CHAPTER 3
METHODOLOGY Yv

3.1 Overview 3: ,
The research methodology can be divided into three parts. stly, the
\WB zy.stem and its

conceptual analysis is modelled based on an impulse-based

reconfigurations and parameter settings. The analysis result sed to develop a
novel adaptive impulse-based UWB system that @an ‘asted by using
MATLAB Simulink with IEEE802.15.3a a @) ETH+ LY Ywith
[’ N
IEEE802.15.4a, Secondly, the proposed model i ated in regl-t igt ignal
L 4

Processing (DSP) for UWB with additive WG ian Whoise GN) and

multipath fading channel models. ThirdlENpo

as a network of nodes under different hannel@RodelsSadd communication

&
scenarios. 0N
) A
This chapter describes% posgg spc&ﬁiﬁ%ions and methodologies
used in the mathematical n?'hg ot,gen t dgl@%e-based UWB signals and in
(

the modulation, coding aping g srtQQ}anerate the transmitted signal. This

mathematical m(w&&lso e'<ten to de@lbe the IR-UWB receiver (TH-PPM

receiver) in t MN apne d lheé)ﬁucture of the receiver that is described as a
H '3

rake rece@ e Itiphth fadi(&)channel model. A link budget analysis is
perfor wefine{huo) unwgation link parameters and their fixed and tunable
vaéich are used to fo \Z:Ite an IR-UWB-adjustable solution to address the

S in certain channel conditions or to satisfy certain application requirements.

oe performance of the communication link is evaluated over an AWGN channel

model across different distances and data rates. A trade-off function that evaluates the

is si£2 ted and tested
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BER performance in different scenarios can be defined as a function between different
distances, and the data rates can be defined mathematically. The mathew
modelling facilitates the design of the cross-layer architecture of the i@ased
UWB. The simulation models in Simulink are used for point-to-poin unication
under the AWGN channel model and for the real-time simulatioanveral nodes

under IEEE802.15.4a channel models. The advantages of_the odels for the

simulated implementations are also highlighted. The follo Wchlart in Figure 3.1

depicts the process of methodologies and the details W each bIWesses are
X

explained at the rest of this chapter. ' _@
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0& Figure 3.1: Flowchart of the proposed communication system

67



3.2 Research Phases in Details

Phase 1: As far as parameter choices, the generation of UWB i -
based signal is analysed to transmit enormously short pulses with UWB %\

Simulations are carried out to evaluate the generated pulses in of various
parameters for transmission, coding and pulse shaping to optimise signal design.
The analysis in this phase covers the signal at the receiver afteNropagation over

the radio channel. The performance of the receivers is the xd b, using different
or

I
modulation techniques and channel models, especia di receiver

structures over simulated multipath environments. nalys

extended to perform a UWB point-to-poin [
different transmission parameter values. V \
Phase 2: This part can be desdiy %the re
\neq-ti gé’gnal generation and

(DSP) of the proposed system, % perfo

N
detection under AWGN and m;éfadi@ cha m&@. The effect of IR-UWB
parameter management and_selectien iryreat=ti proc@ng is determined.

<

Phase 3: Real-%&ulaﬂo veri |caki00nd qualitative comparisons of
'3 g

different sets of U\Qommr parargietgfs are conducted. Experiments are

carried out in indoortgtdo ir ment»j\ﬁhd the system performance is evaluated

o8}

!
¢
under differe%rt—ra e wilEless cg‘fl?mnication application scenarios. The real-

time m% invgives :analyﬁﬁof the propagation constraints by using pulse
codwiai

f | comparison approach is adopted to achieve a meaningful comparison.
re 3.1 presents a flowchart of the proposed communication system, and each

ka is explained in detail throughout this chapter.
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3.3 Overview Methodology of the Proposed Solution

Figure 3.2 illustrates the settings of the UWB parameters for t
transmission and the configuration of UWB nodes that can provide t@n
performance according to their cost function. The parameters must n the first
step, and then the QoS requirements must clearly define the throughp

The QoS provides a long, reliable bandwidth. The UWB nwe configured to

provide optimum performance, and the data are transmitt ;en odes according

to their cost function and application requirements. WS step a detect the
changes in either a communication environment the negjghbo rr'g_@es If
changes are not detected, then the UWB e f] red\lﬂ"achreve
performance improvements. After the d tro ) theo?at e tran ed between

nodes. O"s
The main implementation m u are co Wm I]éomulatrons conducted
_ _ > _ _
at different levels. The first Ie e p(ﬂnt to t(l\g'@LAB simulation, which

evaluates the performance fthe eiv, acros ylng distances and data rate

scenarios and compar rform lce |th|th0 the reference signal defined at
- s

the beginning of th imula ri \f‘hb,e ext I of the simulation, a Simulink real-

time simulatlo f pr em arried out in real-time as a proof of

concept. The me |on eft e to the third level, which is conducted in

\
MIXIM T++ ;r ul en\u@hments for networks of nodes across different

dlstﬁd data rate scenarlosc}'
\

3
N
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3.4 Processes Of e aptive ,IR- @plate From The Proposed
Communicatio \fitations
&

The propose&%@]figurf \Rx WB@Mtion is designed as a link-template
that contains a% ixe onfi@!ﬂe parameters of signal transmission,

!
propagation wecti Iid'at
and SN@IM@

N
‘inffer&simulated channel models and scenarios with
diff ata rates. The perfcr\ ce of this solution is also evaluated in terms of its

@Jut efficiency across different data rate and distance scenarios.

it(D"g solution, its performance in terms of BER
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3.4.1 Signal Generation

Short pulses are used for emitting UWB signals by using impulse-basey.
To produce short pulses, the first and second derivative Gaussian functio% een
recently used. The generated pulse shape signals are easy to emit a e a direct

current zero offset. The pseudo-noise (PN) coding technique is freq applied for

the spread spectrum as it allows for a multiple access performan(N
3.4.1.1 Transmission of the Generated Impulse-Based c na.
To clearly define parameters of the generated M pu eWit is good
g

to start from the time-frame of the generated sign%hown ih figule f.@n,the
following figures showed clearly how the signa% edQ .
I [ I

T
0.08 Example: THiode=[2 0 14 2]

"1(4

1 i

1
Ts=Frmeiine | numbits =2 | pumber of s wice Mrce 1]
e E—Y . MNES [ . .
1 1 1 |_ : 1 I

0.06}- Vo
“—p
Te =Ghip Ting i

Amplitude [V]

0.02f

\ ¢ ! (%IJ
% Fiqu 3¢ @ -TH with Pulse Shape.
%— N
T% ss ofggéne }ng the?fnal UWB signal involves various numbers of

bloaA \c}'v

e first block is the code repetition coder, which is illustrated in Figure 3.3. A

G y sequence b is generated as input at the rate of R}, = Ti to produce a sequence
b

where each bit is repeated N, times. The binary sequence is generated at a rate of
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et (3.1)

b sequence ) \z
a binary sequence
Rb= 1/ Tb (bits/Sec) ; ; Rcb= Ns/Tb=1/Ts (bits %
> Code Repetition Coder
Block "

original binary Sequence (Ns,1) repeated binary sequen ode
001010 0000001110?%00
Ts : frame time or the average V
pulse repetition period

Figure 3.3: Code Repetition Coder : l
Where Ts (frame time) denotes the repetition jod pf t gn Q_se
redundancy is introduced in this block as repr y (Ns ). #\s,li'?e the
binary sequence 001010, when passing throug de etl Iocd;duces a

sequence ‘a’, which is the repeated blnarycw

The second block is a transmlssN .
block uses as its input the seque bta th (d.e repetition block. An
integer value ¢ is added to %)ro ce t &tpg&f? The sequence can be
mathematically expressed aY. Aj A

(o d; v_czr 43,) (3.2)
where Tc is the c%(l @I the&,iéjshlft (0.2 ns).

i
aky T{nﬂmission Coder

Block

d sequence
Rc=Ns/b=1/Ts

coded sequence with
Y' values 0.2 ,3.2 ,1.2 ,2.0

\il' ,0.0 ,3.0 (values in

C-) ¢ : Chip Time nanoseconds)

& € : PPM Shift
E Np= 4 for Code C as sequence {0312}

Chip Time Tc =1 ns
PPM Shift £ = 0.2 ns

Figure 3.4: Transmission Coder Block

Both Tc and ¢ are constants that satisfy
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CTe+ e<T, (3.3)

For all Cjin general € < T¢. Code c can be periodic with N,,, which isw

as the periodicity of the TH code. %\
a%w

The repeated binary sequence code 111000 is then treated as ut to the

transmission coder block, and the output is the sequence ‘d’, which Vazes are 0.0, 0.2,

1.2, 2.0, 3.0 and 3.2 in nanoseconds. V
The third block is the PPM modulator, as shown in ;3.5.[I'he coded real-

value sequence’ is treated as the input. This block gener: sefuen it pulses

& N
that are known as delta pulses §(t) at a rate of /Tb =F/ h Ié:a?ion of
4 \,Y'

these pulses can be expressed at time jTs % ’1'\ the inal position
jTs by dj. Therefore, these pulses OCCl\% O<'~
(iT4+ C; Ty + E\T &\ (3.4)
j N

\% ,y 2
Y' , Rp = Ns/Th=1/Ts

d @ Rate Rc=Ns/Tb=1/ (pulses /Sec)

Ts (symbols/s)

0.2,.2,1.2,2.0,0.08. ion T pl-iTy-cjTe-aje)

values in nanosm
=l 5%
& LAAS
F anl §e 3.5«&Block of PPM Modulator
: is firtal block is the filt\ ‘;e shape (Figure 3.6), which output is the impulse
r N p(t). The generate signal S(t) does not overlap with the pulses.
0% S(t) = T2 o p(t = jTs — T, — ajé). (3.5)
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Train of Dirac Pulse shaping block

pulses S

Figure 3.6: Pulse shaping block &

The complete schematic of the signal generation process is ill d in Figure
3.7. V

Code
repetition
black

p(t)
Rp= Ns/Tb=1/Ts
(pulses/s)

Introduce Modulate an®

Redundancy Encode w
Figure 3.7: Sign enent@
In the following subsection %ﬁple%i Si
PPM is simulated according t ent p&s}eﬁimﬁ'
3.4.1.2 UWB Signal Shapi?ncess's N
After defining t%e C%ng%on in the previous section, the

processes of con Mthe “ndt nd sha@of certain types of pulses must be
described. T We slapg g modifying the pulse waveform. The
bandwidt?@uen p f:;\Qrznsmitted signals are affected by the impulse

Jhe vé\ﬁed pulses have a zero DC offset. To generate a

respo wpulse,s
V
pué, the bell-shaped Gﬁaian pulse is used.
1 [t 2 2mt?
E p(t) = e 1202l = + £e a? (3.6)
Q V2mo? a

here a? = 4mo? is the pulse shaper, and o2 is the variance.




By changing the a shape factor, the infinite waveform can be obtained via
differentiation from the original pulse. The adopted pulse shape model is a?ﬂd

derivative Gaussian function Chiu et al. (2012) that can be expressed as %\

(0 I1—4n—l o & (3.7)

dt? e«

Modulator

f;i)tl;rce_l—b Modulation Pulse Shaping

emo n and Symbol
tection

pulse can be shortene i 3 which allows the bandwidth to
increase for the tra

can occupy varxb dWI

lshov@Flgure 3.8, the source bits are used as

input to t IS two components, namely, modulation and
pulse s he ﬂg&&jlmtl \subjected to modulation and is subsequently
puI ed by changing the ts and delays. Afterwards, the signal is transmitted
to WGN channel, which detects the useful signal that contains noise and then

thls signal to the demodulator. a demodulator has three components, namely,
ulse-shaped matched filter, demodulation and symbol detection and BER calculation,

and outputs the generated plots.
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UWB spreads its spectrum on a large bandwidth with a high frequency. The
energy of the signal when passing through a large bandwidth creates noiseY!le
signal. UWB differs from the traditional spread spectrum as the former a\short
pulses whereas the latter uses long carrier signals. The FCC has defin&ral uwB
system characteristics that use a small bandwidth UWB-BW sizeW.ZkUWB-

BW<500 MHz. This small bandwidth, also known as fractioanidth (FB), can
=11 \d
FB'Z(me) . \z@ 8)
N
. SR o 3 BYC
Where the frequency range is between fu a y with fu defotifi) th uﬁper limit
¢ b 4§
and fL denoting the lower limit. The frequenc% whi \thk B o@tes ranges
from 3.1 to 10.6 and the bandwidth c@d 1) .Eln contrast to

intentional radiators, UWBs must produc®gon- mpeg vel‘&g to meet the FCC

regulations. Gaussian, Rayleig%%gda[aa%ya efoth;sK are all non-damped

be computed as

"

ssiaitvaveform function can be
>

\COY:@‘{, < e"al?@? (3.9)

The Gaussian pu‘&be utaghas
$ / }’.—;@% (3.10)
<Q ’

wheAthe decay time.
S
@efcrm generated by using the first derivative is
0 2 (3.11)

waveforms that have a flat4gpetgum. G

expressed as

e
(4/‘7/

g=2ec



Compared with other communication systems, such as narrowband and
wideband, the generated pulse waveform can be considered a series of very?ﬂw

pulses that are modulated in different positions at a certain time interval%\very

wide band as depicted in Figure 3.9. &

Conventional
narrow-band
) Syslams
A F 3
[ i i '
o = 1 1
: : : g
5 Spreaad specirum systems g
= like as D3 &
] — ! -
- I R Cil
= : EE——"S
Frequency
{a) Dillerence ol specirum between UWBE systems, I'chssﬁ'u.n
conventional narrow-band systems -
and spread spectrum systems.

Figure 3.9: Difference Between

The Gaussian function secon

tE&owband intervention is reduced, a high is observed productivity in terms of

6 The frequency-domain of the Gaussian waveform is given by



G(f)=tVme (3.14)

Unlike the traditional spectrum that requires a continuous carrierw,
impulse-based UWB is carrier less. The data are encoded by using the T \tem.
The most frequently used modulation techniques in UWB includé ry Phase

Shifting Key (BPSK) and PPM. The data pulse stream is encodg based on the

reference pulse, and the data stream is adjusted by pr@?l. or postponing
n

individual pulses in time. Given the various operatin cigg of the UWB

signals, no interference is observed in the transmission i \d.
g

The impulse-based UWB system has several i i '(s band

radio services and non-jammed signals, by o b0 | requq&?es. This

aﬁ$§d.as follows

based on their FB:
e narrowband, which has an

e wideband, which has a

e UWB, which has an?g ge ,f f220P0. T equency ranges of UWB are
shown in Figur% ’l o

CHANNEL #1 \cnmuﬁ) CHANNEL #4  CHANNEL #5
_______________ ____&____l____________'________'\
i i ]

Barm By 10 @:l Band 'Band Band Band ' Band Band !

t-)#s #9410 #11 w2 | #1314 |

[} I ]

Ti28 TE56 8184 6712 9240 97BE 10296 §

w MHz MHz MHz MHz MHz MHz MHz MHz

\? Figure 3.10: UWB Frequency Band
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3.4.2 Receiver Structure of UWB TH-PPM

The AWGN signal is the simulation equivalent of the simplest random
that occur in an environment. ‘Additive’ means that this signal is inc@t the
UWB system signal, ‘white’ means that this signal helps operate tl&B system

with a uniform power over the frequency band and ‘Gaussian’ mea t this signal

follows a normal distribution. V

The receiver aims to detect the received signal that ag usgful information.

The generated and transmitted signal is denoted by s(), gereas jhexecey®d signal is

@
denoted by r(t). The thermal noise effect over @I signdl is n'i@"he

received signal is expressed as Y P 4 -
r(t) = as(t *EU ( )\\ ¥ (3.15)

where 7 denotes channel dela& :damtes pu api@‘&nd n(t) denotes
A
N

thermal noise. % \
N
Thermal noise corrupts t ornf'of thept ns((', signal, and the degree
of corruption depends on th,i :%f th eceivéénergy Eg, and thermal noise
n Wlite $

N,, which proceeds in%\ op A@NR(ER’C/N ).
N O 0
As mentio@ve,@smitt ignal for TH-PPM systems can be
e

’

~

-9

t —JTs — GTe — a;¢) (3.16)

o‘e =35 r/Erx Py ((t —JTy = GT — aje)) (3.17)
where Er, is the transmitted energy per pulse, and P,(t) is the normalised

energy pulse waveform.
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According to Equations (15) and (17), the received TH-PPM signal can be

expressed as Y'
r(t) = Z Ja2Ery P(t =T, — (T — aje — 7) + n(t) :% (3.18)

:2?0=—oo \V ERx Po(t _]Ts - C]TC — ajg — T) + TW:

where Eg, = a?Er, is the received energy per nt) i tWI noise, a

is the channel gain (which is calculated as a = % Cgy isfthe L& r@@annel
4

gain, D is the distance and set to 1 m and p wmath SS en@.r is the

channel delay (which is calculated as %umere? iaghe sg;ﬁ‘d\of light in a
vacuum). \

3.4.2.1 UWB Signal Propagatiory Caanaeh%s
A

q
The optimum receiver& wW C nelﬁmrises a correlator and a

detector. The activities Ef tWrtS a’e Si

|
receiver. The correlator conierts theft edsignal into a set of decision variables,

whereas the de&\eci(@h Si waveform will be transmitted. A
N

mathematicalcws nlf dhe fole i0ned concepts is performed when the

transmitt infornfatiogl indigi¥ forms by using M different waveforms S, (t),
f«&» =
where = 0%/.., N-1, and T is thel

(3.19)

-
/;),

ldted t%/\aluate the performance of the

ifterval duration

e\ Sm(t)=zll¥=_g Smk Yk (t) te[0,T] (3.20)

Qere
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Swe =] Sn®O¥ O, witnk =0, ... N-1 (321)

According to Equation (3.20), the energy Em of Sm (t) overtime T is%\
T N1 \

E,=|(S,®)%dt=|[) S,w O] dt= N_lsnzm Y- (3.22)
! IZ é Y m=03M-1

0 K=0

By introducing Equation (3.20) into Equation (3.15), tw_ived signal in the

interval [0, T] that corresponds to the transmitted sign ) can %n as
N-1 ‘g
()= 2% S Vit g™ | B3
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The single detector estimates the transmitted waveform based on the set {

{Zo,....Zn—_1}. The noise components n« of Equation (3.24) are uncorrelatedG\
No

o2 = (3.25)

"5

variables with zero mean and variance Proakis (1995).

The signal of Equation (3.23) is generated by applying th um likelihood

(ML) criterion. Amongst the transmitted M, the one th ma ISes the conditional

probability p (Z| Srn(t)) is selected. However, , Vefficients
S, ={S, g1 S

n =L o closest to the set 1£3= Z } so’b ected
The following function can be derived by apply MI_\Gth

i \)
N
N-1 ) N%NNZlW ZNilé\
0

e(cws,,) - Z @y -

(3.26)

AN

: ptimum detectordnfyl-mises C(r(®).sy,) as shown in Equation (3.27).

& 12 illustrates the rolekf the correlator and detector at the receiver.



wo(t-1)

r(t) : : E, .

V/O(t_r) ro+ T Z 1
[ dt "

1

Select the ,
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Estimafed

-

(r(t), S

Figure 3.12: Optimum Orthogonal Binary- Rceive A Y_

N
To achieve the optimum AWGN receiver 0@5, a Crofs- eIa!@ft%r r(t)
0 4

is initially performed with M possible transmittemave \iu ,wn m®= s

subtracted from each correlation outp@im u\\/l ue is(@lected. When M
possible waveforms are generated,%verag \br\w X

. . . >
probability of misdetection the - Afferrorgchurs e receiver if at least one

M-1 output Zy i larger tha \e pt)bab' ity of w can be expressed as

LDl
’ 2 N,
Pre:m RVIPA 244, W a2

‘ 'o,O
(f) / s’ Weeks et al. (1999)

3.4.2.2 %%:-PMRe \r

jmulate the performa&}'of the receiver on the multipath channel, the UWB

mxh fading channel model proposed by IEEE 802.15.3a is used for the signal
o:

Q agation simulation. The channel impulse response represented in this model can
e expressed as

o
o
>
5
(o
@D
>
o
—
D
w
—
=0
D




N Km)

T'(t) =X Z Z Unk 6(t - Tn - Tnk)
N=1K=1 ‘F )
Tse & Viswanath (Z%\

where X is a log-normal random variable that expresses channelﬂMude gain,

K(n) is a number that represents the multipath contributions receEd by the n-th
i Nhe n-th cluster,

cau,ed by the k-th

NY.

The channel can be fully characterised and t ted bygthed L‘SE onse

e )L —pulse arrival rate, O

\ F,
e I — power decay factor for, c%s A\? \&
) A
e y— power decay factor\n a cluy A<$
e o, — standard dev f tr,e fl tio the channel coefficient for

o & LTS

e 0, — sta@iaﬁ of e fluc%tuénon of the channel coefficient for the

pulses'wclu teg, | O
2.9
* g, d deyiati th nel amplitude gain.
4 f .
E has pr@posed a Sgt'of values for the above parameters, which are

: S >
su'\ r different IEEE ™Wlultipath fading channel models across different

w@nmental scenarios. The initial values of these parameters are tuned to fit the

Oasurement data for these scenarios as shown in Table 3.1.

84

cluster, a,; is the coefficient of the k-th multipath contribu

T, is the arrival time of the n-th cluster and 7, is th

multipath contribution within the n-th cluster.

/4

of Equation (29) if the following parameters ar iiaed: \"

4(4

e /A —cluster average arrival rate,

—X



Table 3.1: Statistical VValues Of The IEEE 802.15.3a Channel Model In Different

Scenarios
Scenario (1//nls) a/ns) rre (dgf (dge\it
Egsg(lomto4m) 00233 25 7.1 43 33941 3. 9;0
ﬁiSSSZ(Othm) 0.4 05 55 6.7 3.3941 3.394Y 3
ﬁi58§(4mt010m) 00667 2.1 14 7.9 3.3941 §3941 3
Case 4

0.0667 2.1 24

Extreme NLOS multipath channel

The transmitted signal s (t) propagates over

received signal r(t) comprises the superposition ofgseveral attgnuatag, 'efﬁgﬁnd
eventually distorted replicas of the transmitted eform.j’r aggtion @uations

and path-dependent distortions can be neglectedithin

@a T>» T,
The received signal r (t) can be expresse V W (,\

: @ n_

where n (t) is the AWG noige effe allth%gelver input.

Equation (3.29) can %itte’ olfows @flect the statistical channel
model of the UWB r%t mod} IE ’.BQ)Z?b.'B‘a on an impulse-based UWB
received signal: '\\ @ %

» O _
r@® L O g S Bt =T = 9y i) +n(®)  (331)
j =1(J
N

wierg Vs the’lega rnal%;%ributed gain of the channel, E; is the energy
transd per pulse, N is U@fumber of clusters at the destination, K(n) is the
nu\&\of multipath contributions for the n-th cluster, a,,x is the channel coefficient

r*the k-th multipath within the n-th cluster, a; is the amplitude of the j-th

Qr;msmitted pulse (such as in the case of PPM, a; =1), T, is the average pulse

(3.30)

29
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repetition period, ¢; is the time dithering associated with the j-th pulse and 7, is the

delay of the k-th h path within the n-th cluster. Y'

For simplicity, the energy for the channel coefficient a,x can be n@ed to

unity as &

n=1 k=1 v
and Equation (31) can be rewritten as '
N k)
r®=VEx ) D D ke Bt~ A P — ) + }
J n=1 k=1
where Ery = X2Ery is the total receivedw fo% Ittedsgplicas of a

transmitted pulse over the multipath chanpg® °‘ 4\

The detector can determine the I«feceived egdOy E@when all replicas

spread in time over different L%‘\ contr\bM @)tured. However, in

& e

practice, the detector can on e afinite fib¥et @VR contributions, and the

decision implemented upo?geffe,\ive rgy@ is made according to the
(
following equation: % o

A

\
Ani rtat factqgr tha d ermj@ the performance and efficiency of a wireless
comm w systgn the ca lity of the receiver to detect multipath energy.
Hé trade-off exists b \e’n the amount of collected multipath energy and the
xity of the receiver. Rake receivers are generally used in any spreading

Octrum environment to collect energy from significant multipath components.

Collecting energy in rich multipath diverse environments with a certain number of

(3.34)

receiver fingers is a common practice. A typical rake receiver comprises a bank of
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correlators that are sometimes referred to as fingers. Each finger is matched or
synchronised with a multipath component to coherently accumulate the rw
multipath. One limitation of the rake receiver is that the number @path
components that can be used and combined is limited to the pow umption,
design complexity and channel estimation of the receiver. K-th numb&§ ot delay lines
are used to provide K-th replicas of the transmitted signal_andfien the receiver
processes the received signal to detect the signal in a K- Y-

diV(irsity system. In

practice, only a subset of the resolved multipath co ents jis the rake

‘X
receiver, and the number of multipath compo@lermin st ty‘JelQ rake
0 4
&

NN

e All rake (ARAKE): The receivw ine9‘an roces Il multipath

components. \% é

e Selective rake (SRAKE): %ceiver s\cne?f @VI set of the best path

receivers, which are outlined as follows:

from all K resolved mu
e Partial rake (LRA%B cei@e first M arriving path from
all Kresolvabl% h compdonenfs l 0’

The output;%:orrelrt
Different comb% tho
@ multipath components are estimated and

wherein th:%ude of «fh
\

finde :opti performance of MRC depends on the receiver

s rake fingers.

Mgers) erged by using the rake combiner.

used as maximum ratio combining (MRC),

'S

and the channel es@[ion of the optimum receiver structure as shown in



N3
A2

Figure 3.13: Optimum AWGN IR-UW@Recelver ruct\d .

Y-
If g = [|B.0,B.1, ... 8. (K — 1) |], whicH¥&R set that ddfin rake‘%'c}mbining

4
weights, then this set differs according to the ra&ype. \ Y\-)

e For ARAKE (ideal rake), co Nwe' E

e sgme’ as combining
channel fading coefficients, % \\a
e For SRAKE (selective %z) he est (3 of coefficients with the
c¥b

“« Q-
largest amplitude is dN y Nre, &following weight B can be
N

presented as 8 @)% Zf) ( o.
'3 &

e For LRA rtial I' \wth the et as the first multipath component,
thew'wse can xpre &asﬁ—{a"" k=0....,M~1 where
C O @ 10, K=M, ..., K—1"
&

W Q=1 )
o S
:;e owing sulfSection eWuates the performance of the rake receiver over
tha{

Th IQI‘G,B = a.
&

o

02.15.3a multi-patm’ading channel with each rake receiver structure having

rent number of fingers to analyse the trade-off between receiver performance
01 simplicity.



3.5 UWSB Channel Allocations and Channel Models

The UWB device can transmit in one or more bands following th?ﬁ
802.15.4a standard. These bands are classified into three levels as follows(\:
e sub band, with a range of 250 GHz to 750 MHz, &

e |low band, with a range of 3.244 GHz to 4.742 GHz and Q

e high band, with a range of 5.944 GHz to 10.234 GHz.

Table 3.2: UWB channels for the IEEE 802. cndzird

Centre
Band Group Channel No. Frequency
(MHz2)
Sub GHz 0 499.2
1 3494.4
Low Band 2 3993.6
3
4
5
6
7
8
High Band 9
10
11
12
13

14.\ 084, .
AN 2 &
Sixteen cw are t|1 in @'é PHY. The sub GHz band includes 4
* 2 O
low bands hhigh bangs® Tté Wnels, centre frequency and bandwidths are
N
&

shown 2.%h i icatiﬁf each band consists of mandatory values.

medium used to tra@ﬁt the signal from the transmitter to the receiver is

% nel. Therefore, an accurate modelling of the channel must be guaranteed in

Q communication systems. A UWB system is implemented via indoor and
utdoor channel modelling propagation. The indoor channel path of the UWB system

model is the S-V model Radovanovi¢ et al. (2015). The indoor channel environments
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are classified into channel models CM1 to CM4. The IEEE 802.15.3a standard based
on proliferation condition CM1 describes the LOS scenario Radovanovi¢ et alw
with a large distance between the transmitter and receiver. CM1 provic@same
range as CM2, but CM2 describes the NLOS scenario. CM3 falls e NLOS

medium, where the distance between the transmitter and receiver r@rom 4 m to

10 m. CM4 is an NLOS medium where the distance bet ewtransmitter and

receiver is more than 10 m. This medium exhibits a@Zy d"spersion, which
N \

data

The initial set of values of these parameters is to fit fhe s're.fy

results in a 25 ns delay spread.

for the aforementioned scenarios as shown in Ts : 4
\ Y
g
5. 1h el Md@e In Different
aH0S O

4

v ) Q} (dg)e (Zg)

( ¢
Case 1l o N
LOS (0 m to 4 m) 0233 _2.5 Y‘AA. 3.3941 33941 3
Case 2 \
NLOS (0 m to 4 m) 0.4, : 5. 7 3.3941 3.3941 3
Case 3 $
NLOS (4 m to 10 m) 0g67 } [ QF 79 33941 33941 3
- \&Q 2 1(8)24 12 33941 3.3941 3
Extreme NLOS mu h cham]EK ; - :
i %
\; N,

The cha@de for | OZG.glfa are specified according to their working

groups. Qﬂsed infresi alé‘&u CM2 is used in residential NLOS, CM3 is
¢
'OS 5

used ifi r office él\@ used in outdoor LOS, CM6 is used in outdoor
: &)

NI& is used in open (h'door NLOS, CM8 is used in industrial LOS and CM9

in industrial NLOS. The channel model is developed by using the IEEE
0&.15.% and IEEE802.115.3a standards and is subsequently parameterised.

Table 3.3: Statistical VValues Of The |

Scenario




e Indoor workplace environments: Some rooms have a similar size, but the halls
are considerably large. Those areas with small offices are linked b?ng
corridors. %\

e Outdoor environments: A large amount of multiple outdoor JOS exists,
and the current model includes a peripheral-like microcell \Cenario with a

short-range. V

e Industrial environments: Large enclosures filled w me'tallic reflectors,

which may lead to severe multipath. \d

L 2
NS
| .S
3.5.1 Ghassemzadeh Path Loss Model
4 b

Ghassemzadeh proposed a numerical pMs M the p@fagation of

UWB signals in a PAN that is suitable@ L ;‘an LOiﬁarios. In this

0 (3.35)

model, the path loss is estimated as

PL(d) = [PLH +?;og
Where PLO is the cal N

(log-normal) and vy is % loss exponct. dom variables of the path loss

model are denot% an@ idtion 1s denoted by o. The channel
model parametegg are SumMmangtely .

@FA Model Parameters

Parametgys 2 es ion
PLO % 2P ss at dO
oy : dard deviation of the path loss exponent

no \qaean standard deviation of shadowing
1t \ ean path loss exponent
c Standard deviation of shadowing
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UWB also has an improved channel capacity. The information is transmitted
through the radio frequency spectrum, and the capacity increases alonvw
bandwidth rather than with SNR. %\

C = BWlog,(1 + S/N) & (3.36)
where C is the channel capacity, BW is the bandwidth in Hz and S/NWSNR.

During the transmission of the signal s(t) in a multipath ghann®¥ the signal when

received r(t) may produce distorted, delayed and attenu efolms. During the

time of observation, the propagation of fluctuation and Wrtions can
@

be removed. ¢ | _@
s \)Y'

3.5.2 IEEE 802.15.4A UWB Channel ModeR. \ Y-
The channel model was proposed Nhe F\IEEE802.15.4a.
The following environments are imp&r ret%ork and are used to
parameterise the channel model. % o A c;\\
@) Indoor reside ﬁrw ﬁe@ironments are critical for
‘home networking’ arwmng c’ffer ppli@s, such as safety sensors (e.g.
fire and smoke ;% over qﬂe&yzyl@ area. The building structures of

residential %en@araa@ by small units with indoor walls

. ) g
having gereddqgablg thjckMess. | (J
&9
b oor affice iro nts: Some rooms in such environments are

Wle with Wosefin ré:ntial environments in terms of size, but other
. 5 N

\ s (especially cubicT‘Qreas and laboratories) are considerably large. Those

%reas with many small offices are typically linked by long corridors. Each office

0 typically contains furniture and bookshelves on the walls, which add to the

attenuation provided by the (often thin) office partitions.

=
@D
O,
~—+
b 8!

~—~
N—r
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(© Outdoor environments: Although a large number of outdoor
scenarios exists, the channel model only covers a suburban-like mvl
scenario with a small range. %\

(d) Industrial environments: These environments are Aerlsed by
large enclosures (e.g. factory halls) that are filled with many mc reflectors

that may lead to severe multipath.

The distance dependence of path loss is expressed in
PL(d) = PLO + 10nlog | — o 6.37

q

Where the reference distance dO is set to 1 d PLO P e path Io onent.

N—r

The path loss also depends on the envwon%nt re of an'ler a LOS

connection exists between the transm@elv W‘a 3. 54& .6 present the

key parameters of IEEE802.15.4a statistic
"’ *\j »<\
ial

Table 3.5: Key Parameters Of IE e"gd Indoor Office Models

Indoor Office

Parameter Description

LOSCM3 NLOS CM4

PL, Path loss B)v . l' § -36.6 514
n Path 1.79 163 1.63 3.07
exponent P 4 &
sk l\\} g
o, sta 2.2 40 1.9 3.9
L ””m i ',| (,) 3.5 5.4 1
A( / C'“ ) 05\0 0.016 :
terc
7( decay con ant 263 14.6 .
Cluster

shadowing 2.9 - -

ter

S
& variance
0 Range (m) 7-20 7-20 3-28 3-28
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Table 3.6: Key Parameters Of IEEE 802.15.4a Outdoor And Industrial Environment

Models
Outdoor Industrial Environmen
Parameter  Description LOS NLOS LOS NLOS
CM5 CM6 CMS8
PL, Path loss (dB)  -43.29 -43.29 -56.7 -SA
n Path loss 1 76 25 1.2 2
exponent
Shadowing
o standard 0.83 2 6
deviation
Mean number
L of clusters 13.6 105 4 J(d
Inter-cluster
1
A( /ns) arrival time 0.0048 0.0243 0.0 N ' .c}‘z-
Inter-cluster
M) Gocay constant 37 104, 1 .47" Y-'\
Cluster Y
Ociuster  Shadowing - - \ NAN™
variance
Validity Range (m) 8 2:8

he

517 %\,
3.6 Link Budget Analysis on the AW 'ﬂ%

7y

im

tist@gce of propagation for a

Link budget analysis can %
q Q—
UWB communication link bw the a g&ﬁ/data rate. The analysis is
ive@ oVer g€

performed by monitori tt&\e’gy r*e
rsidDI

is made on the receive

with signal term
sk

whgre S,

pef rgueants t

éeast energy required@(he receiver is computed as

0 E whereas thermal noise energy can be defined as

Enoise_

ite time interval. The decision

he% glﬁtﬁ;}ppagation over the AWGN channel

@em@nois Y\expressed as

Y

M.SNRgpe. (3.38)
S
quired SNR, and M is the system margin.
E_M.SNRgyec. Enoise (3.39)
1 1
=3 N, =3 K Temp; (3.40)
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where N, is a single-sided thermal noise spectral power density, K is the
Boltzmann constant and Tempygy is the spot noise temperature, which is expres

Tempgy = Tempy + (F(f) — 1) %\3.41)

where Temp, is the receiving antenna temperature, F(f) is the Aise figure

and Temp,, is the ambient temperature (290 K). Y.
In the above formulations, E, is the received signal Vyat a finite time
interval T},. The energy received E,. can be expressed as p% '
E, = M.SNRSpeC.%K(TempA + (FE) — Mrengp, . ‘@42)

which is equivalent to

1 ?
BT, = M.SNRSW.EK(Ten.gQr (f

The receiver power is defined as )
_ o (f

b= Zf f= ) szz\& (3.44)

d7rRe
where P;(f) is the doubNe T Fs(féﬁﬁe free-space attenuation.

Equation (3.44)@thez;e rewrftten I §
TH Py \“{K &
2T, ff ) @4.5@ (TiQ + (F(f) — D)Temp,) (3.45)
GrGpl? A
O

N

¢
Based o‘@atlo (3.45 o'sqta)r value of maximum distance D that can be
N

covered%kansryis io ‘gn be ved as

AN 47TR)2 2Ty fIILH Psf({) af

D? =
\? MSSNRSpeC.%K(TempA + (F(f) = DTemp,) (3.46)

Source:Proakis (1995)



From Equation (3.46), the maximum distance of the propagation can be derived

for a UWB point-to-point link (Pgy,;,) and target ( SNRgpec). Y'
Assume that Temp, = Temp,, where the noise temperature at t%\vmg

antenna is considered the standard temperature. This assumption ‘T %tlcal for

terrestrial links. Equation (3.46) then becomes Q

GTGRC fHPs(f)
pz - _“4m)? ol ff ? (3.47)

MsSNRgpec- 5 FkTem

The modulation types that affect the relation betWeen [SNR: ra}&ﬁ

easily expressed as noise in the AWGN chan odel. ;h peform aQ'E}of the

lbe W following
N

C,.&h system margin is

receiver with various modulation types can be e uate

paragraphs. %V 0‘
Given a target B.,, to evalu te th e rq-d\s

assumed to be zero for (M, = O I |ma|| y.

ral@dles have analysed the

relationship between B, and re- ned Q@R requirement) for different
UWB impulse-based c ions. Thge i k]ud naly3|s for M-ary PAM (M-
PAM) and M-ary PPM (M b mrﬁ d as follows.
Q} ‘oL (3.48)
e M} erfe(y) -

2_ SNRspe.C‘) PrTpLog,M . ﬂ 3log, M
) " JkFTempoz(M2-1)  No No(M?-1)

here E, is the average bit energy, N, is the power density in the AWGN
anel = 2X is the number of information bits carried by each symbol and Pre is

the probability of the symbol error that is used for the system specifications than for

(3.49)



SNR. The relationship between SNR and Pre is affected by the modulation types and

is represented as noise in the AWGN channel. Yv
The boundaries between % > [n2and E, /Ny > 4In2 for % > [n2 are il%\
0 0

2K —k( |Eb_ neay )2
fre< k7 ¢ e Y' (3:50)

whereas those for E, /N, > 4Iln2 are given by

Pre —k ( —In 2) : (3 51)

The link budget for M-PAM and M-PPM is th; theortticafly ew teG Q@rms

of the probability of symbol error (Pre) for s IC SNR stan g . The
purposes.

Va'i\

ist Scenarios

@ed by using tunable

TN
@conﬁgured to meet the
&

ch @door and outdoor LOS and

experimental and simulation results are explameﬂn ?ull

3.7 Trade-Off between BER and N% in Var
ased

The performance of impuls

parameters at the transceiver %\e tiinscei

application requirements in vm SC
NLOS environments. %cate sv’tem eiff ce terms of BER, a dynamic
is desi

'3 s
u

reconfiguration syst g ost @‘tjﬁn that is analytically formulated as
follows.

o Firstly? cost unct| 0 gs three parameters (data rate, distance and
treat,d ade- 0@ To obtain the third variable or parameter, the

er two variables can @%tompromlsed The impulse-based UWB parameters

re flexible and adjustable. The QoS threshold for BER can be transmitted at

05 various data rates.

Secondly, the current resource allocation for each node and the current QoS

environmental conditions are examined. In this step, the node selects the



optimum modulation schemes. The configuration that needs to be done must
be known prior to the system, and the configuration can reflect tw
performance in terms of its modulation schemes, data rates, ta% ER
and E,/Nj. &

e Thirdly, the condition of the channel is evaluated in various erfironments. The
UWB system is reconfigured to meet the QoS require tsV

A formula, such as a local cost function, can be r%c.h l|ode. The three

variables (BER, data rate and distance) used to describ per rrwetrics can

X
be combined as follows in a way that any two perfo es malricg,gan g_é‘)n eved

at the cost of the third metric: Y' \0' \,Y'
X

b B];Z)R* i tae e 0‘ % (3.52)

where P is the performance func O

The distance can be sub@
q B N > 3.53

BER is a f)Q'egrelat‘d t (mod&gﬁon types), pulse repetition interval
Ey, : ' : :
(PRI), /N eve bij eger ?‘an pulse response h(x) and interference i(x)
o

and is e% a
\A BER \&-‘:/NO,PRL m, h (x),i(x)) (3.54)
0% Eb/N is a function related to the maximum distance between the transmitter
o

.
<

and the receiver and to the maximum radiated power allowed for a given data rate,

which in turn can be expressed as



Eb/No = Y (dist, m, PRI) (3.55)

The data rate depends on both m and PRI

Data Rate = (log,m)/PRT s ) (3.56)

The communication system performance function (P) is defivfollows by

using all variables in Equations (3.53) to (3.56): V
PRI.w (Eb/NO, PRI, m,h(x),i(x)> Y(d ,BRI) ' (357)
b= log,m

@
As environmental conditions change, the perf nce costffunc n'ch for
A
a given probability distribution p (z), that is, 2 Y-
_ \ >
P=Y, p(z).% 2) N~ (359

All these parameters can be det %y usin uigghle function.

The changes in channel condjions caus ‘b»,\? jc &Ral-time environments
are then detected, and IR-UWB isHigmhtim@mdulaﬁons to meet the
QoS requirements. The suim yS qgjrataﬁﬁothat meet the new QoS
requirements are eve Ilmifiebow @de to transfer data by using
suitable transmission technt e' Fp& In i@ne environment changes.

% DeS i Difésr:t Applications and QoS

3.7.1 UWB PR
Requ@s ¢ ) 4 Ly
Th %&ed %es,bﬁ @
UWBSr Qe

o
[<Y)

7]

ec& of the trade-off flexibility of Impulse based -

rent data“rates aa%'%erational ranges for specific BER requirements.
T, ER performance in diffhnt data models and various distance scenarios can be
%ntly improved by following the instructions sent from the MAC layer to the
Oysical layer to tune the generation of pulses for different physical parameters, such

as modulation techniques and tuning of PRIs. This approach can directly increase the



data transmission rates and the resiliency of the generated pulses to interferences,
which will subsequently enhance the signal power to noise ratio and improvT.
Therefore, this approach can effectively increase the power of pulses to @gher
coverage ranges under certain channel model constraints. Figure 3. trates the
proposed architecture for tuning and controlling the physically genemulses at the

physical layer by following the instructions sent from the abq*e layer to satisfy

certain BER, coverage and data rate requirements. '

UWB Transmitter UWB I,Ciw

BER,Data rate l BER Jata rateh.dij ancq
| i AWGN /MultiPath ' '&

Fading Channel Model .IA Y'
1) €
’ ]
T 5
. A\

el condisiga [¥

Transmitter
Layer

‘ch:nnnel condition| Impulse BER

based LN ; o
Adantor 1 Compatator
Mac Layer [— Adap .
Distance . S
— NT o Tl b
PHY Layer| * yi.pRI \ oyl ni——
\/ N

: N
'3 g
Figure 3.14¢Desigh O osed eable impulse-based UWB

The process flovNe i
process begin@tin the

the QoS %ﬁEI}r vuu}:w

to puIsSha e and modulation fﬁ.improve the BER performance by enhancing the
\

y of these pulses to interferences and by increasing the data rates of the

.
bémitted pulses.

ed U)@ system is shown in Figure 3.15. This
ar(ﬁ'&ters. When the UWB parameters are set at

nt)@‘.e settings at the physical layer that are related
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( Setting UWB Parameters )

Defining The QoS Requirements c\z

Y

Configure UWB Nodes For Optimum
Performance According To The Cost
Function

Detecting changes in
communication environment
neighbouring nodes

Yes

. :'A g PQ)QS Of Impulse-Based UWB
’

Figu@ mmgrisey t me@dology for turning the PHY layer parameters
inac wr desﬁnbtc?fdin the demands in the MAC layer and the PHY

N
par, that are tuned to he MAC layer criteria.
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Determine the Physical LLayer parameters
to generate the Reference Transmitted

Signal with their Associated VValues T

Set Specific Performance Criteria at
the M AC layer as Function of Receiver
BER performance in VVaried Distances

and Data Rate Environments

Determine the Receiver Performance z
of the Transmitted Signal Propagating V

over AWGN and Multipath Fading

Channel Models T

Tune each PHY param
until considerable enh
receiver’s performa

Iar he
s i%the
ingd
Determine the bes atchin
parameters fo%in re Lre
performa i /% aye
Regeneratesthe fa I&tte@l?
UuwB after Parggme be@ ned
% S
'3 &
Figure 3.16: Flowghart @ ACSunable Layer IR-UWB Solution To
et Cer

& tain pplic@ Requirements

N
N \ ¢ ! O ) )
3.8 Simuli NEFF+MA Simulation of the Proposed UWB
Arc { NS

wlatiorf' IFaim assess the generation of signals with various

U | transmission paran‘?ers in the time and frequency domains.
% he parameters that must be adjusted to obtain an optimised solution are
0 managed in a database that controls the transmission rate.

e Another objective of the simulation model is to examine the signal propagation

channel. Like the thermal noise and the signal attenuation in the AWGN
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channel model and the complex problems like transmitter effects, receiver

alignment in the multipath fading. Yv

e To examine the activities of the receiver (i.e., detecting synchro@ and

demodulation). &

The features of the Simulink model are summarised as follows. ?

End-to-end PHY (streaming mode), which smulateY. alyses different
dul

generated pulse parameters, such as pulse width, lltions and pulse

shaping. \d‘

e The AWGN model and multipath channel

and deprivation consequences of
environments in different distance

e The TH spectrum spreading e is used Bng \@ different coding

schemes, such as PPM and for data\v”griis @

a 5

e The fixed-point mode U B tra céﬁvezgan be integrated into the

complete software- l fa tu\&%l IR-UWB solution.
I

e Simple databa:% emen

parameters N@ta tra' m rates:
'S §’
Real-ti ERd| pla : (J

I e§
|mp se- ﬂ@communicaﬂon model (i.e. SIMULINK and
ER ;ﬁ gfice | lidated by conducting experiments on the link

ign, which will be d@;ssed in the next chapter. A statistical analysis of the

n to control the generated signal

By ugt

MIXI
bu
rec signal is also performed to evaluate the performance of the proposed link
et template in Chapter 4 under different scenarios.

The UWB parameters are reconfigured to determine the optimal path and BER

from different channel models and scenarios. The cross-layer architecture is designed
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to spread the bandwidth usage according to the application requirements. The
simulation model detects the changes in the neighbouring nodes and

environment by examining the receiver. The simulation model for IEEE&':;
built by using MATLAB and Simulink, whereas that for IEEES02.5"™yjs built by

using OMNET++/MIXIM. The communication link impulse-based system is

then examined. If some changes are detected in the neigh Wodes or in the
ta

environment, then the parameters are reconfigured in bafe to meet the

requirements. A link budget analysis is eventually p med jon sis of the

X
results of the simulation models. The analysis deter the gdins 'os Sa’n the
signal sent by the transmitter to the receiver thr cha\n‘e

N
Y-
3.8.1 Simulink Model Modules V W 3
N

The model used in the simulati hree parts meI),Qe source, channel

and receiver. %% 0%\? §

q
A. Source \ > i A<$
e The M-ary signal S(Wan ggnera I@h different shapes (Gaussian,
(
sinusoidal, recta% or Mgh P o IE; signal in this model is simulated

N’ O

by using t m der'vativ of the ssian signal. The Matlab code for this

NG

signal } Nsen d.?n'gba&%;dn.m file in Appendix A (Part 2).
t

§tﬂe transmitter generates quasi-random PN

e Th ode ene’a
Wes to ac ve{uas@rthogonality and to protect the information carried
V
é\he transmitted signﬁl‘?

% Channel
0 e A channel delay, which is caused by the distance between the transmitter and

receiver, is introduced. For instance, when the distance between the transceiver

s
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and the receiver is 10 m, then the channel delay is 0.33 ns. MATLAB
represents this delay as a Channel-Delay.m file in Appendix A (Part 2).?'
e The noise introduced by the AWGN module has an average nois@ of —
40 dBm. MATLAB stores this module as AWGN-Channel. endix A
(Part 2). Y.
e The IEEE 802.15.3a multipath fading channel model anerted into the
communication model to simulate different LO %ﬂlLOS multipath
statistical delays and to affect different distance s rios

C. Receiver ' _i’)\v'

The receiver module has five main par ly, th! tor-«gepector, the
o N N
pilot signal generator, the acquisition PPYI shypal tor and the

demodulator and integrator. O

The signal is detected by usin%rrelatio\aﬁegd m'@'block after receiving

N
samples of the received signa% 9 ith @an UWB signal at the

receiver side. The detectiong d ol @ set to be equal to the pulse
m

width time, thereby pr% nougr‘

threshold shouldb&h enough
the acquisitionw 'ble.\? 17 @{s the UWB Simulink blocks of UWB

n!cob'one UWB signal. The detection

Id fal B signal detection that will make

signal dete h
&
S
S
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=T =

Celay ANGH

w
w

Time Happing
LWE medulaticn

Constant! Channel 1
Modulation 2 Channel 2

De cw

After detecting the UWB signal, both the lo t gendrat nd _ﬁmsmon

Figure 3.17: Simulink Blocks Of UWB SiI

blocks start working together to determine toco@ eth the PN

sequence and the received signal with an i k p| mgna@erate a UwB

signal that is synchronised with the

between the pilot and received si %’1 an tt\(\t% %nlse a PN sequence.
Figure 3.18 shows the differe tlwa' psér?mng a successful UWB

S s

is proces @ n a comparison

106



tor

Genera
T

Local Pilot| Template

Figure 3.18: Simulink Block

Figure 3.19.
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Received IR-UWB

Acquisition Process Integrator

Signal
Start New IR-UWB Local Template
Detection Attempt Generator

. \,j
Figure 3.19: Flowchart Of SuccessTVB W ectiqvl’l;)z~

Signal Model

Figure 3.20 illustrates the % compo\ls%ﬁ AI'R-UWB transmitter,
>
: () )
according to the IEEE 802.15. rd. 9 &
\ ] aé
PHE Bit | SECDED i , e

'S
s 4:\,
S L, Preamble R Pulse RF

Insertion Shaper

3.8.2 The OMNET++ Simulation 1@2.1 4a T smitgr tructure and

Encoder

Payload
1"

L.

rmation Bits afe inmﬂy encoded by an RS encoder, which is a block

Sﬂrcum
onfolutiona
geoderts

7

!

>

n IR-UWB Transmitter According
5.4a Standard

Q>
(@]
o
N —h
=

erw ction code that wor‘Rt%y oversampling a polynomial generator constructed

%\e input data. The RS encoder takes a 330-bit block at a time and adds 48 parity

Os according to a standard polynomial generator. Therefore, the RS encoder has a
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rate of approximately 0.87. The encoded bits are then optionally encoded by a 0.5-rate

convolutional encoder. Y'

A UWB symbol carries a pair of encoded bits. Figure 3.21 presents @cture

of a UWB symbol, where the Tsym symbol duration is divided in intervals,

referred to as the Binary Position Modulation (TBPM) duration of R burst position

burst of UWB pulses is transferred at each symbol interval, aqdwace of the burst

either in the first or second intervals indicates a bit of data! r werds, if the burst

is in the first half of the symbol, then ‘0’ is transmitted. eve th is in the
®

is refegred a’ ﬁ}he

es% SK\/&EraII, the

a pek sy . Sp&lly, one bit

is used to determine the pulse burst p%’hereas th er b@ﬂjsed to modulate
the same burst phase. % \T &k

second half, then ‘1’ is transmitted. This phenome

polarity of the burst carries another bit of data

BPM-BPSK modulation can carry two parfaof

“« BPM Interval 1 C@M Interval 2

l4——1* possible burst position b  n Guard interval

-
k4

- M—2ns—m

E\tw‘n be determined by a burst-hopping sequence, which is robust against multi-
u

0 interference.
After using the symbol mapper in Figure 3.21, a preamble is added prior to the

header of each packet for timing acquisition, coarse- and fine-frequency recovery,
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packet and frame synchronization, channel estimation and leading-edge signal

tracking for ranging. Afterwards, the bits are transmitted by using UWB pulsev

shaper, RF components and antennas. %\

3.9 Evaluation criteria

The evaluation criteria of the proposed solution can b%Zered as BER

meeting criteria of certain acceptable range of probabilit

wme error and not

flexible parameters that can be use<f\%‘x ratin
ted in

performance of this system is eval er \Q?B {h{i SNR in indoor and
outdoor scenarios with various dis 2 a@l dat retes. C&ﬁcated template of the
IR-UWB communication IinN eire' valua.é/to validate the proposed

N
concept and its results(he tgplate ligk degtgn i@emented through MATLAB to

s

check the functionaljty of #e e co@éte system is simulated by using a

evaluate its B%w\ SNR.*T jk!v&f@chapter discusses the real-time simulation,

the simu &fmigrya t @hplementation in indoor and outdoor scenarios.
VJ 4
la

The si n model for IEEE"—@EB.% is built by using MATLAB and Simulink,

\
:M that for IEEE802.15.4a is built by using OMNET++ and MIXIM. The

real-time simulaM ca ngegine p@ers and link budget of the system to
Site

munication link impulse-based UWB system is then examined based on these

odels.
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