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ABSTRACT

Improved Target Detection and Tracking Techniques for Moving

Objects with IR-UWB Radar

Nguyen Van Han

Advisor: Prof. Jae-Young Pyun, Ph.D.
Dept. of Information and
Communication Engineering.

Graduate School of Chosun University

Object detection, localization, and tracking are important for the purposes of rescue,
surveillance, and security applications. Generally, these techniques are based on Global
Positioning System (GPS), and/or Radar systems. However, in indoor environment, GPS and
Radar system cannot apply because they have high error. In recent years, Ultra Wide-band
(UWB) has become a possible solution for object detection, localization, and tracking in indoor
environment, due to its high range resolution, compact size, and low cost.

This thesis work presents the improved target detection and tracking techniques of moving
objects with Impulse Radio UWB (IR-UWB) Radar in a short range indoor area. This purpose
is archived through several signal processing steps such as: clutter reduction, target detection,
and target tracking. In the clutter reduction step, a method using Kalman Filter (KF) is
proposed. In the target detection, the modification of conventional CLEAN algorithm is
applied. After that, the output is fed up the target localization and tracking step in which the

target distance and location will be determined and tracked in 1 dimension and 2 dimensions,
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respectively. In each step, the proposed and/or modified methods are evaluated in comparison
with the conventional methods to show their performances. To evaluate the performances of
various methods, the experiments are made with real IR-UWB radar in different scenarios.
Then, the raw data are processed with these signal processing steps. The results verify that the

proposed methods can improve the probability of target detection and tracking efficiently.
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I. Introduction

A. General overview

There are many applications which require the object’s location such as: rescue, emergency, and
security purposes. The approaches accessing to the object location are typically divided into two
groups: the active and passive localization. In the first approach, the object is often with a Mobile
Station (MS) in a communication network. Through the cooperation between MS and Base Stations
(BSs), the object location is determined [1]. GPS, cellular networks, and wireless sensor networks
(WSNSs) are representatives of this group. In the second approach, the object does not communicate
with others in the communication network. But, the object location can be recognized based on the
reflected signal from the object [2]. Radar (RAdio Detection And Ranging), Sonar (SOund
Navigation And Ranging), and Ladar (LAser Detection And Ranging) are the most common in this
group. These methods have both pros. and cons. However, for indoor localization and tracking,
GPS and traditional Radar bring too high errors. Cellular network and WSN are limited in
complicated controls and protocols. Sonar and Ladar are degraded their performance by
interference. Therefore, Ultra Wideband (UWB) Radar has become an emerging technology which
is appropriate for indoor localization and tracking. The reason is that it has many advantages: high
spatial resolution, mitigating interference, through the wall visibility, simple transceiver, and low
cost [3].

For the purpose of detection, localization, and tracking of moving target in indoor environment,
an UWB radar usually has one or more transmitters and one or more receivers. The transmitter(s)
send very narrow pulses and the receiver(s) receive the reflected pulses from the targets. After that,

the received signal should be passed through several signal processing steps to extract the target
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signal. The most challenge is that the target signal is perturbed by clutters and noises. Especially, if
the target is far away from the radar, the signal attenuation will be more serious. Thus, it will be
more difficult to detect target signal. Therefore, removing clutters and noises is the crucial task to
improve target detection ability.

This thesis proposes a signal processing procedure in which the clutters and noises are reduced as
well as the signal attenuation of far target is compensated. Hence, the overall target detection
probability is improved. Finally, the target signal is processed to localize and track its distance and

location in 2-dimension coordinates.

B. Objectives

The main objectives of this thesis are research on applications of UWB radar in detection,
localization and tracking of moving objects, and to suggest new techniques to improve the target
detection and tracking. The specific objectives are:

(1) Survey on UWB technology, UWB radar, and their applications.

(2) To obtain a robust clutter and noise removal technique.

(3) To improve the target detection probability, specifically for the far target.

(4) To measure the distance from target to radar, localize target position, and track target

trajectory.

C. Thesis contribution

This thesis presents an application of Impulse Radio UWB (IR-UWB) radar system for detection,

localization and tracking of moving target. It is proposed some new algorithms in order to improve
-2-
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the system performance in term of target detection probability and tracking. This IR-UWB radar
system can be used for surveillance in small area, or inside a building. It is also possible to use this
system for detection of moving target in dangerous and limited visual environment. Nevertheless,
the signal processing procedure may be extended for through the wall imaging and collision
avoidance system in transportation. The main contributions of this thesis are as follows:

New algorithms: A new algorithm based on Kalman Filter is applied for clutter reduction. It
shows the better estimation of clutter in comparison with other methods. In addition, a modified
CLEAN algorithm is proposed for target detection in which concerns with the compensation of
signal attenuation. The combination of these algorithms is suggested in this thesis.

Signal processing procedure: The recommended signal processing procedure is given in this
thesis. It consists of clutter reduction step, detection step, localization and tracking step.

Matlab code: A set of simulation code written in Matlab R2012a demonstrates the signal

processing procedure and each step performance.

D. Thesis organization

The remainder of this thesis is organized in modular chapters and its outline is as follows:

Chapter 11 presents the background information related to the thesis. Section A of this chapter
explains UWB including its historical millstones, definition, characteristics of UWB, and its
applications. Section B concerns with the IR-UWB radar used in this thesis. The IR-UWB radar
block diagram, features, parameters, and operation are demonstrated in this section. Finally the
signal processing procedure is provided in section C.

Chapter I1l is the main of this thesis. In this chapter the signal processing procedure is explained

in details. Section A deals with the clutter reduction problem. Section B focuses on detection of

-3-
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target and section C shows the localization and tracking of target. In each section, the proposed
algorithms and conventional methods are discussed and evaluated carefully.

Chapter 1V presents the concluding remarks with scope for further research work.

-4-
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Il. Background

A. Ultra Wideband

1. Brief historical development of UWB

Ultra-wideband communications is not a new technology; in fact, it was first employed by
Guglielmo Marconi in 1901 to transmit Morse code sequences across the Atlantic Ocean using
spark gap radio transmitters. However, the benefit of a large bandwidth and the capability of
implementing multiuser systems provided by electromagnetic pulses were never considered at that
time [4].

Approximately fifty years after Marconi, modern pulse-based transmission gained momentum in
military applications in the form of impulse radars. Some of the pioneers of modern UWB
communications in the United States from the late 1960s are Henning Harmuth of Catholic
University of America and Gerald Ross and K. W. Robins of Sperry Rand Corporation. From the
1960s to the 1990s, this technology was restricted to military and Department of Defense (DoD)
applications under classified programs such as highly secure communications. However, the recent
advancement in microprocessing and fast switching in semiconductor technology has made UWB
ready for commercial applications. Therefore, it is more appropriate to consider UWB as a new
name for a long-existing technology.

As interest in the commercialization of UWB has increased over the past several years, developers
of UWB systems began pressuring the Federal Communications Commission (FCC) to approve
UWB for commercial use. In February 2002, the FCC approved the First Report and Order (R&O)

for commercial use of UWB technology under strict power emission limits for various devices.

-5-
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Afterward, many countries, organizations, and companies have approved and standardized UWB
under certain restrictions. Nowadays, UWB has been authorized not only the US but also in
Europe, Japan, Korea, China, and Singapore. Furthermore, it has become a recommended
technology for Wireless Personal Area Network (WPAN) which appeared in IEEE 802.15.3a and

IEEE 802.15.4a standards. Figure 1 summarizes the development timeline of UWB.

FCC Approves the
Use of Unlicensed

Spark Gap Military Radars UWB for
Transmission, Hertz and Covert Commerical
and Marconi Communications Purposes
—] | ! ! >
1900 1960 1990 2002 Standardization

Efforts Continue .. .

Figure 1: A brief history of UWB developments [4]

2. Definition of UWB

As defined by the First Report and Order of the Federal Communications Commission (FCC) in
the USA, a signal is called UWB if it has an absolute bandwidth of greater than 500 MHz or a
fractional bandwidth larger than 20 percent at all times of transmission [5]. The absolute bandwidth
B is calculated as the difference between the upper frequency fy of the -10 dB emission point and
the lower frequency f;, of the -10 dB emission point. On the other hand, fractional bandwidth is a
factor is defined by the ratio of bandwidth at -10 dB points to center frequency. Equation (2.1)

shows this relationship.

B, B 00— M=) gomem 2 =) om 2.1)
fe (f, + )12 f, +f,

Due to their ultra-wide bandwidth, UWB systems are characterized by very short duration
waveform, usually in the order of nanosecond. An UWB signal can be any one of a variety of

wideband signals, such as Gaussian, chirp, wavelet, or Hermite-based short-duration pulses [4].
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Commonly, a UWB system transmits ultra-short pulses with a low duty cycle. In other words, the
ratio between the pulse transmission instant and the average time between two consecutive
transmissions is small. Such type of UWB system that transmits UWB pulses with low duty cycle
is called Impulse Radio (IR) UWB system.

Figure 2 presents a Gaussian monocycle as an example of a UWB pulse in the time and frequency

domains.
Center frequency f,
0.
it g
)]
8 -0t  fmmm——
©
2 s :
@ 0 A c ~20 [
£ = i
5 3 !
< gor [
5 |
1 H |
Q40 |
" ' : ol N 4 4 n |
0 05 1 15 0 f,o2 fy® 4 5 6
Time (ns) Frequency (GHz)
(a) (b)

Figure 2: An example of UWB signal [4]

As shown in Figure 2, a 500-picosecond pulse generates a large bandwidth in the frequency
domain with a center frequency of 2 GHz. In Figure 2.2(b), the lowest and highest cut-off
frequencies at -10 dB are approximately 1.2 GHz and 2.8 GHz, respectively, which lead to a
fractional bandwidth:

B, = 228-12) 15000 00
2.8+1.2

The fractional bandwidth is larger than the minimum fractional bandwidth required by FCC.

Therefore, this is an UWB signal.

-7-

Collection @ chosun



3. UWB regulations

UWB signals have unique properties that prove to be very useful for communications, ranging,
and radar applications. However, since UWB signals occupy a very large portion in the spectrum,
they need to coexist with the incumbent systems without causing significant interference.
Therefore, a UWB transmitter must meet certain requirements in order not to cause any adverse
effects on the functionality of other systems.

In order to benefit from advantages of UWB without degrading the performance of other systems,
the FCC started a regulation for UWB in 1998. Then, in February 2002, it announced its “First
Report and Other”, which allowed the limited use of UWB devices [5]. According to this
regulation, UWB systems must transmit below certain power levels in order not to cause significant
interference to the other systems in the same frequency spectrum. Specifically, the power spectral
density must not exceed -41.3 dBm/MHz for frequency range from 3.1 GHz to 10.6 GHz, and it
must be even lower outside this frequency band, depending on the specific applications. The FCC
regulation assigned the spectral power mask for three systems: The communication systems, the
vehicular radar systems, and the imaging systems. The details are summarized in Table 1.

After the FCC legalized the use of UWB signals in the USA, a considerable amount of effort has
been put into development and standardization of UWB systems. In Europe, the Electronic
Communications Committee (ECC) of the Conference of European Posts and Telecommunications
(CEPT) completed report on the protection requirement of radio communication systems from
UWB applications in 2007 [6]. In contrast to the FCC regulation which defined single emission
mask level entire UWB band (i.e. 3.1 GHz to 10.6 GHz), this report proposed two sub-bands with
the low band ranges from 3.1 GHz to 4.8 GHz and the high band is from 6 GHz to 8.5 GHz. The
emission limit for low band is -70 dBm/MHz and high band is -41.3 dBm/MHz. In Japan, the
Ministry of Internal Affairs and Communications (MIC) authorized the regulation for indoor UWB

-8-
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communication in 2006 [7]. However, the initial regulations are likely to be modified and extended
in the future, in which the outdoor and vehicular UWB devices will be investigated. In the
proposed regulations, there were two usable bands 3.4 GHz to 4.8 GHz and 7.25 GHz to 10.25
GHz with the equivalent isotropically radiated power (EIRP) are -41.3 dBm/MHz and -70
dBm/MHz, respectively.

Table 1: Emission FCC limits for various UWB applications in each operational band [5]

Frequency band (GHz)

Application 096to | 1.61to|1.99t0 | 3.1to |10.6to| 22 to
161 | 1.99 3.1 106 | 22 29

75.3 53.3 51.3 413 | 513 | 513

EIRP(dBm) | Indoor
Communication
Outdoor| 75.3 63.3 61.3 41.3 61.3 | 61.3

Imaging 53.3 51.3 41.3 413 | 413 | 513

Vehicular Radar 75.3 63.3 63.3 63.3 41.3 | 41.3

4. UWB advantages and disadvantages

UWB systems are distinct from traditional communication systems. Traditional communication
systems usually modulate continuous-waveform (CW) RF signals with a specific carrier frequency
to transmit and receive information. A continuous waveform has well-defined signal energy in a
narrow frequency band that makes it very vulnerable to detection and interception. In contrast,
UWB systems use carrierless, short-duration (picosecond to nanosecond) pulses with a very low
duty cycle (less than 0.5 percent) for transmission and reception of the information. The nature of
the short-duration pulses used in UWB technology offers several advantages over narrowband

communications systems. Besides that, it may bring some unavoidable drawbacks that should be
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concerned in design and development of UWB systems. The major advantages and disadvantages

are listed in Table 2 and Table 3 as below.

Table 2: Advantages and benefits of UWB communications [4]

Advantage Benefit

Coexistence with current narrow band and ) o )
Avoids expensive licensing fees

wide band radio services

High bandwidth can support real-time high-

Large channel capacit
J pactty definition video streaming.

Offers high performance in noisy

Ability to work with low SNRs )
environments.

Provides high degree of security with low

Low transmit power N ) ]
probability of detection and intercept.

Resistance to jamming Reliable in hostile environments.

Delivers higher signal strengths in adverse

High performance in multipath channels .
conditions.

Enables ultra-low power, smaller form factor,

Simple transceiver architecture and better mean time between failures, all at a
reduced cost.

Table 3: Disadvantages and problems of UWB communications [4]

Challenge Problem
Pulse-shape distortion Low performance using classical matched filter
receivers.
Channel estimation Difficulty predicting the template signals.
High-frequency synchronization Very fast ADCs required.
Multiple-access interference Detecting the desired user's information is more
challenging than in narrowband communication.
Low transmission power Information can travel only short distances.
-10 -
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5. Applications of UWB

The trade-off between data rate and range in UWB systems holds great promise for a wide variety
of applications in military, civilian, and commercial sectors. Three main categories of UWB
applications are given in Table 4.

Table 4: Applications of UWB [4]

Applications
Military and Government Commercial
Data - Secure LPI/D communications - Local and personal area networks

communications | - Covert wireless sensor networks |- Wireless streaming video distribution
(battlefield operations) (home networking)
- Wireless sensor networks (health and

habitat monitoring, home automation)

Radar - Through-wall imaging (for law |- Medical imaging (remote heart
enforcement, firefighters) monitoring)
- Ground-penetrating radar (for - Ground-penetrating radar (detection of
rescue operations) electrical wiring, studs, etc. on construction
- Surveillance and monitoring sites)

- Automotive industry (collision avoidance,
roadside assistance)

- Home security (proximity detectors)

Localization - Personnel identification - Inventory tracking
- Lost children - Tagging and identification
- Prisoner tracking - Asset management

B. Impulse Radio UWB Radar

Radar (acronym for Radio Detection and Ranging) is an object-detection system that uses radio
waves to determine the range, altitude, direction, or speed of objects [8]. Nowadays, the modern

-11 -
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uses of radar are highly diverse in both military and civil such as: air traffic control, air-defense
system, ocean surveillance system, and ground penetrating radar (GPR)... etc. As stated in the
previous sections, UWB has many advantages which are suitable for radar applications. This
section describes the IR-UWB radar used in this thesis including basic principles, features, and

parameters.

1. IR-UWB radar principles

The fundamental IR-UWB radar is shown in Figure 3 (a). An IR-UWB radar typically has one
transmitter and one receiver which operates in bistatic mode — i.e. transmitter and receiver are
separated in the same location. The transmitter emits very weak, low duty cycle, and narrow
electromagnetic pulses (blue waves). After reflected from the targets, these pulses are captured by
the receiver (green waves) in order to extract the targets’ features. The main difference of target
between traditional radar and UWB radar is that, the transmitted UWB signal wavelength is shorter
in the size of target, whereas the traditional radar has the signal wavelength longer than target size.
Therefore, the UWB received signal is a collection of various pulses reflected from different parts
of target, in contrast, the received signal is unique from target in the case of traditional radar. In the
application of detection and localization and tracking of moving target, the time-of-arrival (TOA)

of reflected signal must be determined and converted to target distance.
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Figure 3: IR-UWB Radar: (a) principle operation; (b) Novelda commercial IR-UWB radar
test board [10]

A commercial IR-UWB radar shown in Figure 3 (b) which was invented and commercialized by
Novelda company, is used for the application in this thesis [9]. The transmitted signal is the first
order of Gaussian pulse, and emission power is allowed by Korean UWB regulation. Figure 3
shows the transmitted signal in time and frequency domains. The receiver is considered as several
samplers which deploy very high speed ADC (Analog-to-Digital Converter). It captures, samples,

and stores received signals in the frames, or alternatively, radar scans. In fact, the data stored in the
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captured frame is the strength of the signal over a short period of time. The length of the time
period over which the signal is captured corresponds to the spatial span of the frame. A standard
frame consists of 512 samples corresponds to approximately 2 m spatial range. Thus, the resolution
of the radar (i.e. the corresponding distance between two consecutive samples) is 4 mm. An
example of a frame is presented in Figure 5 (a) where the target is located at sample number of 250.
If several frames captured in a period of observation time are sorted continuously, it will produce a

radargram as shown in Figure 5 (b). In this figure, the yellow-red curves show the target track.
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Figure 4: An example of transmitted pulse in time and frequency domain
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Figure 5: Received signal: A radar scan and a radargram
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2. Novelda IR-UWB radar features and parameters

Taking advantages in nano-electronic technology, Novelda IR-UWB radar has some interested

features [10]. The key features are as follows:

Single-chip impulse-based radar transceiver.

Programmable input amplifier gain for increased dynamic range.

Ultra-high-speed programmable sample, giving up to 4 mm spatial resolution in normal
mode.

Interleaved sampling for sub-mm resolution.

512 points sampling window.

A minimum of external components required.

Easily adapt UWB regulation.

Powerful development tools.

The important parameters of IR-UWB radar are given in Table 5.

Table 5: Novelda IR-UWB radar parameters [10]

Parameter Unit
Operation frequency 845 — 9550 MHz
Pulse width 0.5ns
Nominal output power -53 dBm/MHz
Instantaneous output amplitude 500 mV
Number of sample in a frame 512
Sensitivity -95 dBm
Frame range Approximately 2 m
Pulse repetition frequency (PRF) 48 MHz
-15-
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C. Signal processing for moving target detection, localization, and

tracking using IR-UWB radar

The impulse used in IR-UWB radar has very ultra wide bandwidth and very weak transmission
power, thus, it is a noise-liked signal. Therefore, it is inefficient to process IR-UWB signal in
frequency domain. The better way for IR-UWB signal processing must be done in time domain.

Assume that p(t) is an elementary IR-UWB waveform, the transmitted signal is:

()= 3 plt-K.) @2)
k=—o0

where T, is the pulse repetition period. Consider the transmission path from transmitter via

reflected objects to the receiver is the channel. The indoor radio channel response is [11]:

h(t)= > eyt -r,), (2.3)

where L is the number of multipath components, 5(t) is a Dirac impulse, «, and z, are the

amplitude and the propagation delay of n" path, respectively. At the receiver, the received signal
consists of reflected signal and additive Gaussian noise N(t) . It is expressed as [12]:

+oo L

)= D" > kPt =z KT+ () (2.4)

k=—o0 n-1

with p'(t) is the “filtered” version of p(t) through the channel. Because the IR-UWB radar

receiver samples the received signal and stores them in frames. Then, a frame is a discrete time

signal and denoted as r[n], where n is the sample index.
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In the application of detection, localization, and tracking of moving object, the interested target is
considered to be moving with the radar and other objects. Consequently, it is convenient to

represent received signal as:

r(n] = r,[n]+r.[n] +N[n], (2.5)

where r,[n] is the target signal that reflected from moving targetr.[n], is the clutter that reflected

from static objects and radar coupling (i.e. the direct transmission path from transmitter to
receiver). The clutter and noise must be rejected as much as possible from the received signal. It is

done via a procedure of signal processing as described in Figure 6.

# | rRawdata | Clutter | o Detection 5| Localization

reduction and tracking

Figure 6: Signal processing procedure

Each step in the radar signal processing provides some specific functions and its outputs are the
inputs for the next step. The purposes of these steps are presented as follows.

- Raw data: This is the first step of the signal processing chain. The raw data are captured
directly from the radar and stored for the prospective step. The raw data are often in
radargram form.

- Clutter reduction: The input of this step is the raw data. The aim of this step is to remove
unwanted signals as much as possible. The expected output of clutter reduction is the
target signal.

- Detection: In this step, the presence or absence of target is decided. Normally, the
decision is reached based on the threshold. If the signal strength is greater than a certain

threshold, a target is considered present. Otherwise, the target is absent.
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- Localization and tracking: The output of detection step is fed in this step. Suppose the
target is present, first of all, the distance from target to radar is converted based on the
target signal located in the frame. After that, the distance is tracked during the target
moving interval. By using two radars cooperating, the target location and its trajectory
can be determined in the 2-dimension coordinates.

In this thesis, several algorithms are proposed or modified in order to increase the probability of
target detection. Specifically, the far target and multiple targets are concerned. The radar signals are
processed in off-line mode. All the algorithms are demonstrated using Matlab R2012a. However,
the signal processing algorithms can be extended to work in online-mode (real time) and other

embedded systems.
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1. Signal processing for improved target detection and

tracking of moving objects based on IR-UWB radar

A. Raw data and pre-processing

Firstly, the IR-UWB radar must be connected with a computer through COM port, in order to get
the data. Secondly, a Matlab script is used to interface with the radar. By doing this, the radar
parameters are set up properly for the application. Although a frame range is approximated 2 m, the
observed frame range can be adjusted and extended by setting Frame Offset (FO) and Frame Stich
(FS) parameters. As illustrated in Figure 7, the frame can be positioned at different depths by
adjusting the FO parameter. The smaller FO is, the closer to the radar frame is and vice versa. In
addition, by setting the FS parameter, two or more frames can be combined to produce a longer

frame. Thus, the observed frame range can be increased.

Frame offset
iy
N
|
|

Frame range

)

IR- L
uwB (k %et B
Radar Re/ (&
ant.\
Captured frame A A

Figure 7: Hlustration of frame offset and frame range
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The raw data are the captured frames which may be represented as radar scans or radargrams. A

radar scan (i.e. a captured frame) is denoted as r[n], where n is the number of sample index. A
radargram is generated by sorting m radar scans continuously in an observed time interval. It is a

nxm matrix X, =[n[N],IN],....r,[N]'] in which each column is a radar scan. For

nxm
convenience, since then, if there are not special reasons, the sample index n will be ignored in the

data symbol notation.

B. Clutter reduction

IR-UWB radar transmits low duty cycle pulses and receives backscattered electromagnetic (EM).

If the targets are present, the received signal can be divided in three parts: the target signal r, —i.e
the refleted signal from moving target, the clutter r, - i.e. the refleted from static objects, and noise
N. In most circumstances, r, is smaller thanr, . Therefore, reducing r, to enhance r, is a crucial

task in IR-UWB radar signal processing. The technique that reduces r, from received signal r is

called clutter reduction or background subtraction.

Clutter reduction in IR-UWB radar for moving target detection and tracking systems in short
range indoor surveillance area is similar to the background subtraction techniques in visual
surveillance systems [13] and clutter reduction techniques in Ground Penetrating Radar (GPR)
applications [14]. The aim of clutter reduction is estimating of clutter and subtracting it from the
received signal to achieve target signal. Thus, the performance of clutter reduction methods
depends on how precise it estimates the clutter.

The simplest clutter reduction method in IR-UWB radar uses a mean method which assumes

clutter is the average of a number of previous frames [15]. After that, target signal is obtained by
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subtracting the estimated clutter from the incoming frame. This method is simple but its
performance is poor and the clutter cannot be updated. An innovation of mean method is
exponential averaging (EA) method [16]. In this method, clutter can be updated and its
performance is improved. The more common clutter reduction method is to be based on Singular
Value Decomposition (SVD) [17]. This method is efficient for through-wall imaging systems, but it
can be used for moving target detection, localization, and tracking systems. The disadvantage of
this method is that it costs much memories and computational resources to store and compute
matrix.

In this section, a new clutter reduction algorithm using Kalman Filter (KF) is proposed. In this
method, clutter is estimated by Kalman filter for each sample in the frame, separately. Target signal
is determined by residual between incoming frame and estimated clutter. The advantage of this
method is that it applies recursive computing mechanism, thus, can reduce significantly memory
demand and is suitable for real-time system. The following parts present the common methods and

proposed method and their performance comparisons.

1. Exponential Averaging (EA) method

In [16], a clutter reduction method is proposed by applying exponential averaging. In this method,
the raw data to be processed are radar scans. Given an initial estimated clutter r;, ;, the new
estimated clutter rg, is computed recursively from the previous clutter estimation ry,_;, and the
new incoming frame r, , where k is time index, according to the following equation:

rc;(k) = arc~(k )t (1 - )rk

Qw@+@—aﬁk—ng)

Mo) + 1-a)z,, (3.1)
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where « is the constant scalar weighting factor and z, =r, —r, 4 is one dimensional vector with

the size nx1 with n is the number of samples in a frame. Thus, the new estimated clutter takes a
fraction of previous estimation and a fraction of current frame. The weighting factor « is an

empirical scalar which takes values between 0 and 1. It controls the amount of averaging in the
estimated clutter. Vector z, is the result of subtracting previous estimated clutter from current

incoming frame and it is considered the target signal.

2. Singular Value Decomposition (SVD) method

In the through the wall imaging systems using UWB radar, a clutter reduction technique based on
SVD is often used [17]. However, this method can apply in moving target detection, localization,
and tracking system using IR-UWB radar. SVD is a matrix factorization technique. Therefore, the

raw data used in this method must be a radargram X ,..,,. The SVD of matrix X, is given by:

X =USV T, (3.2

where U and V are nxn and mxm unitary matrices, respectively. V" is the transposed matrix of
V. Sis an x m diagonal matrix —i.e. S = diag(o4, 05, ..., 0,) with 6; = 0, = -+ o,.. SVD of matrix

X..m can alternatively be represented by “rank-1 decomposition” as below:

nxm

X, —USVT =0yt (o oron| ug ()

m m
= oV =M+ My My =DM, (3.3)
i=1 i=1

where M; are matrices of the same dimension with X, and called as modes or i eigenimage.
Subsequently, a radargram X is splitted into three parts: target signal matrix M, , clutter matrix
M. , and noise matrix M ,, expressed by
Xoxm =M + M +M,,. (3.4)
Because the clutter is higher than target signal and noise, then, M, represents for clutter, M,
represents for target signal and the rests are noise. They are:

T
M, =M; =V
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M, =M, =O'2U2V;

N
i=3

3. Kalman Filter (KF) method

In estimation theory, KF is an optimal state estimation technique for linear dynamic systems [18].

Assume the system is a discrete system. The general state estimation problem is stated as follows.
Suppose the state X, of a dynamic system is governed by the state transition equation given by

X = F (X, Uyg)+ Wy s, (3.6)
where u,_; is the input, w, is the additive noise, and k is the time index. f(.)is a function.

Because of noise, the state is hidden. We just only observed the measurement of the state which
relates to the state as the measurement equation:

z = 9(X )+ Vic, (3.7)
where z, is the measurement of state and v, is the additive noise. g(.) is a function.
If £(.), g(.)are linear functions and w, v are Gaussian additive noises with covariance matrices Q

and R, respectively, the state transition equation (3.6) and measurement equation (3.7) can be
rewritten as:

X = A% +Bu +w, g,

z, = Hxy +v,, (3.8)
where A, B and H are state transition matrix, control input matrix, and measurement matrix,
respectively. All the matrices are known. In this case, the state is estimated optimal through KF
algorithm. The KF algorithm working recursively has two steps: time update, and measurement
update given by these equations as below.

- Time update:

(1) Initial state and error covariance: x, ;, P,
(2) Project the state ahead: x, = Ax; ; + Bu,_;
(3) Project the error covariance ahead: B, = AR_,A" +Q

- Measurement update:
-23-
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(1) Compute the Kalman gain: K, = PKAHT(HPKAHT + R)ﬁl
(2) Update estimate with measurement z,: x; = x, + K(zk — Hx, )
(3) Update the error covariance: B, =(1 - K,H)R, .
In the application of clutter reduction, KF is used to estimate the clutter which consists of n

samples of a radar scan (i.e. X, = ry, ). Hence, the KF estimates n points of clutter, independently.

The measurements are the raw data in form of radar scans (i.e. z, =r, ). Because the clutter is the

reflection from static objects, it is considered constant with time. Therefore, the values assigned to
the matrices are: A =1,B = 0, and H = I, where [ is an identity matrix.The KF equations for clutter
reduction application are reduced to:

- Time update:

(1) Initial state and error covariance: x, ;, P4
(2) Project the state ahead: x, = x¢ ;
(3) Project the error covariance ahead: B, =B, ; +Q
- Measurement update:
- Afn 1
(1) Compute the Kalman gain: K, = PR, (Pk + RT
(2) Update estimate with measurement z;: x; = x, + Kk(zk — X )
(3) Update the error covariance: B, =(1 — K, )R, .

Finally, the estimated clutter is subtracted from received frame in order to obtain the target signal.

4. Experimental results

To evaluate the performance of the clutter reduction techniques, the experiments are set up in a
classroom which is occupied with tables, chairs, and whiteboard. In the first scenario, one person
considered as a moving target person moves within the range of 3 — 5 m from the radar. The

reflected signals are captured by the IR-UWB radar and processed by the three different clutter
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reduction methods. In the second scenario, the experiment is repeated exactly, without moving
target so that there is only the clutter. This clutter is considered to be “true” clutter and will be
compared with estimated clutter when there is moving target.

The results of the experiments are evaluated in two ways: in term of pictures of data before and
after applied clutter reduction, and in term of average Root Mean Square Error (a—RMSE)
between estimated clutter and “true” clutter. Figure 8 shows a radar scan before and after applying
three different clutter reduction techniques. In this case, the target is indicated as the reflected pulse
located around sample number of 150. Figure 9 shows a radargram before and after applied three
clutter reduction methods. In this figure, the red patters indicate the target. It can be seen from both
Figure 8 and Figure 9 that, before applying clutter reduction, it is difficult to recognize the target
signal from the received signal, because the clutter affects to the target signal. However, after
applied clutter reduction, the clutter is removed, thus, the target signal appears clearly. Secondly,
comparison result of different a— RMSE for each method is shown in Table 3.1. Average RMSE
is difference between estimated clutter and “true” clutter that captured when there is not moving
target. The definition of a— RMSE is shown in equation (3.9). From the Table 6, the KF shows the

better performance for estimated clutter in comparison with other methods.

N
=1

a—RMSE :%%[\/%Z(rc(i,j)—rc}i,j))zJ (3.9)

i

Table 6: Performance comparison of different clutter reduction methods

Clutter reduction method Average RMSE
Kalman Filter 0.0984
Exponential Average 0.1119
Singular Value Decomposition 0.1148
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Figure 8: Radar scan before and after applied different clutter reduction methods
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Figure 9: Radargram before and after applied different clutter reduction methods
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In conclusion, clutter reduction is an important part in IR-UWB signal processing because it can
improve SNR and target detection ability. Each clutter reduction method has a trade-off in
performance and complexity. Based on the above comparisons, KF method is chosen for clutter

reduction in this thesis. Its output is provided to the next step.

C. Detection

After clutter reduction, a majority of clutter is removed. However, recognition of target signal is
challenge in some cases. For example, if the target is located far away from the radar, the reflected
signal is as small as noise, due to the signal attenuation. Therefore, the signal processing for target
detection is needed.

Detection of moving targets is the task to decide whether the targets are present or absent. It is
equivalent to the detection of the pulses reflected from the targets in the captured signal. Typically,
detection is often divided into two groups: optimal detector and sub-optimal detector. The optimal
detector is based on statistic optimization and it can provide very accurate decision, however its
structure could be extremely complex. Therefore, sub-optimal detector is often used. For the
purpose of detection of moving target by IR-UWB radar, detection using matched filter is
introduced in [15]. The precision of this method depends on how much the received signal and
template is matched. In IR-UWB radar application, the pulse width is very narrow and the pulse
waveform is affected strongly by target distance, material, and shape. Therefore, the matching ratio
between reflected signal and template pulse is small. In [19], the Constant False Alarm Rate
(CFAR) detection is proposed. In this method, the most difficulty is the determination of noise and
clutter distribution in order to define a suitable threshold. In [20], the detection is done by CLEAN

algorithm. It searches all the pulse presences by using the cross-correlation between received signal
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and template signal then compare with a threshold. However, it is noticed that the received signal
strength will be weaker, when the target distance is longer. Therefore, it is not appropriate to
interpret the received signal under the same condition.

In this section, the conventional CLEAN algorithm is modified in order to increase detection
ability. Firstly, compensation of signal power attenuated according to distance is performed.
Secondly, the false alarm reduction is applied by using the window method. The remaining of this
section presents these detection of moving target methods and their performance evaluations will

be conducted.

1. CLEAN detection algorithm

In [20], a detection algorithm is proposed and called CLEAN algorithm. The input of CLEAN

algorithm detection are signal after clutter reduction z[n] , the template signal v[n], and the

predefined threshold T . The template signal is the reflected signal from a metal plate placed 1 m
from the radar. The conventional CLEAN algorithm uses a fixed threshold for all frames. The
threshold T is calculated by average energy in a frame multiplies by a scalar. In order to detect the
target signal, the threshold must be lower than the target signal amplitude. Figure 10 shows a cycle
of CLEAN algorithm operation for one frame coming. As shown in Figure 10, the CLEAN
algorithm searches for reflected signals from targets based on the comparison of cross-correlation

results and threshold. First of all, the incoming frame z[n] is cross-correlated with a template
signal v[n]. Secondly, the maximum amplitude of the cross-correlation result is compared with

certain threshold. If it is greater than threshold, one sample of a reflected pulse will be found and

the iteration is looped again from the cross-correlation step. Until the maximum of cross-
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correlation result is lower than the threshold, all the reflected pulses are found and the iteration will

stop.

Incoming frame: z[n]
Template signal: v[n]
Threshold: T

l

- Cross-correlation:
r[n]=z[n]*v[n]

- Find:
r[n=max(r[n])

- One reflected %
pulse is found
- Remove r[n]

N

Stop

Figure 10: CLEAN detection algorithm
2. Modified CLEAN detection algorithm

While electromagnetic wave propagates in wireless channel, its power density is attenuated.

This phenomenon is known as path loss (PL). PL is defined as the ratio of the received signal
power P,, to the transmitted signal power P, . For UWB system, PL is dependent on frequency of

UWB signal and distance from radar to target. For simplicity, distance and frequency dependencies

can be treated independently, as below

PL(f,d):i: PL(f)PL(d), (3.10)

tx
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where PL(f)oc f 2 and PL(d)cd™, with xand ndenoting the frequency decaying factor and

the PL exponent, respectively. In indoor environment, n is approximately chosen as 2 [21]. In
other word, the amplitude of received signal is inverse proportion with distance.

As the result of signal attenuation, the farther target is located, the weaker reflected signal is. To
generate equal condition in the signal strength, the weak signal should be compensated before
detection decision step. To compensate weak signal, it is simply multiplied with a weighted vector.
The weaker part of signal must be multiplied with the higher scalar in the weight and vice versa.
The final compensated signal is:

z'[n] = z[n]e(n], (3.11)

where z[n] is the signal before compensation and «[n] is the weighted vector, respectively. In our

experiments, with the real data taken by Novelda IR-UWB radar, we determine the weighted vector
is proportional according to the distance. After that, the conventional CLEAN algorithm is applied
with the compensated signal.

Figure 11 (a) and Figure 11 (b) show observed signal before and after compensation. It can be
seen that reflected signal strength from both near and far located targets are roughly same, thus

threshold is fairly applied for both type of targets.
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Figure 11: Compensation of weak signal (two targets are moving in this example): (a) Signal

observed before compensation, (b) Signal observed after compensation

After applying CLEAN algorithm for compensated signal, the detection ability of far located
target is increased, but the compensation may cause another false alarm. The reason is that, the
target signal is amplified by multiplying with the weighted vector, and the noise has a chance to be
amplified highly. Specifically, noise can be multiplied by a greater scalar in the weighted vector, in
the far field. It may exceed the target signal strength, and become a false alarm. In order to reduce
these false alarms, the threshold must be designed adaptively with the range of target. In this paper,
we introduce a different criterion to eliminate false alarms.

As state in previous section, because the target is extended target, the signals reflected from

target have multipath components. Nevertheless, some multipath components belong to one target,
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thus they locate closely in the captured frame. Figure 12 (a) shows the signal strength after
compensation of a captured frame where two targets locate around 1 m and 3 m, in front of the
radar. The target signal consists of multiple pulses which are reflected from different parts of target,
thus, they appear nearly. Whereas, the false alarms are located diversely in the same frame. Based
on this feature, a jumping window is applied to eliminate false alarms as below. A window has a
size covering the target appearance and jumps along the frame. After that, the number of nonzero
samples inside the window is examined. If it exceeds a defined threshold, there is target presence;
otherwise, there is false and the nonzero samples inside the window are deleted. This method is
called 1-D jumping window.

Although 1-D jumping window method can eliminate a major of false alarms, but the false
alarms sometimes appear closely in a certain range. This method cannot sufficiently provide good
quality. In this case, we extended 1-D jumping window method in which concerns with the
property of the neighbors of current examining frame. Normally, the movement of target is not too
fast while the frame rate is quite high (e.g. 30 frames per second). Therefore, there is a slight
difference in target location between two consecutive frames. Figure 12 (b) presents 200
continuous frames which are aligned horizontally. In this figure, the blue patterns indicate
estimated target position. It is clear that the difference of target location between two frames is very
small. By taking account into the above property, the extension of 1-D jumping window is
described as follows. A 2-D window which the number of row m is related to the number of frames
and the number of column n is related to the number of samples is proposed. The window jumps
along the frame and between these frames, respectively. Similar to the 1-D jumping widow, the
total number of nonzero samples inside the window is compared with a threshold in order to decide

if the target is present or absent. The target is considered to be present if the number of nonzero
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samples inside the window is higher than the threshold and vice versa. This method is called 2-D

jumping window.
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Figure 12: Jumping window method for eliminating false alarm: (a) 1-D window, (b) 2-D

window

3. Experimental results

In order to demonstrate the detection algorithm, the experiment is made in a class room in which
is occupied with tables, chairs, and white board. Two people, target A and target B, move in the
range of the IR-UWB radar. Target A moves from 1 m to 4 m in front of the radar and target B

moves inversely, from 4 m to 1 m. In this case, the FS parameter is set as 2 to increase the frame
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range. Thus, a frame consists of 1024 samples. Then the data taken by the IR-UWB radar are
processed by two above detection methods.

All the thresholds using in both methods are set up manually until the false alarms are
eliminated. The window size in the modified CLEAN algorithm is 10 x 10. The results are shown
in Figure 13 in which the blue patterns indicate the detected target. It can be seen that the closer
located target — i.e. located in sample number 200 to 600, is detected well by both methods.
However the farther located targets are missed when the conventional CLEAN algorithm is applied
(i.e. the targets located in sample number 600 to 1024). However, by using modified CLEAN

method, the far targets are detected well.

-35-

Collection @ chosun



Before detection

1000 F T T T T T T e
*% a00 - |
e BOOF i
5
= 400 -
g : e ol
= 200F i

1 1 1 1 1 1 1
100 200 300 400 a00 B00 700
Mumber of frame
Conwentional CLEAN detection algorithimn

1000 F T T T T T T =
o A
Ef sof < . oL e .
2 el T i -
= s .__1?_-‘_._;” L i
T oamf BT
= . n T :
= 200F i

1 1 1 1 1 1 Il
100 200 300 400 a00 GO0 700
Mumber of frame
Modified CLEAN detection algontin

1000 F T T T T T T =
LIk}
"g’ 300
wy  BOO
(=]
b
o 400
= 200k 7

100 200 300 400 500 GO0
MNumber of frame

Figure 13: Detection of moving targets by different detection methods

Then, the results are analyzed further. We count the number of frames in which the targets are
detected during the observed time. It is shown in Table 3.2 that, the detection rate of target A and
target B using conventional CLEAN detection algorithm are 45 % and 55 %, respectively.

However, by using the modified CLEAN detection algorithm, the detection rate of target A and
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target B increase to 73 % and 87 %, respectively. It is clear that, the modified CLEAN detection
algorithm improved the detection probability.

Table 7: Detection comparison of two moving targets during observed time

Detection rate
Detection method

Target A Target B
Conventional CLEAN method 45 % 55 %
Modified CLEAN method 73 % 87 %

In conclusion, this section presented the problem of detection of multiple moving targets when
IR-UWB radar is applied. The conventional CLEAN algorithm is modified by adding two extra
processes based on weak signal compensation and jumping window. The experimental results
validate that the modified method can detect the moving targets much better than the conventional
CLEAN algorithm. Therefore, it is chosen as the signal processing in detection step. Its outputs are

provided for the next step: localization and tracking.

D. Localization and tracking

Localization and tracking are important functions of radar. That is the association of consecutive
radar observations of the same target in to its location and track [8]. In this application using IR-
UWB radar, the radar observation is the distance from target to radar. Because the input of
localization and tracking step is the output of detection step which is considered to be the target
signal, it must be converted into target distance. After that, the target distance is provided for

localization and tracking. This section consists of the following parts:
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- Target distance conversion: The target distance is computed from target signal after
detection.

- Tracking of target distance: The target distance provided by one radar is tracked

- Localization: By using two radars, the position of a target is determined in 2-dimension
coordinates.

- Tracking: Track the target trajectory in 2-dimension coordinates by the observations from

two radars.

1. Distance conversion

After the detection step, the target signals are determined. As the target is extended target, a
target signals is a set of pulses located in several consecutive samples. For simplicity to compute
target distance, a target resolution is defined as the smallest distance between two targets that the
radar can separate. We set up the experiment to determine the target resolution as follow. Two
people move closely until the radar cannot distinguish them. After that, we measure the distance
between two people that is the target resolution. By doing the experiment, the target resolution is

R¢ = 0.3 m, equivalent to number of sample is 75 (i.e. R, /R =0.3/0.004=75). The procedure for

computing the target distance is shown in Figure 14. First of all, target sample index of a frame

after detection is stored in a vector denoted as In[n]. If In[n]is an empty vector, there will be no

targets. Otherwise, there is target. The criteria to decide a target is whenever the distance between

two consecutive samples is bigger than the target resolution.
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Input:

Target sample index: In[n]
Target resolution: Rt=0.3 m
Radar resolution: R =4 mm
No. of target: N=0

i=1
Y
. No target
In[n] is empty > Stop
N=1
Target 1 distance =(In[1]+Rt/2)*R
Y
N=N+1 S
Target N distance =(In[i]+Rt/2)*R top
i=i+1
i<n
N
Stop

Figure 14: Procedure for computing the target distance
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2. Tracking of target distance

In this part, the target distance observed by the radar is tracked. The most common tracking
method based on Kalman filter is applied in this situation [21]. In this section, the tracking of
distance of one target is considered.

Assume the target moves according to the kinetic mechanism. Hence, its state is characterized
by distance and velocity (i.e. x, =[d,,Vv,]). The state transition equation is:
2

d t
Xk =|: k:|= dk71+kalt+a? +Wk71= AXk71+Bkal+Wk71, (312)
Vi1 +at

2

1t t . . . o

where: A{O J, B=|7 |, U, =2 is acceleration, and wy, = X(0, Q) is the process noise with
t

covariance matrix Q.
The radar can observe only the target distance (i.e. z, =d, ). Therefore, the measurement

equation is:

z, =d=[1 OJx, +v, = Hx, +Vq, (3.13)

where H=[1 0] and v, =X(0,R) is the measurement noise with the covariance R. The

measurement noise includes the radar resolution noise and target resolution noise.
The state of the target is estimated optimally by the KF algorithm as follow:

- Time update:

(1) Initial state and error covariance: x,_;, P4
(2) Project the state ahead: x, = Ax, ; + Buy 4

(3) Project the error covariance ahead: B, = AR, ;A" +Q
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- Measurement update:
(1) Compute the Kalman gain: K, = P{HT (HP/HT +R]™
(2) Update estimate with measurement z,: x; = x, + K(zk - HxQ)
(3) Update the error covariance: B, = (I — K H )Py .

Distance tracking of one target

5000 r r
—— Estimated distance with KF
4500~ —©— Estimated distance without KF
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Figure 15: Distance tracking of one target

To demonstrate the target distance tracking algorithm, an experiment is set up as follow. One
person considered as a target moves with constant velocity in the radar range. He moves from 1 m
to 4.5 m and backs from 4.5 m to 1 m, during the captured time. The raw data are processed by KF
clutter reduction, and modified CLEAN detection algorithm. After that, the target distance is

calculated and fed into the tracking step. The result is shown in Figure 15, in which the blue line
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indicates the target distance estimated by KF, the red line indicates the estimated target distance
without using KF, and the green line is the reference target distance. The reference target distance
is the distance of target that assumes target moves with constant velocity from 1 m to 4.5 m, during
captured time. It can be seen from the Figure 15, the estimated target distances are closed to the

reference target distance.

3. Localization and tracking in 2-dimension coordinates

The localization and tracking of target in 2-dimesion coordinates are often done in a UWB
sensor networks or UWB radar network. There are variety methods to solve this problem. In [22],
the tracking of moving target in UWB sensor network based on Particle filter is proposed. In [23],
various positioning algorithms are presented, such as: triangular, least square method, and Taylor
series method. These methods have the trade off in performance and complexity. However they are
suitable for a network of UWB sensor or UWB multistatic radar. In this thesis, two IR-UWB radars
are cooperative in order to localize and track the target. The algorithm based on Extended Kalman
Filter (EKF) is proposed for both localization and tracking purposes.

Recall the general estimation problem stated in section A of this chapter, which is characterized
by equations (3.6) and (3.7):

X = f(Xk—lka—1)+ Wi

7y = g(xk)+Vk

If at least one of two above equations is nonlinear, in order to apply the KF algorithm, it should
be linearized by using the approximation techniques. The KF with linearization is called EKF. The
most common approximation technique used in EKF is Taylor series [18].

In the application of localization and tracking of target in 2-dimensons coordinates, two radars
must be used. They are set up orthogonally, where the position of first radar is R, (X;, Y;) and the
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position of the second radar is R, (X5, Y,). The moving target state is characterized by its location

and velocity in x and y coordinates (i.e. X, =[dx,vx,dy,vy]" ). The state transition is governed by

motion equations:

_ 2 _
dx, dXy g + WX gt +a, >
ka VX4 +a,t
Xk = f(Xk_l,uk_l)+Wk_1: dy = k-1 X t2 +Wk_l= AXk—l+Buk—1+Wk—l' (314)
X dyy 3 +W 1 +ay—
Wi 2
Wi +ayt ]

where d,,d,,v,, v, are the position and velocity of target in x and y coordinates, respectively.

1t 00
. - 0100
The state transition matrix is: A =
00 1t
0 001
-, .
Lo oo
2
The control input matrix is: B=| 0 1 t‘; O1. The input vector is Uy =[aX,aX,ay,ay]T, with
0 0 — O
2
|0 0 0 t

a, and a, are the target accelerations in x and y coordinates, respectively, and w=X(0,Q) is the
process noise with covariance matrix Q .

The radars can only measure the distance from target to radars (i.e. z, =[r1,r2]T ). Thus, the

relationship between the target distances measured by the radars and target position is given by the

measurement equation:

2 2
zk:[rl}zg(xkhvk: \/(dx—Xl) +dy ) +V,, (3.15)
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where v, =N(0,R) is the measurement noise with covariance matrix R. It can be seen that, the

measurement equation is non-linear. Therefore, the EKF algorithm must be applied to estimate the
target state. Similar to the conventional KF algorithm, the EKF algorithm contains time update step
and measurement update step, as follow:

- Time update:

(1) Initial state and error covariance: x, ;, P._;.
(2) Project the state ahead: x, = f(x;_l,uk_l).
(3) Project the error covariance ahead: B, = AR ;A" +Q.
- Measurement update:
- AT AT 1
(1) Compute the Kalman gain: K, =R, H, (HkPk H, + RT .
(2) Update estimate with measurement z;: x; = x, + K(zk - g(xlf ))
(3) Update the error covariance: B, = (1 — K, H, )Py .

By using the Taylor series approximation, the measurement matrix H, is a Jacobian matrix:

F dx, — X, dy, —Y;
% - 0 - ,
| o || V=X (v -¥) (e - X0 + (i -Yy) 3.26)
K7l ag, dx, — X, 0 dx, Y, ' '

O |l =X+ Ay —Y2) (e~ X P o (dy —Ya)

4. Experimental results

To demonstrate the localization and tracking algorithms, the experiments are set up as Figure 16.
Two radars are placed orthogonally. The first and second radar positions are (0 m, 1.5 m) and (1.5
m, 0 m), respectively. For localization, one person considered as a target stands at position (3 m, 3

m), in fact, the person body fluctuates slightly in order the radar does not consider it is a clutter.
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For tracking, the target moves with constant velocity from position (2 m, 0.5 m) to (0.5 m, 2 m) in
the range of two radars. The raw data captured by radars are processed by clutter reduction,
detection, and distance conversion steps before they are fed to the localization and tracking step.
Figure 17 shows the localization result, in which the blue points indicate the estimated target
positions by the EKF, the red points indicate the measured target positions without using EKF, and
green points indicate the true target position. The RMSE of measured target positions without EKF
and true target position, and RMSE of estimated target positions with EKF and true position, in x
and y directions are provided in Table 8. It is clear that the estimated target positions by EKF are

closed to the true position.

y(m) 4
3
(3.3)
3 PR (0.5,2)
mezj
1
? (2,05)
\AA4 7
° 1 Radar1 2 3 x(m)

Figure 16: Experiment of localization and tracking of target in 2-dimesion coordinates
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Target localization
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Figure 17: Localization of target in 2-dimesion coordinates

Table 8: Comparison of RMSE between estimated target location with EKF and true target
location, and RMSE of measured target location without EKF and true target location

s RMSE
Localization i i
x-coordinator y-coordinator
Estimated position with EKF 142.1134 284.2269
Measured position without EKF 630.7734 175.1673

The tracking of one target is shown in Figure 18. In this Figure, the blue points present the
estimated target trajectory by EKF, the red points present the measured target trajectory without
EKF, and green points present the true target trajectory. It is clear that the estimated target

trajectory by EKF is closed to true target trajectory.
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2-D tracking of one target
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Figure 18: Tracking of target in 2-dimesion coordinates

Table 9 shows the RMSE of estimated target trajectory by EKF and true target trajectory in
comparison with RMSE of measured target trajectory without using EKF and true target trajectory.
The RMSE of estimated trajectory by EKF is smaller than the RMSE of the measured trajectory
without using EKF. Therefore, the tracking algorithm by using EKF provides better performance in
target trajectory estimation in comparison with measured target trajectory without using EKF.

Table 9: Comparison of RMSE between estimated target trajectory with EKF and true
target trajectory, and RMSE of measured target trajectory without EKF and true target

trajectory
. RMSE
Tracking i i
x-coordinator y-coordinator
Estimated trajectory with EKF 28.7626 54.8042
Measured trajectory without EKF 310.4183 133.3987
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This section provided the last steps in the signal processing procedure which are the localization
and tracking. By using the sets of KF and EKF algorithms, it can be seen that, the estimated target

location and trajectory are closed to the true target location and trajectory.
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IVV. Conclusions

Detection, localization and tracking of moving target are important applications for many
purposes, such as: rescues, emergencies, and securities. This thesis proposed the improved target
detection for moving objects based on IR-UWB radar methods. In addition, it provides the tracking
in 2-dimensional coordinates. The most challenge in IR-UWB radar signal processing is that the far
target signal is as small as noise. The proposed method overcomes this problem by using the
compensation and jumping window method. After processed by clutter reduction and detection
step, the target distance is determined and fed to the localization and tracking step. Firstly, the
target distance observed by one radar is tracked. Secondly, using two radars, the target position and
trajectory are determined and tracked in 2-dimension coordinates. The experiment results verified

that the signal processing steps give the good performances.

This thesis is limited in detection and tracking of single target. However, in practical, it is needed
to detect and track of multiple targets in many scenarios. The most difficulty of multiple targets
detection and tracking is the target association. That is the assignment of each target features into
its own. In multiple targets detection and tracking, the target tracks can intersect and affect with
others. Therefore, the future work will concern with the multiple targets detection, localization and
tracking. Because UWB signal can penetrate through the wall and obstacle, it is possible for
through the wall detection and imaging of object. Besides that, UWB has ultra fine spatial
resolution. It makes UWB can be used to detect a small movement. Such property of UWB can be
applied in healthcare applications such as: heart beat detection, heart beat counting, and imaging.
All these mentioned applications have been researching around the world and would be our works

in the future.
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