CHAPTER 1

¢
INTRODUCTION ﬁ

1.1 Overview and Research Motivations

The communication technologies have come more sophlstlcate%Zther complex,

thw in of what’s so-

lerfer ces may
increase the intensity in future wireless environmengs beca¥se tM;enw of
wireless communications. Signal collisions may %r due t@ th ul!péh fading
amongst WSNs. Numerous interferences mayw \qka olllsnﬁf’As WSNs
gradually penetrate different fields, many, N) Ve a £ een developed
Yetgin et al. (2017). These appllcatlons lre |ffer ata rates, coverage ranges

A

and quality of service (QoS) and In ud Ie?;; munications that are

which requires considerable rising of several networks i

called wireless sensor network (WSN) topologies.

e

known for their short to med| nces lo to m te data rates. WSNSs have

attracted usage in a wide ra dlsc#lme d |n h ysical world. In our regular

schedule, the WSN ;as’establl .'5 |cant element during wireless

communlcatlons nt ')n seml% sensing abilities. The essential

N
component of tha myist by ta llena)&o’account is the channel through which the

data must |tte
and for h allt ta transfer and the bandwidth requirements have

‘-o

bo ased along with ths,’continuous emergence of modern communication

ogles This trend is most obvious in some new applications, such as remote

o\smg, radar communication and industrial wireless sensing monitoring networks H

Taki et al. (2017). To satisfy these requirements, ultra-wideband (UWB) can be used



to transmit signals over a short coverage area with high bandwidth and low radiated

power. Yv
UWB transmission has recently received much attention from a@ and

industrial practitioners due to its potential use in wireless communica lications
Van den Brande et al. (2018). Specifically, UWB has many benefits, \€luding its high
data rate (HDR), low-cost transceivers, low transmit powe;E andNow interference,

Vauche et al. (2016). UWB also operates with emission | tRat arg commensurate

with those of common digital devices, such as lap pal Md pocket

mmisgion Cp):é\grYo-ved

calculators. In 2002, the US Federal Communicatio

the use of UWB and set an unlicensed freque

of 3d 0 10.\/&.3Hz (75

teri\s. stry &ds, such as

IEEE 802.15.3a (HDR) and IEEE 8 . ery low rat@“LDR), have also

been introduced on the basis of Uw%hbub e \(i(#ﬂ é
N
S in‘?ts tr missi@

GHz) for indoor UWB wireless communi

wn

The main advantage of

very wide bandwidth, whiciihhal 3 fornsié of systems that require high
C dt

resolution in the real- tion

(2017). The quali'ty%&:we receli

as high-data-ratg trarmmissi é’énce ranges (few metres) or as low-to-

!
¢
medium dat:-%ans iSSI0 v& r@m-coverage ranges (up to a few hundreds

17 N .
of metrgf). 802854 nmd&ry-standard that describes impulse-based UWB

tecm or Iow-to-mediur@é transmission over medium-coverage ranges. This
t%\gy has lower complexity and power consumption compared with discreet
0

unication technologies, which emit trains of short pulses over bandwidths with

Qquencies of above 500 MHz. Compared with other communication systems, IEEE



802.15.4a has advantages in accuracy and performance, especially in indoor-tracking
applications, given its high detection resolution.

High transmission rate, reliability, energy efficiency and long lifetime are the
predictors of major problems in a wireless network given that these‘&s are not
independent of one another. Moreover, it is very difficult to bring tho Wprovements

into a single aspect. In this study, a cross-layer design is applied ptimise system
tWl. (

reliability and energy efficiency for delay and jitter, X. C 2')17) According

to Saadon et al. (2013), IEEE802.15.4a UWB is used ng g unications
Y
in wireless sensor applications. ' .io

b §

1.2 Problem Statement

N
The problem of this research is formulattMe hWac tics ‘%VB

UWB wireless communlcatlon c us d for d rent Q rate requirement

and application scenarios, includa

k|n xns &ét*requwe LDRs (Kbps)

and wireless medical sensor S tha t me <#vlmages at HDRs (Mbps)
Zhou & Chiang (2016) fer@due to its flexible wireless
communication deS|gn |I|ty a p{i}(l y. Given these merits, UWB can

satisfy different @reqm'eme acro |ous distance scenarios. This feature

raises the que Nho toC

nt UWB pulse solutions that are utilised

“%
Jéy

for d|ffere SS S g |n smgle solution. Impulse-based UWB can be
used t I ch objeclgve ‘ﬁth i |gh and low data rates, which can be achieved by
tu dlscrete pulses gen ed by different modulation techniques H. Liu et al.

Impulse-based UWB is a highly adaptive technology in both wireless

oﬂmunlcatlon and radar applications given its flexibility in generating pulses by

using different coding, modulation and shaping techniques, thereby allowing for an



excellent tuning of data rates and improving the quality of the received signal across
various distance scenarios J. Chen et al. (2017). However, which UWT&
architecture can be tuned to serve short/medium wireless ranges? One @most
interesting aspects of impulse-based UWB is that this technology has mplexity
in terms of the hardware used for generating the pulses. Y.

Moreover, impulse-based UWB is highly resilient to interferenceSwés the generated
pulses are very small over a huge bandwidth. Mahbub et eR).I

. |l future wireless

scenarios, wireless nodes are expected to be used in de eth ds\&@t it to the
¢

h fadifig. Sivef E&@ ort-
|ffem$.services,
N

igh Jdatefference and

en@ment. Moreover,

)@'signal parameters in
N
real-time at the PHY-MAC le n theSe ¢ der% , the performance of an

optimised UWB single solyion (et s S 'ﬁere@plicaﬁon requirements must
be examined across v% Id
this solution also %o e
the point-to-po@ork

¢
levels. All spedfs hi

the changes in QoS result from the etic tun

nnels en‘e@ scenarios. The performance of

oint é{Work and real-time running simulated
! ('%
igft e “importance of dynamically tuning UWB
N
physica amejrg t ieve-é}formanceimprovements.
Basgg oNthe statement of the @fem in this research can be defined as:
\ sum, this study aims to address the need for an adapted PHY-MAC
d itecture design of impulse-based UWB systems that can achieve data rate
quirements and an acceptable level of received signal quality across different

distance scenarios. Previous studies have merely focused on two time-hopping pulse-



modulated techniques in two IEEE protocols of UWB, namely, IEEE 802.15.3a and
IEEE 802.15.4a. Different UWB time-hopping technologies can be combmeT‘a
single solution that supports the qualities of the received signal and @ rate

requirements across various distance scenarios and channel models. &

1.3 Research Objectives (RO) \;

This research aims to assess different UWB pulse techn in terms of their

flexibility, complexity and reliability. The objectlves@earwumerated
as follows:
ROL1. To investigate a cross-layer archltectur@ that pgovi t‘e-%et data

transmission rates for UWB systems. Y\.’
RO2. To examine the physical-based pcws of erat @VB pulses to

reach an acceptable quality of the receiv nal_n ter

rates and network throughput. % o A
RO3. To implement link bu&&od i
signal and channel els singuléted @c and real-time simulations
! \}
scenarios.
RO4. To evaluat he rfornfance™gf the z?ved signal in term of BER Vs SNR

under Mt C nqm? |d|&t§}e, data rates and pre-defined quality of

t cb.&lhel models propagation scenarios (LOS and

:Whanngs s) 4\

search Questions (RQ)

The following research questions are raised to address the aforementioned
Qearch problem:




RQL. How to utilise cross-layer architecture of impulse-based UWB technology to
serve different applications of short-range communications?

RQ2. Which UWB pulses architecture can be adapted as a solution @erent
impulse-based UWB communication scenarios?

RQ3. How the different simulations verifications of the communimink budget
template under-study can be proof-of-concept of_the "Wfoposed tunable

impulse-based UWB solution? z '

RQ4. What are the physical-based parameters that effe i\wrantee an

@
acceptable quality of the generated signal in t of bit grrorr, te’(B Y data

4\"\"

1.5 Significance of the Study c
The study contributes authentic pr ormatl on sze based UWB in

rates and network throughput under dif am&

—X

two ways.
0
Firstly, this research pr a that S@ﬁhe impulse-based UWB
parameters according to p ;,osed athe@!cal model of the UWB
communication system%en trangf thi 0 eI into a communication link for

the entire system th ec |a' foc n tho ttmgs that can improve the quality of

Ievel to |ts C

the received sj |
tuni ; a he UWB communication system at the PHY

uﬁctl e proposed cross-layer architectural design can
be& red a significant aﬁamement towards achieving a dynamic and optimal

%@-based UWB communication. This design can also be combined with different

O*ysmlssmn rates into a single solution.



1.6 Research Contributions

This research contributes to the impulse-based UWB design Iiterature?&e
following aspects: %\
e The generated UWB pulses are clearly defined on the b different

physical parameter settings at the physical layer, thereb owing direct

control over the generation of UWB pulses for satist*ing ain short-range

wireless application requirements. '

e The cross-layer design architecture of the PHY—-N§QC int re&n’quddefined in

the PHY Jayef eiﬁ%?e-ters

according to some criteria to achieve th i BERA ugh@}.~

rs in@gp:hysical and

el (ﬁmulate different

such a way that allows the MAC layer to

e The template communication link

MAC layers and the settin thg’ channel

scenarios. The pre-defin rforman\se?in i\(%'uirements are also
} '7 N

determined. With the seiig fierI and aayin@ameters, the capabilities

of designing impuls%m/' an e tun @ serve different applications
less

and requiremer% ig nari ;.l o
NQiey

1.7 Overall V\@og 'Of e Pr ed Time-Hopped Pulse Position
UuwB SOI{ O

!
¢
The ov%\eth OIQ&‘ b (rnollowed for the proposed solution, can be
divided k thrge olxle ) \plementation in MATLAB, SIMULINK and

Y-

OM&+ imulator, than can@.ﬂerified for the proposed architecture of cross-layer
: N

f the tunable TH-PPM system.
Figure 1.1 summarises the research flow, starting from the definition of the
search problem up to the presentation of the conclusions and recommendations for

future work.

\I



C = O

L

Reviewing previous research findings on the use of IR-U WBEB techn =%
in wireless different ranges

v

Approving the trade—off flexibility of the three main wireless variables (data rate,
BER, and coverage ryange) by tuning IR-UWDE signalpa s

!

Research design as : N
Sy stem sp ecifications and link bud get Analysi

Research implem entation and validation pro ductd as:i-
1-MATLAB coding to fully understand communi i v st arameters.
2- Fixed-Point Realtim e Simulation using SIM to model{ the T ble IR-
UWE communication sv
3-Real-Time Simulation of OM NE T++ IR-UWB co u ation s¥sfems f
different wireless s i Q
v | _\.’;;

Perform ance analyvsis and evalu 3
MATL AB Coding ,SIMULINK m ling
OMNET+

1.8 Scope of the stu T l §
24 ér'

The scope of this resgflrch a,K

are summarised M: 0 45’
N

r ed impuls -ba§;d {’WB platform for satisfying various requirements.
e

\r Is research presents a point-to-point proof of concept of the adaptive IR-
% UWB solution. The parameters of interest for tuning in the adaptive solution
0 include the physical parameters of generated pulse shapes, modulation types,

an order of modulations and coding.



e The proposed solution will be validated by using a mathematical model, and
the effect of each parameter, including BER and SNR, will be simu
MATLAB. Simulink will be used to model the IR-UWB commu \Bn link
given its ability to control the physical generated parameters. H&eived IR-
UWB signal quality will be analysed on the basis of the athhroughput
across different data rate and distance scenarios mr and outdoor
propagation environments. The QoS is maintained me level.

Diverse multipath channel model's ultra-wideba ulse siw utilizing

Y
OMNET++ programming with 1EEE802.15.4a $h inc@rpo s’@ 16

distinctive LOS and non-LOS (NLOS) forwy
situations) and a MATLAB library and SI

communication link design with IE@.

NLOS indoor and outside various s%ns

% Y

1.9 Thesis Outline

N ¥ 3
ch%ters. apt

This thesis is divided resents the research problem,
'

objectives, contributionS; qugstions, g dAigutations.

Chapter 2 @sthe @ |iter22;é on IEEE 802.15.3a, IEEE802.15.4a

and UWB te Mies ng t redenb)@ ongoing studies on IR-UWB systems,
specificall irPhysicgl unggu nesﬁeﬁwpared with other narrowband systems, their
recent ws and %tﬂ?&lds,‘h«eir application in WSNs and the recent proposals
fo@e in integrating diﬁgﬂ short-range wireless technologies. The limitations

proposals are also highlighted and compared with the proposed IR-UWB

Otform to verify the contributions of this study.



Chapter 3 investigates the IR-UWB system design and parameters, signal
processing, signal generation, propagation and receiver activities. The metho
displayed in this chapter incorporate mathematical and design analysis ol@ IR-
UWB solution designed as a template budget-link interface execuAbaseband
(BB) in MATLAB coding and fixed-point simulation created by maghs of Simulink
additionally, real-time simulation of OMNET++. The latte Ntrol the signal
transmission parameters in PHY. The experimental d Y.d.

s'ttings are also

described along with the propagation environment. A budget Bsgigfof the IR-
@

esente. | .@

UWB and the proposed cross-layer architecture are a

atfons, the

e
the ,ég. Band (BB)
er@‘%cenarios. These

Chapter 4 discusses the system

implementation and simulation environm

implementation level and the real-&gang acro

settings plainly characterise the s%of qu%ﬂ?t &éﬂal parameters to be
N

created mainly in the variou;én f'data S f@e-requirements of sign

0 &
S-\he vi@ion results agree well across

prerequisites in differed se % si’tIa

different levels of BB% time irgple ‘rltbt@f The improvements achieved by

tuning certain sig generati etegayso agree well with the reference
generated signa\ é"

!

¢

Chapt G@alys the ufs (bjaned at different levels. The reference IR-
% 3

UuwB % initjA ‘gerateémith certain physical parameters and is then

exaﬂﬁ

by using certain @deter values to generate a signal with high data

t sion and to maintain its quality. The simulation settings and outputs are

G nted along with the results of the indoor/outdoor environment simulations.



Chapter 6 concludes the paper by presenting proof of the proposed solution.

Some directions for future work are also presented to achieve a fully optimiv-

UWB solution. %\



