The data collected by the VNA is in the frequency domain at

frequency points f, which is converted to the time domain by inverse fast Fourier
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transform (IFFT). Mathematically, a signal returned from a target at a distance in the

frequency domain is given by equation :

SU,) =—— [S@exp(-j2af,ndt | M

Az = ! 2

ri= @)
N, -1

e = ~ - ®

Where A7 is the time resolution possible with the stepped frequency waveform of N,

uniform steps of Af, 7,,is the maximum time possible and BW is the bandwidth of
the system. For the present case, N ,= 4001 and Af = 0.5 MHz Thus we see the need to

choose N = 4001 for increased resolution.

The signal obtained in frequency domain is converted into time domain by performing’

inverse Fourier Transform. The time domain signal is represented as:
Ny-1 ‘
S =D 5(f,) exp(i24f,1) “4)
n=0
Mapping from time domain to spatial domain is done according to following equation :
=2 - )

The mapped spatial domain signal is represented as

5G)= 350, exp(jzryﬁ,(%n “ ©)

n=0
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II. MATLAB Code

// Code for characterization of wall parameters using insertion method

Dwall=.12;

c=3%10"8;

S21=importdata(’ ");

S21W=importdata(" "");
freq=importdata('"H:\freq.mat');

magS21=abs(S21);

angS21=angle(S21);

magS21 W=abs(S21W);

angS21 W=angle(S21W);

S21n=821./S21W;

magS21n=abs(S21n);

angS21n=angle(S21n);

beta0=2*pi*freq/c;

initRealDielectricConst=5; // in the case of brickwall
optlons—optlmset('Dlsplay' 'iter’, NonlEqnAlgorithm', 'dogleg')
RealDielecConst=zeros(length(magS21n),1);

for var=1:length(magS21n)

RealDielecConst(var)=fsolve(@CalRealDielectricConstant,initRealDielectricConst,options,magS2 1n(var),
- angS21n(var),freq(var),beta0(var),Dwall,c);

end

% save('H:\vishal','RealDielecConst");

% RealDielecConst=zeros(length(magS21n),1);

% for var=1:length(magS21n)

% . o
RealDielecConst(var)=CalRealDielectricConstant(initR ealDielectricConst,magS2 1n(var),angS21n(var),fre
q(var),betaO(var), Dwall ,C);

% end .

% save('H:\vishalnn' 'RealDlelecConst'),

[AttenConst,ImagDielectric,L.ossTangent] '—caIImagDielectricCOnstatit(RealDielecConst,ma{gSZ In,angS21n
,freq,beta0,Dwall,c);

kk=RealDielecConst;

figure(1), plot(freq/1e9,RealDielecConst,'-g', linewidth',2);

abs(mean( RealDielecConst))

figure(2), plot(freq/1e9,abs(AttenConst),'-r', 'lmewndth' 2);

mean(RealDielecConst)

figure(3), plot(freq/1e9,abs(LossTangent),-k', linewidth',2);

// Function used in method //
/! For calculation of Real Dieléctn'c Constant //
function F=CalRealDielectricConstant(RealDielectricConstant,magS2 lvn, angS21n,freq,beta0,Dwall,c)

beta=beta0.*sqn(RealDielectricConstant);
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b=cos(2.*beta.* Dwall).*(RealDielectricConstant-1)"2-+(8 *Real DielectricConstant)./(magS21n./2);
X=(b-sqrt(b.*2-(RealDielectricConstant-1)"4))./(sqrt{(RealDielectricConstant)-1)"4;
Q=-((sqrt(RealDielectricConstant)-1)/(sqrt(RealDielectricConstant)+1))*2;
F=tan(beta0.*Dwall-(angS2 1 n+2*pi*freq. *(Dwall/c)))+((1-Q.*X)./(1+Q.*X)).*tan(beta. *Dwall);
end

// For Claculation of Loss tangent and Attenuation Constant //

function[AttenConst,ImagDielectric,LossTangent]=callmagDielectricConstant(RealDielectricConstant,mag
S21n,angS21n,freq,beta0,Dwall,c)

beta=betal.*sqrt(RealDielectricConstant);
b=cos(2.*beta.*Dwall).*(RealDielectricConstant-1)./2-+(8*RealDielectricConstant)./(magS21n./2);
X=(b-sqrt(b."2-(RealDielectricConstant-1).”4))./(sqrt(RealDielectricConstant)-1)./4;
AttenConst=-(1/2*Dwall)*log(X);
ImagDielectric=(2*c.* AttenConst. *sqrt(RealDielectricConstant))./(2*pi*freq);

LossTangent=ImagDielectric./RealDielectricConstant;
End .
/I Calculation of Dielectric Constant by using reflection method with Gui //

function varargout = final prjctl(varargin)

% FINAL_PRIJCT1 M-file for final prjctl.fig

%  FINAL_PRICTI, by itself, creates a new FINAL PRICT1 or raises the existing
%  singleton*, '

%

% H=FINAL PRIJCTI returns the handle to a new FINAL_PRJCT1 or the handle to
% the existing singleton*.

% .

%  FINAL_PRICT1('CALLBACK!'hObject,eventData,handles,...) calls the local

%  function named CALLBACK in FINAL_PRJCT1.M with the given input arguments.
% _

%  FINAL_PRJICTI1('Property','Value',...) creates a new FINAL PRJCT]1 or raises the
%  existing singleton*. Starting from the left, property value pairs are

%  applied to the GUI before final prjctl OpeningFunction gets called. An

%  unrecognized propeny name or invalid value makes property application

%  stop. Allinputs are passed to final_prjctl _OpeningFcn via varargin.

%

%  *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one

%  instance to run (singleton)".

%

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help final_prjctl
% Last Modified by GUIDE v2.5 24-Oct-2010 03:24:17

% Begin initialization code - DO NOT EDIT -
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gui_Singleton =1;

gui_State = struct('gui_Name', mfilename, .
'sui_Singleton', gui Singleton, ...
'gui_OpeningFcn', @final_prjctl_OpeningFen, ...
'gui_OutputFen', @final_prjctl OutputFen, ..
'gui_LayoutFcen!, [],
'‘gui_Callback', []);

if nargin && ischar(varargin{1})

gui_ State gui_Callback = str2func(varargin{1});
end

if nargout ~
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
- else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% --- Executes just before final prjctl is made visible.

function final_prjctl_OpeningFcn(hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to final_prjctl (see VARARGIN)

% Choose default command line output for final prjctl
handles.output = hObject;
%handles.wall={zeros(64,1),zeros(64,1), zeros(64 1D};
%handles.metal={zeros(64,1),zeros(64,1),zeros(64,1)};
handles.refl=zeros(64,1); )
handles.h2=zeros(64,1);

handles.valu=0;

handles.no=0;

handles.count=1;

set(handles.text1,'string','"no of points =');

% Update handles structure
set(hObject,'toolbar','figure');

guidata(hObject, handles);

% UIWAIT makes final_prjctl wait for user response (see UIRESUME)
% uiwait(handles.figurel);

% --- Outputs from this function are returned to the command line.
function varargout = final prjctl OutputFcn(hObject, eventdata, handles)

% varargout cell array for returning output args (see VARARGOUT)
% hObject handle to figure
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% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (sece GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;

% --- Executes on button press in pushbuttonl.

function pushbuttonl_Callback(hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO) '

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
axes(handles.axesl);

dist=cal_dist();
%K11_1={zeros(201,1),zeros(201,1),zeros(201,1)};
input=get(handles.edit1,'string");

no=str2num(input);

vt = visa('ni','TCPIP::192.168.111.14::INSTR");

set(vr, 'InputBufferSize'; 30000);

fopen(vr);

for (i=1:1:no)

fprintf(vr , 'CALC:DATA:STIM? ');
fscanf(vr);

str2num(ans);

freq = ans;

fprintf(vr , 'CALC:DATA? SDAT");
fscanf(vr);

data = str2num(ans);

%data2 = zeros(201,3);
data2{i}(:,1) = freq';
data2{i}(:,2) = data(1:2:401)';
data2{i}(:,3) = data(2:2:402)';
K11 1{i} =data2{i}(:,2)+sqrt(-1)*data2{i}(:,3);
str=sprint{(‘data:%d",i);
set(handles.text2,'string',str);
invF1 = ifft(K11_1{i},201);
abl1{i}(;,1) = abs(invF1);

% abl = normalize(abl);
targetl {i}(:,1) = abl{i}(1:64);
plot(dist,targetl {i},"ob','linewidth',2);
title(' Range profile target');
ylabel("Absolute value of S11%);
xlabel('Downrange in metres');
invF_gl=abs(invF1);
pwr=invF_gl1(1:100,:);
wall target(i,:)=pwr;
beep;

% handles.valu
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ifi=no

break;
end '

pause;
end
pause(1);
set(handles.text2,'string',™);
save('H:\S11_wallfake',K11_1");
fclose(vr);

% v(i)=max(targetl);

function edit] _Callback(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of edit1 as text
% str2double(get(hObject,'String")) returns contents of editl as a double

% --- Executes during object creation, after setting all properties.
function editl_CreateFcn(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

- % eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

%  See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor'), get(0,'defaultUicontrolBackgroundColor’))
set(hObject,'BackgroundColor','white');

end

% --- Executes on button press in pushbutton2.

function pushbutton2_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
input=get(handles.edit1,'string");

no=str2num(input);

if no==1

S11_1=importdata("H:\projct_oct31\wall_900.mat");
S11_2=importdata("H:\projct_oct31\metal_900.mat");
kk=importdata('H:\projct_oct31\reflection\brick\metal\metal 900.mat");

for j=l:no
invF2 =ifft(S11_2{j},201);
abm{j}(:,1) = abs(invF2);
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% ab1l = normalize(abl);
handles.metal {j}(:,1) = abm{j}(1:64);
[m_pos(j)]=first_ref(handles.metal{j});
end
%kk=handles.metal;
%save('"H:\projct_oct31\reflection\brick\metal_1125','kk");
o%smm=handles.metal;
%
for j=1:no
handles.metal {j}(;,1)=kk{j}(1:64);
[m_pos(j)]=first_ref{handles.metal{j}); -
%m_pos(j);
end

for i=1:no
invF1 = ifft(S11_1{i},201);
abl{i}(:,1) ="abs(invF1);
% abl = normalize(abl);
handles.wall{i}(:,1) = abl{i}(1:64);

% v(i)=max(targetl);
end
for m=1:no
magl=max(handles.wall {m}((m_pos(m)+1):64));
for I=(m_pos(m)+1):64 -
if magl==handles.wall{m}(l);
pos=l;
end
end
test= handles.wall{m}{(m_pos(m)+4);
handles.wall{m}(m_ pos(m)+4)=magl;
handles.wall{m}(pos)=test;

end

. %mm=handles.metal;

%save('H:\pendrive 23\New Folder\metal_invf data\metal 900','mm");
handles.refl=handles.metal {no}-handles.wall{no};
pos=first_ref(handles.metal{no});
a=handles.wall{no}(pos)/max(handles.metal{no}(8:64));
handles.h2=handles.wall {no}-a.*handles.metal {no};
guidata(hObject, handles);

% --- Executes on button press in pushbutton3.
function pushbutton3_Callback(hObject, eventdata, handles)
% hObject handle to pushbutton3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
input=get(handles.edit1,'string’);
no=str2num(input);
axes(handles.axesl);

94



[m_pos]=first_ref(handles.metal {no});
dist=cal dist();
for i=1:m_pos
handles.h2(i)=0;
end
if handles.count>4
handles.count=1;
end
if handles.count==1
plot(dist,handles.wall{no},":ob",'linewidth',2);
title(* Range profile target");
elseif handles.count==2
plot(dist,handles.metal {no},"ob’, 'lmew1dth' ,2);
title(* Range profile metal®);
elseif-handles.count==3

plot(dist,handles.refl,":0b','linewidth',2);

title(' air wall reflection’);
elseif handles.count==4

plot(dist,handles.h2,':0b', linewidth' 2)
title("wall air reflection”);

end
%title(’ Range profile target");
ylabel("Absolute value of S11);
xlabel('Downrange in metres');
handles.count=handles.count+1;
guidata(hObject, handles);
% --- Executes on button press in pushbutton4. -
function pushbutton5: Callback(hObject, eventdata, handles)
% hObject handle to pushbutton5 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
sum=0;
input=get(handles.editl,'string'});
no=str2num(input); -
%for k=1:no

=no;
[m_pos]=first_ref(handles.metal{k});
ref coff=(handles.wall{k}(m _pos))/max(handles.metal {k}(8:64));
er=(1+ref_coff)"2/(1-ref_coff)"2;
sum=sum-er;
%end
Y%er=sum/no;
er=sum;
[m_pos1]=first_ref(handles.metal{no});
str=sprintf(’dieelectric constant:%ofer);
set(handies.text3,'string',str);
__[m2_pos]=second_ref(handles.h2,m posl);
dist=cal_dist();
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D1=dist(m_posI);

D2=dist(m2_pos);

Diff=(D2-D1);

%D_wall=Diff*100;
D_wall=(Diff/sqrt(er))*100;
st=sprintf('wall width:%f cm',D_wall);
set(handles.text4,'string',st);
guidata(hObject, handles);

% --- Executes on button press in pushbutton6.

function pushbutton6_Callback(hObject, eventdata, handles)

% hObject handle to pushbuttoné (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
cla(handles.axes]1,reset");

set(handles.text2,'string',");

set(handles.text3,'string’,");

set(handles.text4,'string',");

guidata(hObject, handles);

// Imaging: Beam forming
Er=4.9;
t=0.110;
% for cw=1:8
for cd=1:21
v=0;
%clear all;
.close all;
clc;
tic .
BW = 2.0*10"9; %% Bandwidth of The System
c=3*10"8; %% Speed of light in [m/s]
time_difference = (2*t/c)*(sqrt(Er)-1); %%delay calculation due to the wall
appdist =c*time_difference/2;
za=1:201;
time = (za-1)/BW,;
dist = time*c/2;
index =int16( (2)/(dist(2)-dist(1)));
indexvc=round(appdist/dist(2));
indexpc = round(.48/dist(2)); %%check phase delay due to antenna air first reflection
scanp =30; ‘

filename= "D:\focusing\beamforming\12.mat'; %%path for target data
maxm_iter=10000;

check=0;

xo0ld=0.4;

count=0;

r=0.41;
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d=0.50;

theta0=0;

xupdated=0;

Ymax = 2;

Xmax = 0.05*scanp;

h = 0.05; % element spacing [m]

ux = 0:h:Xmax-h; % radar platform positions [m]
N = 30; % dimension for image map x-coordinates
M = 20; % dimension for image map y-coordinates
%% ----- end user-specified parameters -----

%% compute "look" positions for radar platform
uy=0:0.075:.075%20; '
del x = Xmax/(N); % grid spacing [m] - to correspond to
del_y = Ymax/(M); % physical dimensions of the ob_)ect space
n=1:N;
x_grld(n) del x. *(n—l)
=1:M;
y_grld(m) del_y.*(m-1);
% allocate memory (N - crossrange coordlnates M - downrange coordinates)
% Etotall = zeros(N,M);
% Etotal2 = zeros(N,M);
Etotal3 = zeros(IN,M);
Etemp3 = zeros(N,M);
delR = zeros(N,M);
indx = zeros(N,1);
Dtotal = zeros(N,M);
delayRoundTrip=zeros(N,M);
% delTF = tRange/(nT-1); % ns/division for PSR data. This is used to
% interpolate data from PSRs to the image space.

for 1 =1:30 % loop over each position of Tx/RX platform
for k= 1:20 .
for n=1:30
delZsq = ( t+d+r)"2;
h=0.05;
s=1:30;
ux = 0:h:Xmax-h;
x_grid(s) = del_x.*(s-1);
delYsq=(uy(k));
delXsq = (ux(l) - x_grid(n) )*2;
R(n,k) = sqrt( delXsq+delYsq );
thetaO(n,k)= acos((uy(k))/R(n,k));
check=0;
xo01d=0.4;
count=0;
while( check==0)
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xupdated= xold -f(Er, thetaO(n,k), xold, d, t,r, R(n,k)})/df(Er, thetaO(n k), xold, d, t,r);
if(abs(xupdated-xold)< diff)
check=1;
%display(‘we have converged');
end
if(count>maxm_iter)
check=1;
%display('too many iterations');
end
xold=xupdated;
count=count+1;
end
thetatwo(n,k)=xupdated;
thetaone(n,k)= asin(sqrt(Er)*sin(xupdated));

Dtotal(n,k) = (R(n,k)*cos(theta0(n,k))-t-
d)/cos(thetaone(n,k))+sqrt(Er)*t/cos(thetatwo(n, k))+d/cos(thetaone(n,k))+0.225; % total round-trip distance
delayRoundTrip(n,k) = Dtotal(n,k)/c; % round-trip delay without considering wall
for u=1:201
Etemp3(n,k) = Etemp3(n,k)+(array(l,u))*exp(-4*pi*iota*delayRoundTrip(n,k)*fq(u));
end

end
end
Etotal3 = Etotal3+ Etemp3;
end
toc
fori=1:30
for j=1:20
image(i,j )= abs(Etotal3(i,j));
end
end
image=image';
figure ,imagesc(x_grid,y grid,image);
title('DS beamforming');
xlabel("Crossrange (m)");
ylabel('Downrange (m)");
set(gca,"YDir','normal’);
colorbar;
% Er=Ert+0.1;
t=t+0.001;
for In=1:20
v=v+1;
imagel {cd}(v,:)=image(in,:);
end
% image2{cw,cd}=imagel;
clear image;
end
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// Function used in beamfoming
function dx= df( Er, theta0, theta2, d, t,r)
dx= (r+d)*(1+(tan(asin(sqrt(Er) *sin(theta2)))’\2))*sqrt(Er)*cos(thetaZ)* 1/(sqrt(1-
Er*(sin((theta2)"2))))+t*(1+(tan(theta2))"2);
end '

fuhction x=f(Er, thetaO, theta2, d, t,r, R)
x=(r+d)*tan(asin(sqrt(Er)*sin(theta2)))+t*tan(theta2)-R *sin(theta0);
end

// Image quality indices value calculation

clear all;

clc;

M=importdata('D:\focusing\WALL N DIE ERROR BOTH\125wall.mat");

for k=1:11

al=0;

bl1=0;

a2=0;

b2=0;

a3=0;

b3=0;

c3=0;

b4=0;

I=M{k};

for j=1:13

for i=1:30

- al=al+(I(,D))"2;
b1=b1+I(j,i);

~end

end

cl(k)=al/b172;

% ml=cl;
for j=1:11
for i=1:30
a2=a2+1(,i)4;
b2=b2-+1(j.i);
end
end
c2(k)=a2/b1/4;
for j=1:13
for i=1:30 -
%  a3=a3+IG,i);
b3(j,i)=1(,i)"2/b1;
c3=c3+b3(j,i)*log(b3(.1));
end
end
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cd(k)=c3;
for j=1:13
for i=1:30
ba=b4-+(1(j,i)-(1/30)*b1)"2;
%  cd=sqrt(b4)/bl;
end )
end
c5(k)=sqrt(b4)/bi;
end
die=-1:0.2:1;
k=max(cl);
cl=cl./k;
I=max(c5);
cS5=c5./1;
©c2=c2*10"7;
figure(1),plot(die,c1(1:11),"-k','linewidth',2);
title('Normalize sum of image intensity at thickness 12.5 cm ');
ylabel('magnitude');
xlabel(‘change in dielectric'");
figure(2),plot(die,c2(1:11),'-k','linewidth’,2);
title("'Negative of image entropy at thickness 12.5 cm");
ylabel('magnitude');
xlabel('change in dielectric');
figure(3),plot(die,c5(1:11),"-k','linewidth',2);
title("Ratio of Standered deviation to mean at thickness 12.5 cm");
ylabel('magnitude’);
xlabel('change in dielectric");
figure(4), plot(die,c4(1:11));

/[ Calculation of higher order matrix by using means and variance of the image

clear all;
cle
for pp=1:N
% pp=l;
clc;
n=input('enter the value of n:");
M=importdata('D:\focusing\ WALL N DIE ERROR BOTH\125wall.mat");
for k=1:11 ‘
al=0;
a2=0;
a3=0;
- I=M{k};
for j=1:13
for i=1:30
al=al+I(,i);
end
end
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mw=al/(i+j-2);
for j=1:13
for i=1:30
a2=a2-+(1(j,1)-mw)"2;
end
end
sgma=sqrt((1/(i+i-2-1))*a2);
for j=1:13
for i=1:30
a3=a3-+(I(j,i)-mw) n;
end
end
gamma(k)=(a3/((i+j-2-1)*sgma”n));
end
gamma=abs(gamma);
k=max(gamma);
gamma=gamma./k;
% for 1=1:18
% gamma()=(mx-abs(gamma(l)))/mx;
% end '
die=-1:.2:1;
if pp==1
plot(die,gamma,’-k','linewidth',2);
end
if pp=2
plot(die,gamma,'--k','linewidth',2);
end
if pp=3
plot(die, gamma,':k','linewidth',z);
end
if pp==4
plot(die,gamma,'- k', linewidth',2);
end
if pp==5
plot(die,gamma,-k*','linewidth',2);
end ‘ :

hold on;
% pp=pp+1;
end
title('nth standarized moment ");
ylabel(‘'magnitude');
xlabel(’ change in dielectric ");
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