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Figure 5.3: Simulink Simulation Of The Transmitted IR-UWB Sigann Real-Time
Simulation DSP As M-Ary-PPM Modulatio\,

A comparison between Figures 5.2 and 5.3 reve tw data rate of the

transmitted signal can be significantly increased by i ing¥the Kdugon binary
@

order for M-Ary PPM. \Y'
| &
5.2.2 Waveform Distortion Analysis of 4 \,Y'

IR-
Pulse distortion is crucial in IR-UWBegue tomts m‘ghwidthésg:h distortion
should be analysed when evaluating tr\%nance 0 em éﬁdiffers from that

of a narrowband system, especiallC’g NLOS enps./System performance is

evaluated under different prc%w schario a

distortion. The IR-UWB si nehmu ffer annel models under several

conditions. The PPM%mpagIed ef @\/GN channel model is also
tipat '

/7%

the effects of pulse

é’é;%‘

’$ s

nnel el. The system performance is

analysed in the

significantly degffa st
ﬂ\ :
ten

!
these pulses flectalf“adfld &:}‘a’t’ered. This phenomenon superimposes the

receivez%%ith grher % nals a@nultipath components that require an advanced
receivestru ture to detect the @Y'mitted signal.

N ™~

% AWGN Channel Simulation of the Attenuated IR-UWB Signal

0 Simulating the propagation of the reference IR-UWB signal over an AWGN

channel by using MATLAB can determine the attenuation of signal energy along with

S raveé&fpecially in indoor environments where

distance in the time domain. The thermal noise at the receiver input is ignored by
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assumption for that sake of perfect synchronisation between the transmitter and
receiver. Channel gain can be evaluated as a function of the distance (D) betw?we
transmitter and receiver, and the two constants, power decay with distar@nma)
and reference attenuation (c0), are used to represent the power d*ong with
distance and the reference attenuation at 1 m, respectively. A simulgled scenario of
pulsed-based UWB is developed according to the parame rsNgs for train of
pulses in certain shape, modulation and coding as the Lvalion link-budget

shown in table 4.1 and appendix A .This reference tranShgited si nMn first to
uality pf the edei@‘gnal
froQ i Iesr\s¥~nario (to
S on?he eived@&a's), where a

transmitter and a receiver are placed Istgfice of 10 Myfa fr@‘ﬁace environment

with the following parameters: D (t%e TX/RXNS qm, @ha (power decay with
ﬁ 'Z N

distance) = 2 and c0 (referent%atiomat 1 = & ~30/20). The attenuated

X a%‘ own in Figure 5.4 and 5.5

determine the level of influence of each parameter on

(as BER) in certain scenarios. The simulatio

highlight the effects of attenuations and dw

-
n
T

0& Time in Sec x10”

Figure 5.4: Transmitted TH With The PPM Modulation UWB Signal
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Figure 5.5: Attenuated Version Of The Trarghg thig al
The peak value of the transmitted signal is in th er of *Wereas the

L ]
lgure 5% is | reqﬁrof
A

approximately 2 * 10~°. Therefore, the channv_ is 2/64* 10-%0r a%?)"ximately
&~

ReQ/er Over AWGN

peak value of the pulses in the received signal i

0.0033.

5.3 MATLAB-Simulated Performa ;t e IR-U

and Multipath Fading Changtel Models ? &\

The performance of the pro IRCUW qelve \S|mulated to determine
the effect of IR-UWB with th tersé“(he transmitted signal over
AWGN as shown in 5.6. T ep rr@ of the proposed receiver in

s

consideration of th efer ametgrs s taken as a reference scenario to

evaluate the dlf& al %@ters as a function of BER for the
maximum Sr\% thlA G Vana(ir?]odel The objective of this evaluation is to

determl Ise ?a am er @that increase the transmission data rates and

enhanc;\.the erformance of th *&ved signal in terms of BER to achieve a tunable
-based UWB for dlfferent application requirements.
g The receiver activities are simulated according to the structure and mathematical

Qdel presented in Chapter 3 and the link budget of the proposed communication as
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in table 4.1 in chapter 4. Several MATLAB functions are used to analyse the proposed

IR-UWB receiver as described in Chapter 3 and shown in Appendix A. Yv

BER

The rake receiver performance of al propagating

(i(@ RAKE) receiver

s,@(E (selective RAKE)

over a multipath channel is then eva " The

processes all multipath componen %eir (@1
@
S, S

contains eight multipath com\ sel thegnditi contribution that exhibits

the best signal quality anTses he tggngmittetsymbol on the basis of this
rtial

N _
K is & implest receiver structure that

observation and PRA

contains two bran Nhe se'echroces W this receiver only considers the first

two multipath onénts tha #Waq at KBceiver.
e g (TRt 13

s
The @ resdlts age btai@from the MATLAB simulation and are used

to co perfdf Jof f@ﬁerent RAKE structures. Figure 5.7 compares
ek, : :
the of BER = 10 1-%&)the case of ARAKE, which processes multipath

-

%nents, and that of BER = 10729 in the case of SRAKE, which processes only
0 multipath components, and reveals that the BER performance can be significantly

enhanced. Moreover, SRAKE, which processes eight components selectively,

outperforms PRAKE, which randomly processes these same components, by almost
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10% in terms of BER at an SNR of 9 dB. The complexity of the receiver is further
reduced by using PRAKE, but its performance significantly degrades especiallw
a low number of processed channel components. The analysis results cIea@ that
when designing a tunable IR-UWB solution, a proper rake receiver QNre with a
good trade-off between receiver complexity and BER application reglirements must

be selected.

o S

&

N
Figure 5.7: Rake Re %erf(, CENARA RAKE And PRAKE
i

Analy ;ﬁRM&@

This section ir&iga es' \BE‘Q fthe’ syEm and presents the results obtained
under different @ink '
widths, shapi%tors nd'm

%— 3 : .

generategh a sour, M n rs of pulses per bit are evaluated according to
RIS

the ﬂri ria to highlight the_,' nificance of each parameter. This analysis aids the

5.4 Link Budget D

or Si ?transmission. The effects of PRRs,
) O

Wtiocg:are analysed. The different numbers of bits

f tunable IR-UWB transmission rates for different BER requirements and

gus distance scenarios.
The BER curve observations in Figure 5.8 show that the number of bits

significantly affects BER. Specifically, as the number of generated bits increase from
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1000 to 6000, the BER performance decreases from 10727 to 10717 at an SNR of 9
dB because as the number of bits increases, more bits become susceptible t ]
thereby introducing more errors. Therefore, a trade-off should be ac hen

tuning the IR-UWB system based on the number of bits.

0

3{#125 f pulses per bit increases by a

multiple of 6, the&rfornpnc\crease (10712 to 10~*5 ) at an SNR of 9
dB. Therefore Me age B
c ¢
t

t'e s&@h is proportional to the number of pulses.

Designers ha#l achigve t‘l‘n@ trade-off between the number of pulses per
bit an %s'misﬁwwz;suié: for the propagation condition. Such trade-off
A to BER performans%ven the difficulties in achieving a trade-off directly

00\
on ? -UWB system with different transmission rates.

©w

increases as shown i 5.

P q
The BER performanc?\@wifi ntly gnance the number of pulses per bit
thej
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Bit Error Rate

i =E=Numpulses = 10000 :
_______ Numpulses = 30000 |:
4 |- Numpulses = 60000 |

Slgnal to N0|se Ratio
Figure 5.9: TH-PPM Receiver Performance For umberfOf P se's E’?Xt.
Figure 5.10 shows the performance oft e rectiwer wiflt diffegent a\@}a'ge pulse

repetitions. The period of different pulses epe oq,{\ trar%&on, and its

significant role in enhancing BER per depen e pﬁ&epetition period.
Reducing the pulse repetition periogrfrom 8><1 }é&"s enhances the BER
from 1072 to 102° at an SN I!ER rm |mprovements are also
observed when the PRI decre Iv ’ Syst <?a::omes more susceptible to

noise and interference pulse fepetifion %mcreases
N l\:vje
Sy
AN
>
S
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=0+ Ts=3e-9

=0+ Ts=4e-9
=0 Ts=
a--..._.::::' ............ 9-...
g I L 1 --, e %
7 -

Taa,, hLTY
------- |
N ., |

"0
o
..

he gocal of code

The generated bits per second ca@er
tip&e@oy pulse average

repetition rate Ns (the number ofm perbits

repetition period (Ts). :' , A
q
The values shown in Ta& are g@t dig& data rates. The data rate
mainly depends on th; nWof ;leses 's) @it and/or the average pulse

repetition (Ts). The followillg tablegdd tifatgghe data transmission rate increases

when the averagegQulse pet@od is fixetl to 1x10~7, when the number of bits
SN
is fixed at SO@m ang wghen i'llurqggdof pulses per bit increases from 10000 to

@,

25000 pulQ, $
4
%ble 5.2: Wata &ates‘palculated As Functions Of Ts And Ns

")

N

>
5/

Me time, Ts (Average

% etition rate, Ns quse repetition period) in  Data rate = —— (Mbps)

r of pulses per bit) seconds NgxTy
= 1/3 (NumPulse = _9 1 B
Eoo, Numbits = 30000) D10 0333 X Tai0= = 333 Mbps
Ns = 1/2 (NumPulse = 9 1 -
15000, Numbits = 30000) 110 05 % o= = 500 Mbps
Ns = 2/3 (NumPulse = 9 1 B
20000, Numbits = 30000) 10 CeeE X Taios = 006 Mbps

138



Ns = 25/30 (NumPulse =

-9 o
25000, Numbits = 30000) 110 0833 % 1xl0=° — 833 Mbps
Figure 5.11 shows the effect of increased data rate on BER perf@: As
indicated by the BER curves, decreased data rates result in a bit error

probability. The BER increases by approximately 35% from 333 Mbpgglo 333 Mbps at

the same SNR value of 9 dB.

|
i " A\
¥

[« ¢
—_—p

%

o
I
m = Data rate = 333 Mbps
=8 Data rate = 500 Mbps
1072 —6— Data rate = 666 Mbps, AN & S
Data rate = 833 Mbp! f ‘E‘ v
o/
-3 ;
105, 1 5
& al to

Figure 5.11: Efgect Rlefere‘t

The parameters intr J AM modulations, such as pulse

shaping factors, p@ shi , are analysed to determine whether
the signal pa@ re teu? ecmg-ﬁPM modulation affect the average error

probabllthpulse sWapi d in a certain position for coding by using the
' 4
cofr

troII by differentiating the Gaussian shape pulse for

PPM on can
d|$1lse peaks and Wldt\?as discussed in Section 3.4.1.2.
igure 5.12 shows that the pulse shaping factor (which depends on pulse width)
@ a minimal effect on BER performance. For the tuneable TH-UWB system, the

best BER performance can be achieved at a pulse shaping factor (Tau) of 0.5 x10~°
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Figure 5.12: Effect Of Pulse Shaping Ragtor On Recefvef P orr@

Compared with pulse shaping factor,ghe pt¥se

significant effect on BER performanc!\% 5.13
is enhanced when the pulse duratio@metegk ipt oseconds of around
flom 199° (050"

0.2 x 10-9 ns. Specifically, BER ses flom a ! 2.7 for a pulse duration

of 0. 9 ns to 0.2 ns at an SNRNdI] ; BE@ significantly improved at a

ose nds)@eause a shorter signal duration
£y
v O

ctor ) has a more

t <BER performance

very small differenceffin (in n

s
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Figure 5.13: TH-PPM Receiver Perfor

The change in chip time factor has

al ﬁfe\n BEIQ&erance as

shown in Figure 5.14:. The minimu g trge is mea on 6$asis of BER and
SNR. A high BER is observed Whe%chip ti \(ﬁg A
@ S
“« ¥ ‘
E"’ 0+ Tc=1e9 E
N =0-Tc=59 | |
[ ITTT. z A“) *0-Tc=10e9 [ ]
T M L % =0- Tc=30e9 i
¢ N ,"3?,'...
y ' ¥ - ""”"‘l ,
LN
5 oy, - -
""t1'
5 6 7 8 9

SNR(dB)

5.14: Performance Of The TH-PPM Receiver At Different Chip Times (T,)
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Figure 5.15: Effect Of Different Sigagl Poy¥ers \ﬁ/er P&ance

Figure 5.15 shows the effect of @ignal p

The average transmitted power foreeneratmg \puls?s

N
the AWGN channel at the sam%miceﬁon a ista@onditions. The receiver
performance is then evaluatem e basi e a\@ge pulse transmitted power.
itte

uls@eases from —30 dB to —40 dB.

The BER decreases asffhe poWer of e

. N vl & .

The emitted pulses %v ry 'I r wit ow duty cycle in narrowband and

wideband signajs mit ul inc&e)%t along with interference yet produce a
? !

S ﬂ%.significant effect on
N

. ¢
minimal effe 0 thgllow
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Figure 5.16: Effect Of Different dppm Values'€n TH

Section 3.4.1.1 discusses the pro e f

integrating TH into PPM. Firstly, the sigfgl eQQte H& that is uniformly
distributed at a certain mterval S , d N thq_\;&me of the input bit, the
PPM time shift is eventual duce |me |ng introduced by PPM

(dPPM) has a relativel sunt eff,ct 0 ' R rmance The values of dPPM
19

that are tuned between 0.5 0‘9% é@have a minimum error probability

when the other p;ﬁet S o@e geng@on are fixed as shown in Figure 5.16.
SN

The BER incr%\om 071? zﬁé/at an SNR of 9 dB because increasing the

i P 4&4 H-UWB pulses decreases the signal self-

time sh ced t

inter fﬁ etothet

u mterest spills over the\jacent pulses as a result of the multi-path effects and
rences from other signals. This finding can help impulse-based UWB designers
Owsider the proper value settings for the time-shifting introduced for PPM

modulation to minimise interference and enhance BER performance.

ing Jl@at occurs when the pulses generated by a certain

143



BER

SNE (dB)

Figure 5.17: Comparison Of The SXE% Pr iliges OfolQ-PAM And M-

Figure 5.17 compares the s error pr\mb_(gi'gie @-PAM and M-PPM.
Modulation techniques are im n u?se degigh a@ achieving an improved

BER performance at diffe smigsTon_rafes. @er-order M-PAM signals are

then compared in ter ir BERS of ’f\’ \mas. PPM outputs are PAM with

4 &
regard to the pr(wof S)'m\ror. It esigned and tuneable UWB pulse-
ons

based solution i\ eredVN? |effec(“§‘5 different spectrum.
&Y |2 S

s
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0 PPM Vs PAM Ns=1
10

=@ DS-PAM Modulation }
—8— TH-PPM Modulation | T
\
107 \
— .
‘\ ——
\ e —
e —— —
2

10°

nd MQ AM. The TH-

Figure 5.18 compares BER and S@t
G

PPM output is improved in 27% at gn f .
techniques are used in the compa® Dan@. -P
q Q-
technique for the LDRs of UVN es. A‘Q
N
MATLAB analysis q concl,ded th depends on application
erenaj

requirements. The diff

Spectrum spreading

}’I*O

@ss as the most efficient

Ises@ af eters are designed and tuned with

different transmi&r es. Jhe ical @meters are designed in a link budget

SN
template and @ith iffer ?& rdog.'l
Th %ﬂs L E@éluation analysis reveals that different pulse
physiﬁ%eters

S
an%R performance Ievels\ome of these physical signal parameters, including

@tion techniques, binary order of the modulations, spectrum spreading

%<

o

anpe dgzsi@ and tuned with different data transmission rates

hniques, the pulse duration factor that determines the pulse shape, number of

generated pulses per bit and time-shifting introduced for pulse position coding, have
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significant effects on BER or AWGN model propagation. Different physical

parameters are designed in a link budget template and are tuned with matchi

rates at various range scenarios. The proposed tunable system is designe@ link

budget and evaluated by conducting a simulation and a statistical*is of the

received signal quality. Q

5.5 Link Budget Design of the Proposed TH-(PPM or UWB System in
Simulink

The aim of the link budget design is to present an IR® dat Iinlication-
@

specific QoS (BER requirements) at several distan vironnfents 'esmﬁa i

N

Section 4.3.1. The modelling design involves the tung of ml{jba TH\)Mulations
(M-PPM or PAM) and the number of gggerat sig;\a\and‘ééx; per bit at
specific data rates. Signal timing a\%\g facto tuné‘o meet the BER

requirements. The parameter settifgs of the \79@ @Llnication model are

>

N
shown as parts of the link desj eet Gertai rfor@ce requirements. Figure

5.19 shows the MATLAB sinMon f orm@ metrics trade-off, which is
expressed as a functior‘of 38 aximu[x
for TH-UWB with42PM dnd i

assumed BER r@ t

disiinde @en the transmitter and receiver
P 4

varion‘}data rate environments for a pre-

S

>

; 7
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80 100 120
Data Rate in Mbps ' _@

i M R@Sﬁifferent
i n BER
&

yst rQan increase at the

ft

Figure 5.19 shows that the data ra

‘%Qi
cost of the coverage distance be :en >1e H%’ nd%q iver for specific BER
ces

]
requirements. This condition&

t Si co&ty of the IR-UWB system,
wherein the parameter cz&?set t
S;HO}

explained, Figure 5.19 thi\ efn(zji)ﬂum coverage range is 25 m and

when the BER d@exc@ acco&d?g to the application requirements, the
AN
best perform mbe cm'e?ty'tu ipg-the pulse for a data rate of 20 Mbps via 2-

PAM. Q, L
_ ’ o o .
.20 showsdthe g/sterwparameter settings in the real-time implementation

. S >
ofﬁ ulink model. The&ettings include the data transmission settings, the

O

me lp%'ﬁ‘@\application requirements. As

%ation channel model (AWGN) and the received signal detection settings. All

Oues are obtained from the Simulink workspace during and after the system

simulation as shown in Figure 5.20. The IR-TH PPM system is designed for specific
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data and predefined BER requirements and propagates over four AWGN LOS and
NLOS channel model scenarios (C1 to C4) simulated at different distances asvm
in Table 5.3. The required BER is within the range of 1072s and 10~*s. T@m is
designed according to the parameter settings, including signal generatfofaghaping (at

the data source level) and modulation (at the signal pilot level), to ach¥Ve the required

radio link performance given that the BER is 2x 1072 are a@as SIMULINK
ifpl

Model settings in Figure 5.20 as a translation of the BB er'entation shown

E A v 4

| Command Window d Q
@ MNew to MATLAB? Watch this Video, see Demas, or read Getting Started, P
T e‘

Fram= Time (uwh.MOD.T£) = 10.000 ns

Time Hopping Unit Time (uwb.MOD.Tec) = 1.000 ns

PPN Modulation Unit Time (uwh.MOD.d=lta) = 0.158gns Q
Impulse width (uwh.MOD.tau) = 0.4000 ns

Symbol Time in terms of Frame Time T/TE (uwb.NMOD.Hs

PN Sequence Period (uwh.MOD.Np) = 31

Average Signal Power (uwb.MOD.sigPowesr) = -4
Pulse Energy (uwbh.MOD.Ep) = 1.000000=-015
Initial State of PN Code Shift Pegister [m=
Bits used to generate Hopping Code (uwl

———————————— CHANNEL —-----====—— \
Channel Delay (uwb.CHN.delay) = V
AWGH MNoise Power (uwb.CHN.noiseFow = -40.0 dE
————————————— RECEIVER ----

T

UWE ZSignal Detection Thrgshold (Jwd.RCV T Thr
Aoguisition Threshold Nf\?.acquisi'ian =]
uuh .

False Alarm Threshol alsedll

Initial 3tate of Regel FII Code 3 legi

———————————— ST \————— S '

Sampling Time | .T=@= 0.10 ns ’

Marnin%ot find {e c?e—s.g it 1%=) match for 'uwvbCom'.
a

C:'\ Us8ks", esktop'simul

:
S

&/

,_.
]
=
o
u
e
=
£
3]
w
=
=3
¢!
=]
=
=
[
-
e
w
@
o
o
i
m
i
s
5]
i
m
=]
i
e
o
e
]
i
=]
@
o
o
=
o
2]
[+
=
=
—
-
o
m
I
i
m
o
e
2]
I
o
m
o
o

Figure 5.20: IR-UWB Communication Link With Parameter Settings Of The
Generated Pulses
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Figure 5.21 shows the system running in real-time simulation and the received
signal that is detected with the delay threshold settings for system synchronw.

Acquisition coefficient and the tracking coefficient

T === e
Acguisition Coeffient=—0.05% percent
Acgui=sitction Coseffient==2494.8903 percentc
Acoguisition Coeffientc=—4_.475 percentc
Acquisition Coseffient=110.85&49 percent
PI Hopping Code acguired. .o o !! ~\~’
Acguired Framse Tim=s==5S0.000 n=s
Tracking Cosffisentc=104.3949 percentc
Tracking Cosffisent=291.82%29 percent
Data Svnchronized.. Demodulation o - '
Demodulation Start Time=3S10.000
Tracking Cosffisnt=S5.519 pserosn
Tracking Coseffi=sent=97 .975 percent ®
Tracking Coseffisent=120.Z27& p=er T \Er
Tracking Cosffisent=104.3Z27 p=er ' c’
Traclking Coseffisentc=235.8353 p=s J\
Tracking Cosffisent=98.393 perc4
Tracking Cosffi=snt=101.
Tracking Cosffient=100.
Tracking Cosffisntc=102Z2.
Tracking Cosffisenc=101.
Tracking Cos=ffient=94 S%
Tracking Cosffisenc=97. 3
Tracking Cosffient=2&.43
Tracking Cosffi=snt= o.554
Tracking Cosffie=ent=s
Tracking Cosfficesnt=
Tracking Co=sffis=
Tracking Co=sffi L=
Tracking Coeffi%
Tracking Co=sff =
Traclkinog i t=9=
Tracking
Traclkinog
Tracking
Traclkinog
Tracking
Trackin = -

Jx == | __6,

~

ink budget of the

= .'.
[ ati(nj_ink Running In The Real-Time Simulation

N
é\the real-time Simulink Implementation of the

@’ 4.1. The proper settings of the generated signal

rs are shown in Table 5.3 along with the BER for certain application

ements (not exceeding 1072).
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Table 5.3: IR-UWB System Parameters And Real-Time Evaluation

Data source

M-ary 2 %
Symbol time 100.000 ns
Link selector number [0 reserved for the pilot] 1

Promised data-loading state [ 11000 ]
Modulation

Frame time 10.000 ns

TH unit time 1.000 ns

PPM unit time 0.156 ns

Impulse width 0.2877 n z

Symbol time in terms of frame time T/Tf 10 ns l

PN sequence period 31

Average signal power -40.0d . Y-

Pulse energy 1. 00e-015 J A
Initial state of PN code shift register [m = 5] ' _i')

Bits used to generate hopping code

channel m 4 \,Y.
Channel IEEE 802.15.3a g \ Y-
UWB signal detection threshold % é
Acquisition threshold V?OO/ Q‘
False alarm threshold
Initial state of receiver PN code shift regis 0001%

Si ation i
i : 4.550 ns; coefficient =

nr
Sampling time (uwb.Ts) = 0.0500 S|gnme
97.515 £ )
Acquisition coefficient = 10.09 " <$
Acquisition coefficient = —3.80& AN
Acquisition coefficient = 10 Y
PN hopping code acquisigi

Acquired frame time = “, j‘.l 0’
Tracking coefficient = 101.778%
Tracking coefficient \ (30

Data synchronisatj@h; oduldtion Dygins. %
Demodulation stgft = &
BER comman (J Bercal

BER result

S
| %
5 shové thft opgdrised solution can be designed with the template

lin that can change the%"\;nerated signal parameter values (shaded rows in the
%and suggests that this template design can be implemented in real time in a
iwnulink model.
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5.6  Propagation Channel Model Description

The simulation results for the propagation models are evaluated accordin?ﬁe
BER criteria with various Gaussian pulse shapes, coding and timing str@ The

simulation and propagation models for UWB include &

the CM1 residential LOS channel, Y'

CMS5 outdoor LOS channel,

Ghassemzadeh NLOS channel, z
CM6 outdoor NLOS channel, \d
X
Ghassemzadeh LOS channel and é | @
CM2 residential NLOS channel. \o' \)Y'
These channels are discussed along sz a‘hl IS consiéxa a function
of link distance with respect to the IE@AA stan é

The physical parameters of th%es are c e@different transmission
rate requirements in various d cendflos. ha conditions of multipath
fading channel models ar chere [ mulg@ and in the indoor/outdoor
experiments. System fer ce carf be mbli(@ as predetermined BER versus

RS AP

different data rate r irements'

AN

5.6.1 |EEE&35.4A hgn "QdeL)CJ
The%&; 15.4A s d i\(csued as an amendment to IEEE802.15.4 for an
altern w thafl rlplet@ an IEEE802.15.4 low-rate alternative for a
wi stem. The channel\sqcta\d’el was anticipated to be built during the period of

ements in the IEEE802.15.4A standard. The significant conditions for sensor
work applications are summarised as follows:
Indoor office environments: Some rooms in this environment have a size

similar to that in residential environments, whereas the other rooms are significantly
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larger. Those areas with small offices naturally include long corridors, and each office
may have furniture or bookshelves on its walls. Y'

Industrial environments: These environments are characterised b@arge
attachments, such as factory halls that are occupied by a large nu metallic
reflectors, which lead to the development of several multipath channelg

Indoor residential environments: These environmengs areNgfitical for home
networking and is linked with various safety applianc r~§-as [ire alarms and
smoke sensors, that are installed in a small area. These'Sgyiron ewitable for
| &

S % ari@cur with
ntia cenarjgc:nsisting of

S

building structures and include thick indoor walls.

Outdoor residential environments: wh

large numbers, the recent model shelterw esi

adequate ranges. \,

IEEE802.15.4A has two top

peer network topology, which

(a) The star topology%t ' é@an IEEE 802.15.4a network
topology, includes the %
&

'3
(b) The peer-#gpeer net \m Iog% lled a PAN coordinator, but some

infrastructures res stm e types of nodes. No communication is
¢
required to Ei%ce tiroy hJ coesi' ator. The Ghassemzadeh model has been
S

alled a PAN.

D
n
.‘8

—

N
tatigficgl los del for UWB propagation in LOS and NLOS

resi& environments. T\\’model is based on some frequency-response

ents for pulses with a central frequency. The IEEE802.15.4a channel

GEIS are described in Table 5.4.
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Table 5.4: IEEE802.15.4A Channel Models

Model Description

CM1 Residential LOS \Y'
CM2 Residential NLOS b
CM3 Indoor office LOS Y-

CM4 Indoor office NLO

CM5 Outdoor LO i '
CM6 Outdoor \d
"aX

CM7 Open o or NLO N
CM8 Ind ‘sﬁ)s J ' ..{'7
J b 4
\ \T
CM9 Ianu ialoN‘
(f) ' &
5.7 Performance Measurement \ O

BER and throughput are %in the ga eﬂ‘q%asurements and the
? o S

simulations. “« Q-
s

rent Environments

5.7.1 BER Performagce | EE8,2.15 A]m
The Ghassemza;&del ha\ &@ed as an arithmetical loss of path
model for UWB p@tior@tic L@nd NLOS environments. Some pulses

N
are based on My rgsponse }JSU@&JMS. The IEEE802.15.4a channel model is

described %b 5.4, \(J
'/t >
r put and BER dfe us@"in the simulation and performance measurements.
i C-:
Q/ odern digital co}fmunication provide the end to end performance
%ement. The bit error rate is a charity to the portion of the reliability system

Om bit to bit range i.e., bits-in to bits-out respectively. The BER performance can be

given by
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Errors
BER

~ Total number of bits

BER is defined as the ratio of errors to the total number of bits and i rasse

i

as a base of 100 to a negative power. The sensitivity limit of BER can'e de#fned as

},

the received signal strength. The TH-modulated models that includ emonstrate

similar performance levels as the standard modulating models&§he grata rate of TH

“

models is significantly higher than that of standard mode be¥e~of the longer time

frame and increased data bits per channel of the for er for@avough the

TH model has a similar BER compared with the%ﬁrd mode}, the r' e?cigﬁ'uch

more valuable to use because more information ca

That BER can also be calculated by thmgo \d-ig,ial Si Qs\'fn a UWB
communication system. In their work, B@éalc usin %distinguishing
function-based method, which me m ath\{ii I§£9302.15.4a channel
models. BER can also be reduce %qu&n atloquor$ BER measurement is
based on sending a data streaw gh the andéffﬁpvaring the output with the

input. BER can also N?ured 4/ thef a @ of the received signal. As
ER

mentioned earlier, B b\ug {(ﬁ}pction of link distance with the

IEEE802.15.4A &}for\'@ changets, including the CML1 residential LOS
N
channel, CM@M Q@S ?,el,(évfz residential NLOS channel and CM6

outdoor N%rdnnel
&7

e
{q A7/C

E\roughput is defined as the maximum production or processing rate. This
0 chapter examines the throughput at three data rates. The corruption of data may
affect throughput performance. The throughput may also be defined as the

actual number of received packets at a certain distance. In general, throughput is
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directly proportional to the power of the transmitter, which increases

indeterminately along with transmission power. Yv
5.7.3 Analysis of BER and Throughput 3 : ,
evalu

The timing parameters of BER and throughput play key roles | ting BER
t ‘te

and throughput. An appropriate bit rate and bandwidth selection gontri to the BER

and throughput results. Yv
i. BER and throughput are proportional to the b@rewﬂ bit rate

corresponds to a greater BER. ®
e ¥

bayd s‘ue@ large
}n& sz\a@évr; precise

&

The parameters include distance jn the x-axis@od .B@n the y-axis. The

parameter settings are based on e odoel%, n @g the channel model,

q
different bandwidth, differen& durwrenl' ance, different maximum
pulse, different PRF, differ e, differe tar d different total packets sent
N
s

effects. P g
XVl

odel {R{Simulated MAXIM Environments

il BER and throughput are inversely pro nal to

bandwidth pulse enhances the multipath Rggfstanc

ranging. %V

5.8 Multi-Pa@g

5.8.1 Chan%
Fi %Z t jtr t$R as a function of link distance with the

IEEEﬁ. a.CM1 re&denﬁal@é and CM2 residential NLOS, CM5 outdoor LOS

a WG outdoor NLOS, Cm residential LOS and CM5 outdoor LOS that are

responding to the distances between source and receiver. The receiver uses energy
0”

ection consisting of 3dB sensitivity. The six-channel models were evaluated as the

residential LOS of CM1, the residential NLOS of CM2, outdoor LOS of CMS5,

155



outdoor NLOS of CM6 and the Ghassemzadeh residential LOS and NLOS models for
IEEE 802.15.4a channel model. The NLOS channels show a significant perf
degradation compared with LOS channels for the same model families. @wple,
the CM1 model shows a low range of BER between 0.0046 and 0.0 distance
of below 16 m, whereas the BER of the CM2 NLOS model transition§yetween 0.0037
and 0.01 at a distance of 7 m to 10 m. For outdoor CM6 sing the system
becomes infeasible at distances exceeding 25 m, ’XZ

I\/F LOS allows

communications above 80 m. These differences can be Rgibute towrent path
LOS § 1. Cj\/li(a'tdoor

ut% Q)V‘ﬁ]erefore

d‘)rm B for@@same model
families. In sum, a smaller path Ios\ﬁat value por@‘i’o a greater BER

performance. The same behaV|our en obse ' ?II ﬂ}rels.

loss exponents of the channel models (CML1 reside

LOS = 1.76 CM2 residential NLOS = 4.58 an

the path loss exponent value contributes 4B

In the case of the re5|de S wﬂh a ulatigﬁgtance of approximately
100 m, BER starts to signigj de inea ance@eyond 20 m. Meanwhile, in

<

;@e,@R starts to decline at 6 m. Figure

the case of residential % the sanfe di

5.22 shows the BE rformar':
in the CM1 and&MZ2%eside
¢

The ¢ ive g@nal

that the #€sij ial Ng }a ber&BER when the distances of CM1 and CM2 are

essj&o m (1/100) and 2 ru;éspectlvely This can be explained as in residential

, he pulses are expected to collide with obstacles that attenuate these pulses,
Q by rapidly leading to a poor BER performance. The BER performance of
pulse-based UWB is highly sensitive to NLOS environments and the attenuation

factor in path loss, thereby limiting the signal within very short distances.
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aihii] \d. S

eedD¥154a node(0]. flic. mac,
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Distance(metel

ieee802154a node[0] flic. mac
Figure 5.22: BER As A Function Of L Mnce
CML1 Residential L

Figure 5.22 presents some keyrparam te#ﬁ?li tkéq increase or decrease
in two different channels. The blu red €ines i ICate @verage BER of channel

|dent4£<f\l LOS, respectively. The

Bit Error Rate

CM1 residential LOS and

simulation graph |IIuse zt at m,w qn imum (100 m) distances, the

average BER of C and (éfespectlvely In other words, CM1

residential Los&ves ormance at the maximum distance.

Similarly, for \e efag E&@ses by 0.009 and 0.55 at the minimum and

maximu ces, ecie N
ST

a 23 shows the B@X?f standard CM5 outdoor LOS and CM6 outdoor
N a function of link dlstance The blue and red lines denote the average BER
M

5 and CMG6, respectively. The BER of CM5 and CM6 is simulated at a distance

QIOO m. The BER of CM5 sharply decreases after 16 m and demonstrates a smooth
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decrease afterwards. And for the longer distance of 30 m with a probability of error in
the received signal is less than 1/100. Yv

These trends can be explained by the fact that the generated pulsef i door
NLOS are prone to interferences and are less likely to be detected d\ﬂ&ower loss
after collision with the surrounding obstacles. Therefore, to prevent corruption of
packets, the alignment between the transmitter and receiver jg ou r environments
must be considered. %.

The simulation result of CM5 outdoor LOS and outd rw:)nsists of

ER @nnel

CM 1 residential LOS in which the BER is ab ata m'l @E 1m and

uTan uws,@x;or LOS.

The red line indicates that the a&%R of CM6yi app@“mately 0.007 at a
minimum distance of 1 m and inc% to 0. \he% im@n distance of 100 m.
Therefore, CM5 and CM6 achi%\ter gER apdigtan \f 15 m to 100 m and 30

m to 100 m, respectively. \ ,
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gets increased to about 0.5 rates at a distan
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Bit Error Rate

0.014

ieeedl215 de[0] n'ﬂacMne?,
C|

=002154a. node[0].ni@mac Averagf BER - Channdig

Figure 5.23: BER As A Function Of Link Di WithhnGhahe IEE@OZ.lSAa
CM5 Outdoor LOS A CM utq,‘o S 4\

Figure 5.24 shows BER as a fu |nk dis
E@dentlal and outdoor

and CM5 outdoor LOS. BER c sim at \m\?th

f 160 m. B erformance for outdoor

environments at a maximum dist

LOS is better than that for rw ial a p&&%ﬁlllty of error of less than

1/100 at a distance of {m z ? ( o
This flndlng e y te“'fact that compared with indoor

environments, o env have{eyver obstacles, signal power decay and
attenuatlon e, e ob s ar‘d‘)thew types, which correspond to different
degrees er d‘ac at@s must be considered as they can rapidly

attenua.;\l;II signal in propag@)yenvwonments The red and blue lines in Figure

note the average BER for CM1 residential LOS and CM5 outdoor LOS,
e

ctively. The BER for CML1 starts at approximately 0.01 at a minimum distance of

Qm and increases to approximately 0.6 at a distance of 100 m. Meanwhile, the BER
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for CM5 increases from 0.01 at a minimum distance of 36 m to 0.5 at a distance of

100 m.

Y,
\yf
Nd.
%
gt

erage BER - Channel=cm1

ode[0].niggmac A¥erage BER - Channel=cm3
éﬁ %0 100

019

Bit Error Rate

Y-

o=
=
=

enactment is better in cas&of the odtdoo slin@: stable with minimum BER of

t th'; increased but still less increment

e 'ncr ein t@se of the outdoor NLOS.
The bIQ

redff liflesyi f'
residen an%

|g(u§e')(§25 indicate the average BER of CM2
ti 6 gutdoo
g Mos o B
r e.g.

in out in an

p:Necay and interference from dense wireless nodes in a small area.

0 The outdoor LOS of channel model can also be said that ranging errors increases

conditions. Moreover, in NLOS conditions, ranging errors of more than 10 m are

1/100 for distance interval

than the sharp an(%

nti

r NPMOS, respectively. Given the multiple obstacles

k walls), the transmitted signal becomes prone to

en the antennas are closer to the ground and are more significant in NLOS

160
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observed when the NLOS component is completely blocked by a building. Errors of
such magnitude are typically not captured by the IEEE 802.15.4a CM6 (

NLOS) channel model. The trends in Figure 5.24 also agree with those in l 23.
The simulation results for CM2 residential NLOS and CM6 outdooH&S suggest

that the BER for CM5 increases from 0.008 at a minimum distance Q mto 0.8 ata

distance of 6 m. V

0 1|[] 2|[J

Bit Error Rate

0.019 F0.01

e

eB02154a.node[0].nic.mac Average BER - Channel=cmz2

l eeeB02154a.node[0].nic.mac Average BER - Channel=cm6

0 10 20 40 5; 7 &0 %0 100
\: nceé@l

Figure 5.25: B }\ F !tion Lin tance With Channel IEEE802.15.4a
ﬁ esi } LOS CM6 Outdoor NLOS
’ (?
Mean , e BHR for I\/ﬁ ircga ses from 0.008 at a minimum distance of 1
m to 0.%&'
Ahe Ghassemzadeh r@bath fading channel model, the blue and red lines in

%&.26 indicate the average BER of channel Ghassemzadeh residential LOS and
n

el Ghassemzadeh residential NLOS, respectively. The BER performance is then

Q’;\Iuated at a distance of 100 m. The BER of the channel Ghassemzadeh residential

LOS is significantly higher than that of the channel Ghassemzadeh residential NLOS.
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The signal can reach 18 m with a probability of error of less than 1/100. This finding
inconsistent with that shown in the other figures given that LOS scenarios

prone to interference and power-decay-causing signal attenuation. The B% M5
increases from 0.008 at a minimum distance of 1 m to 0.5 at a maxinNstance of

100 m. Meanwhile, for CM6, the BER increases from 0.007 at a minffgfum distance of

4

1 m to 0.8 at a maximum distance of 100 m.

0 10 20 30 40 0

0.1

Bit Error Rate

r0.01

0.019
e &
i 98021543.n0§hnic.macﬁwerage BER - Channel=ghassemzadeh-los
[0].nic.mac Average BER - Channel=ghassemzadeh-nlos

70 20 a0 100

\ !
¢ (,)
5.8.2 Differ%and ldt%*s
N\ . .
T %’perf an can be enhanced by increasing the channel
or % c@}

ban@t 499.2 MHz (ch@g‘?)), 1081.6 MHz (channel 7) and 1354.97 MHz
( N 15). A larger bandwﬁ may allow the transmission of high power to a long
%nicaﬁon range. The large bandwidth pulses indicate an enhanced multipath
Qistance. A greater bandwidth provides a more accurate range, and the

IEEE802.15.4a standard defines various channels with high bandwidth. A greater
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bandwidth also allows for greater channel capacity and very high precision range
measurements. Yv
In other words, increasing the bandwidth can make the signal morg(r t to
the surrounding interferences and noise. The bandwidth of the trans% channel
can be set to improve the received signal quality. Figure 5.27 ws the CM1
residential LOS BER performance at three bandwidths. V
The simulated graph shows the BER performance m jdential LOS at

three bandwidths. The green, blue and red lines denote avergge channels
@

5 at a ni n'd-'@ceof

. nj
0 w le, %Yﬁannel 7,

[ nceoﬁf to Q@?; maximum
distance of 100 m. The BER for le a increas m @6 at a minimum

1[] WIU ;U SIU EIU @ BIU 30 1l|][] -
NG

0.1

3, 7 and 15, amongst which channel 3 has a BER o

Bit Error Rate

F0.01

*igeef02154a.node[0].nic.mac Average BER - Channel=cm1[channel.No 3]
#ieeeb02154a.node|0].nic.mac Average BER - Channel=cm1[channel.No 7]
-+-igeeB02154a.node|0].nic.mac Average BER - Channel=cm1[channel.No 13]

0 10 20 0 40 50 80 7 20 90 100
Distance(meter)

Figure 5.27: IEEE802.15.4a CM1 Residential LOS BER Performance At Three
Bandwidths
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Despite allowing for greater channel capacity and very high precision range
measurements, a larger bandwidth also creates more noise in the channelvge
bandwidth pulses provide multipath resistance and accurate range. T@ the

CML1 residential LOS achieves BER improvements at the three bande

5.8.3 Effect of Different Pulse Durations \;

The effect of different pulse durations on the BER perfo of CM6 outdoor
NLOS is illustrated in Figure 5.28, where the blue, green®n nles depote pulse
durations of 0.75, 0.92 and 2 ns, respectively. n theShumper o es
decreasing the pulse duration will lead to a hlgé therepy g-\h BER
performance of CM6 between 20 m and 60 m. \/‘r

K ol
This finding can be explained by wthat gﬁor uls e subjected to

more power decay and that the rem sigpal qua dechs as the signal

XY

attenuates. Reducing the pulse d e ct Ity chs;&re received pulse as the

attenuation will make the sig I jcult t ete at th eiver side. The simulated

graph shows the BER perf e of,:M6 uIs atlons of 0.75, 0.92 and 2 ns
l

)

for the 2 nodes. At 2% BE @'Ic 0 CM6 increases from 0.005 at a

distance of 16 m t mailmu |stan§/100 m.
i
’ (:"
1))

4
A 3

(—)
A&' >
%\ S
S

’
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BEit Error Rate

0.014 : ' F0.01

-#ieeed(2154a node[ (74 CY werage BER - Bhannel=cm u\s’duar l%

Figure 5.28: IEEE802.15.4a CM6 Out NOS E‘? orm cht Different
Pulse Dura\ Two NO O

At 0.92 ns, the BER perform@f CM sYs f 05 at 16 mto 0.8 at

. . N .
100 m. Meanwhile, at 2 ns, th erfofnance,ificrea rom 0.006 at a distance
of 16 m to 0.8 at a distance ofm.

5.8.4 Effect of Diffe%stance;o,v_};-l 4‘?

Figure 5.29 Nthe e'fec iffer, (distances on BER performance. The
red, blue and @s er:o 50 &)@%0 m distances, respectively. In the case
of CM5 o%' Sfgrc 3,@10 kbps for 2 nodes, increasing the distance
will le ighe’Bﬁiz;d tealis incompatible with the theory analysis). This

N .
e observed at a dm&te of 30 m to 120 m and can be ascribed to the fact

orter pulse in a short distance has a better performance compared with that in
ong distance. A longer distance is predicted to lead to a reduced received pulse
signal quality, especially at distances of over 30 m. The simulated graph shows that

the average BER is approximately 0.3 and 0.008 at distances of 75 m and 31 m,

165



respectively, 0.4 and 0.75 at distances of 81 m and 150 m, respectively, and 0.76 and
0.8 at distances of 155 m and 200 m, respectively. Yv

0 20 40 60 80 100 120 140 160 1‘ \00
1 I L " 1 I n A L I

Bit Error Rate
=

0.014 é ' .S F0.01
£ b &
::::R N o)
ieeed 4a. ncd%nic.mac age BER—@V@[DS‘EHCE—QUUFH]
20 | = wé% 180 200
Figure 5.29: IEEE802.15.4a C h)r foagance At Different
Dis orT e N\
6 =,
5.8.5 Effect of Different M\ m P
Figure 5.30 shows t? mu
signal quality for CM tial

number of puIses& tain d ta\learly mYyroves the BER of the received signal
ort

quality in the & hre fMum @es. A probability of error of 1/100 is
( ; ¢ 2 (')

observed uq a y8tancg of

' 4

0 20 40 &0 80 10 1
5 er)

=

S a a:éa&te of 110 Kbps. Increasing the
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Bit Error Rate
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N

Figure 5.30: IEEE802.15.4a CM1 Resid aI R orma@&t'Different
Maximum Pul wo e

0 10 20 30 40 50
Distance(m

Increasing the number of puIses%use ore % @nce when they hit
t rn

surrounding obstacles. After bo u es

be detected at the receiver a& refor@suni tﬁe&&)er of pulses at a certain
data rate can achieve QoS s of BE at certain requirements. In the
simulated graph, the gr , Aue andﬁg&iﬂiq&te maximum pulse numbers of 1 to
3, respectlvely '

\
Foram | pu e%e r of ]c'gw BER increases from 0.01 at a distance of

ertain power that can

“

20 m to distafice 7 0 r a maximum pulse number of 2, the BER
increa 0.0lfat dlgtancw-of 31 m to 0.7 at a distance of 100 m. For a

% 2
mx

§a distance of 100 m.

pulse number of 3\‘@ BER increases from 0.007 at a distance of 26 m to
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5.8.6 Effect of Different PRFs

0 10 20 30 40 50 60 70 80 90 W
1 L I " " " 1 h " )

Bit Error Rate

0.0014 -0.001

: 542 nod®|0].nic.mac AferaggBER - = ‘_ A0MHz]
0 10 20 30 40 Distanﬁﬂ (meter%) 0 0 \ &0 Y' 100
Figure 5.31: IEEE802.15.4a CM1 RQOS rfoquce At Different

PRFs Nodes

Figure 5.31 shows the effec %erent PFNM% /ﬁ‘q&rformance. The green,
? @

Co
blue and red lines denote PR .90,.15.60 ynd G@MHZ, respectively. The

difference amongst these PY\saptlre e nt@er of burst positions, which is
denoted by N burst. Tr% here ‘a

channel 3 at 110@ diff're\RF as s when decreasing the PRF will lead
to higher BER w e, de
oa

¢
to 30 meter, ared gvit

ta l}f'or R performance over distance for

f per@%’ance especially between distances of 15
,é@;‘:’hieves a better performance specifically for
LOS. Te giff¥encedh rtheﬁ@e specified PRFs is captured by the number of
bur Ations per symbol. S@ically, a lower number of bursts (Ncpb) leads to
@terference and bouncing of the generated pulses, thereby leading to a better
nthronisation and improving the BER of the received signal. Table 5.5 shows the

Q\NB number of burst positions for a given mean PRF.
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Table 5.5: UWB Number Of Burst Positions For A Given Mean PRF

Mean PRF 3.90 MHz 15.60 MHz 62.40 HY'

NBurst 128 32 8

The reduced PRF enhances the quality of the received signglin s of its error

probability. The simulated graph shows different PRFs, sych w 15.60 and 62.40

MHz. At 3.90 MHz, the BER is 0.005 at a minimu

maximum distance of 100 m. At this frequency, the RER rafges from R)\. ta

distance of 16 m to 100 m. Meanwhile, at 15.6@&6 ‘B'E raFiges !rdr#:g.Ol to

0.8 at a distance of 22 m to 100 m. At 62.40 MW M

a distance of 26 m to 100 m. %V W Q
N

5.8.7 Effect of Different Nodes c

Figure 5.32 presents a § whefe a di rent@nber of nodes is being

&

transmitted in CM6 for outdoM S um{htance of 100 m. The number
of nodes has minimal % the qu[
below 16 m, the sig%s ver :
of 16 m to 66 @qual'
nodes has no%; %
cycle of ghe erate‘d uls
witmn her. \C}’Y'

X
N

ity tﬂe@l ed signal. Meanwhile, in cases
$

R of I€ss*than 0.01. Meanwhile, at a distance

signa&@egrades exponentially. The number of
!
na:%’n?ed signal quality given the very low duty

!
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Figure 5.32: IEEE802.15.42 CM6 Out Ms BER P é?n Different
The BER performance of C outd or e t & numbers (3, 6 and 9

nodes) is then evaluated. The bluei? n atd red i s m@s mulated graph denote

6, 3 and 9 nodes, respectlvely 3 BE ges from 0.007 to 0.8 at a
ides, q

@amges from 0.007 to 0.8 at a

R s from 0.007 to 0.8 at a distance of

distance of 16 m to m or 6 n
distance of 16 m to 8 Fo n'

16 mto 200 m

5.8.8 Eff ffer t Dgt
I 4, tabl ﬁ 4.7.3 shows the different data rate settings of

ted TH-UWB sig \{] a certain bandwidth and the parameters to be

|n order to achieve the desired data rate settings. The increased data rates are
d by congestion, and the transmitted pulses increase along with time. The main
actor in this situation is the bandwidth size. Therefore, the same bandwidth is used

for all data rates. The increments in data rate will cause congestion in traffic
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(bottleneck traffic) given that the transmitted bits increase every second yet the
bandwidth remains the same. Therefore, bandwidth also affects BER and thr(wm
by corrupting the data. %\

For example, the BER at 0.11 Mbps and 40 m is approximately*®® whereas
that at 27.24 Mbps and 40 m is approximately 0.007. For througmhe received
packets at data rates of 6.81 Mbps and 0.85 Mbps start attem%. 10 m and 60 m,

Figure 5.33 shows the IEEE802.15.4a CM1 Resi il L SWformance

@
t genefated datd r@f- the

in % R i@scenario
rly sh@;;at amongst

cial@“f distances below
A

>

(ﬂhe dgeadraffiQésicreases, then congestion

respectively.

at multiple data rates and the relationship between di

conveyed pulsed signal and the received signal

where the maximum distance is 100 m. Thw

all data rates, the lowest BER is achi atg50 Kbp

25 m where BER does not exceed 1% \T

If the bandwidth remainséé
N

hel r ptingeﬁreceived data especially for

and bottleneck traffic both§~
the HDR of 6.81 Mbp% , incredsing

f ‘e_ !Jla‘l@te at a certain range will have a

very obvious effec We qt@ rec%(ad signal. Meanwhile, if the data rate

increases, thenagl MM go |xtrer@‘.gl' he BER of CM1 residential LOS is

simulated a tes 16‘ p! 160} bps and 850 Kbps. At 6.8 Mbps, the BER
increas% .02 iedm} um d@nce of 12 m to 0.75 at a maximum distance of
ZOOAW a data rate of 11 @Yp; the BER increases from 0.007 at a minimum

% of 16 m to 0.75 at a maximum distance of 100 m. At a data rate of 850 Kbps,
heNBE

R increases from 0.01 at a minimum distance of 26 m to 0.7 at a maximum

Qtance of 100 m. These measurements can be easily determined by using the key
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parameters denoted by the red, green and blue lines in the simulated graphs, which

denote data rates of 6.8 Mbps, 110 Kbps and 850 Kbps, respectively.

Bit Error Rate

0.1

E.‘ \)Y'

node[8).nic. mac Average ‘ﬂe\:cm1(da1arate:G.ﬁMbps]
ieeeB02154a. QB[ 0].nic. mac Avi - Channel=cm 1 (datarate=110kbps)
erage BBR -

(
e[0].nic. mac}/ Channel=cm1(datarate=850kbps

&
T

)

7 o‘baa @ B

Figure 5.33: IEEE802.15.4a C I '@B‘R e‘ﬁt.okrmance At Different
a Rgptes S

5.8.9 Effects of Different w sif

Figure 5.34 showg.the Wgtluence gf the lrea
BER at a simulated distan:af 10Q . o!‘eé’gg the number of total packets sent,
the BER increas&\aiis

N
probability of@ln ther (35| th re packets sent, the more packets can be
detected a%noret reggivgd si can recover its power.
' 4
6

lated graph a{aI@BER based on the number of packets sent. Each

4 e,
nu%o packets sent has amﬁerent BER. Specifically, when 150 packets are sent,

r‘:e of £3 m esults in a low received signal error

[l

R increases from 0.04 at a minimum distance of 25 m to 0.8 at a maximum

Otance of 100 m. When 250 packets are sent, the BER increases from 0.04 at a

minimum distance of 25 m to 0.8 at a maximum distance of 100 m. When 350 packets
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are sent, the BER increases from 0.04 at a minimum distance of 25 m to 0.8 at a
maximum distance of 100 m. The red, green and blue lines in the simulateTh
denote the average BER of CM1 when 150, 250 and 350 packe@xent,
respectively. The effect of total packets sent is simulated by usin ET. The

figure shows that a better BER is achieved under MIXIM. Q

34.9038, 0.161633)

,‘
S I

Bit Error Rate

0.01

’ eed2154a %] mac Average BER - Channel=cm1(Total packets sent=150)
0 Aieeed215 nic.mac Average BER - Channel=cm1(Total packets sent=250)
(7] Hieeed) 0].nic. mac Average BER - Channel=cm1(Total packets sent=350
3
B \

n B 4 _ N [ @' 5w e W %0
Figure 5.34: Efgects Q Numbef Of Phcket On BER Performance
5.9 Throughput at Diff;nt D{ S "éjg

N
Figures 5.3 X?sh \‘/ the fhroug at different data rates. Throughput is
N

defined as thﬁm&tot rgcei p in relation with a certain distance of 100

m at the @ps, 850 Khps jand 'S%i Mbps. Amongst these data rates, the best
i >

throu 85

chieved JKb\’R'which agrees with the achieved BER at different

0 5 1 I

=il

da%e given that the prob?bu ity of error in the received packets is the lowest at

% s.
0 In the simulated graph, the x-axis represents the distance (m) covered, whereas

the y-axis represents the total number of packets received. It clearly describes

©
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numerous packet as a particular distance. The graph shows that 150 packets have been
received at a distance of 31 m, thereby proving that a better BER performance

achieved at distances of 0 m to 31 m. Figure 5.35 shows the throughput a%\(bps
data rate. The main difference between throughput and BER is &e former
represents the transfer rate between two applications, whereas BERfrepresents the

speed at which two devices can transmit a change in state. TQerps data rate is

simulated successfully by using OMNET++.

Total of recleved packets(150 packets)
= g

& 3

distance

0]

distanch

S
N

e by

m, thereby provi

\

\ (Wgn

180

160

o

120

00

ata Rate Of 110 Kbps

at a better throughput is achieved at 850 Kbps.
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Total of recieved packets( 150 packets)

=

A

0 5 R 50 & %
Distance(meter)
Figure 5.36: Throughp Ma

Figure 5.37 shows the throughput ERachiev

£9
The simulated graph shows that a etsﬁ h%jece&sq at a distance of 26 m,
thereby proving that a better t& uti i @ate of 6.81 Mbps.

Total of recieved packets(150 packets)

0 5 3 % & 50N % P I 0 5
Distance(meter)

&

Figure 5.37: Throughput At Data Rate Of 6.81 Mbps
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5.10 Summary

The reconfigurable capabilities of the IR-UWB communication syst

support the scalability of this technology as a global solution for short/mgQi rom

few meters to around hundred meters) distances and high/low (from% undred
KBps to a few hundred Mbps) data rate wireless applicatiorw IR-UWB
communication system provides better performance over BENa function link
distance with different channels IEEE802.15.4a. The ¢ e arelfully based on
OMNET++ and MIXIM. BER performance and thron& ImMgte t‘different
data rates. The effect of channels is determined bas BERJ The qle@g:ion
and real (indoor/outdoor) environments are indl for Wfalidagifn pj{,&'ses. The

N

adaptive aspects of the system are t a Iysas‘ abrgss diffdfeilt data rate

transmissions, BERs and distances. \% O<'~
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