CHAPTER 2

LITERATURE REVIEW %\

2.1 Introduction

In radio technology, UWB is used in short-range communjgatiorfsystems, given

its low energy consumption Ley et al. (2017). Moreo er,vw its flexibility in
My of %UWB has
been used in extending the coverage ranges and enhgncing¥he gfiality, e!reth/ed
- | S
signal. -X

s Y

Impulse-radio (IR) UWB  systems aw 'w Use @’wideband
communication concept in a power-limj Nem mN mn&{aﬁon has two

generating different types of ultra-short pulses (that for

types, namely, single-band (or IR) and i-b&.U WK tially called ‘IR,

Adsul (2013). Several propos;% ge%ﬂ tec};{ IEEE802.15.3a and

IEEE802.15.4a on the basis o\

(2015). Especiall@r, im‘ge p essin@d multimedia communication systems
N
Bi (2018). e
\ .? 79

w (e/stems, including their transmitter structure,

Thi revigws

’ :

chann w and ‘red@nves struq.-ure. The existing architectures and frameworks
V

reK

EEE 802.15.4a andN‘E%E 802.15.3a are also reviewed along with the cross-
dynamic settings and applications of IR-UWB systems.

0 A critical analysis of the existing UWB solutions that have been proposed in the

literature is also presented to highlight the research gaps and the lack of a global UWB



solution that can serve applications with different data rate requirements across

various distance scenarios. Yv
2.2 FCC Regulations 3: ,
from

Until 2002, commercial applications had been severely restrictgd from'the use of
a wide range of GHz bandwidth due to spectral allocation diff% However, the

First Report and Order issued by FCC (2002) did not IicensTwo DC-960 MHz

and 3.1 GHz-10.6 GHz RF frequency bands for commerc B@?ons. FCC

also sets specific requirements for UWB communicgtion bantiwi doem(?eion
_ _ | S

levels. Following the FCC, most regional sp regulatofs un 'cﬁe world

4

d com@%ial UWB

ionlz Is in different

refused to allow parts of the radio spectrumw lice

systems despite the slight variation in gre y n?j‘e I

countries. UWB spectral rules in the U Ca,aanr me more relaxed but

in Europe and in Asia are strictl %/ed, %O 2). \Q?eless technologies are
;? [} -,
F

q
known as UWBs according& C(A;J the;{&nals have the following
characteristics: T , N

(
a. An absolute Wth (BWﬁjJs QMHZZ Kumar & Gupta (2019)
N 8’

Absolute bandwh&kdiffe'ence om t<h:§9!rongest frequency component of the

signal spectr \Wee me {ghgst &)\and lowest frequency components (f.)
4
measured beloyv thip f q? BW is computed as.
% g D‘L—&c BW > 500 MHz 2.1)

N
A least 20% of the cemire frequency (fc) of the signal spectrum is a fractional

h (' By). B From bandwidth is determined as.

%idt
S
g

c

> 20% (2.2)

Where, f, = %



As UWB signals usually cover several frequency bands (sometimes within the
GHz range), it becomes inevitable to share RF spectrum together Witw
communications systems, leading to severe interference. To make such \ence
feasible with or without interference, FCC developed a very low F.kor UWB,

which falls into the noise floors of most current narrowband systeR, Fcc (2002).

PSD is the ratio between the transmitter's total power (P |n the bandwidth
of its signal (BW in hertz) and is provided by, Nakache & 20‘)6)
P
PSD = . 3)

Ay

For commercial UWB applications, FCC Ides fo r pgak otrop@adlated
power (EIRP) equivalent of —41.3 dBm / M

: MHZz)=CC (2002).
EIRP refers to the maximum antenna pw Q‘ha éa is a radiator

isotropic and is defined as Nakache & Mo

El E T 2 (2.9)
Where the transmitter power r& Lg sy S arﬂ&v peak antenna gain is G,
Table 2.1 compares the n omnjunic ol S \B with other common wave
wireless systems, Gha\% al. (097 0‘
Table 2.1 opul |reless Communication Systems
't,b'(% Transmitted ety

AM radi 7 5 50 kW 666103 W/MHz
Televi zn() eﬁle\z’Y' 100 kW 16*10"3 W/MHz
C tems 8.3???4?12 500 mW 60 W/MHz

Source: Ghavami et al. (2007)

% nd Wi-Fi 20 MHz 1W 0.05 W/MHz
b 7.5 GHz 0.5 MW 6.67%107-8 W/MHz

14



As Table 2.1 shows, even with full use of frequency bands from 3.1 GHz to 10.6

GHz, the maximum power a UWB transmitter can emit is only approximat?%

w N

The wide bandwidth occupied by the UWB emission can interfe the extra

approved bands in the frequency spectrum. The damping oscillationW/eforms are

caused by the sharp peaks in the spectrum with a small bangwi and these peaks
i e

i tlal. (2015), the

omai w in FCC
@

ermitfan (#y.v{eggbic
m% rms@?h a flat
sho@ operating

frequencies (centre frequencies) of Uwaheir poss and@'ms and compares

them with those of unlicensed narr%wd wide ?
N
the US Aiello & Rogerson (20% 4. (3"?
Table 2.2: US }m or Un@énsed Bands Use

A
Unlicensed Bands ‘

ISM at 2.4 GHz
U-NII at5.15 GH&\
UWB c\
Q Q Source: Saji (2016)
\
D%O, Hz& updi ped Yﬁguency bands can be used for LDR-UWB

im ations. The EIRP i \u’sted to an extremely low level (-75.3 dBm / MHz)

fo?i GHz to 1.61 GHz of the RF spectrum to protect the signals of the UWB
S

ms against potential interference from GPS signals given that the PSD of These

interfere with communication systems. According to

desired UWB waveforms provide the flat frequenc

regulations. Rayleigh, Gaussian, Laplacian and modi

waveforms, as well as their examples, are

spectrum. Table 2.2 Aiello & Rogerson

Bandwidth (MHz)
835

. 300

7500

PS signals is within a similar range. The main frequency bands that can be used for

UWB commercial HDR applications, which are considered to be the key advantage of
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UWAB, therefore range between 3.1 GHz and 10.6 GHz, Tsang & EI-Gamal (2005).
However, to prevent any interference from WLAN signals (WLAN 8

operating at a 5 GHz range, a lower frequency band of 3.1 GHz to 5.0 G%\)per-

frequency bands of 6.0 GHz to 10.6 GHz should be used during theﬂ&pment of

UWB communication systems. Q

2.3 UWB Signalling Schemes Y'
As commercial UWB is deregulated and fre@ nu%signalling
schemes have been developed over the years, Wei etal. (2 . Howe g1 of
p y (20%9) m\qw

organizations, such as the IEEE LAN / MAN St s Commigte av! es\%lished
s Y

M rent U@B schemes.

son TQ iplexing (MB-

some standards to ensure compliance betweenw

One such standard is multi-band ortho unenc
s

802 Par

OFDM) introduced by Task Group 3

standardise HDR-UWB by using %R dﬁira%e
MB-OFDM signalling mode@hile,%fjr E'as&&up, IEEE Std 802.15.4a,
Proposed a standard LDR al Ia'er b in ,@B for the exact spectrum of
Wireless Personal Are%orks(&\ﬁé]jfé@)&&While these regulations are still

not recognised ur@, the] aim standa@se UWB systems development.

N
\ i | (J

231 MB-C‘B, 2 .9
M &W is? rri?— se@WB networking scheme initially supported by

the MByO Alliance (now@n as Wi-Media Alliance-based MB-OFDM), Xu

200 hich attempts to

é.) UWB (DS UWB) or

e MOlS). The spectrum is categorised into smaller frequency bands, and each
dwidth includes 500 MHz multiple UWB signals that are transmitted
letaneously as they operate at different frequencies and do not interfere with one

another, Assefzadeh & Babakhani (2016) . The whole 3.1 GHz to 10.6 GHz UWB



range in this scheme is divided into 14 uniform sub-bands which are divided into 5

groups. As shown in Figure 2.1, each sub-band has 528 MHz in bandwidth Saw.

(2019). %\
Group 1 Group 2 Group 3 3

Group 4 v
| | | | L N - |
[ — i I | |
.*T 1z
| N
72 240 !52

I M

ourge: S gl. Q019)

- | &
Figure 2.1: MB-OFDM Fre nd PI .&
su%

The data bit stream is divided into di d in'ée;gted into

OFDM sub-bands as LDR parallel streaE Ngagh pardllel steam i@dulated by a

1€rs @“be spaced to one

atious Very efficacious Zou

single parallel yet orthogonal sub-car Bef€ause sub-

another, overlapping is possible so%peotrum\dﬁo
@
(2011). The MB-OFDM Multj sigrRprovi s'fle@y in the design of UWB
i i spedjru A
(

systems in accordance wi anT

m&ulations, Nikookar & Prasad

(2008). If there is no % ce w'} va)?vzo d system the system will delete

one band or a gr MMB-P ith tum performance degradation. For
S

example, grou I a can@i%urned off in order to mitigate signal
¢
distortions ANJ(@8

)';t&g. Each sub-band in MB-OFDM has a longer
symbol th thaf rich @mises inter-symbol interference and increases
mulﬁ&mmunity, Nikooka@'rasad (2008).

\?e main advantage of MB lies in its efficient use of the available spectrum and

exibility to coexist with other wireless technologies given that each of its separate

ands is being treated independently. The complexity of the transceiver architecture in

MB-OFDM increases with the data rate, thereby raising the requirements for powerful
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processing engines and additional power, while synchronization is possible, Nikookar

& Prasad (2008). T
2.3.2 IR-UWB :c’)

As discussed above, IR-UWB schemes use ultra-short pylses of* nano/sub
i z

Nanosecond length for signalling. While these pulses do not ca% mation, these

pulses are encoded with one available IR modulation scheme ing position and

polarity, to create a pulse series. The data depend @ve b'ained from the

categories of design constraint, application, Qower¥congumpgi dnar*vare
N

complexity, operation range, data rate and ca brazeh§ & ¥loh HQO]B).

s b %
Figure 2.2 compares IR-UWB with conventimre eN n@t‘ time and
frequency domains. c\’ é

- Time Domain \

=
r

= BV NI{H -

sw;:;-dgi;cwm Wideband

BW» GHz

-

-

Ultza Wideband

Source: Nekoogar (2005).

\?Figure 2.2: Comparison of Narrowband, Wideband And IR Schemes

DS-UWB and time-hopping (TH) UWB (TH-UWB) are two prominent
ubcategories of IR-UWB Minoli & Occhiogrosso (2018). In DS-UWAB, data-encoded

IR pulses are continuously transmitted Bagwari et al. (2018), and each user is
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allocated with different pseudorandom sequences. Meanwhile, in TH-UWB, data-
encoded IR pulses are transmitted only in specifically allocated time slots me\
user. %\
IR-UWB modulation options include Pulse Amplitude Mo (PAM),
binary phase-shift keying (BPSK), on-off keying (OOK) and¥pulse position
modulation (PPM). UWB is considered an orthogonal proces od with the best
modulation option. However, its BER performance is a S%.P M waveforms.
Accurate detection of pulses is required for accurate chrofisaty d‘ channel
estimation. Energy detection and correlation detectio the tw@ maj ca‘e@s ina

UWB receiver with low cost, poor BER an mplerfentai &ien et al.

(2017). The receiver of the correlation is u to velm‘ thédempla Y;ll which in

turn is acquired via code synchronlsat\ eceived is @nultlplled by the

output, and the result is integrated e reso&b

N
is included in the bank of an IS ahr(r&@ by specific multipath

@e receiver of the rake

components Moschevikin 16 ultip ding environment uses the
multipath component% nal s ;a% fi at are obtained by using rake
receivers. Howeved ake rei e r@w complex and have low power
consumption, thgrebyMmaki nsuil@’forthe implementation. Moschevikin et

!
¢
al. (2016). 0) s \(i"

I an (g ?i eith&\as a carrier less or as a carrier-based, Lee &
Gh% 2019). In the c@ylgss IR-UWB, an impulse signal is generated to
e the carrier's requirement for the wireless channel transmission so that the

ulses are already in the RF range. Without the carrier signal, oscillator and mixer
ecifications and the steps involved in up / down RF conversions are omitted, and

thus the transceiver structure is simplified, Xu et al. (2018).
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In a carrier-based IR-UWB, the signal is generated by mixing a higher
frequency carrier and increasing the energy DC range to a targeted UWB banw
RF spectrum Lee & Ghovanloo (2019). The carrier-based |R-U@W be
implemented either by the up-conversion of BB pulses to the desi%d in the
UWB RF spectrum or by performing a direct on-off switching ration on the
oscillator whilst generating pulses Zou (2011). The carrier- seN%UWB has few
advantages, including its improved spectral efficiency %n

reasing system

capacity) and accurate timing resolution (with less signa cessing receivers,
@

| &
ed_ IR c unication
i o
ich™Qey ¢

, w? q@xsn enhanced
multiband IR-UWB (MIR-UWB) sNahances t asti (‘of the spectrum

distribution, the sub-band range a variety %b t rates by choosing

especially at quadrature ones) Peilin et al. (2018).
Qi & Katayama (2016) Developed anwi

system based on sub-band collection. Th

N
fractional sub-bands via a pla oritlﬂn with & set @ulses. The spreader and

receiver provide the BER‘Pn thi e V@ Gaussian Noise (AWGN)
{Wat m

channel. The results %
conservative MIR-LNstst the ‘é‘kN channel and at the same data
transmission ra\D&(ran ' ' @ER performance are evaluated by using
¢
an appropri e%)inatfan:%&n @(aneters.
_ TN _ _
H% jer m:&ases the power consumption and complexity of

the §menffed! M@UWB system outperforms the

ate

Y-

the JR-OWVB transceiver arch'te%r!re. Moreover, generating a carrier that can cover a

%xdwidth becomes problematic at high frequencies, Gozalpour et al. (2018).
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2.4 IR-UWB System Architecture

IR single short BB signals are generated for communicating data. Thesev

are used in a very large spectrum and must follow certain spectral criteria@gnal

or UWB

) <

has a very low energy to maintain low power levels, can be

transmission and reduces the risk of interference with ot harrowband

A

communication technologies Kishida et al. (2015) given_its y low energy;

moreover, many signals are combined to carry one bit of rxtionland to ensure a
.

Agrawal & Kshetrimayum (2017) proposed@NB cgmmu cz’i@-tem
model that is built as a single link communicgi stem dhd i dekﬂ)%e major

blocks, namely, a transmitter, a channel an&_ \ S.
The transmitter and receiver str %

high-speed application Taylor (2020).

l\ ran IR- ap;@tion are shown in
Figures 2.3 and 2.4, respectively. % \? &\
? R A

\ ;){ (le Pulse Shaping

% Source: Jeff Foerster et al. (2001)

; B a)éfr;itter Architecture
Figugesg.3 Wlustrafles the aﬁ‘s@tyer architecture for an IR-UWB system. The
IR-U @:mr’i@? a @source, modulation, pulse shaping block and
an ne of the greatest bo@i'ts of the UWB transmitter relative to IR is that the
@ does not need to employ complex circuitry, such as frequency synthesisers,

Ulch contain phase-locked loop (PLL), voltage-controlled oscillators (VCO) and

mixers Jeff Foerster et al. (2001).
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Moreover, given the EIRP power mask of the FCC, the averaging emitting
power from 3.1 GHz to 10.6 GHz is below —41.3 dBm/MHz, which means
total emitted power is approximately 0.55 mW. Therefore, a power amplfii ) is
not needed to boost the emitting power. PA, PLL, VCO and mixers ar g2l parts of
conventional transmitters. Apart from their complex structures; the%ponents are
difficult to implement and expensive. Besides, an IR-UWB_tranSMtter has a short
design cycle, is moderately easy to implement and has a BX:e'pecially for the
mass production for consumer electronics, given that t ans ttw complex

circuitry. | .i-)\v-

(r : Correlatiow ry \_’\ \)Y.

q Q—
\ S(ﬁ&: Jeff Foerster et al. (2001)

N
Figurc2.4:QWB Re,eive qp@ Architecture

Figure 2.4 shows th -U\Q{ ef itecture, which contains a receiver

antenna, low noi p ier I!NA efere@ircuitry, correlator, analogy to digital
\
converter (A%\B fdodl el !lg rocessing (DSP). The reference circuit

generates %se te plat?f di conversion into a multiplier, the integrator
serves s w pass fHter, anw signal is fed into the ADC for further signal
prwn The transmitter, c}mel and receiver of IR-UWB are described in detail

S
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24.1 |IR-UWB Transmitter

The impulse-based UWB transmitter consists of multiple modules th

together until the designed pulses are formed and generated. These @

described in detail below.

2.4.1.1 FCC EIRP Power Mask Y'

All radio communication applications are subject to dlfferenNJ ations on how
much power can be emitted in a specific frequency pose of these
regulations is to prevent interference with other nearggubscrjbe the same
frequency band Ghavami et al. (2007). Table 2.3 the spdctral a’k ated

by the FCC for indoor and outdoor UWB syst T pow HTfy (PSD)
of the emitted UWB signal must be well c@le\/ nflic @' the FCC

EIRP regulation for UWB application

Table 2.3: Spectral mask regulat%the r?o @do r UWB systems

Frequency Band (GHz) % (()or m/MP L)q . @ tcég%rmlzl:\?gzl)_lmlt
0-0.96 %’ 413
0.96-1.61 - \A 753
1.61-1.99 Y' E < 63.3
1.99-3.1 16 613
3.1-10.6 Sl 2, 413
>10.6 N Y 506 -61.3
\ N Source: Alarifi et al. (2016)
N
2.4.1.2 IR-U Ise

api ) O
'] P

le P ofth IR-M\WB-emitted signal is directly related to pulse
t

type, p h anc(a Jle, shaping is critical for any IR-UWB application.
enerator (PG) is tm‘.‘@y circuit block in an IR-UWB system that generates

mpulse signal trains for both transmitting and receiving channels. Designing

B has five critical aspects. Firstly, the UWB pulse width must be very short and
well-controlled to ensure a very high data rate of up to Gbps. Secondly, the pulse

shape should be optimised for the desired UWB PSD. Thirdly, the generated UWB
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pulse trains must comply with the FCC EIRP power mask whilst allowing a maximum
signal emission. Fourthly, the low-power design is desirable for many mob
handheld applications. Fifthly, a carbon-metal oxide semiconductor (C@ased
PG design is highly desirable for low-cost and power UWB sys*n a chip
Cappelletti et al. (2017). Y.
For IR-UWB, the FCC bandwidth requirements and t Mum EIRP level
X

must both be considered whilst generating pulses. A imrte relationship

between pulse duration (z) and bandwidth (BW) of the IR give bWIetti et al.
@
(2017). | _\G}

Therefore, to achieve the FCC reqwini wid o?f 500 MHz, the

pulse width should be extremely small, i Yy rargi su&goseconds to a few

nanoseconds. Another primary fér, BIRF& % S

>
(@]

n ta%amplitude of IR pulses
q

and pulse repetition rate (PI& e ma penﬁ@ble EIRP for commercial
N

UWB is —41.3 dBm/ zWPSD,of a il p$ ased technology is given by
'3

Schires et al. (2018). 's &
O

Q7 ¢

D |
¢
whe@\e paiver s Ctetl @ tude of the signal spectrum, v, is the root
N
mean sz% plituge Of ‘,oulse%is the width of the pulses and T is the PRR.

&n the ultra-short p@the duty cycle of the IR-UWB signal is very low,
t Xfacilitating an increase in PRR and PSD. To keep the PSD within the FCC
‘% :

6 s, the amplitude of the pulses must be lowered. In other words, the PRR and
ergy in each IR pulse can be tuned depending on the application requirements. The

following application scenarios are then proposed Nikookar & Prasad (2008):



e Low data rate applications: Pulses with high energy and low PRR, which
will increase the communication range of the system with a trade-offwa
rate. %

e High data rate applications: Low energy pulses with high ayhich will
increase the data rate of the system with a trade-off in commumation range.

The FCC has not defined any specific pulse shape for I%communication

systems. Therefore, any pulse shape that follows the F efined 'UWB emission

limit and bandwidth requirement can be used. ApaWgfron] mesy }he FCC
| = ~

requirements, the energy efficiency and performance syste b} g&ﬁsdered

whilst generating the IR pulses, given that bot)?g ac% ely zgﬁt?ad to the
pulse shape. The smooth and stable ‘riSEW all’ f theg reduce the

formation of sidebands (or side Iobew y u@f’information and
typically fall outside the allocated ncy ran\ﬂe%?e m‘éﬁng them undesirable

N
components of the UWB spect%e RF band sing% opriate pulse shapes and

suppression techniques car% the,a ountyof e@ wasted in the formation of

side lobes. Potential% puls“e wa for'm&)clude Gaussian pulse and its

derivatives, Hermi Ise, Ra‘/ ' uncti(‘)é(djrve, chirp signal and Manchester

monocycle, all @we id intT}%UWB Jian Zhang et al. (2005). Amongst
S

¢
these wave be G s%;ge @ ts derivatives are preferred because of their
X

conden profed ?]d IoOW sidelobe; moreover, these waveforms are the

easi&es to generate, ther@fnaking them ideal for signalling Xin Wang et al.

¥The Gaussian pulse and its derivatives also are widely used in IR UWB
fes [Taylor (2018);Mokole & Sarkar (2016);Taylor (2020); Haidar Taki et al.

019); R. Zhang & Song (2016); Pannuto et al. (2018)]. These waveforms can be



mathematically modelled as follows by using the Gaussian function Ghavami et al.

(2007): Yv
G(x) = ! e_(%) QZY)
2mo? &

Where o is a standard deviation. Figure 2.5 shows the Gaus Ises in the

time domain (where T, denotes the pulse duration) the differenw be in varied 6

Normalized Amplitude

N
A
AS&Ee: Ghavami et al. (2007)

Figure 2.5: Gau lse&,Of pdth T, ’\The Time Domain
|
t
\)y wauttie] @9)
where K1\&>nsta Q}G t] <<-‘écaling factor, and time t is the pulse

!

¢

duration G % et gl 7)’0@9 ian monocycle, doublet and successive
%— N

derivati% deriv@ the@ssian pulse function. Monocycle, as the first

deri&of the Gaussian pul@ expressed as Ghavami et al. (2007)

\ —2tf (-Ly
Vg2(t) = Ko—21e* * (2.9)
0 where K, is a constant. The shapes of the first three derivatives of the Gaussian

pulses are shown in Figure 2.6.
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Source: Ghavami e®al. (2007)
Figure 2.6: First Three Derivatives of The Gaussian Pulses In,The E e Domain

The time and frequency domain characteristics of the CYw function pulses
haf

significantly change according to the order of the pulse Zhapg et al. (2005)
discussed the time and frequency domain characteristics ausgian p griv@atives
L . . . . . | 3

in detail and examined their propagation properti pacityjof g#¥'s miﬁ?t uses
a pulse-type in each scenario and the interferen a { m;z;an bring

GQSKSi riva

to a system.

1

|

— 21,
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E 0.5 o 1d'1p1 -
z — 21,
= 0 -l
A .
g 0.5 | [ . -
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\ freguercy {(GHz)

§ Sourceldian Zhang et al. (2005)

Figure 2.7: (a): Nth Order Gaussian Pulses With ‘t,,” Pulse Widths In The Time
Domain, (b) Nth Order Gaussian Pulses With. ‘t,,” Pulse Widths In The Frequency
Domain
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Figures 2.7 (a) and (b), which are taken from Jian Zhang et al. (2005), show the
RF spectrum positions of Gaussian derivatives in accordance with the orde?ﬂe
derivatives and pulse widths (where ‘2°, ‘5’ and ‘14’ refer to the order @siaﬂ
derivatives, whereas ‘tp1’ and ‘tp2’ refer to the width of the pulses).
a. A comparison of the 2nd, 5th and 14th order Gaussian pulsesWthat as the

order increases, the pulse spectrum shifts towards higher, fremM:y bands in the

RF spectrum without any significant changes in the ba 'dz. '

b. For the same order of Gaussian pulses, reducing ulse qul > tp2)
@
increases the bandwidth. | .@
c. The pulse spectrum slightly shifts towar Tolayl re(ﬁ an@ the RF

Y-

spectrum along with a decreasing puldggdurgion o‘ega ss of order of the

pulses Jian Zhang et al. (2005). , O"‘~
If the UWB system is carrier%then um\dg?er @*Gaussian derivatives

N
ﬂmve BB @al from the DC range to

should be ideal given that thes

the RF range Kim & Jo %}

generating higher-ord

ve “}e complexities involved in

(monocycle and do

et al. (2006); H\& uye

Altho
compor&re [ Gl
@m, which is outside@QF spectrum prescribed by the FCC for commercial
%ﬁtems. This problem can be solved by reducing the pulse duration, which
Q s the pulse spectrum to higher frequency bands above 3.1 GHz and filters out the

wer frequency components. Other alternative solutions, such as using a carrier
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modulation and generating Gaussian pulse derivatives as a ‘gated function’, have also

been discussed in the literature [Fernandes et al. (2008);Kianpour et al. (2017)]?'

2.4.1.3 IR-UWB Modulation Scheme %\
Pulse shaping aims to determine a proper waveform for CA the user

information and achieving data transmission. The function of modulﬂn Is to add the

information of the user into the analogy UWB pulse. _The "Wéisic modulation
approaches being used in UWB systems will be described in t'us section.
Intuitively, modulation can be classified into time- sha dulatlon

A. PPM

Pulse Position Modulation (PPM) is a ti

Q | app&h that is

eis @g or sent in
uni %n system can be
©

frequently applied in the literature. In this

advance of a regular time scale. Aﬁ@ binary

established with a forward or bac shlft | @fylng different time

delays for each pulse, an M- ar% an'be created F@ample the data can be

created by the delay param crr s Wn in equation 2.10, where
na et dl. (2¢14 ’

t represents time. [Ya%
(2016)]. \ '
& q r@"ﬁ;) (2.10)
N,

For c &@wce, w y{a\ej 1 and i=0, then we have s,(t) = p(t — 1;)

N

and s, ) 2 4\
Aadvantage of PPM @‘ﬂy lies in its simplicity and ease of control delays.

) for UWB systems, extremely fine time control is necessary to modulate

O

akl et al. (2016);Niemel et al.

S W|th nanosecond or picosecond accuracy. Given these benefits, many studies
ave used PPM signals to achieve performance improvements [Yajnanarayana et al.

(2014); H Taki et al. (2016);Niemela et al. (2016)].
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B. Pulse Amplitude Modulation

Pulse Amplitude Modulation (PAM) is a form of signal modulation w
message information is encoded in the amplitude of a series of signal@ For
example, to employ zero-order Gaussian pulse as pulse shape, we caﬂ'&equations
2.11 and 2.12 to stand for ‘0’ and ‘1°, respectively, by using PAM: Jjnanarayana et

al. (2014); H Taki et al. (2016);Niemela et al. (2016)]. V

So(6) = Ao %)e(iﬂ%: {d (2.11)

®
Y-
L |G
5:(@) = Al(\/%)e ? Y. (2.12)
v

In some PAM systems, the amplituw h m{s W directl portional to

the instantaneous modulating-signal @ at the i

ep occurs. In other

PAM systems, the amplitude o%h pul I e:}e\proportional to the

instantaneous modulating-sign@ udefat t me @ pulse occurs. In other

systems, the intensity of eachhde me C,@(g(,:teristics of the modulating
l.

signal apart from its stn zch asigi tdn@equency or phase.
'3 &

C. 00K \ ' N O
On-Off Ke¥in @) \Qr to . For UWB applications, OOK can be

!
: ¢ : (,’ L
characterised %J se ghape flation Where the shape parameter s is either 0 or 1.

6' ? #}O’i P(@Where o;=00r1 (2.13)

Aex mple, the ‘on’ I@WYI'S created when o;=1, whereas the ‘off” pulse is
Nhen 0;=0. Therefore, we have S;=p(t) and S,=0.

>

SK

0 Binary Phase Shift Keying (BPSK) is the simplest form of phase-shift keying.

BPSK employs two phases that are separated by 180° in pulse. Therefore, BPSK can
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also be called 2-PSK or bi-phase modulation (BPM). BPM is easily understood as the

inversion of specific pulse shape, and we use the following equation to create w
system based on the inversion of the basic pulse p(t): %\

si = o;p(t) where g, =+1 * (2.14)

For a binary system, the two resultant pulse shapes can be (W as S1=p(t)

and S2=-p(t). One of the reasons for using BPM is the resul%y gain in power

efficiency. [Yajnanarayana et al. (2014); H Taki et al. (20 i elé'et al. (2016)].

E. Comparison of UWB modulations \d‘

Y-
s are PPNLAng @ The
: % f cQQty;l delays.

The most common IR-UWB modulation tech

However, the synchronisation between t e tra@;r must be
considered in addition to the creation : Th@‘%in advantages of
BPM modulation lies in its simpli \y(r,xBPM is only used in
binary communications. No ser c%se either PAM or OOK

amplitude
2414 M cessg_l} Single Band UWB

modulations descri@%n the previous subsections do not have multiple

a \apability. To achieve multiple accesses, a randomisation technique is applied

& e transmitted signal to reduce the spectral peaks and subsequently minimize
terference.
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Several important techniques for enabling multiple access in IR-UWB systems

have been proposed in the literature, such as the time-hopping (TH) technique,
is used for LDR and HDR UWB. TH-UWB may be considered similar@/\/ell-
known narrowband TH spread spectrum (THSS). The UWB and spreﬁ%rum take
advantage of the expanded bandwidth do Nascimento (2007). How&’n IR-UWB,
the narrow UWB pulses are directly generated having an ex Mrge bandwidth,
while in conventional spread-spectrum sinusoidal signals Uthéld with a carrier.
Besides, the bandwidth for UWB signals has to be hi than OWthile for
spread spectrum techniques much lower bandwid@idere Ot Fe.,fﬁ)-asic

idea of both technologies is the same. 4 \)Y.
A. Time Hopping Ultra-Wideband (TH-U Y. \ é\v

Time Hopping UItra-Wideband@B) isa -até’spread spectrum

ra
technique. UWB pulses are transn%having S’od?ra ﬁ*positions. TH-UWB
N
du

can be combined with PAM, P PPI\ﬂP l&ions.

>

The transmission of Madi f S er@ each data symbol shifted in
2

these technologies d nto §2003. '—Io@ver, in IR-UWB, the directly

s &

generated narrow ubs ex%&nely high bandwidth, whereas in

Q%B p
conventional sp@ctr |ues,&"&inusoidal signals are modulated with a

¢
carrier. Mor Jxhe bandwi &)re} signals must exceed 500 MHz, whereas
N
spread % teft ‘,requi-é\a much lower bandwidth. Apart from these
congi ions, TH-UWB and have the same basic idea.
B

\e transmission of multiple radio impulses encodes each data symbol shifted in
Q. To avoid collision amongst pulses, spread spectrum systems use a
seudorandom code generator. The generated code, which is called a periodic
pseudorandom noise code (PN) do Nascimento (2007), is used to determine the actual
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interval in which the output signal is transmitted. Each user is assigned by code.

Therefore, UWB signals may be transmitted by multiple users without inter

Figure 2.8 presents a sample binary PPM modulation for a user with

random code ‘35251°.

5
¥

x10

4

\T

&

(Al epnyidwy

nto (2007)

1’ Via 2-PPM

Figure 2.8: Transmission Of Bits *

0

M

&

tli%q or broadband satellite

/ 4

L

sedQrale

nt envelope multicarrier
are compared in Table 2.4.

ing

re
Nt
e

Xiong Wang et al. (2018
communications. To types

waveforms and single

WA
plin‘l&%

ik
Qéﬂf.z G
4-
81-86 GHz

Downlink

37.5-42.5 GHz

71-76 GHz
Source: Xiong Wang et al. (2018)

Malik et al. (2016) examined the anti-jamming capability and low-probability

interception of a TH system. The large bandwidth of this system overlaps with several
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frequency bands and is either used to establish narrowband services or intentionally
jammed from enemies. The anti-jamming performance of TH-UWB haY!m
analysed in many studies to mitigate interference from both the trarmi and
receiver. At the receiver side, the narrowband is analysed by using‘& Division
Multiple Accesses (CDMA). This method uses a nonlinear predictionNglter to reject or
reduce narrowband jamming and a transmitter to imp@ anti-jamming

performance of the TH system.

Xiong et al. (2017) used the composite nu in hw‘intrusion
destruction algorithm for reasoning UWB wireles or nejwor ¢o.r£g sion-
based TH-UWB radios are mostly appropri i helr osta 8w power
bao‘i\narro@j' clients and
the intercessions of ultra-wideband cl\% estimate d n@‘ﬁvband client and

interruption happened in the UWB%[orst \M¥ri r less communication

>

system. The various in narrowénd ﬂterv tlans% ediately a direct course
n

enormous request versatil %tio,, ove&zas high request lattice rout

consumption and positioning over a large f

37

<

rica ;‘m&@on, which was interfering

acknowledgement of p@p gb 4‘{Jltra-wideband WSN systems, was

significantly mqgificOwby t X cﬁéient cyclic course high request system

versatile pu . Jhe s te;% ﬁerfer} d before the demodulation part, and it was
N

suitableffo t enfl In- integtUption end of the non-lucid drive-based ultra-

wieremote sensor org r@lwhich was performed with the rake recipient and

strategy was utilis num

r indicator [Yajnanarayana et al. (2014); H Taki et al. (2016);Niemelé et al.
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B. DS-UWB

Direct Sequence (DS-UWB) is a single band technique based w
transmission and reception of short pulses. Many users can share the sa@trum
without interference by using orthogonal codes based on CDMAS user is
assigned a unique code. DS-UWB signals can be modulated via PAWK or PPM-
PAM. \I

To enhance efficiency, DS-UWB supports operati m nds, namely, a
low band of 1.75 GHz that occupies the spectrum fro GH tw.Hz and a

high band of 3.5 GHz that occupies the spectrum f .2 GHE to ﬁl—l{gg'ure
2.9). Given the possible interference from 8 \% 5 QEG—G GHz
frequency range is avoided do Nascime 2Q(Y7). Bpthtkese b Yc~an be used

S

-

either simultaneously or separately.

/

UWB signal for lower band

|

Q.: ? \(J Source: do Nascimento (2007)
& vt
Féure 9. DS-UWB Spectrum

A\ Pa
\ t al. (2018) develob@an orthogonal balancing code based on UWBSs over

%ﬂt path channels, as shown in Figure 2.10. The offset stacking UWB structure
O\ieves an adjustable data rate transmission by using a ground-breaking offset

stacking scattering technique. DS-UWB achieves a flexible data rate by using
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spreading intonation methods. The performance of the two systems of the multipath
channel is evaluated in terms of BER. The Orthogonal Complementary Code aw

a better performance (OCC) based UWB system and has been comp%\ith a

unitary-code-based UWB system. &

Multi Path Cha

User 1

User 2

UsérK 4
\e Aj &
‘ SNy Source: Bai et al. (2014)
Fig% Multi‘; ser iv’vb @ﬂmunication System
¢

25 UWB Chann%d

The propadet nvi

. ¢
to a receiver %r edfo ast

nature o Mpliga on ‘.h pr@ation phenomena differ between the lower and
higher End of a spectrum Op;@;&':nn et al. (2005).
\

wever, similar to any other signal in a wireless medium, IR-UWB signals
%rgo attenuation and distortions in the communication channel. IR signals are also
one to fading and multipath interference, which make the received signal at the

receiver considerably different from the radiated signal from the transmitter. However,



the channel behaviour of an IR-UWB signal significantly differs from that of a

conventional signal. The distorted UWB signal at the receiver can be modelled?u

(2011) ﬁ

L-1

r(t) = Z @St —1,) + n(t) Y' (2.15)

i=0

where r(t) is the received signal, L is the total resolvable m ath component,

ai is the attenuation specific to the 1-th path, ; is the pat atlor delay and n(t)
is the double-sided Gaussian noise with a spectral densi N,/3)

y indogr a ntjo_@'tdoor

U@channel

Ienzu%‘g-'V) model J

refe@é channel model
Oppermann et al. (2005). For the U% annel \eL$ fine delay resolution
ﬁ '7 N

of the UWB pulse, the multlpéals ders(o er than in a continuum.
UWB channel measureme m M@phtudes follow a lognormal
distribution. In their %e rt onleP l| in February 2003, the IEEE
802.15.TG 3a prop, a detall

This model pre&al ;ptiotﬁgﬁhe UWB channel model and serves as
an importan % U cha el‘esb(?] Many studies [Irahhauten et al. (2004; N.

Liu et 5)] h& examined the channel model and localisation

for Qcommumcaﬂon sy@#’deagn Readers can refer to [Oppermann et al.

wGhavami et al. (2007); J Foerster (2003); Molisch (2005); Irahhauten et al.
4);Alarifi et al. (2016)] for additional details

o Dong et al. (2016) extensively discussed IR-UWB channel modelling. One

channel model for IEEE 802.15.4a, the subgroup mentioned in 802.15.4a (2007), also

IEEE 802.15 Chore Group 3a (TG3a) evaluate
channel models to determine which of thes
characteristics. Amongst these models, the

Foerster (2003) has been recommen

\mm rrge) for UWB communication systems.
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uses the S-V model, as shown in Table 2.5 Molisch et al. (2011). The S-V model is

one of the most widely used wideband propagation models that define the res

multipath components’ delays and amplitudes by using random @)i”ty

distributions Molisch et al. (2011).

Table 2.5: Channel modelling for IEEE 802.15.4a Q

Channel

Model Type Category Range (m)
1 Residential Line of s Y' 7-20

2 Residential

3 Indoor office

4 Indoor office

5 Outdoor V [
6 Outdoor \% .
7 Indus %
: .@

9 thdo’ long
% \‘,d\ }"Qf Source: Molisch et al. (2011)

Gao & CW?) p'o chan 0ss models of UWB radio wave
to

broadcast from\ G i Th&@ironment of 2 to 10 GHz short-range
¢ Do G
application %B angl p mﬁewss under different application environment
N
based o IBERY802.85: ?tocol. he zig bee application circuit is used to test the

IEELAQ15.4a and Okumu@bM) channel loss models. The IEEE 802.15.4a

Xmodel achieves high precision and using both zig bee and IEEE 802.15.4a is

C E
6 ed suitable for channel loss estimation systems.



2.6 IR-UWB Receiver

Recall from Figure 2.8, the generated TH-PPM UWB pulses can be r?d
with special design anntenia as analog signal with proper amplificationglisi AN

filter then, can be correlated with the reference signal to generate the Nng digital

outputs. This is the ADC unit that can be used an electronics devig€s as shown in

figure 2.11

\ \ ur_figao & Chen (2017)
Figure 2.11: IR-%%ecﬂﬁlIve "~
ETM,

ucture
q Q—
Aside from the receiver& the ise &ulfier (LNA) can also serve
N

refe nle t generates the UWB pulse

as a front-end amplifigr emplat
template, which will be feanto LK [ Ii?rc he following stage. Given that no

carrier is used forgge IRMJWBSsystegh (that S0 frequency shifting occurs), a simple

time-domain ghreCW nve?\fho \e enough for signal demodulation. The
multiplier e refufﬂ a dﬁputs and then multiplies them to conduct a
correlagjo e dem‘(:d atidﬁ. A\’Mhtegrator block follows the multiplier that serves
as\l%pass filter for sigrﬁfl? processing and then outputs the integrator that is

%d by a high-speed, low-resolution Analogy To Digital Converter (ADC) circuit

0 digital signal processing (DSP) or host applications. The synchronisation,
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correlator speed and power control should be considered during the actual design

implementation, Gao & Chen (2017). Yv
2.7 Link Budget Design and Analysis for UWB 3 : ,
distan

Link budget analysis mainly aims to determine the maximu between
the transmitter and receiver to ensure reliable communicati% redetermined
transmission rates, ranges, transmission powers and error rate make provisions

for the capacity of the system and coexistence with otheBsySgems. l‘he lipk budget

analysis in UWB systems may greatly differ frogn that™n cgnve Ios@ems,

especially impulse-UWB systems, because whils verage a m!m-‘pﬁ?wer in
.' Y

narrowband systems are essentially the same (€ it is\noQ avera%bower that

is of interest), given that pulses with a ;%wly Io'\n d ydi{{ often used in

UWB systems, the average power m bg usefu ore@r, given its large

£
bandwidth, the pulse may be m gykyc vir@wd sending antennas,

q
whereas the active surface ga\ e latt 0S ike@ not stay constant across
the entire frequency band. , N

This section presefits @link b U‘n@s used in small range solutions.

The analysis fou@e di‘it
the experim Nai tign hdqé_}or outdoor UWB systems. Wireless

impl tation, the physical layer design and
communi temgf are Jdejelo long with their corresponding link budget
patter %e analys yXJsin e physical values of parameters. The full digital
>
COK chitecture correspoMds’to BB algorithms, Gao & Chen (2017).

%\n impulse-based UWB system with precise ranging and low rate

munication has been constructed in the literature. The link budget analysis

considers the design methodology, and the digital receiver corresponds to BB receiver
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algorithms. The design solution was achieved the network number of pulse per bit,

throughput, pulse duration, transmitted signal power, minimum receiver senwn,

the link margin, and communication coverage. The design resolution W@uled

with the link design, which is analysed by using applicable para ith their

associated values listed in Table 2.6. Q
Table 2.6: IR-UWB Link Budget For Precise Rang@(e C(]mmunication
0

Parameters Uni

Throughput Mbps
Distance M
Bandwidth

Average transmitter power

Duty gain

Transmitter peak power %
Centre frequency Z

Path loss 1 meter

Path loss d meter \%

Receiver power

Receiver AWGN noise floor }BQ
Receiver noise figure %

Average noise power ? ) dB
Pulse per symbol 2
Processing Gain \ B
Minimum Eb\NO dB
Implementation | Y. d
Link margin [

Minimum receiver sengltivit & &gBm
O’ Source: Oh et al. (2009)

the | ;VB is statistically analysed, and the

O

!
Q‘usa(fﬂ) design the link transmitter and receiver,

e]&rom the distance of 1.5 meters. The multipath

envinoﬁen are measured by‘_pg:; certain parameters, which values are shown in

oD -

Table 2.7: Parameters And Their VValues
Parameter Values

Pulse of deration T, 2ns
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chips of durationT, 2ns

frame length N, 128 Yv
Number of durationN,, Random %\
Sampling frequency 2 &
Central frequency 2Ghz Yw
Bandwidth 4.05GHz \,

urce: Merz (2008)

The link budget wireless communication is idenjifi

e @?nd signal
quality at the receiver side. The link budget is essengial in Validgting F’iWWB
o)

rat R and

systems. A proper UWB radio parameter is cru n evaluating d

M signal g¥ie distance,

b settings. The

service coverage. The transmitter is used to eval§te the

frequency, LOS settings and link type%wl
budget is used in a pulse-shaped fieldme HW

link budget and in residential and ®§{ic an n

c

B &Qcts are used in the

he fic link budget is then

A

validated by performing seve ureme ariougsdistances ranging between 1
N

m and 20 m. The low gow h sp,ed a lovg@ of indoor applications are all

considered in the measurem;ts. \o' o‘({}o

Matching t %r iJe to thp maxi SNR is a difficult task. The multiple

UWB budgecNas edy to ?Jlecl(égﬁal propagation and outdoor or indoor
scenarios.%eeiver evei)p ent8thvestigated by using specific communication

s
param:e UWB oWtdo me&ﬁrement is designed and applied in surveillance.
harmel m

TI1\
mental applications were the design development of the communication

Odel. The link budget is analysed, and a scheme is developed to explore those UWB

parameters that are used in communication cross-layers.

V

odelling, transc?Ner structures, low and high rate of indoor and outdoor



Jawad et al. (2014) designed a link budget with a tuneable impulse-based UWB
with a wireless sensing and identification infrastructure. IR-UWB signal ModeT\
as the coding method was generated the UWB in short-range pulses tra% ese

methods were simple and ultra-low power Radio Frequency Identific FID) and

WSN nodes. Q
is ) Wandwidth
S t THuh r‘e in
ion is

2.8 Advantages of Impulse-Based UWB

High data rate: UWB can achieve HDR in trans

increases along with volume. Shannon’s equationg provi m N
which the data can be transmitted without ar\& Howeler, is'qu;{
s Y

N

);

restricted in terms of bandwidth and signal-to-rw{

maximum channel capacity

ecoud) AF ¢ N
e N E
bandwidth of their cha Z), %\
. I'7s
powerof signal (wabus¥ 2 2 &
N O

power of noise N,N '

Low re % COSts B tr@nission is carrier less it controls the
antenna. %re ir?owe\(gumber of components, including sinusoidal
transm'& reéiw-ZomyéE with previously proposed systems, thereby

redy® e costs and allows \fwe use of small devices. However, UWB requires

cer\?lectronic devices, such as wireless sensors.

a communication system to penetrate physical objects that are typically found at home

where N\
£

Penetration ability: The application of UWB benefits or relies on the ability of

and office environments. UWB systems operating on the low centre frequencies still
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they provide their capacity. The high centre frequency with the lower ability of UWB
and the objects are due to the shorter wavelength. The relationship between frew

and wavelength can be expressed as Jawad et al. (2014) %\
S
A== ) (2.17)

f X~
where V
wavelength in meters (1) Y'

frequency in Hz (f) \d
s is the speed of light — 299,792,458 ™/ ‘X

|
Accurate ranging and location detection™&gge narroyv frangit pr es the
it al

\q i &\w\ﬁe location

&

p& that provide wide

dimses at receiver.

q Q—

Inherent robustness to\ ath fahgJGive arge bandwidths, UWB is
N

very robust to multipatEadlw. gignaIFrop ationygsgthieved by using the multipath

fading channel model, wggre t & |t!€z<jjgnals reach the receiver through

UWAB radios are providing a good time domairgesol

and position determination. %V
Multipath resistance: The Uﬁvhe w
K

bandwidth and are separated with

multiple paths. %del Jause onstrgfNve and destructive interferences and

N
shifting in th@wh reas sy‘n of phases causes destructive interference

along witr@path faflingJGwen wideband of UWB, the transmitted signal is
s
resist ultipath opaﬁat'Q,R'lhe narrow pulses prevent multiple reflections
<,
com

fro\ ining and destroyi@the receiver. The multipath components are used to

0%/e the signal reception via the rake receiver or channel equalisation, whereas

row pulses can be prevented via multiple reflections.



Noise-like signal: UWB pulses are transmitted at very low power levels, and
the signal may demonstrate some pseudo-randomness due to noise, and it canvm
noise signal or interception or detection. %\

Frequency and data transmission: UWB achieves accuratﬂhency and
high-speed data transmission rate in personal wireless devices. Y.

Ability to transmit data at high rates: UWB is main]y usé®for short ranges,
r ynedi

such as residential or personal networks, and especial 'l:al applications

where high-resolution medical images need to be wire trangfer octors for

dica:'saud),p'li@ﬂx; to
d in ifftensiyd care uRits. UWB
ogps el

es, evilch Blue " due to their

many benefits, which are summarised ms. O"‘~
e Low power consumption ar% require\ﬁ\$r m'%rEX components, such

as the Power Amplifier%d ithe tr smitr@

e High security durin%nst on. $

e The use of CM itters, Swhi .gg) &onsume much energy in battery-

s &

powered d,% ' \ é)

UWB sysigs hae be ivel d in several areas, including
KR

o distggutinglaudid, vi o@ types of data in wireless channels,
=

’morg%_ radars,

their proper diagnosis. UWB can also be utilised
continuously monitor the movement of patient:

systems have replaced wireless transfer tedggol

cise tracking for ge@tion services,
%\etecting intrusions and
0 ¢ radio frequency identification and tagging.
The main advantages of UWB are summarised in Table 2.8.

Table 2.8: Advantages And Benefits Of The UWB Channel
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Advantages

Benefits

Co-existence with current
narrowband and wideband
radio services

No expensive licensing fees \Y'
High bandwidth and suppor %I-time
high-definition video strea@

The high degree of ity and low
detection and intercept praigebilities

Reliability in hostileWments

Large channel capacity

Low transmit power

Resistance to jamming

Robust performance in

multipath channels n adverse conditions

High signal s

Enables 0 ler from
Simple transceiver architecture factor and ean _THE ¢b en
failures at a reduged cosf. ’

()
ut ¢ 'f)\}s (2017)
v

2.9 Challenges in Impulse-Based UWB\’z .,‘ S.
IR-UWB systems also face sev@enges, iéﬂtant of which is

their complex design. Robust code gynchronis N it é&th heavy processing
requirements are needed at t@r 0 achi sy! \nisation, especially in
multipath environments, if Nch Qied.\jﬂ%reover, wideband circuit
elements generally ha%gvpowe’rcon Mp@]d are more difficult to build
compared with nwb d ’Y'eu‘.j‘\ Iemg. &These problems result in the
uneconomical i@ntat' )@UW@tems via CMOS P.-M. Wang et al.

YIS,
(2020). Q) ¥ 4 )

M &5 th‘s

tran@ign simple and

—+

A

@Sjimple architecture of IR pulses keep the
y-efficient. However, the received signal level at

t Nver is usually very Iokthereby making the use of PA inevitable in practice.
ded ultrashort pulse train also requires a long synchronisation time and produces
Qerhead because of its heavy processing requirements. These factors lead to complex

and power-hungry receiver design requirements Nikoukar et al. (2018).



UWB systems mainly target short-range, HDR and portable communication

devices that require small circuit designs and antennas and can operate under VWQ

channel conditions. However, designing convenient antennas with smal ions
poses a problem given their wide bandwidth and nonlinearity C.«Nng et al.
(2016). Y'
Very few UWB standardising groups are available i Mand the UWB
¥

spectrum is heavily unregulated, thereby resulting in poighg terlerence between

two UWB systems that share the same frequency bands. \d
@

2.10 IEEE Standards for Short-Range Com tions

4 i
The IEEE 802.15, standardisation of w Bh\f Iue@ﬁ wireless
devices as defined by IEEE, is applied fcMs.

short-range, low-power, low-cost am

between two working groups, na , We IE 3.3acgf«ich is used to achieve

q
HDR in short-range appliﬂ& awwg&x which is aimed at
communications with high n rafigin au@?a-low power.
éo o

Pothuganti & Chitrien}) (2014) greyiciegh %ereless procedures of Bluetooth,

UWB and Wi-F@ fo@ sta&@ds were used in the small range of
N

wireless com wion WiJh pbw, r(gtmsumption. The Zig bee was calculated
s’

with a relj elesgl neto ob@ing and regulator the networks. Wi-Fi was
focuse, mputer cc'mpuwh networks as delay or substitution of cabled
S’
N

neK %
0 %il Bluetooth over IEEE 802.15.1

The IEEE 802.15.1 standard depends on wireless radio systems that are used for

short-range communications and as substitutes to cables for computer peripheral

47



devices given their low cost. Bluetooth devices were serving the master in Pico-net,
and one or more Bluetooth devices were allocations as slaves. TheYse

communicates only the master in point to point under the regulator of the %\

2.10.2 UWB over IEEE 802.15.3

The IEEE 802.15.3 standard is used for small indoor- ran% peed wireless
communications. Established in 2001, the IEEE 802.15.3a Stu up defined a new
physical layer to serve the requirements of those compani h'to deploy HDR
mmgznum
\lsél(t?lon in

divi the UuwB

ﬁulsmn based

system that increases an input bit W|t conveys the data

controlling element of the symbol m I C;\\
The IEEE 802.15.3a w eC|f|c mafie to UWB standard group, but

the best candidate for a ne atlv was @hnology The purpose of this
l

study group was to pr a thh WS@ ayer. This standard should also

coexist with all e \EEE‘@U 0

ysuiagayer standards with a robust multipath
performance |
’ 0")

2.10.3 over)EVZ}:JZ 5@

ndard COﬂdItIOﬂSQ@Y.e low rate WPAN for modest devices which

applications, such as video, imaging and multimedja appM®eatighs,
data rate of 110 Mbps at a short range of 10 he preva in
IEEE 802.15. TG3a, MB-OFDM is a Carrle

bandwidth into different sub-bands. M

cg ed nominal power and operated in POS of 10m. Two devices participate in an

0 WPAN network. The FFD serves three functions, namely, as a PAN coordinator, a

rdinator and a device. A concentrated function device was intended for the
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application, which was extremely simple in the light switch and passive infrared

O}T

It was included with the IEEE 802.11.a/b/g Standards for ‘WLA ). It was

Sensor.

2.10.4 Wi-Fiover IEEE 802.11a\b\g

allowed the user to the internet at broadband speeds when it wgs con®§ected with the

AP in ad hoc mode. The IEEE 802.11 includes several compwwthat interact with

one another to provide WLAN services and support the@v 0 tl1e upper layers.
The architectural components are used to intercognect bfic eoset;zin a

distribution system (DS).

The wireless standards are evaluated inw

d fficiency,
transmission time, power consumption a@&‘col C

y a d%compared in
terms of their radio channel, network%cur'tka

suitability of the network protoco in&yA’rll a@cations.
q
The IEEE 802.15.43, \I)K appltesg_in e dﬂ&of WPAN-targeted radio

interfaces, is described in tWWinttj?w 03@3@5 of the findings of Jinyun
9 o/

Zhang et al. (2009). \‘0

2.10.5 IEEE 8&@ (J
ie eI%IJOl&)IEEE criteria are used in IR-UWB. These

criteria if&’-@?, nd @15.4 to achieve a minimum WPAN rate in
p

differe

Accordi

4

fading. The app@gns were imaging and multimedia were provided

t M? and speed for IEEE shwdard of UWB PHY.
éhe IEEE 802.15.4a standardisation group was established in 2004 to develop a
w PHY layer for WSN and other WPAN applications. The main goals of this group

were to improve the IEEE 802.15.4 standard with enhanced communications and node
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distance evaluation capabilities to enable its application in geolocation services. This
standard is mainly used in WPAN contexts. One technology that uses such sta
Bluetooth, which is developed specifically for WPAN applications an@
radio range of up to 10 m 802.15.4a (2007).

The final draft of the P802.15.4a standard was approved in MWO? and was
published in June 2007, 802.15.4a (2007) This draft prese tMed information
about the PHY layer, including its modulation/coding s ml'iple access and

ranging related waveforms as well as MAC-layer-rela odi 'ca\'ﬁmgdthe IEEE
@

examihed.t ‘e\i@r;ent
4 Z@ (ZQ@ Silva &

4\"\"
S&Qs

802.15.4-2006 standard. Accordingly, many studies

of the IEEE 802.15.4a standard [Sharma et al

Hancke (2016); Ye et al. (2012); Tlemann

2.11 PHY Layer Specifications in U unlc

The IEEE 802.15.4a standa es ntst ng f ré&igning the PHY layer.
Between these options, the U -rate WPRA LR N) is designed to provide
robust data communlcatlon 0 |m rov glng@cmon via TH-IR. To achieve
these goals, the UWB S the fq'I j ﬁ%es

e Low PSD \gulallons\

ncern@UWB in different parts of the world

N
ud toc) )’ 3 dBm/MHZz in best-case scenarios.

M nds ghd opergtin ~&e€]uen0|es within each band. The devices must

ﬁWsmg an péd qu or a band that is forbidden in the country where

are being used. \C"

% Re-configurability. The devices must be able to modify the symbol timing and

0 the shape of the pulse either to efficiently use the channel with good

transmission conditions and a large number of communicating nodes or to
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allow coexistence with other spectrum users. This reconfigurability is managed

by using specific commands that allow higher layers to wﬂ\

reconfigurability tasks. %

Sanam et al. (2015) reconfigured the controlling signal param&the PHY
level to allow some tuning flexibility. A trade-off was observe@famongst three
variables in wireless communication systems. V

Communication can be established between any U xa d a coordinator

or amongst coordinators. However, a mandatory 850 data tWe fulfilled

X
along with other optional variable data rates, such@ kb/s, §.70 b/', @Mb/s
0 4
and 27.24 Mbs. &

N

WSNs are heterogeneous by definitiw is, ﬁ\ey form@;‘y- nodes with
different capabilities and requiremen ectigh 111-D, 5.4 (ﬁ]dard (IEEE 802

Was ﬁ%\&FFD (i.e., one device

N
TES"E}D is less cost-sensitive

a permanent power supply.

nect

ofteOOnfigured to perform network
‘&

at ot odes may be unable to perform. By

Owing to these part i18s, FF

’

coordination and;&::ompler

contrast, sensor% uce '
¢

on complexj nergy con mﬁ‘ti

N _ _
for FF% FDsftq a }ve op&ﬁum performance through flexible modulation,
codjﬁi multiple-access sc @és (MCMs).

% FFD may employ a high-power-consuming reception method based on
& rent reception, whereas an RFD may use a simple energy-efficient non-coherent
ceiver based on energy level detection. Such a flexible MCM keeps the possible

performance of the FFD almost intact, that is, the performance of the FFD with a

de (RFDs) that often lack stringent limits

.(?m standard PHY layer is designed in order
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flexible MCM is almost as good as that of an FFD with a fixed MCM. The rest of this
section describes specific features and designs of the IEEE 802.15.4a standard.Y'

The frequency and bandwidth of UWB signals result from the trade% een
the performance of FFDs and the low complexity of RFDs. A la B band
allows higher transmit powers and granularity in delay for TH. How¥r’he complex
design of the receiver increases along with bandwidth. Non-cgher eceivers favour
narrower bandwidths because they cannot efficiently com msilved multi-path
components. Meanwhile, coherent receivers can achi eco biWy using a

Casffioli Ojﬁ@:ast

correct number of rake fingers as stated by Rende

parameter taken into account for the trade-off perfo nd %m)atibility

is clock frequency, which increases the siygal ene onsumption,

especially in rake receivers. Thesewaaations h ed eﬁ"IEEE 802.15.4a
@bdes. Optional modes

N
may use bandwidths of up to léy boﬂding 0 I\@channels. Table 2.9 lists
&
-15.4a sta

the UWB bands defined i e\EE E along with the regulatory

domains where these b%

T 29 IE guz Frequency Bands

standard to favour a 500 MHz ba idth for a to

admi

nd centﬂ-’\f Allowed in
Frequency fréquenc B@\S’idth (MHz)

USA EU JPN

0 489.2 O 4992 X
1 6' 2349 /) $ 499.2 X X
A 3993.6 \,Y' 499.2 X X X
4492.8 \C" 499.2 X X X
\ 3993.6 1331.1 X X X
5 6489.6 499.2 X X
6 6988.8 499.2 X X
7 6489.6 1081.6 X X
8 7488.0 499.2 X X X
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9 7987.2 499.2 X X X
10 8486.4 499.2 X
11 7987.2 1331.2 X \
12 8985.6 499.2 X % X
13 9484.8 499.2 X & X
14 9984.0 499.2 X T X
15 9484.8 1354.9
S . Salman et al. (2010)
All centre frequencies in Table 2.9 can be derive 3 I\1Hz or 19 MHz
crystal oscillators Salman et al. (2010). The 5 GHz IS ds pty due to
)
possible interference with narrowband system 02. ‘N_fh The

repartition of these bands is illustrated in F| 2 {( GH&B.G GHz

unlicensed ISM band). V
The IEEE 802.15.4a standard |&\bd to work b(®‘:%herent and non-

_J

coherent receivers. To serve this f , a hybmhMul i %heme based on TH-
IR, BPSK and PPM has been d@ b ghao afl (2 In this scheme, each bit

is coded in a pulse burst entrl er | the or second half of the PPM

period. A non-cohere% r the
pulse is in the flrwondw PPM od By contrast, a coherent receiver
correlates with ted ft ant}f)roves the SNR by a factor of N, where

N is the nugaQer o uls in rs(l\/@)mle access is allowed through TH. The burst

inte ?és naI and detects whether the

Wavefo nt indasgi ‘mnt s@of the PPM half-period. The TH sequence is
pse dom and is unlque@ch node. A second multi-user separation technique
|s y coherent receivers and is based on the burst waveform, which is also unique

ch node. This hybrid modulation, coupled with TH multiple access, allows both
FD and RFD to send and receive messages to and from each other with no

knowledge of the fact that the other node is an FFD or RFD.
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Figure 2.12: IEEE 802.15.4a UWB B '

A systematic Reed-Solomon (RS) code is u t0 i ansmission
@

performance Genser et al. (2009). A 1/2 convolutio de theg en ej t@ta by

PSD (dBmiMHzZ)
guard band
[ 2]
()
5 GHz I1SM band
n
(=7}

using two modulation schemes, that is, the tic{ t thyoigh PPM,

haSesof the@xt. waveform.

r. %implest receiver

whereas the parity bit is sent through BPSI{ Wigh th

Different levels of decoding can be iwgaed inar
decodes neither the RS encoding%the I&o‘v
<Y

contrast, a complete receiver ¢ urbo’decoging b;@anging soft information
>

The last part of layer iscri edlin\@ IEEE 802.15.4a standard deals
'3 &
with preambles an \Qhronii \ e hy&iﬁnodulation scheme creates specific

needs for the gpreaMble

@D

{a‘\ehal parity check. By

between two decoding unit \

|hrorts§?bn parts. Perfectly balanced ternary
¢
sequences (P are ropgs afso@i ns to this problem. Using PBTSs allows all

N
receiverg’t chroghi ‘Jncon-% message, and coherent receivers can benefit

frorﬁomplex synchronis@/of PBTSs and are 3 dB higher compared with non-

CE\E receivers. The preamble sequences are either 31 or 127 bits long, and all the
e

d sequences are defined in the standard. Each network must use a different

Qzamble sequence to avoid interference amongst multiple networks that use the same

standard.



2.12 MAC Layer Specifications of UWB Communication Systems

The IEEE 802.15.4a standard allows the application of different mediu
control (MAC) schemes. The ALOHA scheme is a mandatory scheme fj ode
that does not require checks before transmission. Although the Ae% scheme
allows the design of simple nodes, an optional CDMA MAC WI has been
developed for star networks of up to seven nodes and thwoller. A PAN
coordinator is then used to attribute permanent time slots Xs'thrt send requests
to join the time division multiple access (TDMA) supefgrame. Pnendra a‘ck of the

TDMA super-frame is that it may only allow up ven gliaran ec’ ti \‘;I-ots.

Another function of the PAN coordinator is % ntee &yrch isaQE~ with the
sed Yopti

a\«c S es are also
Md‘ompliant node to

j@preambles that are
N

yload. A clear channel

TDMA super-frame. Carrier sense (CS

defined in the standard to reduce th@ for a

interfere with a TDMA frame. %sche
multiplexed with data and are Qakialidically*Insertgdygn tQ,
specit@preamble and delays the

assessment (CCA) sche ems '

transmission if a singl% ce of t

This standard%crlbes f
scheme. A mor@ex T
¢

an improved mange wit

is pr anlbl@detected, Saeed et al. (2010).

's
atory, extremely simple ALOHA MAC

ed s@dﬂe has also been proposed to guarantee
!

nth%E?]g number of nodes. A simple CS optional
"
scheme % beer scfne to@event interferences from an RFD in a TDMA-
dch

coom annel. \'Y'
"~ S
%ap Analysis for Impulse-Based UWB Cross-Layer

In traditional wireless systems, a clear boundary is observed between the PHY
and MAC layers. Specifically, the main goal of the MAC layer is to organise access to

the PHY layer, which is responsible for the actual transmission of information
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amongst nodes. In general, these two layers do not interact as the MAC layer has no
control over the transmission rate and power generated by the PHY. In PHT&

MAC designs, the MAC layer can access some or all parameters of the@yer.

For example, the power or rate can be dynamically adapted to miti level of
interference Mendes & Rodrigues (2011). Y.

Different optimisations have been proposed in the liter reNercome the use
of IR-UWB wireless nodes in future applications. How t pr'posals for new
applications of IR-UWB wireless nodes have introducB®iychallepge Eed to be
q (EK\ ayer
c% ke)g@(;blems of

future IR-UWB wireless nodes and their nti sTIa soluti@gr'e discussed
as follows. \ O"‘~
i I;@hted in Le Boudec &

The mobility of future Wirelegworks
N
Vojnovic (2005), given that x%ierw es sipu tﬁq:éa)vided with convenient

throughput. Perez-Guirao O7l poSgd a@-layer MAC design for IR-
s of

l.
UWB networks to higigi benef or’tro@g the channel access rate of IR-
'3 &
UWB. The access Qdeter \Hl the ﬁs& rate (pulses/sec), modulations and

this gn have been quantified as network

throughputs E&@r-to- eer.a st‘r r&i@rk topologies. The simulation results show
rgpoved

that the

attrFAto the fact that tt@#ucture of the IR-UWB signal reduces the total

i nce and maximises the network throughput.
: The accurate ranging and positioning of IR-UWB sensor networks is a concern
MAC-aware PHY layer design [T. Wang (2012; Wu et al. (2011)]. The MAC layer

is adapted to LDR-UWB, and its ranging detection depends on the exchange of

addressed. The most efficient way of solving the blemsf is

approaches to consider the behaviour of proto

error coding rag. be

AN _ . o
}r dea& has an improved link quality, which can be
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control packets. In this case, the ranging information provided by MAC is treated as
an input to a distributed positioning protocol. The simulation of the pow
terminals and the percentage of positioning errors are then evaluated, an%\sults
highlight the excellent ranging accuracy of the MAC-location aware dA
Cross-Layer Design for distributed signal detection under resogfce-constrained

scenarios is presented in Fabeck et al. (2008), who aimed to im the probability
of errors in a distributed system at a fixed level of tota s;issit'n power. Their

proposed design demonstrates considerable performanceggins comp r‘1 uniform
power assignment for both parallel and serial netv@;logies ' .@
Davaslioglu et al. (2016) proposed a cros pt@ I netwdrk energy
IRNWB \@3\'15. CLOEE
derives a closed-form expression fror@mmg th

al éhe size subject to
minimum rate constraints and then %eg fora
N
The simulation results reveal OE@ achigves tg,h@me performance as an
exhaustive search and dem % sig[' an mpr@nts in energy efficiency (by
one order of magnitu%tansmis ion }de Q@a factor of two) compared with
J &

static strategies. \ ' N %(J
Melodia @Idiz |ropo§/a cross-layer control unit (XLCU) to
¢
ensure QoS g SN§ and Wged?ge gr?phical forwarding to control the flows and

N _ _
reqir. . XL@controls the scheduling and rate assignment of

efficiency (CLOEE) maximisation for | 8QP.15¢

hop-by-,
TH-AR-8\WVB, thereby preven@ollisions and idle listening, improving throughput
a Xbility and reducing delays.

Q A centralised nonlinear programming problem for optimal routing, scheduling
nd power control was defined in Shi et al. (2006), who also proposed a heuristic

algorithm for solving the optimisation problem in large networks. Shi & Hou (2008)



later included rate assignment as an optimisation problem and then derived closed-

form expressions by calculating the capacity of WSNs. Yv
Karvonen et al. (2015) proposed an energy-efficient cross-layer arc@Q for
WBANSs with impulse-based UWB. This architecture uses the cr r model,

which focuses on the physical PHY and MAC layers. This architectt§¢ highlights the
important characteristics of these layers. An OOK modulati ds on the PHY
with impulse UWB signalling, and an energy detection %. on-coherent. A
contention-based mode that follows the IEEE 802.15.6 ard aWthe MAC

-layer fmo \'/aﬁd to
de% i |on\’Xﬁ energy

nd un,é?ed rates.
Aélled throughput

t 'l%!o sets and calculates

protocol and the standard slotted ALOHA. This

compare the energy efficiencies in uncoded

consumption model was also developed to

Ren & Liang (2008) proposNQ/ cross-1a
maximised MAC (TM-MAC), whi |des%i¥-
i [ elon f

N
the optimal scheduling and t te t rwnm&’mterference. TM-MAC

ackets transmission time by

increases the throughput b&\:ﬂi recpices
EE 808.15. Fstdnde
J (Q
fectsgyate and power allocation for sensor

Chehri et a@ stud'
nodes travellingyon and erved that individually optimising the

up to 32% compared

L)

!
routes can i s the |ff|cu (f n@g end-to-end delay constraints. Therefore,
N
they ha ed ghQle ngn ﬂ&}reduces the energy consumption of these nodes
by a modulation sche@ nd transmission power. This design reduces the

onsumption of these nodes by up to 51% compared with the fixed-rate and
r scheme.
Mohammadi et al. (2014) addressed the rate schedule problem in IR-UWB

wireless body area networks (WBANS) and the minimum energy required to stabilise
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the queuing system. They proposed a cross-layer approach to integrating the PHY
models of IR-UWB WBANs with the existing higher-layer scheduling ws
proposed in Neely (2007) and Neely (2006) to come up with an explicit c% odel
for these networks. They also calculated the required energy consum sensing,
processing and communication in solving the optimisation problenWeas [Neely
(2006, 2007; Rebeiz et al. (2012)] only considered trans iMnergy in their
scheduling algorithms. %. '

Davaslioglu et al. (2016) evaluated the perfor of IR- Loss-layer
y areafnetyalkq \@-’[his
ra@ col.@W/R) in a

rithw to™Sprov, number of

estimated positions with a conditiowajtation 0 on@/ anchors. They
initially evaluated and analysed theﬁﬁ'ioning s\e&%rat @'er a realistic mobility
E '7 N

scenario and then used two %wg sﬂategl ,qna% 7 broadcast single node

localisation and aggregate Madj ’ wit DMA-based MAC layer. 3-
t

WR estimates the d etwee
P 4

transmission of th ackets'

However, thes% Issi |be

¢
resulting in %)r pgsition1 ger(i(j?. To address this problem, developed a

ranging protocols under on-body channel models wit
deals with the positioning performance of th

WBAN, this purpose is a new cooperat

n!)debplaced on the body with the
é@;ansmission is based on IR-UWBs.

@lthrough the WBAN channel, thereby

physica erwbaseq?

N g
}JWB&th three channels, namely, (1) an empirical,
the@ model based on tt@ﬂlbody CM3 path loss channel (anechoic chamber),

( ulated channel calculated via ray-tracing by using the PhyLayers simulator

d (3) an experimental channel model obtained by measurements. They eventually
u

nd that the channel affects the positioning success rate, which decreases as a
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function of the sensitivity threshold at the receiver. Long- and short-term analyses of

virtual anchors should be performed to improve positioning performance.

Table 2.10 summarises the advantages and disadvantages of th

-\

related solutions proposed in the literature.

Table 2.10: Comparative Analysis Of The Solutions Proposed In Re Fiterature

Application

PAN
applications

Extremely
short
WPAN
applications

Extremely
short
WPAN with
a distance of
Im
between
sending and
receiving
antennas.

Research  -roPosed Simulations  Experiments Link pudgettho
model analysis
The received is \dation
uwB Ilqk power, as a pe fo'med
budget in function of
. T sof .on t
the near distance for :
- . . Measurements  antenn asls
field, which different *
is initially dipole are conducted  Igeters
Irahhaute affected by antennas, is at different g n’
n et al distances b and
the  phase compared . .
(2008) . using tirge- nce &
error with the . ;
) domain twee o
depending results  of . %-
) techniques. anten ,
on the calculation .
. exa Si 10n
considered and N
bandwidth.  simulation @er
imen
processes. @
\ results.
Several \H'EXN AN
i Izrementm " & The
90 Ifitati n accuracy
. th of the
Using an are Ct trad,i&ﬁﬁl proposed
antenna— . . .
pulse !gud%et bIS met?o?j bIS
Volos et . ? . ssed by verified by
al. (2009) CZ:anlmg for = tﬁ:@ing an conductin
g ecific Tx- ‘g e al’ antenna— g several
Rpx airs \ER' . vaulse measurem
p \ ' h é coupling gain ents from
tonos to estimate 1m to 20
P @ . the received m.
ouplifng,* gain
\ ¢ power.
’ me £
inghthe (
- e S
\ b_udg? %\e biconical The link Y alidation
valuation f L is
and periodic budget of IR-
eme for NV dinole UWB is performed
the C‘) P by
Ju itti  transmission N antennasare - evaluated as comparin
%‘ ain of IR- tested  from the effects of the paring
g None 1GHz to 12.4 two -
n UWB transmissi
GHz to show broadband .
09) systems that . . on gains
; the gains in antennas on
consider the . - of two
: . different transmitted
distortion of . . types  of
orientation waveform
the anales ains broadband
transmitted gles. gains. antenna.
waveform
due to the
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L. Liu et
al. (2009)

Lecointre
et al.
(2008)

Lecointre
et al.
(2010)

Q.
N

QX

S

antenna.

Modelling
human
blockage
effects in
LOS UWB
WiMedia
communicat
ion links.

Reconfigura
ble IR-
uwB
hardware
design  for
data rate,
spectrum
and range.

A largely
reconfigurab
le IR-UWB
transceiver

&\transcei'e

S

optimisation
for the
energy
efficiency of
IEEE
802.15.6 IR-
uwB

WBANS

Tx and RX The
antennas are The effects of
. ) . . proposed
Simulations  fixed with a human body .
; model s
are distance of 3 blockages on .
: validated
performedto m, and a the wireless
. under h-speed
evaluate the person stands link are .
. differen rt-range
human between these studied, and . .
. link wireless
blockages in antennas  to then the .

: .~ bu medical
three block the line channel is et N applications
WiMedia o sight (LOS) modelled and - PP
UWB radio and obtain the its
- o an
link set ups.  statistical performance is

parameters of is evaluated.
evaluated.
the channel.
alidation
is
er e .
Simulations ‘Nl?ﬁons
are global ’
conducted to for t erent
evaluate i
caigll i St
different IR- } settings
uwB com and power
settings. with ™ the ﬁonsumptlo
peorman
(ce lanalysis
.kor BER.
& Application
NS s that
$ require data
i on — rates of 4
" Validation
Simulatin A .S are Mbps 0
d bit 125  Mbps
BB performed -
rehitdure ion and by V\{Ith
. different
IR . conductin -
U andwidth received
for different . signal BER
experimen -
data rate qualities
requirements under
are various
0 reconfigured. distance
scenarios.
. . To achieve a
Ny $ joint
optimisation
oﬁed [Y of the
ensure % . Low-power
i payload size -
genera&% of the wireless
of  sigfals enerated nodes used
that satisfy 9 in  WBANS
None signal and the  None -
the data rate number  of (near-field
requirement ulses o wireless
s and have gtimise communicat
minimal P ions)
energy
power -
consumption efficiency
under the

constraints of
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Guizar et
al. (2016)

Xu et al.
(2018)

minimum

data rates.
The
validation
results

To check the

Performance settinas  of theor
of IR-UWB Simulated 9 channel
. certain
cross-layer channel Experimental channel mo
ranging model channel model models  that analy8ls
protocols calculated built on the sultgy the
- can affect the .
under on- by ray- basis of the ositionin c ation
body tracing via measurements P ?at f the
channel the of on-body f simulated
models with PhyLayers anchors chanqel
a body area simulator in
network
that  Nopt i \
can be V S.
obtained at 0‘
the test % &
:fjg?_ by Th\umaq\ O
physical rackmg T &k
simulation o S
for N e C')
S- andy® 4 Q-
planne ((,
UWB-
path. AN
m S N
isfls n %
Fig. 1. ho
Adaptive 59(5
P r P i
robust |
l L 1

INS/UW, N
integr
hum

rb . As can
: seen, the
€ U here arEIO(t:EZ
filter €W oocel.
with *mat Y
) . coupled
obtained in .
integrated
the
. model and the
traditional .
data fusion
way - (off- algorithm
time) and by
the proposed
UFFB, in
which Nopt
is estimated

agree wi
the

Accurate
position
detection of
WBANS
(near-field
wireless
communicat
ions)

human
localization,
different
global
navigation
satellite
systems
(GNSS) are
widely used.
For
example,
the three
dimensional

is proposed
in [4] and

pedestrian
positioning
method
using
global
positioning
system
(GPS)/globa
| navigation
satellite
system(GL
ONASS)/
quasi-zenith
satellite

the
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at each time system
index k (on- (QzSS) is
time). desi in
[5]
W er,
GNSS
sighals may
be blocked
in indoor
environment
s [6] that
limits
V applications
for the
satellite-
' based
systems.
\dgor indoor
r{@ﬂment
’ .§L?erent
Ykinds of
local

\ '\ employ the
short-
: , A distance
% ] q communicat
ion
\ technologies
N and replace
the GNSS
% ( o signals
The entire
:R WBm% design has
\ Q smitte been
& een implement
imple, d ed and
di \ ¢ lan ated fabricated
fr% adencal® & usingd SMIC using a
bleIR- HAssu um standard
% oftvyglre OS 1P6M 0.18 um Precision
a itter’ u(post— rocess. The SMIC Navigation
Wei et4gl. i an Yayo Y'microphotogra CMOS T g
. i . echnology
(201 approximate  simulati ph of process. and
15th are N7 the IR-UWB Chip Aoolicat
\ derivative performed transmitter is measurem ppiication
Gaussian using shown in the ent
pulse SpectreRF red  polygon results
generator box of Fig. 6, show that
with a the center
die area of frequency
0.245mm2 of output
including ESD signals
circuits  and varies

¥
&
O

positioning
systems
(LPS) have
been
proposed to
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PADs. The in the

core circuit range  of

of the 3.1-10.6
transmitter GHz when
occupies tuning \
0.02mm2 control %

voltage:
The si
spectrum
me
uw
ect
ireme
nts
speci!ied

Iitudovv

NN
SHLE
N @ 125

_kp /bit.
Compared

0} to the

state-of-

" & the-art

A designs
N in the

literature,
%z ( o the  chip
area and

\“U }(‘J‘/ tunable

é frequency
‘(} range are

improved

y

N
> '?.-' X e

7 Q 53%,
% ’ $ respectivel

ehe key problems to be faced by future IR-UWB wireless nodes and the

utions summarised in Table 2.10 all suggest that no IR-UWB solution based on

cross-layer MAC-aware PHY architecture can tune the physical parameters to achieve



an optimised wireless performance in terms of data rate, distance and BER (or

throughput) by connecting such architecture to the communication Iink-templa?!t

the physical, and channel model parameters and settings to achiev@xized

performance under certain wireless application requirements. This aims to

highlight and address this problem. Q

2.14 Summary
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based UWB that can be used V&%os$$ﬁré‘ntA munication data rates and
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rc:& in the literature.
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