CHAPTER 4 Yv

SYSTEM SETTINGS AND IMPLEMENTATIONS %

-\

The simulation models of both the IEEE802.15.3a%d EE802.15.4a

standards, the parameters and the channel models are all d'scuv this chapter. The
link budget analysis explains the parameters that are@ or&yiver side
@
g

;1 r@al-tgne e’n\rh:%ment.

zeq2 ¥a a@MATLAB
i IS #@?as a flexible

&
Iu&gnstead of a single

4.1 Introduction

and how BER is calculated.

OMNET is used to determine the applicati up in

The parameter sets used in OMNET-MIXIWI

Simulink for IEEE802.15.3a are also co@Mh

>

platform for designing and developing n ouswirel

solution. A wireless sensor net C p'r.l%o
[’}
OMNET++ and OPNET. In K paris f thse s@ors, OMNET++ emerges

as the best given its achievz?'!bf th, capaillties WB technologies over WSN.
(

Therefore, MIXIM-Uhsimula\ efgjn ET++ only after confirming the
UuwB parameterw@WB il evalQated b&nsidering certain characteristics, such

N
as bandwidth M:nc channs|, lattgaxe, mean pulse repetition frequency and
centre freq@q he BER apd ro;épht are analysed in evaluating the performance
v/s

of the Y'
&’

\mulation Environment

The proposed TH-PPM UWB system that has been described mathematically in

S S tors, including NS2,

evious chapter is translated into a simulated system at different levels, including

point-to-point static simulation in MATLAB, point-to-point real-time simulated
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scenarios in Simulink and real-time multi-nodes in MAXIM. The simulation translates
the whole table of the link budget, including all associated settings of transT
signal propagations in different AWGNSs, multipath fading channel mo

802.15.3a and IEEE 802.15.4a and the receiver structure. All th&tmgs are

required to meet the application requirements for BER and data %te in various

4.3 MATLAB Simulation

Table 4.1 presents the UWB template lnk ign j par 9 oQ—the
communication system with AWGN and IEEE8 *3a that is §o mr!ler)fe?ted in
W |os \’

distance scenarios.

MATLAB point-to-point and Simulink real- tlmWIa

4.3.1 Link Budget of the Proposedx%nicatio
ates

The performance analysis ev e W
BER in various distance and data enmos | g transmissions, channel
models and propagation envi n':] pe parameters The trade-off

flexibility amongst tht les carf be tgan Ia@?s a template design for all the
ith th€ sa &

variable parameters 0 values that can be tuned in for

certain perform equrre he s tunable IR-UWB is verified by
conductrng a ul trd? es Ievel across various distance and data rate
scenarro S pr?d te n srmulatron (the collected simulation data are

shown..\“iI endix A) and v eat’@. on the basis of the theoretical results. Table 4.1

link in terms of its

S Nhe link parameters and their fixed and possible setting values for the

0 ulation.
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Table 4.1: IR-UWB Template Link Budget Design Parameters of The

Communication System

Simulation Link Parameter Possible, VVaN€s
POW: Average transmitted power  —30, 0
(dBm) db
Spreading spectrum technique TH M)
FC: Sampling frequency 50€-

PHY Parameters

Channel Models

Receiver
Structur

Numbits: Number of bits 000, 6000
generated by the source %0

TS: Frame time (i.e. average pul 1e%9, 3e-9, 4e-9
repetition) V

d 8e-9

000, 3000, 6000
and 9000
383, 500, 666

NS: Number of pulses peggbit
Data rates

TC: Chip time (s)

NH: Cardinality o code

NP: Periodicity 0 TH co
4 .65@?9&9,
TM: Pulse dum) \ 0. e’
AN, 8e-9
. agd e 9, 0.56-9,
& é: ; . s¢_&.65¢-9 and 0.8¢-
(s) 09
Modulatio i -\, PPMand PAM
A~ AWGNand
hanffb1 mo C} IEEE 802.15.3a
‘$ multipath fading
X channel model
N Different fingers

(L) contributing
to the multipath
fading
environment

Not exceeding
1/100

8.2 dB for 9.6
Mbps, 14.2 dB
for 2.4 Mbps and
20.2 dB for 600
Kbps (MATLAB
and Simulink)
1.2 * 1073 for
9.6 Mbps, <1.0 *
102 for 2.4
Mbps and <1.0 *
102 for 600
Kbps

e
QD
x
o —

Predicted BER
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4.4 Tuneable IR-UWB Link Model and Settings in Simulink

The proposed design is implemented as a simulation model with ¢
settings of radio link parameters for signal shaping, modulation and timin \' e to
optimise the design according to the link requirements. These settﬂkntrol the
transmission rates at the PHY level. The system BER is evaluatva real-time
digital signal processing (DSP) simulation as shown in Flgur he S-Function-
developed blocks (by MATLAB coding) in Simulink inc s data source

block, pilot source block, PM template generator bloc integ athodulator
block. These blocks control the data transmlssmn%g the gfgnal a'un dmg
and modulations by using the parameter valu d r iss{)/mates for
i The@xgition of the
cU@MATLAB coded)

g\ cks to determine the
N

the modulated transmitted data and demod ted cei

received signal is implemented by usi t veIo
\Ne$ct'

threshold level that considers t sighal i er(ii_?es art the reacquisition
processes. The error rate Iock lcu L%Z)r @he received signal detected

for the pilot template generator and W S

from the transmitted si ertalnramp nd
The conflgurawf e odulatlon options are shown in the
Simulink block AB s shown in Figure 4.1. The parameter

settings in th%lope S- F ién @j&s determine the data transmission rates by
ch005| dulayo t 0 th@lses and the pulse shaping type. The S-function
bIoQta es the input param%dr values of the pulse modulation binary order, pulse

E au), the pulse generated power, pulse TH unit and time-shifting introduced by
m

odulation.Also, another pulse modulation techiques as Pulse Amplitude

Q)dulatlon (PAM) is considered as pulse where the amplitude of the pule can be
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utilized to carry the 0 or 1 binary information. The transmitted data is evaluated in

terms of BER after the simulated propagation in the IEEE 802.15.3a channel mw

=1 Function Block Parameters: Modulation

S-Function [mask]
LB b odulation

Farameters

Impulze width tau [=]
wwab bAOD tau

Frame Time TF [=]
b FACID . TF

Time Hopping Unit Time To [=]
b bAOD. T

Time Shift deltal=] [In caze of FFR]
uwb B OD . delta

Sampling Time [=]

S-Function [mazk]
LA B b odulation

Fararneters

kM adulation Type |PPR
Fornocycle Pulse Type |G

Signal Poweer [dBm]
b FAOD  sigFower

Impulze waidth tau [=
b FOD tau

Frame Time T 1
uwb HOD.T

Time Hoppin
b PAOD T

Time Shif =ltal=] [In caze
Lvwb bl i
Mar@n case l_f Pabkd]
Er=s 51 .
lzchol "

Lir

1

kA ocdulation Type  FPR
P orocycle Pulse Pt
Signal Fower [dBEm]
b b OD . sigPoveer

bd-arp Symbol b [in case of Pdbkd]

b SRC kA - |
Link Selector Mumber [Pilat=0]

D =

Initial state of the register [# of the register = 5] ’

b FADID s

Length of P segrment per hop k [[27k-117Tc < TF
b kM OD . bitzPerHop A
»

] [ Cancel

] [ Help ] Spply

N

L
M

@&re 4.1: Simulink S-mction Block Settings For The Signal Parameters

he IR-TH PPM system is designed for specific data transmissions of

Odefined BER requirements. The propagating scenarios take place over four IEEE

802.15.3a channel models (with different simulated LOS and NLOS and distances
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ranging up to 10 m). The characteristics of the four simulated LOS or NLOS

multipath-fading-affected scenarios for the IEEE.802.15.3a channel model arev

in Section 3.4.2.2. %\

4.5 OMNET++ Simulation for EEE 802.15.4A UWB PHY

The OMNET++ network simulator model has a general c%;t architecture,

which elements do not have a fixed representation, unlike Timulator network
models. The model components of OMNET++ incl@ elices, rotocols,
wireless channels and modules. These modules arg use pags in

directly or through a predetermined connectio ed on t

4

ton either

information (i.e., message) may be of comman

shows the OMNET++ model structch'
Varga & Hornig (2008). \

4

b
-

Source: Varga & Hornig (2008)

% d %u)r{4.2 @ NET++ Model Structure

~ 2
simulation compor@ are generated by using the C++ kernel and class

. and the components are organised by using the NED language. The integrated

Qvelopment environment (IDE) is used to design, execute and examine the

simulations. OMNET++ also provides extension interfaces for real-time

environments, parallel distributed environments and database connectivity. The event
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handling process, including sending and receiving messages and scheduling events, is
performed by using the simulation library. The most important part of the si

is the eclipse-based IDE simulation, which, similar to Java IDE, is us

%

developer-oriented applications. The MIXIM and INET framework pplied to

reuse the model. OMNET++ is an object-oriented modular rete occasion

{4

renovation condition that is designed for simulating cQmmuUWfCation systems.
:zc

However, OMNET++ is used in this study to mimic any cagion framework.

OMNeT++ gives a segment based engineering to mougls. A WH model
X

comprises modules that are programmed in C++. BJAMSg1g an gono Ikt.a&@alect

called network description (NED), these m re rcﬁr wely a@;sed into

Y-

larger compound modules and models. ORMNETL¥+ atgo hasya soli aphical User

Interface (GUI) bolster and an %Ie recredt poéﬁ. The modules

communicate by sending each %messag wm &ébntain complex data
E '2 N
structures. They have their%para%eter <cz'@mise their behaviour.

Straightforward modules %: a ac:' C+@d embody the conduct are
located at the lowest I% e modlile cffairf o@portance Dhobale et al. (2014).

'3 g
N ed @)en-design reproduction condition

OMNET++ is a s ent-basi

with a solid G bolSter a

used for dis %rresp nden

_ _ N | | _
multi-p sOws andgt d fraf@/orks. The features considered whilst choosing

the WTH to be used for tiusyroject are discussed in the following sections.
630

3
N

!
c&v@i ns, PC systems, movement demonstrations,
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45.1 The Language Of Network Description (NED)

To describe the component model, OMNET++ has its own domain-
language called NED. Extensible Markup Language (XML) is considere Yo‘sz
and is usually inappropriate for human consumption. &

Simple module declarations, compound module definitimd network
definitions are typical components of NED. Simple module st ents define the
module interface, gates and parameters. Defining the Xd. odule involves
declaring the external interface of the module (gates an0%garamet: r mmg and
interconnecting the submodules. Network definition compogite d'l og-can

be considered self-contained models of S|mul mlte m@nstructs

uch a%x'ers with an
A @)Ie code (mostly

ow.

/()Mlmj' simulation example.

//

// Copyrigh f% N %”909 Andras Varga
//

// This fil [ d 1 S 1 T WIZH ANY WARRANTY. See the file
// ‘licens and other legal matters.
&

simpl % Tic9

meters:
display ("i=block/routing") ;

gates:
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input in;

output ;
} \z

simple

{

parameters: i

@display ("i=block/process");

Y'l )
o Q N. ..
} > 7
ii R S g
~ S Ys
network N &
{ | é—) “
TS E |
parameters: %Y. ’ul §

@display ("i=,cyan"); ‘Q
RS

S
@displag( ?d‘a)l) §J
NIRLN;

-——> { delay = 100ms; } —-=> toc.in;

G ~in <-- { delay = 100ms; } <-- toc.out;
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Simulation modules are often installed as system module offspring, but the
simulation library also supports dynamic instantiation. Simple and compound
can be created during runtime. Compound modules are automatically co@d up
to their internal structures (e.g. submodules and connections), espﬁ!& in cases
where dynamic instantiation can be helpful, such as when Ioame network
topology at runtime and when the network is dynamicall Mg (e.g. mobile
devices that arrive or leave the playground or network co Y.

tklat are being cut

or added).

452 MIXIM-UWB Simulation Model

Both OMNET++ and the MIXIM fra oK ar easy t@ﬁstall, can

operate on Windows and Linux and h@l tion ﬁed up by an

online community. They produce the

re ults the Qm set of random
T S,
generator seeds adopted in the t run&e used. The MIXIM
framework models the phymc\l% up to e obtain the most accurate
results. ,
W}Z | >>
The MIXIM- U\hme% MNE ++ is used for the simulation.

Various framewo for irefégs and &Ie simulation with OMNET++ are

é’

)é_

€

combined to N]e IXI ramev@which provides a protocol library and

infrastruct aIIo S modelling of the environment, mobility,

conne:| eceptlon stdCles collision JV et al. (2014).

IM offers a node ‘Szacture and a means of communication. Figure 4.3
%s a basic simulation of MIXIM. This framework comprises several nodes, a
nection manager, a world utility module and a playground where the area nodes

can be placed. The world utility module stores worldwide simulation data, such as
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playground size. The connection manager should set up communication between

nodes.

=B
File Edit Simulate Trace Inspect View Options
6o B4 H ok 2P [@misri[=BiN
Run #0: ieeeB02154A T=0.00021
Msgs scheduled: 13 o A e )
Ev/sec: nfa [ (ie=e2021544) ieecBO2154A m] X h

Al g E B0 ru sy D P & B =
[l (<valusting.simulations.ieee202154a ieee8021544) ieceB02154A (id=1) (ptrd2FECA0) Zoom: 1.61x

ay-timer, ...
i
7'54 b 1o sec
(3] iceca021544 B =]
B scheduled-o m n
-

ieecBO21 544,

nodk{0]

nodel1] E
4
Initializing module ieeeB02154A node[4]nic.mac, stage 1
Initiali: module ieee802154A.nod hy, stage 1
Initializing module icec802154A.node[4].netwl, stage 1
Initializing module ieee802154A.node[4]appl, stage 1
Initializing module ieee8021544.node[4] batteryStats, stage 1
Initializing module ieee802154A.node[4] battery, stage 1
e

nitializing module icee802154A.node[4].stats, stage 1 V

Figure 4.3: Simula

Figure 4.4 displays the nodetgiru reg
that represent networking Ia& ot%;-
node has an applicatio mwgnet\*rki laye

modules, namely, the C Byer angtt fc&@yer.
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()

arp

mobility

(a) Basic node. (b) B: T(
Figure 4.4: Basic MIXIM Node and@ue%
These modules mainly interact by passing mesgages t@portfay t rlﬁt.ack
! N
functionality. The base functionality is given in odule thgt hdgtle tb@?ﬁ\ssing
s b ¥
of messages. Other modules can use the blaWd to\icq witr@é another,
thereby preventing these modules from Wghtl i (i.e., Cadling module a
within module b). A global blackboard € 0 be*sed
A module can read items that %wterez% t‘e
é " q
ma

information. Figure 4.5 shovx\ ny Bgse clggsses IXIM and how they are
connected to one another. Tse cfsses r uItL@'ely inherited from the simple
| Q

module of OMNET++%st case?M can simply inherit from the base
modules of Mlx@w thd sp\ic fun@(e'ﬁanties.

\ o l (')(J

s
&, D))

ead (Qrite global values.

=Y
l@kboard and write new
0)

-
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3 N

cSimpleModule

~ 4 Omnet+
_______‘,_______
e ™

BaseModule

- »

y

4 i
Basel ayer
\ I v
l Channal nin | l AnalnﬂunMnrscl l l !zaridnr | as aCLayer
BasePhyLayer MiXiM RETE
Base
o] [ e (R L = -\
RadioUWBIR | [ DecigeruWBIR IEEE UWBIRM " Y'
802154A VWO agPit
PhyLayerUWB
UWBIRIEEE | [[UWBIRIEEE

021544 Stochastic
PathlossModel] |PathlossModal

MiXiM U fon Layewy l

%Nurc 'aou ot&Q otignie (2009)

Figure 4.5: UML Inheritance Dia mre tin Re gships Amongst
OMNET++, Ml and M B K S

g &
4.6 ConflgurabIeChanneIK ESOXNLS. A((,

The MIXIM-UWB orktynly i m@ the mandatory channel of

om @ 5 channel’s models that can be

simulated in IEKNAA)‘ 1\)MN%¥+ simulation setup requires some

parameters thiwbul teg I p 4@ new class called IEEE802154A Config

re@.—}ime selection of a different channel number

@

is added t?
and/or t able’4. ofl's t annel parameters to be configured for each node
in !

V
ess network. \c"

nnelNum Channel number 0to 15
(Optional — Default = 1) 1 = First preamble code
complexChannelNum Complex channel number  specified for the channel
that denotes the index to 2 = Second preamble code

% Table 4.2: Configurable channel parameters and permissible values
&a meter Name Description Permissible Values
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the length 31 preamble specified for the channel

code to use.
Mean pulse repetition L =3.90 MHz Y'
meanPRF frequency (PRF) 2 =15.60 MHz \
3=62.40 MH
0 = (non-U %)
1=110k
2 =850
3=1.70
dataRate Data rate (for RRF 90 MHz)

elge = 67 M.bps
4 3 Mbps
F of 3.90 MHz)
nbPreambleSyncSymbols  The number of repetition
of the preamble sym

used in SHR. | \C}

The physical layer of each no inta,j< oin Y.to the
IEEE802154A Config instance configure tn argu@ys-supplied to
the channel change function are the s %ters li Q”
new channel and/or a new bit rate i%gure(ﬁgh‘h'

4.7 Summary of Paramete@ ¥ “ A<$
ter,

4.7.1 Frequency Ba arwinne,Par | %\
The MIXIM-U r ewor\ Iéquznts the mandatory channel of the

frequency band. m search th actorz-OQt affect the performance of UWB are

N
analysed. The Wrs inclyde e} aff l(a?the channel model, data rate, bandwidth

and differ . 7 §J
ve the JBove objsghves, the suitable frequency band and channel

0
A\ 2
pam for each factor mh‘;t’be determined. The parameters that are considered

he frequency band and channels include the centre frequency, bandwidth size,

Oan PRF and data rate. The frequency band and channel parameters are summarised

in Tables 4.3 to 4.5.
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Acquiring, synchronising and performing channel estimation are necessary
before the receiver performs data detection. The parameters evaluated unw
category, all of which are essential for simulation, include the sym tion
(Tdsym), burst duration (Thurst), number of chips per burst (Ncpb), p%e symbol
duration (Tpsym), SHR preamble duration (Tpre), length of the ternWe and SFD
length. These parameters are explained in detail in the IEE% 4a UWB PHY

standard.

4.7.2 Simulated Environmental Settin \d‘
! ’ NJ
The settings of the OMNET++ nodes for gnal trangmidgfon n-?':w’ulated
£ b §
scenarios under analysis in this thesis are chosm OW able @howed.
Table 4.3: Signal Transmission Sittinﬁo i
] N

-PP odes of the
Netw
n O
Centre Frequency (MHz é 4492.8

)
Bandwidth (MHz) E nf)y' 0} 499.2

<8
3

Total Packets Sent q4 150
PHY Payload (bytes Aj A‘O 8
Transmitte itsT , %\ 36000
v-}’lQ;o. 0.11

Q 15.60

’
I':/Iuelj: % (n@ <$ 2

Data Rate

Sy m,gu atjon [ i ®) 8205.13

ratigh (ns) s (:" 256.41

r of Ghipsger, ureS 128

y ambleﬁy Iduragieh (ns) 993.6

A uration of SHR Pr@mle 715
\ Length of the Ternh Code 31
SFD Length (symbols) 64

N
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4.7.3 Parameter Setting of Data Rate Effects

Table 4.4: Different Data Rate Settings Of The Generated TH-UWB Sig
Data Rate (Mbps) 0.11 0.85

Bandwidth (MHz) 499.2 499.2 s 9.2
Mean PRF (MH2) 15.60 15.60 15.60

Symbol Duration (ns) 8205.13 1025.64 128.21
Burst Duration (ns) 256.41 32.05 V 4.01
Number of Chips per 198 Y'

Burst '

SFD Length (symbols) 64

4.7.4 Parameter Settings of Bandwidth Effec

Channel
Number

Centre
Frequency
(MHz)
Bandwidth
(MHz)

Pulse Duration

2 0.
s &
et @
4.7.5 Paramet(%&%gs f'DRF ffects%

N
Table 4 Ns diffegen "Fl see'i)ﬁgs and highlights the relationship amongst

different cert m:?a te dwidths, burst durations, numbers of chips
sl

4 .
per pulees S, mean ndsgn ol durations.
. s N

Table\t%: Different settings for PRF

ate (Mbps) 0.11 0.11 0.11

dwidth (MHz) 499.2 499.2 499.2

ean PRF (MHz) 3.90 15.60 62.40
Symbol Duration (ns) 32820.51 8205.12 2051.28
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Burst Duration (ns) 256.41 256.41 256.41

Number of Chips per 128 128 1?-
Burst
SFD Length (symbols) 64

Y

4.8 Summary
In this chapter, the radio link of the proposed IR-UWB garchi Zture from the

signal transmission to signal propagation is investigated anngVe activities at the
h

0‘1 ta transmission
istafice s

designed in the PHY-MAC aware architecture f: pfoposedidy |J tu%(agle IR-

4
UWB solution. The template design of the raw is degd erif proposed

model at the BB simulation level in MA%Nnd Si Thls‘ﬁpter describes

EEE80 .

receiver. The parameter settings for signal transmission th

rates for predetermined BER requirements across variou

the simulation and channel models use

The simulation set up uses MAT dSi
o °a

k

and MIXIM for IEEE802.15 43 e lin dge mo used to define the losses

and gains at the transcelve?vT e,|ran itted ecelved data parameters and

their corresponding set%e anal ingthge QI<I5) ing chapter.

/ 77
%‘/
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CHAPTER 5

RESULTS AND DISCUSSION %\

5.1 Introduction

The performance of the proposed tunable impulse-ba% B system is
evaluated by using BER criteria for different pulse hapvding and timing

structures. The physical parameters of the pulses are MncW to alhiev different

transmission rate requirements in various distance sgenariog. T otm\' $ONS

of AWGN, IEEE802.15.4a and IEEE 802.15.3a ath fadi ne’ mg?els are
s Y

KaglYor/outdoor

considered in the simulation and the reaw s"u{i

environments. System performance can E\smifi d gs etermnifed BER versus
different data rate requirements in varm an%rg . .P
Impulse-based UWB techn I hi%h |

at r&\ HY level. Pulses with

q
different transmission rates ﬂ generated pen&i‘fg?on the Pulse Repetition

Interval (PRI), pulse moduWﬂM) fvd a beS.@enerated bits (N). Therefore,
(

the relationship betweelTsysiem desi@ effalyiation can be defined as BER versus

PRI, M, N and D i diT™gent cifanne ondit@
N
The pugo f the reaNimg 'rG.uIation setup and implementation is to

statisticall and jevalygat theép{ured packets in terms of their BER and data
’ D

rates warious ankes Ry~indoor/outdoor channels. The channel model

AN Y

S

di is entirely based O MATLAB, Simulink and OMNET-MIXIM, which

N

en fully described in Chapter 4.
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5.2 Simulation Signal Design and Generation
5.2.1 Signal Parameter Settings and Generation of IR-UWB Yv

An IR-UWB signal can be designed according to certain pulses,gshapag and
modulations. This tunable capability of an IR-UWB signal is crucial f%ementing
a Pulse Generator (PG) to satisfy different transmission rate ments, for

improving system performance in severe wireless environmentswgh interference
and multipath fading effects and for enhancing object deté@n W the 'racking system.
All these improvements can be achieved by tuning ape of teyJR B signal

@
for the best tracking resolutions. The parameters of -UWR refefgnge i’uﬁ'are
f

listed in Table 5.1 and compared with those, Ef other siggls’ fogfthe pEU’brmance

evaluation.

4\"\"

N .
Table 5.1: T)—@il Pa

- sgription
Tunable IR-UWB Transmission Pargmeter :\ 1{&
]

Average transmitted power (Pow) fingB N30
Sampling frequency (Fc) 7] @0*109
Number of bits generated by thgs e > j A‘Q 1000
Average pulse repetition (T

Number of pulses per bit (Ns ,

Chip time (Tc) ( Q. 1*10°
The cardinality of the od® (Nh) 5 2 P 4 % 3
Period of the TH codg (Np) \ b 2

0.5*107°

Channel mod% ' AWGN
[ 7)) &
T agnetend ‘diste@ Table 5.1 for the signal data structure that

e signal shapes a@) ransmission rates are included as inputs in the

Pulse duration (T ' %

Shaping factor fo ulse &) 0.25%107°

Modulation tec%s O Binary-PPM
& H

con

SI\( model. Figure 5.1 shows the frame timing structure and the pulse M-PPM
QJ ulation tuneable values for the parameters, including frame length in time,
ampling frequency in time, hopping unit in terms of time value and pulse shaping
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factor. These parameters are tuned to increase the data rate transmission by tuning the

M-PPM modulation from 4 PPM to 8 PPM. Yv
-)' (Eonlrglll;ag UWD ;;gnrnféininm;lit')n [ %\
Tf=Frame Time g0 §

oling Pulse
ming Structure

Ts=Sampling Tima ~ 0ded
Te=Time Hopping Unit Time 'e-2
M(248..) ‘
Tau=impulse width ~ 04e-9

the button "INITIALIZE * gives the initial
values for the TH-PPM Signal variables
the button "Simulata” runs the UWB

systom
Intialize the UWB.. |

I Simulate the UWEB Model ‘

ontroling Pulse
Modulation Order

Real-Time Simulation of the%wated I \WWW fj@ent parameter settings

S
for signal modulation is shown jigsigires 5.9 and N
Aj g

L T T T | ]
[ [ ) mfil [ [
; i LT 1RO | | :
AL T ST T T
3 ] . _' S ] ]
] 4 ] ]

o
S

i
imyfati e Transmitted IR-UWB Signal In Real-Time
dye LB Thagrdrameter Settings Shown In Figure 5.1
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