b e
! Far
N A RO
(st
(e LA
RSt o
y§ TR, B |
rafetifiiag
VAN A PR
(SO R
SR
RO DAY
ittt Aty
{5 R
sy Tk iey
AR S
AP T S
¢ 4 L RO BN
LAt R
WL ATIN T ‘1.
IS

A\l
it
i y
rELE
( i
Y
\
R R
(¥
i X Al
LAY i
'\’”." ;
[} I
vl
VR \
i[|'|
i E
4 |
t
L 1 {
i RTRY
e
i
(85
(B B
(14
.
1N
)

LN

i
\ {
\
\
\ il
\
i '
|
A
\ Rt
\
\

J'Jl%?rﬂ?ﬂ-‘fv!l'i’i, :Hi]in !.1lL’ﬂlEI'Wt‘!i"i| wmmn TJFHIHH'{HPPE]H?Lﬂﬁ!‘@ﬂﬂﬂ.ﬂﬂ]ﬂ“%%“l H'MMHEB‘H hfﬁlﬂ‘f%ﬁ EﬂJlWWﬂ”

A”’M ﬂc,Mu‘bN OF THE WAVELET

N \ b it A
\ (e | v p A i L t LA S 5
\ 15 i | 'l ¥ ‘7.\ ! \
{ 3 I { b I /
2t Y A el (RATk 1\_ -.,' _\.l.'.; TR i iy
] ! R vid | 4 { B £ e
| ! ¢ \ % LA t QAT e FR A e | ‘ (4
i \ FAVELN / \. < i
PR ey P | AR Yo Ay (¥
i AR ' ( l"‘ t v
\ . 4 lya i '“_1'_ [ Yorsd s % Ha
I e P T Ll A VA L{ S Nk il
\ Al L ! ! A "'
FA i { \ % d {3 / ; \
. BRI (I | B LA ‘\ ;
iy “ ¥ 4 (BB {9 b
\ - ‘I 5] h
v Ny -
3 3 AT { 1 o §
\ \

[ f ]"‘,
) _.\U‘ y l‘\:'_ '

u,‘g.,‘. ; e
! ? | ,4‘ '

| il -‘;u-g|

YA l

q,()MMwNmma@ '

' ( ) : \
13 \l ¥ Y, / e
/ | i 1

f i X
\ F.‘
| .'
.‘ Ti
f fiald 18
i | o
1 Iy 7
| i
1 V¢ f
AN K ) VA
|‘ 1\ ‘.
™ 1 '
Vi {
{ L
\ | i
V(5 L
\
‘.( ‘i
{ \
[ vy
\ 4
W & .
\
o |
Hal
\ .“!\

i 38 )
Ll \
! \
Np s
S i b
I
\I»I (B
Flal 7
A i ' \
g Uyt 1 ‘ L
e
6 (Gt ‘ ;
] vk (¢ ] i
! iy R ' WA s \
i e ! ‘ 1 i | 3
i / "] | '
1 ' { |
; \: b i t () i
{ \ :‘: i\ JF J \ I'
PR f i) A { \ | Y
t { il jad Y
i \ [ Ear :
\ ! \ 1)
i i { | \

s bt

\

Lﬂﬂ‘lllﬂi’:‘l"ﬂ :imm‘.mwﬂmﬂmm.ﬁf
’ VT ek e ..- i R ‘ i
mﬁmmw*n mrf NN

v\ Lt
VL |i diked LR

22 Y It

mmm 1L1nurﬂluﬁmm ﬁﬁﬂ*m‘nwm L wmmww 'n o) mmia 3 sm
et wrﬁl ?M.) ) \

R S sy sw»m )49’!«8 i e

|4

5<
1 ot ;'( {
VY |0 \
| : A
‘ t 0
3 { i
| { |
¥, pe [ ( 1
|1 ¥ s 4
A { 11
f v ) { |
; . I i | \
/ 1 i

_‘;1 jwa»lfwﬂ'zmm@m*mmi'.af' ﬂummﬂm @.m’nim mm“

mw UK uw\ WUIJ BAND
ra e “‘-'.‘.._-".‘

TRt Y
v
*{ “J "n Pl i
LYY s =
REY RS A
F‘ ‘.‘

) \d !
| |
f \llf
4.‘ h
|
% 1
{ !
)
Vead A
i S B
s i ]'“..
!
‘4 TR
r"A '.1 \"
LA | I{‘ A
V4 i AR
¢ \ \ fatibex s
A \
& EENY
o ik L
\ ]]
s i
It ]
| g !
dild i
ity
IR t |
¢ : il !
i
: Jitd
¢ i ;
iR \
)
y i\ i \
4 \
Lol y
i §
2 "
VAN i Ly
) 1
."' \ lll'
(AW S YA
\ l‘ \
[ }’ ’
AT ! |
TR y |
|
\. ‘l
¥ / F 1
\ \
R ] )
(AR !
i A AT !
W VY |
] \ |
AN L
{ | 1 i
4 - ‘4“'I |
AR
¢ \.‘

| \
\ i
i) i
| \
{ :
\f
b {51
o 11!
1
\
GRS
LR
N R i
iy SV LA
Ll i
(i
\
\
I
i ¢
{i \
i \




#ninnomayna1l Wizoomndiaanse

. 4 '
malszgnalfiaiandmivszuumsiemsuauniibs

APPLICATION OF THE WAVELET FOR ULTRA-WIDEBAND
COMMUNICATION SYSTEM

W o a:
FHY WIANGNS

TANAT PONGPISUT

1a!u-H}‘j‘““'".”é"i‘énz.“.g.“u
P15 117) 1 Bt
AR
%H,!?IIUH, LJ ------ sesasessrsssnsesesl

i o s
’mmﬁwunﬁ;ﬂmhuauwaqm1ﬁnmmunnnqmﬂ'iqap’:mmmmmwmﬁmﬁn
VI IMINIINTITUMA
L2 - 0o s
VaiaInendey
voniumalulatnszeemndudigammamansziia
N.7.2549

ISBN 974-15-2497-8


CLP10
Textbox

CLP10
Textbox

CLP10
Textbox


APPLICATION OF THE WAVELET FOR ULTRA-WIDEBAND
COMMUNICATION SYSTEM

TANAT PONGPISUT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN INFORMATION ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2006

ISBN 974-15-2497-8



COPYRIGHT 2006
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



WaeInmiinug maszgnaldiaiandmuszuumsdemsuuunouniasa

WnAnu WB1ig wafRegN3
mmlszadn 47061140

Wgan INTsuMAATUN TR
MIN IINTTUAMTAUNA

n.a. 2549

- d or L}
e1sOfnIugInnTinug ket uude usudou

unAnte
ar o o A Y a 3 =
°lui‘]m]uumsaammurttym1mwaﬂma‘la’f'1uszummnmwuquuumwwmnnmu
d‘i o a o : . o o s A g H
tesnnds hifidedmuaiiniveudmivglunuvesdyanu Sedyyuiiosnuuuuud
o ar & ° 1 v ° o A
Wudyapaiadsuiivluamdesmuaves Fec uanindemsi leenuuuginsaiiie
» »
adndygraumaniv Inniinuidaldihuauedinisfnynazmsdszyndlfiavian
o o 4 a 4 ar o ar u’l, aa &
dmiuszuumsTemsuuuuaunings Fmsdunszidyaadrontioniuduiin
P ] ° v ot a J wa o
weamnsagwhlimsesnuuugunsaliinnuazainunnteiu dronuauiaimmzueses
o aa -, E ar o o <,
nlianAsinuiuaiaea waziiismsndwlumsdaunnzidyans TaoldSimsudaam
anuuylideiiles inldaunsedunsisidygraiioonuuun 181ndifssfudugo
Y ° TN ' o 9/ o s : = = f:t’d
AuLY wazh vdwdemsesnuuugunsellumsadudyana faiulinoinuiised

msinnsdygnaiidunneseonin Wiy ldeudesmuaves Fec Taoldnuauia

2 S o o .. o
vosgrsFuilunvianduuuy smivdalszgnaldiandmsumsdmadyarunield

dyanusuniulussuunouniiegs Fufunisl¥mnseaioniidiuniandunuyd
uAnARAY imsilSsuisudinseaadianyiiadien Tulssifuvesmsamadygin
nw“lﬁ’ﬁ'fgupmmmu'i1ﬁ'znsmnﬂmmﬁﬂ‘lﬂﬁ'umsaﬂf‘f'tgnunmmmu'lu'szuu'lﬂ’ﬁﬁqﬂ
Tavl$3Emsusnuaznssaunvianuuuvatoszay Sannnai Iduans i ins 19w

¥ 1
iy e lumsimadyanumelddygrusuniuluszuunsdeasuuunoy
nadaldesa



Thesis Title Application of The Wavelet for Ultra-Wideband

Communication System

Student Mr. Tanat Pongpisut

Student ID. 47061140

Degree Master of Engineering

Programme Information Engineering

Year 2006

Thesis Advisor Asst. Prof. Monchai Chamchoy
ABSTRACT

Recently, there are several methods to design UWB pulse. Because of the standard
signal waveform is not specific. Although the pulse is satisfied the FCC’s standard, it is difficult
to implement. This thesis presents the application of the wavelet for ultra-wideband (UWB)
communication system. The synthesis signal is one method that can use for implement. The
characteristics of Haar wavelet are digital and simple method for synthesizing. By using discrete
wavelet transform, the synthesis signal is similar with the mother signal and simple to
implement. Therefore, the synthesis signals are analyzed for satisfying the FCC’s standard.
Moreover, the wavelet is used to detect for this system by using multiple-level wavelet
decomposition and multiple-level wavelet reconstruction method. The difference types of the
wavelets are compared to consider the best detecting. From the results, it is possible to employ

the wavelet for synthesizing and detecting in the UWB communication system.
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aﬂmm'smﬂuﬂuumﬂnnmm~ﬁu ma'l'nmu"lﬁ'ﬁmmuuq-i'fun"mmswm'smmamwm
ﬂtgtmmwamgajm (base band pulse) msunnﬁtgfgwm'nugﬂsmi’luﬁmﬁuu (rectangular
shaped signal) unuAeilenisu r(r) Taoliyaguénandt 1= ouasfinunhaniiu T /ln
UM (picoseconds) Taviitiomdhu lmuaunis 2.2 [16]

r(r)=1, {—-— <t< ;}, 0 elsewhere 2.2)

- 3 o H U 1 .} = =
TaomsulanfSiwsves r(r) vuee WWdyanaiiegluTamuanud R(f) wafiionniluly
AWAUMIT 2.3

T'sin(7Tf)

R(f)= o (2.3)
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- o W o ' W 4 o 1 a .
Tuziii 28 wansdeanuduiusszniadyono r(f) waz R(f) Fozmunvainly
- ' " . o : v : v d ]
myqnmﬁﬂ'mnumm1mm'lmﬁv=m'lﬁmﬂnﬂmmmﬁn’hamntmuuuunnmummﬂ

'
nmistimuanNunInvesrlnaiunuituas o lumens panundnveanadly
Tamunanld

+— T —»

Time

—

-UT ur Frequency

1 o W o " [ a ar
nz2s ANuEIRUB Iz INdyanu lu Tawmunawas Taumunnudveanad Taons
- J
wlaaSius [16]

Uﬂd. L] o =l U li .'l : L) J
Rumuiaiiaulwesdyanadneduniniufeianuudsuiasniuazag

voadyny xﬁnﬁmsmﬂuTmuunaﬂﬂuﬁaﬁ1ﬁ'mﬁamsﬁ111*’1’m1m1wﬁ'«1umaqﬁngaunm

Yy v N 4y o 1Y o ' ' o
NHNATUY (side lobe) UuUUﬂqﬂ ﬂ?Ul“ﬂu“QWUT]ZIITN\IB\“]QU“ﬂQﬁﬂlm']ﬂl“luTﬂluul'lﬁT

mmmmuqnmmqwmnumaﬁ'mmauaqmﬂﬂﬂsuﬁtymm'lﬁ' Taoluzid 2.9 uaaal
3

mum;ﬂﬂwmﬂqmmm 3 'ruanumsmuqumnnﬂmwqwmnumqé’mmq ¥

Foynania 3 wiiagniiw Bdiiae

1. Vaduuudimion (ectangular pulse r(r)) Taofifiowihelmuaumsii 22 uas

23

o

2. WadnuuuyIn'las (cosine pulse c(¢)) Taofitivrdlulumuaunisii 2.4 uas 2.5

3. WaduuyszslnimIewaduuuind (vell shaped-Gaussian pulse g(¢)) Taviliivw

WulUawaunisi 2.6 uas 2.7
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»
vTafﬁmuTﬂ'lmﬂu'[muunmmuhna%mu'lﬁ'ﬁaﬁ [16]

c(r)= COS(M); |:| < —1—; 0 elsewhere (2.4)
2 27

aums lulaumunnudae

C(f):——f“—2 (2:5)
(24 |
te

aums T launaveswaduuume

g(1) =exp(_ojt ) (2.6)

a4
aums ulaumunudie

G(f)= exp[—2(7rfu)2] (2.7)

lauh

- a o . v v &
u ﬂamswmamﬂl‘l’ﬂumsmnuﬂmmn'm'uaawamm: U=ug

1
Up ==

|:2JrrfH [log (e)]m] 2

4 4 da o
fa ﬁf) ﬂswuwmmmﬁ'mnmmumaﬂu 1GHz

o - é 4 d @
e A AOMINNTITUTIA Fasinuvinfy 2.81828.
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Rectangular
13dB
==> +
Time' Frequency
Cosine ? S
@ 23dB
+
T»m; Frequency
Gaussian _1‘ -
—> 34 dB
‘ >
Tm: Frequency

29 ﬁnvmzuaaﬁmmm“lu'imuunmﬁﬁwﬁ'«maanmmqﬁ”sm’fm’:’auﬁqﬂ [16]

- o« o o s w : u‘: =
Tumseonuuuminiiiinesdmsudyaaiading 3 uuuNummIsanzidenlaein

[ da  oa o e -
ITAVVDILUUAIANT 10 dB 'luhmummnmuﬁwﬂugﬂh 2.10[16]

PSD mask |
H-41.3 dBm/MHz |

dB

f fo f Frequency

4 = v o { et da & 1 o v @
N 210 anuuendaves ganululanunaiiuuuddansuuaingaaudidas
Tuszauaeg fiu
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2.5 aqpl

» ] 0
1uunu1é’nanﬁ'oﬁ'numﬂﬂuv‘h"lﬂuaumTuTaﬁununﬂ'uﬁm?a Ultra wideband

- ° P ¥ Y & e v ' gy <4
umnnmuanginuai lumsldau dedaiuma  hitesiugrnnudildeg dues

@ e a o’ v e w - 1" 3 -
ﬂNﬂNEﬂUUUNﬂ')ﬂﬁ'ﬂﬂQﬁﬁﬂU 's:ﬂummnummins-mummu'luua“muuanmms n
ﬂ]ﬂuﬁjﬁﬂﬂﬁﬂﬂiﬂll‘HU'lﬂlﬂU']'llﬂQﬂD ﬂﬂ.l"ﬂ".ill'lliﬂ1Sﬂ'liaaﬁ']?llHQﬁ'H'iﬂﬂllﬁﬂ'l (FCQ)

qsq'lm'nmuwuﬁu'lnl-mi’lwanmuﬂunﬂ'lums6'1404 utmdnmsiinmsaddygyin
uounadaidu laudedmuasg quaziinnumuzanluninitl1$nusselag
IBMIAN 9 n'1ﬂnm1'15’umlmnmuumi‘]umumnnmma zuianuialaoia ) Falu

-uvma'hJuuvvnmmnﬁmmmmsam'hl'l%"lumsﬁi'wammmunun’:’nuamwmw s
wlasnvian § Fennsoiwaf 18IS luma §iial1d



unin 3

d
MIinnzvitazmylszgnalfiaian

3.1 unin

o ) seiq ¥ - o @ o a
fﬂ'a'lll]ﬁil')ﬂlﬂ’nl'ﬂuﬂﬁﬂﬂﬁ‘l’l’ldﬂﬂlﬂﬁ'iﬁﬂi‘(ﬂ‘)ﬂuﬂ'l‘i']lﬂ?'lxﬁllﬁxﬁﬂlﬂ‘i'lzﬂﬂﬂBﬂl:
ar & - « b 4 ar <

Uy YIU wmlszTuwmn"luqmmamumiﬂi:mawaﬁmuqnm nqunianamse
o ¢ A = [ " - Y a 3
mmﬂs:qnﬂmnaﬁmuaﬂyﬂxwmszuumm 1390 szuvlag 14 wu a5 uunIsunyv
a o de £ ¥ o = & '
ﬁuﬂ]iﬂﬂlﬂﬂlim‘ﬂﬂﬁﬂﬂ'lﬁiNﬁ:U‘U1ﬂ'i$U'U'H1JQ ﬂ']ilﬂuﬂBQH'ﬂil ﬂ']?‘ﬂfll']tlu'llﬂﬁlﬂﬂﬂﬂ'lu

. . o q‘: = a aa & 4
INNMY MINBUMN MIaavinadoya uazbug fuiunquiniandaiudniiniaiii

< A o /9 9o ' - v
ﬂnmmemﬂ151Js:qnﬂ°lwnus:uumﬂ NI DINIg

3.2 MIAUHUMSHUUNAIYUABY (Multirate Processing)

o = u’r, =l o  ar o o q 3/ o M
MiMumMIunawIUasuuA NIy nUNsUszynaldlumaioiznisag i
v v

aooru MsudasnianlasldNugiuvesnisaniiumsuuunaiosuaey asen

ar [ & & o o =y o
AIDUNLVVAARI (Downsampling) Fuilumsminnuduiuioinaunslunssins 1y (M3
b4 8 e w U 2 J . &
waauuuludaniih : Forward transform) tagms¥naaegranuuiy sy (Upsampling) %4

WunsaeuTagFunnaumslunmsduansd msumlasmuudeundy - Inverse transform)

3.2.1 MIYnfAletyUaAaY
NSFNAIDLIVVAAAIND N3ZUIUMS TUNMIRINITandAsINITTnA8t12 Tass 16
o o L] A' J Q' o o o L
Usznou Duazmssnmistanuumuiuae ATTVIUMST IUMSINYEATINTTNA 20819 Tan

Adnlsznou U U0 3.1 uamsdayana v(n) uazdyanuigndndletauuuanas v, (n)
i
Taeliaumsnianaidadi [15]

v, (n) =v(nD) =v,(nD) (3.1
v(») l v, (1) = v(nD)
— D —

1 3.1 nsdndledianuuanag
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»
Womanuduiuisznig V(Q) uaz V,(Q) aunsoeduiuldnin 2 Hadsu dail [15)

v(n), n=0,+D,+2D,...
v,(n)= . (3.2)
0, otherwise
o 1, n=0,£tD,+2D,... a3)
n)= 5
= 0, otherwise
iiie
v,(n) = p(n)v(n) (3.4)

U7 3.2 uanailaday v(n), p(n) waz v, (n) amsquilaidu v(n) Tao p(n) el

" >
185U v, (n) msaviinlszneuiidiugud dniuss1dmiedsu v, (n)

il AR

1

0 5 10 15 20 25
1}- . | | |
0 5 10 15 20 25

4 o - ar 1 & e ]
1N 32 dnuuzdygnaiigndndedauuuanas

61629
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322 MIYaMotauuIRNTY

- “ ' a 4 ' P
WA 33 nansmsdndredruuuiniu Tasmidsznoy U awrsounuiledidy
¥
v, (n) Tugives v(n) 184l 15)

) v(n/U), n=0,1U,+2U,... (3.5)
v = '
o(n 0, otherwise

v(n) v, (%)

__"'TU__’

] . ¥
33 nsdadetauuumniy

3.3 mauasnavlian (Wavelet transforms)

X
3.3.1 Wugmveamamlaanvian

malammn]mjsws'lumnmn-'nﬂmq;mmm"uumu-uammmm NI V1
PRI mmmmuumﬁunm'lumsmmmmnmswmaqmmm'lnuﬂaanmu Fnfu
114'1é’um'mmu1msm]ammmsmmﬂvﬂf?’mﬂpm'lﬁmm.,&mna'l wozanNudnauly
miniu Mldawrsofinsaiwanse mnlammﬂnuuuﬂawmﬁ'&mmmm:aha'lﬁmin
azadnuazsIad mswlasianniiGondt “msuwavnion

nmulnm'nhfmtﬂumm'ﬁ'mua"num:'ﬁmm%ﬁwmsvuuﬁmaﬁmﬁ'ﬂs LNeuAIUNGY
vesdygannswiududygnamieszumiug fi3undh nvian anyvuzvevianziiy
ﬂﬁ"ui’;i’mmnlaqmimimﬁamawmﬂuaanam:mmﬂquumins'mmﬁ'mmﬁwu

maiwmiannaies oums'mnmﬂunquma'hmnmu'iﬂnai"n'uamwtgm'laq Tawii
aduianusaziey silTassaananniladduidoadu & mﬁqnmuu%zlﬂunﬂmmuﬁuﬁﬂ
fidond nliandunuy (Mother wavelet) ﬂﬁ'ur.wlmmm’n:é’un:ag'mu'lﬁ'wmamvhanﬁ
TnoudnzaduzAaninmsaina (Scaling : @) UAZMSIAOUAIWMUA (Translation : b ) Fantu

Gl y () dudtedfuaiondunuy munsadoudumnia lovesaanidumia
v »
a”,“b " laq Aduwusiu'lddaii (14]

Vas(t)= J— [t b] (3.6)
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v (1) swidhuilaiduniandunuuiignideusumisuazgnamna Taowsiimes a uas
o L d' L 1 ar o o A 1
b mwuany Tﬁunmmmua:ﬂ')mﬁ'lumsmjm0:ﬁuwu{nuuazma'lv’l'nﬂmnﬁqnmﬂa

Tudaiindsauifunviandunuyuisdosiimsusueladdas 1/Va aue

3.3.1.1 m3mina (Scaling)

msananvian Ae mstivdanTenisveedyau drednlszneumsana Taovialy

- o o « b4 o At 3 =t
llﬁ?ﬂ:l\lﬂ“llﬂﬂﬁ')ﬂﬁﬂgﬁﬂﬂﬂl a ﬂ"l?ﬂlﬂﬂﬂ')ﬂﬂ')l]58ﬂﬂl]ﬂ15ﬂtﬂﬂﬂuﬂTuﬂUﬂSlﬁUﬂ'ﬁUU

o ar

oAy

A
1
0 - f(t)=|{f(f) ’a:]
1
-1
A
1
1
, ; 10-v@)  a=)
05
-1
A
il 1
1O-vlw) =t
0 >
0.25
-

i 3.4 msananvion
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33.1.2 maidew (Shifting)

F ; 2 5
MI@suveIMian fie MIminnayasuduvesdygyia lunundamans ns
winnawesilaidu £(r) Ko & segounudae £(t - k)

oL 0{ Af—

Shifted wavelet function
y(t-k)

Wavelet function
- p(t)

1N 35 msdeuvesiladsunian

'nqm‘jnvllfmil-"l%"lumsa'ﬁmuﬁq'lnémﬁqmﬁaums1znn§4€uaan1ﬂuﬁ'num L83
‘(’I'Julli"ﬂﬂ'ljlﬁﬂ"] 'nmmuﬁnu'lﬂumumummuﬂ.,ag'lugﬂuamﬂmnnqnmnmm"mau
AN muuwﬂwumunu'rmmmm'lnq mmm'dﬂwuu11ﬁ'lﬂunﬂanmuwu§1u
(Basis function) MisuungouInian (Wavelet Decomposition) ABN13MIMsuasavian
1uiea TuimeaRsafumssanduiavian (Wavelet reconstruction) vz un1suaq

ar & ° ¥ [ ' a: ar A ar a
navnian Sudumsirdiulsznevdesq mainswiunedszneududyanaudy
Aanaluzli 3.6

-0 . ) ——

IR, Yo s[5

B = | -
B-o— |

Anglysis _ _ Synlhesis

[[))ewn_lposiﬁoﬁ : Wavelet Reconstruction

Coefficients -

3.6 dnvuzvesmsusndesdyanuazmssaundy Yy uveavian
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mﬁmn:ﬁﬁ'tyqnmtmuunwi:ﬁ‘umwnztﬁm (Multiresolution analysis :MRA) uzvﬂu
<i : - o d i -
mmms1zﬁz¥o;q;1mﬁmm:mﬁanszaumma:fﬁun‘lﬁ"[num:mﬁtgaymmnq Nszay
4 o v o < ar -:' a -‘
AIwazBon a Fail b wawq Auminnswsudadudygrufiszduauasdeaiiden

13 ua:tﬁnmﬁqmmﬁnmzﬁumma:tﬁunmnuﬁuvztﬁmﬂuﬁnm'lmﬁunm?q

3.3.2 munlasnianuvuderiiss (Continuous wavelet transform : CWT)

NITUIUMTIRTIEHYT 0] Taom lszgminauelugdvesmsulas3iod [15]

F(w)= wj f)e ™ dr G.7)

= " - o ow ] o o a9 -
mxi‘lun15nmwunnimawaqmsmwaqmm £() uaz S wuFdeuiidiu
0% Iwiuuidoa Tavi Iuddeuiiidluend Tmuudva aaunsousnesn1@idusuay

= ° - a o
vwazimuIuanmlugUdnlszneuves laysoud
4 ¢ ' o - ﬂ‘ - J 4 o o ar
Tagnait ldnnmisudasiifie sdulseaniysiod F(o) Fuiiov llguiudyu

layaeuaniinnuimisy o vlddygnaudunuuseniniugdvesdidnlsznouves

ﬁmq1mﬁuuuuﬁﬁaﬁﬂ‘s:nawaqﬁajmmhgmauﬁ' Awaasluzli 3.7

L A I
. '
Yo Tgataang’,

& :
ot o 3 Fourier :
[ L P . . . "
i & ; ' v . . .

. ‘.'.‘,‘ [ .".._. : _-+ Y 0 : % > ..':I.I .|“|.l|'|.' 4

il Vo A Vo ! wg Tt el 15

".I' :: Transform . : i : s, ',.: i !

¥ T Y

Constituent sinusoids of different frequencies

237 esdilszneudyanulasnisulaangSiod

o = o \J A ' & a 4
‘lqu'luﬂ\'llﬂU'Jﬂu mmﬂmnﬂmmn.nmmum ﬁﬂ msmmaunnsmamngms:mw

Tyguuazdiiduvesnnauazdumiveanvian () Asauns

C(scale, position ) = I 1) v (scale, position, t)dt (3.8)
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4 \ ‘ J L
naveamsulasianuuyaeiiies fie mdulszAniveanvian C Faoglugdves
- ' ° ' ' - -
Handuvesvauazdwmias mmhnsguudazsiidulszanidlonrianiiimsana

A o " 4 s J ] -
uazmsideud sz s lddygradunuuitinoviandumesnlsznou Rauraa
Tuzun 38

h)
L0

3
)
+.

{

Constituent wavelets of different scales and positons
711 3.8 eamlszneudygnuTasmsulasalian

3.3.2.1 Yuneulumsiasnianuuunenies
. d' =S 1 o l‘:
msudasaianuuudeiisdinszuaunms lumsulasuiedioiu 5 fuasu
° -~ 9 ° - o o 3 ' ] n'. ai
L ihmsiennvianauuuuinmanfssumsuiudygaduuun lunaazdiuTaosun
T NAUYBIT YR UAUIIY
2. imnumdulszdng C ommanuduiussznihunianuas dygrudunuylu
uAazdu lagdulalildulsedns C vinfiqa ianuazdyyrudunyyesi
anuduiuifuuniiga mingelandvesdygnauaznianiisuiiy 1 udann

4

ar n’ L J 1 " ar l‘f ar o ' ar - L) 4
duilszdns C oniGunlddnedanilanmdulsed@nsanduius adulszand C 714

4 o 4
wnegiugduuuvesianfideniiunvianduuuy

Signal ="\ =
Wavelet g :
C =0.0102

3N 3.9 mammduilszdng C
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. ; o 'y vy 4
3. Mimsideunvian lumavawaznszdinszuaumsdmuiaden 1 uaz2 su
»
ATOUAQUTYYIUNINUA

w
S
S
®e
l2 TLLL

Wavelet Ei>

' 4
71U 3.10 msdeunvianlumavn

v v
4. ynsanandianuaznsziinszuumssmuiaten 1 043

Signal

Wavelet

C = 0.2247

H J o - Q(
3 3.1 msananwianlumsmmdulszdns C

L d [ ¥
5. ATEMINTZUIUMIFIMUTITEN 1 D1 4 AroAranaNInuA

3.3.3 maudasnvianuuylidenies (Discrete wavelet transform : DWT)
msfimnamdulsziniveanianluyng srvesmsmnaidlu 14 dunisads
] L4 ¥
doyaniisnnmnuazuedeyahifinnuduiulunisduan Anfunisiiaunsadensas
o © ] -; o ar \J - - - " 4
lumsdmuavinatazdumia Taoldfuguves 2 sniidadaon n nieGundnetiamil
1 Mt muavanazAudaninm 2 Wumdszney msdmsizvsssiidszdnian
t 4
= _— - - -4 L] A L 1]
uaziinnugnadeage midinseiannsaondnedianiiadn msuwaanvianuuy i
¥ d'l A ar ar -t = s = d' b3 s dv
@oIilod HofendanmMIves MRA Huismslumsimnziuasiinnuinoidesiuiiugu

¥

L4 A A o - o
vosalsnnes (Vactor space) ‘li\nlﬁﬁﬂﬂ'ﬁ‘luﬂ‘lﬁ'llﬂi'lzﬂﬂﬂu
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3331 mlennnestasMRA

alsveanniaei lumsTinnzvdyanuie mlsviniigivesdyaulag firaein
- - - - ¥ - : - °
NM3TiuvesanFuiesq HiFund Had¥uRugiu (Basis function) Amuald a, b 1§
. - o~ 4 & ' -
fwneilaquaz i, j dunnmeivilamizoluans Viaue saiuninnnaeila
J T | [ ' (g’o [ ] i'-'v 3
Usznoviunananniaeiniamizne: 18 hnnneiiudinsegluanlannnesil faiy
4 a " 3 P ] a = - - :
ai+bj+ck+...e V Tavhnnmeinilamioe 1, j sziludnuuziFedanin (Orthogonal)
& o - - o a " - b 5 - ¢ o -: -
Faiunaziu dninsanludnvazvesdygnueisuesh i, j e Hefduiug fidh
dygnandng minmlszneuiuiudygulan
A ld v/ dusnlanniaed@ii j uaasdesssuanuaziBoaunzinauvesilaisu
4' o & ﬂ ‘v O . SN -: " ar - 4 -
Hugwidsznoviuiluilenduniu min j fifgedu uamsimszduniunziBoageiuezi
° o« o d’ J ™ Y o a o o o o .: d
Innufliduiugunniu iddggpaiiianamsdszaouduvesilafFuiug i
g 2 - ool 5 s
AMuazBoANNINAE Aniu j Sufusiiuaasfaszduanuazidoavesdygyio 1in

¥y e " o e - o o 4 W
Jefmuamariicunsoapliudavuzmnidvesmsinssidyanaitszdunnuaziden
. 9V ar l”

A1 1anail

1) VeV iV . eV
2) Close,, (Uy’) =L’ (IR) ;IR =iwaveaduanesy,
Je

Z = 1AV U IUAY
3) (n v*’) = {o}
ez
4) Vigwi=y s jeZ
5) fx)eVeafx)ev?  jez

msﬁﬂu‘u’i’mﬁugmﬂi:nnuﬁ’utﬂuﬁ'amwnwﬂs:mmi‘wzﬁun'smamﬁﬂa j mulu
e VI szSoniladsuitugrmmaniui fdadsunismna (Scaling function :¢(t))
f'fm_apmmzi'lf;t’v:tﬁﬂﬁﬁnmﬁmnﬁuq fuvosalauazinnututumelumlsdoadu
HadFumsanafiszduniunzidoag seiindgauasiiszdudindesiinnuddinh

o -': o o o ] o o ' o .f
muummauwuﬁnus:ﬂ'mﬁammmsmnaumuna:mﬂmzlﬂumu

fX)eV & f@x)ev™ ;jez (3.9)
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VINAUNISH (3.9) 'm'lnmmsnwumi'lun'nnﬂuwuﬁ:.m'J1~lﬂ~mwn1smﬂan1u‘lu
alslan 18T

Op =20, (271~ k) (3.10)

; V4« a3 4
VINAUNITN (3 10) WHUIMILAUANVALIDUARIAININIINTEAY ﬁqnﬂsuwugmmn
mmnmmmﬂnmﬂaum PIRUAUANTA MRA v Mldawsolse

uudyn
f(t)e L*(IR) Wogluanlaiissduanuazion j 1aq 1R

0= clo,,(t) (.11)

'

i i ar < - : ar ﬂ' ﬂ. 1]
Taoh ¢/ Wudulszdninioriminiia puivinFunismnaidumia k laq uds
k
& 4 o a <
Uszneuiuitdu £(r) fszdunnuazioa j vuq
MINAUAUTAYD 4 YB39 MRA M3l dygnuiseduauazBoadinanesily
a A e ' (] o 4 & o ' o«
nasunseayaund e lleglumnlednsunilidGont mﬂmmnmﬂamﬂmn

(Wavelet vector space : W’)mﬂwuﬂuﬂmunumﬂwmnnmas muuﬁqmmmu‘lu Wi

il..ﬂi naumuﬂaﬂ-ruwujmmummnumnwnﬂ Hariduiarian (Wavelet function : 0)
muummsnwuuﬂumsﬂqmsunﬂmnm-nun‘:ma"taoa‘lﬂq 18t

Wi =2y (21~ k) (3.12)

NATUNIIH G, 6) muﬁnum.xi‘luﬂmﬂg1mnunmnnumuumua"ulauummtmuw
ﬂammnvnjauulﬂuﬂqnwnﬂmnmﬁumm (3.12) numsmaumtmmua.,lﬂauumma
wuutiumiaolaoh g = 2-/ b=2"k

[ »
mindmuald g, (1) WudgapaiiiunniladFuiugnuas v, () molumle
womanswiududoyanulen wldh

31(’)=de%;(f) (3.13)

Taoii d} rﬁumauﬂs“ﬁnw5ammuunnﬂmnuﬂenwnﬂmnnmunuquu‘] o

iy oy g,t) & AniunnanuduRuTNnquantAden 4 uazninauns (3.11)
waz (3.13) 91218
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fj+l=fj+gj (3.14)
auwudld f()e v’ swamnsouondenld f(r) Iiianuaziduariosasl®en

sy . o 5 sl . 4 &

Auaniaded 4 s luvuziReatu Vi annsousndoseenl1&ides sunseits j=0
»

Antusziunwduiuih

V=V +w + W w4+ W (3.15)
Twinesdvaiu £, aunsousndesiiu f, waz g, lAwuiu £ uaz g Noasyay

» ¥ »
ANuazidsanazlinudvelnFuRug aRaInSIaT AN UTID HAZAINITOUIN

uwnsdyna £(r) Aeglugtuuuvesiledsumsmnauasiadsunmian1dseil
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3.4 miusnteuaian (Wavelet Decomposition)
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L(n)=(-1y'H(N - n) (3.21)
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3.5 M33UNAVYLIINIaN (Wavelet reconstruction)
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421 WoduyuueusEMan (Rectangular Passband Waveform)
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" 4
422 mé;ﬂﬂm‘éuungmoam (Modulated Rectangular Waveform)
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4.2.3 doygnoumdiignueqian (Modulate Gaussian waveform)
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Abstract— This paper proposes the simple method of
synthesis design for generating UWB pulse based on wavelet.
This study consider the characteristics of Haar wavelet,
which are digital and simple method for synthesizing. By
using discrete wavelet transform, the synthesis signal is
similar with mother signal and simple to implement. In our
study, the modulated Gaussian waveform is involved as the
UWB pulse for synthesizing. The synthesis signal method
based on Haar wavelet which is the mother wavelet is
presented. Moreover, the comparison for the performance
between the mother signal and the synthesis signal on the
additive white Gaussian noise (AWGN) channel are given.

Keyword—Ultra-wideband, wavelet

I. INTRODUCTION

Nowaday, wireless technology is wuseful and
convenience for communications. Ultra-Wideband (UWB)
is a new development in wireless communication system.
The attractive features of UWB are wireless radar,
communications, networking, imaging, and positioning
systems [1]. UWB is different from other radio wave
technology. Instead of using a narrow carrier frequency, it
transmitted pulses of power in the range of ultra wideband
spectrum. Moreover, it has several advantages which are
low power consumption, potential for very high data rates
enhanced capability to penetrate through obstacles and
makes communications robust with respect to multipath
fading [2]-[4]. The Federal Communication Commission
(FCC) [5] specifies that UWB has a frequency spectrum
ranging from 3.1 GHz to 10.6 GHz and emission power
level is below -41.3 dBm/MHz. The FCC defined UWB
signal as those which have a fractional bandwidth greater
than 0.20 or a bandwidth greater than 500 MHz measured

at -10 dB points. The fractional and occupies bandwidth
are defined as

Fractional banwidth = M, (1)
Ju+/L
Occupies bandwidth = f;; — 1, , 2)

where f; and fy are the lower and upper frequencies at
the -10 dB point, respectively.

The FCC regulated power levels are very low that
considered to be noise for other communication systems
because its power spectrum is below the part 15 noise
limit. The UWB receiver collects the power of the received
signal to rebuild the pulse. Therefore, UWB radio
technology can coexist with other radio frequency (RF)
technologies without interference.

According to studies, several literatures are presented
about the new methods to generate UWB pulses which
satisfy the FCC spectral mask. For examples, simple
numerical algorithms with the prolate spheroidal wave
function [6], modified Hermite polynomial functions [7]
and using gate function [8], are proposed to generate UWB
pulse waveform. However, it is difficult to fabricate the
generate waveform circuit, which the high speed electronic
switch is required. In addition, the synthesis signal method
for UWB system based on wavelet has been interested
because its simple to implement by using all-digital
implementation method. Such as the synthesis wave based
on wavelet become the transmission wave of UWB [9] and
generating narrow pulse waveform by using Haar wavelet
and harmonic synthesis method [10], while the idea of the
synthesis signal from mother signal based on Haar wavelet
will be considered. The purpose of this study interested in
difference synthesis method which the synthesis signal
related to the mother signal.

This paper use the difference algorithm from [10] to
synthesize signal, the synthesis wavelet signal from mother
signal based on Haar wavelet for analysis the synthesis
signal is followed by FCC’s regulation and consider on the
performance of synthesis signal on the additive white
Gaussian noise (AWGN).

II. MOTHER SIGNAL

The UWB radio technology transmits signal using very
short pulse spreading their spectra over very large
bandwidth and the power level is below -41.3 dBm/MHz.
In this paper consider the modulated Gaussian pulse as the



mother signal, the waveform in time domain and its
spectral density function are defined by

1) = 4™ sin(2n1.0), 3)
_AK[ gy earasy
o) =7 [e e ] @)

where 4 is the maximum amplitude of the envelope
waveform, f, is the carrier frequency and d is the 1/e
characteristic decay time.

This waveform is modulated between the 4 maximum
amplitude and d characteristic decay time Gaussian pulse
and the carrier frequency sine function. The sine function

is used for reducing the direct current (DC) component of
the modulated waveform to zero.

III. WAVELET TRANSFORM

A.  Discrete Wavelet Transform (DWT)

Wavelet-based analysis of signals is an interesting, and
relatively recent, new tool. Similar to Fourier series
analysis, where sinusoids are chosen as the basis function,
wavelet analysis is also based on a decomposition of a
signal using an orthonormal family of basis functions.
Unlike a sine wave, a wavelet has its energy concentrated
in time. Sinusoids are useful for analyzing periodic and
time-invariant phenomena, while wavelets are well suited
for the analysis of transient and time-varying signals.

This paper concentrates on the DWT. It maps
continuoustime functions into numbers. The analysis
equations are given by

ex = (vl 03 (), ®)
dy = ("’(‘)| ¥ i (’)), (6)

where

P =229, 2jf—kl M

Wi =22yl t-k) ®

1|
] |0.5

-¥

Fig. 1 Haar wavelet
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Fig. 2 Scaling function of Haar wavelet

The synthesis equation is given by

V()= i Cik Pk (‘)*’i idjk%'k(") (9

k=0 J=J k=-x

where J is the starting index (normally, J = 0). The
analysis equations decompose (analyze) a given waveform
v'(¢) into its constituent components cy and dj . The

synthesis equation builds (synthesize) the function v'(r)
from its components ¢; and 4 *

B.  Synthesis by using Haar Transform

The Haar transform is one of the wavelet transforms that
can be calculated with a formula. The formula is given by

Coo = ljv(r)wm(t) dr, (10)
dj = ljv(r)w,-k (t) a, an

where the function @y, is called the scaling function, and
the 5 are called wavelets (Haar wavelet). Fig. 1 and Fig.
2 show Haar wavelet and scaling function of Haar wavelet,
respectively. .

The mother wavelet must simply satisfy a small set of
conditions and is typically selected based on the signal
processing problem domain. Almost all useful wavelet
systems satisfy the multi-resolution condition. This means
that given an approximation of a signal v(l) using
translations of a mother wavelet up to some chosen scale, a
better approximation can be achieved by using higher level
of the wavelet. This theory maps the mother signal
v(t) into its constituent component ¢y and dy . These

values are coefficient of wavelet for any level show in
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Fig.3  Comparison between modulated Gaussian signal and the
synthesis modulated Gaussian signal with pulse width = 0.3 ns.

equation (10) and (11), where j is the level of wavelet and
k is the transition coefficient of wavelet. In this paper,
Haar wavelet is used as the mother wavelet, it is an
orthogonal function set that can be explicitly represented
and has feature of digital circuit that easy to implement.

IV. SYNTHESIS

According to the previous section, the synthesis
modulated Gaussian signal is obtained by using equation
(9). The modulated Gaussian waveform and synthesis
modulated Gaussian waveform with pulse width equal to
03 ns in time domain and in frequency domain
characteristics are shown in Fig. 3 and Fig. 4, respectively.
From Fig. 3 consider the wavelet’s level equal to 2, 3 and
4, the synthesis signal are not similar with the mother
signal. But in synthesis level 6 the synthesis signal is
similar with the mother signal. From Fig. 4, the synthesis

&
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—e— Syn v§

UWR EIRP Emission Level (dBm/Mhz)
8 & &
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16

Fig.4  Comparison between the modulated Gaussian signal’s
spectral and synthesis modulated Gaussian signal’s spectral
with pulse width = 0.3 ns.
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Fig. 5 Comparison between modulated Gaussian signal and the
synthesis modulated Gaussian signal with Pulse width = 0.6 ns.

signal’s spectrum and the mother signal’s spectrum are not
satisfied the FCC spectral mark. Because the pulse width
of the signal is narrow.

Fig. 5 and Fig. 6 show the modulated Gaussian
waveform and synthesis modulated Gaussian waveform
with pulse width equal to 0.6 ns in time domain and in
frequency domain characteristics, respectively. From
Fig. 5, the synthesis signal at synthesis level 5 is similar
with the mother signal more than the other synthesis level.
From Fig. 6, the pulse width of the both signals are wider,
the signals’s spectrum are satisfied the FCC spectral mark.

From the result of synthesis, the synthesis signal method
based on wavelet can be observed the level of wavelet that
have an effect on power and format of signals. If the level

of wavelet equal to 7 where 2™*" is sampling rate of the
mother signal, the synthesis signal will similar with mother
signal. Moreover, the pulse width of signal have an effect
on the spectrum bandwidth, which the pulse width is
narrow, the spectrum bandwidth will be widely.

Frequency (GHz)

Fig. 6  Comparison between the modulated Gaussian signal’s
spectral and synthesis modulated Gaussian signal’s spectral with
pulse width = 0.6 ns.



V. PERFORMANCE IN GAUSSIAN NOISE

In this section, the performance of synthesis modulated
Gaussian signal is investigated and compared with
modulated Gaussian signal on the AWGN channel. By
using the transmit waveform shows in Fig. 3, for the
assumption that both the transmit and receive antennas are
isotopic radiator, which correlation receiver is used to
detect the symbols.

Fig. 7 shows the signal to noise ratio (SNR) and bit
rate (BER) of the mother signal and the synthesis signal
with bit rate equals to 100 Mbps. Comparison between
mother signal and synthesis signal for each synthesis level,
the synthesis signals with level 5 and level 6 are decreased
more than the other synthesis level. For synthesized signal
at level 6, the performance is very close to the mother
signal.

VI. CONCLUSION

A synthesis signal method based on wavelet is proposed
to synthesis UWB pulse which satisfy the FCC spectral
mark. By using the multi-resolution wavelet synthesis
method and the characteristics of Haar wavelet which is
the mother wavelet, the synthesis signal waveform is
similar to the mother signal depending on the number of
wavelet’s synthesized level. For the comparison between
the mother signal and the synthesis signal in the highest
synthesis level , the performance of the both signals are
same together. Therefore, the synthesis signal method
based on wavelet is possible to generate transmission
signal for UWB system.
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ABSTRACT

This paper proposes the simple method for detect-
ing UWB pulse in noisy channel based on wavelet.
This study consider the characteristics of the wavelets
and filter bank, which have the property of orthonor-
mal and biorthogonal wavelet. By using wavelet de-
composition and wavelet reconstruction method, the
UWB pulse is detected on noisy channel. In our study,
the modulated Gaussian waveform and the synthe-
sis modulated Gaussian waveform are involved as the
UWB transmitted signal. The pulse detection method
based on wavelet which is the difference wavelets’s fil-
ter bank are presented. Moreover, the comparison for
the performance between the received signal and the
synthesis received signal on the additive white Gaus-
sian noise (AWGN) channel are given.

1. INTRODUCTION

Nowaday, wireless technology is useful and conve-
nience for communications. Ultra wide-band (UWB)
is a new development in wireless communication sys-
tem. The attractive features of UWB are wireless
communications, networking, radar, imaging, and po-
sitioning systems [1]. UWB is different from other
radio wave technology. Instead of using a narrow car-
rier frequency, it transmitted pulses of power in the
range of ultra wide-band spectrum. Moreover, it has
several advantages which are low power consumption,
potential for very high data rates enhanced capability
to penetrate through obstacles and makes communica-
tions robust with respect to multipath fading [2]—[4].
The Federal Communication Commission (FCC) [5]
specifies that UWB has a frequency spectrum ranging
from 3.1 GHz to 10.6 GHz and emission power level is
below —41.3 dBm/MHz. The FCC defined UWB sig-
nal as those which have a fractional bandwidth greater
than 0.20 or a bandwidth greater than 500 MHz mea-
sured at —10 dB points.

The FCC regulated power levels are very low that
considered to be noise for other communication sys-
tems because its power spectrum is below the part 15
noise limit. The UWB receiver collects the power of
the received signal to rebuild the pulse. Therefore,
UWB radio technology can coexist with other radio
frequency (RF) technologies without interference.

According to studies, several literatures have been

presented about the synthesis signal method for UWB
system based on wavelet, such as the synthesis wave
based on wavelet become the transmission wave of
UWB [6], generating narrow pulse waveform by using
Haar wavelet and harmonic synthesis method [7] and a
simple method of synthesis design for generating UWB
pulse based on wavelet [8], while the wavelet will be
used for more application, such as denoising technique.
a little of literatures interested in the application of
the wavelet for detecting UWB pulse in noisy chan-
nel. For examples, application of the wavelet analysis
for detecting UWB signal in noise [9]. The propose of
this study interested in difference method to detect-
ing UWB received signal and the application of the
wavelet will be considered.

This paper interested in the application of the
wavelet to detecting UWB received signal from the
synthesis transmitted signal [8], by using the difference
type of the wavelet’s filer and its properties (orthonor-
mal and biorthogonal), consider on the performance of
synthesis signal on the additive white Gaussian noise
(AWGN).

2. TRANSMITTED SIGNAL

The UWB radio technology transmits signal us-
ing very short pulse spreading their spectra over very
large bandwidth and the power level is below —41.3
dBm/MHz. In this paper, are consider the modulated
Gaussian pulse and the synthesis modulated Gaussian
pulse as the transmitted signal (8], the waveform in
time domain and its spectral density function for the
modulated Gaussian pulse are defined by

£(t) = A=W/ sin(2xft), (1)

_ AV _2d(f-f)? _ A (41
F(f) == e e L@
where A is the maximum amplitude of the envelope
waveform, f. is the carrier frequency and d is the 1/e
characteristic decay time.

This waveform is modulated between the A maxi-
mum amplitude and d characteristic decay time Gaus-
sian pulse and the carrier frequency sinusodol func-
tion. The sinusodol function is used for reducing

646
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Fig.1: The left picture is the transmitted signal and
the other one is its spectral.

the direct current (DC) component of the modulated
waveform to zero.

The synthesis modulated Gaussian pulse is defined
by equation (10)

3. UWB SYSTEM MODEL
3.1 The Transmitter Model

In this paper, the time-based modulation tech-
niques is considered. The most common method of
time-based modulation techniques is pulse position
modulation (PPM) which may be expressed as

+o0
sppm(t)= Y plt—nTy—T., —Tp, —7), (3)

n=-—o00

where Ty represents the time duration of frame, p(t)
is the modulated Gaussian pulse, Ty denote the pulse
repetition time, T, is the time shift related to the PN
code sequence, T}, represent the time shift from the

pulse position modulation scheme and 7 is the time
delay.

3.2 The Receiver Model

A transmitted signal passes through the noisy chan-
nel. Then, the total received signal for UWB PPM
transmitter can be expressed as

repm(t) = sppm(t) +n(t), 4)

where n(t) is the additive white Gaussian noise.
The receiver considers the received signal r(t) and
decide based on an observation of received signal with

the template signal. Therefor, the received signal with
the PPM transmission may be expressed as
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Te+(i+ T,
repm(t)

+o0
repm(t)he= D j

nm=—co ¥ Ta+iTy

p(t - an - Tc.. s Tp,. = Tk)t (5)

where v(t) = p(t) — p(t — &) represents the template
signal.

4. DISCRETE WAVELET TRANSFORM
(DWT)

Wavelet-based analysis of signals is an interesting,
and relatively recent, new tool. Similar to Fourier se-
ries analysis, where sinusoids are chosen as the basis
function, wavelet analysis is also based on a decom-
position of a signal using an orthonormal family of
basis functions. Unlike a sinusoid wave, a wavelet has
its energy concentrated in time. Sinusoids are useful
for analyzing periodic and time-invariant phenomena,
while wavelets are well suited for the analysis of tran-
sient and time-varying signal.

This paper concentrates on the DWT. It maps
continuous-time functions into numbers. The analy-
sis equations are given by

ek = (v(t)|ei(t)), (6)
dje = (v(t)|¥5x(t)), (7)
where
eik(t) = 2/%p(27t — k), (8)
Yin(t) = 29/%4oo(27t — k). 9)

The synthesis equation is given by

Y= Y cpep(®)+ Y Y diw(t), (10)

k=-o00 j=J k==o00

where Jis the starting index (normally, J = 0). The
analysis equations decompose (analyze) a given wave-
form v(t) into its constituent components ¢;x and d;x.
The synthesis equation builds (synthesize) the func-
tion v(t) from its components c;x and dj.

5. WAVELET DECOMPOSITION AND RE-
CONSTRUCTION

For many signals, the low-frequency content is the
most important part. It is what gives the signal its
identity. The high-frequency content, on the other
hand, imparts flavor or nuance. Therefore, the low-
frequency is similar to the noiseless signal and the
high-frequency is similar to the noise of the signal.
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Fig.2: Wavelet Decomposition.

5.1 Wavelet Decomposition

Wavelet decomposition is the method that the orig-
inal signal passes through two complementary filters
and emerges as two signals, which are called approxi-
mations and details. The approximations are the high-
scale, low-frequency components of the signal. The
details are the low-scale, high-frequency components.
The process of the wavelet decomposition is shown in
Fig. 2.

From Fig. 2, H is the wavelets’s filter bank and L
is alternate flip of H defined by

L(n) = (-1)"H(N - n) (11)
where N is the element numbers of H.

Unfortunately, if the original signal S consists of
1000 samples of data. Then, the resulting signals will
each have 1000 samples, for a total of 2000. By look-
ing carefully at the computation, it may keep only
one point out of two in each of the two 2000-length
samples to get the complete information. This is the
notion of downsampling. Its product two DWT coef-
ficients called cA and ¢D.

The detail coefficients ¢D are small and consist
mainly of a high-frequency noise, while the approx-
imation coefficients cA contain much less noise than
does the original signal.

5.2 Wavelet Reconstruction

In the previous section, the discrete wavelet trans-
form can be used to analyze, or decompose, signals
and images. This process is called decomposition or
analysis. The other half of the story is how those com-
ponents can be assembled back into the original sig-
nal without loss of information. This process is called
reconstruction, or synthesis. The mathematical ma-
nipulation that effects synthesis is called the inverse
discrete wavelet transform (IDWT). The process of
the wavelet reconstruction is shown in Fig. 3.

Wavelet analysis involves filtering and downsam-
pling, the wavelet reconstruction process consists of
upsampling and filtering. Upsampling is the process
of lengthening a signal component by inserting zeros
between samples.

From Fig. 3, H' and L’ are order flip of H and L,
respectively.
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6. SIMULATION MODEL AND THE PER-
FORMANCE IN GAUSSIAN NOISE

In the channel condition of Gaussian noise, the as-
sumption that both the transmit and receive anten-
nas are isotopic radiator, which correlation receiver is
used to detect the symbols. Fig. 4 shows the system
model for detecting UWB pulse in noisy channel. n(t)
is the additive white Gaussian noise and r(t) is the
received signal. The transmitted signal is overlapped
with noise signal and become to the input signal for
receiver. In the wavelet detection process, the input
signal of receiver will be emerged as two signals, which
are the noise of signal and noiseless signal. The noise-
less signal is sent to the correlation receiver. Finally,
the decision process is considered to detect the sym-
bols.

In the part of wavelet based correlation receiver,
the Daubechies family wavelets and the biorthogo-
nal family wavelets are related to the wavelets’s filter
bank. Fig. 5 shows the signal to noise ratio (SNR)
and bit error rate (BER) of the UWB received signal
and the noiseless UWB received signal, which using
Daubechies(2), Daubechies(10) and biorthogonal(6.8)
is the wavelets’s filter bank. Comparison between
noisy signal and noiseless signals, the performance of
the noiseless signals are better than the noisy signal.
For the signal detection with Daubechies(10), the per-
formance is better than the other.

7. CONCLUSION

In this paper, the application of the wavelet is pro-
posed to detecting UWB pulse in noisy channel. By
using the wavelet decomposition and reconstruction
method, which the difference type of the wavelets’s
filter bank, the input signal of receiver is detected.
Moreover, the performance of the pulse detection are
satisfaction. Then, the wavelet based correlation
receiver for detecting UWB pulse in noisy channel
method has great interesting in the UWB communi-
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cation system.
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