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ABSTRACT

This thesis proposed the performance evaluation scheme of wideband
antenna for UWB (ultra wideband) communication system. The channel transfer
function in free space even for short-range wireless communications system based
on the Friis transmission formula. By considering the signal pulse is Gaussian. And the
receiver is considered using a correlation receiver. For measured using a vector
network analyzer is the main equipment to test and record the results. The antenna
used in the experimental study, a biconical antennas. The experimental
measurement is measured in a anechoic chamber. The measurement data are
evaluated based on extension of Friis’s formula. The performances of wideband
antennas transfer function are evaluated with path loss, correlation coefficient,
transmission gain and BER. The results of the experiment were compared with the
distance measured area near file and far file at 0.3, 0.5, 1.6 and 2 meters and the
angular distance is less than 1.6 meters to consider a distortion rather far field. Which
term best correlation coefficient is 99.94 percent at the far file, which is then
presented with a definition that is precise and consistent with new technology In
wireless This scheme is messier for design and evaluate wideband antenna of UWB

system.
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Inenfinugatuiliiiaueuuuununismaaeddeftaidunisdrelouauusverlnduas
ammzaziﬂasuaaizummuﬂﬁwaéauuﬁugmqmmiﬁqmummw%haﬂmimmwmmué’ﬂ AN
Lﬁaumm@mé’ﬂwwmiqﬁgﬁaL%ﬁﬁl,mmmm"m?ia uazmsLaueLAiosfuLUUaMALTLS dmiy
myinlaliieesiinesilasstneuuunnneslunsinuasiuiinae Tngldasenawuunsieg
3] aduaegermafiisuuuumsunsnszaeaduluuseus Ingvhnisnageunasntisaud
faus 3 GHz F9 11 GHz AsauAguYALdfitmualildnulunisdoashedaud 3.1 GHz e
10.6 GHz BagnrmunlaganznI5113N13N15a0mTUMIEN3FoINTN (Federal communication
comnmission : FCO) nampuauendamudludosdyaia awasonldanasdudszansnig
daru vize S, Tuszuy AslumsAnwmeaesidelaifiansansuuuu inegvanegunuuse iy 1y
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unii 2
waluladdodsuauningss

2.1 unin

msdeasuuuuauniieds iuneluladlfaendauautddunateiuinisds
suanaldudnvaluiaddy 9 fdrnamesiadunuinnuazldidenulunisdedyaiad
Asi Jagtiuilneluladuauntieds 1i¥uarmaulasgraundvats annsoiiluussgndld
susmAunsdoasliaeiiesesiuanudesnisvesglday maluladuaunhedadu
weluladfifieruasiBonmdanuaigdaluamgiilineluladifanufismsagaunn
Uiy fheaummsuilennanuuuiiavivesszuuuaunieBanenn ﬁﬂﬁ”’aﬁaﬁ@mamﬂ’mu
Manzanzalsasinunaldd enmseatu duns Ieegaiiusyansaim daaznaniduinde
alu dyaaessyuunaun’negs Suuudaviinnndinsomiadu 500 MHz w3efluuudiag
LT9LAREIUUINNITOWINAU 0.2 mﬂqmmimﬁhmm@maaﬁ@aﬁmmﬂmmﬂuﬁ Shannon 1a
naly uandlviliiuin szuunouniieds Wenuuiavinfaagilitiiariguesdesdany o
170 mwiwaq%amalé‘luﬂiuﬂmwuﬂﬂmu mmamaﬂiwﬂmml@mmuuﬂﬂmmlﬂma ndild
nananddunTdsdanavesITUURaUN 198 uasshntsdadyaarinude sdyane
ﬂauawaiuaﬂwmuWLUuauwaa ImEJ"memimLmammmmamalﬂuamasmuammmwm
azdunefinvesszuuisclisnludeddinmes mﬂ‘waswi ‘U‘Ulmw FamaneaI1uin
mmamaiwizwmmﬂaaLLazmmuimﬁmgﬂ Fumus iWenfSsuliisuiussuunisdeans
LLUU%&Lamﬁiﬁﬂ?{ummﬁ%m (Radio Frequency : RF)

UsgiRveamaluladuauniieds Idgnirunldeiudeus 100 T fruwn Tae G,
Marconi ld¥nnsnnaesasuuylZaneszninany isle of Wight lUfune Cornwall (tnewa
aaqLﬁummﬁﬂméfwzuiuuaw,mu‘umﬂizmﬂé’fﬂﬂqw) Tnel#a3osda spark- gap [3]-[5]

sosaluladingldgniaun ielviuinistusevuTnsdwidsluneududldszuy
wourden aunsyialdsinisimuliidussuuiinoauazgaldauiuegrsunsnansluian
pown Tudasening a.a. 1960 f19 1990 83AnInysveIlsenaansgosni auissuuiay
%1983 aldemudmsussuumainseasnv deunlula3andnay 1998 Aagnssudnisns
doansuisanizeLuin (Federal Communications Commission: FCC) 1uiinnsdndsea
warsndefmuadmiumalladuounieds Wuadusn aunseiidlunaideun oy
nuAius U a.A. 2002 FCC lasfnazinauasisnuegiudumnisdmsudenvunuas
fodrinvosmaluladuaunineds lnsoydlilFludmnded funisldaiuvesgunsal
Budnnsedndsufuuuwauanudildmvunly uagdesdaumuutuidudanafudias
f1a [6]

desnsruunaunineds Meuuutissauauadiuuuiiariniie fedu FCC 3
fmuaAIRLesEne i udaennuilunsdsdygiavesssuu wauneds
13iAw -41.3 dBm/MHz Wiedestulilwszuunaunieds lunsnaensfussuuuausaudu 9
eamasnaaziuisefumIuwluaUnsuf 1§ anuressTuURaUn 9B ag
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AINTEAURIAUSUNIY (Part 15 limit) satumaluladwauninegds 3saunsaldaulaniu

wialulageduingdulagaziinisunsnasntioy

a ' Yy  a

2.2 Ug1UYITZUUNITAEITUAUNINNES
PNATINAAIUBY FCC lanmualian nsdsniudygialuszuunauninggs Ae
Feyeyradle o) NAUVUAMIATILTUABEIULINNTINTBWINAU 0.2 NTDRUUUAINNNINNTINTD

WU 500 MHz wanslansaunis 2.1

B, >0.2, 130
B, >500 MHz (2.1)

“ENLL‘U‘LJG]’WW]L?I\‘iLﬂ‘Uﬁ?Ul@UEﬂiJ‘b A DRTAIUVDILUUAIN ”zyzgmﬁammﬁﬂma (7]

BW f,o—f
f (T =1 (2.2)
MR /W)
= 0 (m_u_)
B OS2 =
A B 535 @ =
= Bluetooth, 802.11a,
2 802.11b, HiperLAN
= o DECT,
e microwave A od®
?, = ovens Um‘ntc.enthna.l
&5 radiation limit
5= (-41.3 dBm.MHz-1)
=
(@]
¢ L .
| | ] Ly
09 1.5 2024 3.1 10.6
1.8 Frequency (GHz)

sUN 2.1 nsideuiiisuseauanunubiumsadadna s senitanalulaguaunineds
N
uaz waluladdu 9 [8]

ol f, waz f, Ao mnudgeaniilideazaruimaniilids Wednszsuarnmihnin
ANUVUILUUANARTIaUNATY (PSD masks) Part 15 limit 8931 10 dB @1Ua19U BW fo
wuuRInTivesdtunnns uae . Ao AuAna1

93U 2.1 evhmasuifisussuunsdoasisdesssun asifuinssuuns
doansuuusaiy (Wouwav) Azduuuiiamidaavalutdesninssuunisdoans uaunineds
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ENFBEINTY NFEVBITZUU UMTS (Universal Mobile Telephone System) fivingnuuuaag
LAUAMNAUSTINA 2 GHZ uasduuudiaviuszanas 5 MHz fatnasBonsyuuiinuuusiniig
LAEIMINLTIRITANINENNIST 2.2 ATnUuRInTi B Avdufidwnesnutaz ldviatu
0.0025 FsfiAntioandn 0.2 vessyuUMTARAISHAUN D (1Fiou 80 1)

1000
¢
Ve
- & Y,
2 0 % % %
2 % 7
=3 Q Qé
2 ‘s /.0@
3 '{9
2 10 (3 802.11a/b/g/n
WLAN
Upto 100 Mbps @ 100 m
Bluetooth
1 Up to 3 Mbps
1 10 100 ;
Range (m)

sUNl 2.2 1WSgumgudnsdeuauazidesenitanaluladuaundnegs wag inalulagou 9 [8]

2.3 fafmunvasszuunisieasuaUn I

Avddyodremisitldgnimuatulussuunisdedrsuaunireds dufidenisdnass
anudlunisldey Faldinguienluanizewinildnengnninnisaennsunisdiiaves
Farvuslunisldaudsanudvesmaluladuauniieds annngdetsfuiduves FCC Tng
nauvimilFrenduetradunisnisiaelddedn Ultra-Wideband Working Group (UWBWG)
iivhmsasamiennassautu FCC wudnfufuluglsufldtimsmdennasnisinass
AAuATIALAYMTUNINADnYeIm L e Bslutagtudilifinsimuauaunuidviunis
Tduluszuuuouniieds - luaanTudvuauesgrunislnsauuiauuisanninglsy
(European Telecommunications Standards Institute: ETSI) %38 @uWuslninuuIny
5¥11119U58m# (International Telecommunication Union: ITU)

2.3.1 npdiatisduvasszuunauninede Tuansgewing

T a.e. 1998 FCC WdpanUsznimAeaiunisnsiaaey (Notice of Inquiry: NOI)
LﬁaamﬂmﬂIuIa?J‘LLaUﬂ”iN?jqﬁﬂﬂil,msﬂaamﬁ’ué’zyzmmisuuﬁﬁagjlﬁmL,Lazizuumm
UaeasgluAanisnisluuagiiamslunsduainfeituiedesdslussuuuauniegs s
wuiu Tududl 14 puansiug U aa. 2002 FCC Ifoonngdmiuszuuuaunieds dadunns
fvunveUAveINIsuNInsTaeidanuatiuiivisdniussuuuauniieds wazfeygye
Thdumaluladildludnuaemensidnsie lnesienuaianvesdiusmeuazseilouns
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atuinislimeunsioaissauruluiui 22 Wouwweu ¥ aa. 2002 Fslwenanslé
nandsnsougeldemilussuumsiemsuauniegs uaznsimuaveuwansuNEATEaNY
wasudwmsunstalulszianes ¢ [9] lneandenud9aqulainn1smMuUAAILULAINTILEY
vy (B, ) Tinnninndewitfu 0.20 vesauiinas ( f,) etnsefuainuiiininainy

RUMUUAGUT@UNASY Part 15 limit (-41.3 dBm/MHz) a1 10 dB §1115U983119015
doa13n1lue1a1s (Indoor Limit) waz 20 dB dmSudesifianisdeasnieueneinis
(Outdoor Limit) muaun1sii 2.2 wazdesitansuninszatefdsnulay FCC luanslsly
A3197 2.1 eﬁ’m%’ﬁlﬁé’j‘lumiﬁami%’aaﬂaﬁy’qma”LuLLazmauaﬂmmi [10]

15199 2.1 VoINNALUNISENTNTZANEAa9IULAY FCC dusunisidanulussuunisdaans
98l ULAENBUDNDIANT [10]

AR PSD (dBm/MHz) PSD (dBm/MHz)
(MHZz) é’m%’ums%msmﬂumms é’m%’umsﬁlaaﬁmauanmms
198n37 960 -41.3 -41.3
960-1610 -75.3 -75.3
1610-1990 -53.3 -63.3
1990-3100 -51.3 -61.3
3100-10600 413 413
1171177 10600 51.3 61.3

-40 T T T T ! T T T T T T T T !

50— |

60— |

PSD (dBm/MHz)
&
T
|

80— —

00— —

— Part 15 noise limit
---- FCC spectral mask for indoor limit
-------- FCC spectral mask for outdoor limit

100 1 | 1
10° 10'

Frequency (GHz)

]
=1

sUN 2.3 anunuiwduiidudsadnasuaiudenivun FCC d1miuseuunisdeans
wauninganmeluiaznguenens [10]
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2.3.2 ngdetiiiuvasszuunauninegs Tuglsy

Hagtulasssrsvesdorimunszuuuauniieds lunidglsusgluraesedoyanis
wadinfiisafunansgnuresszuuununiieds vussvudndifléiueg Tnomaglsui
vndmvesteuAIzsaUADUN TR SENSgaIEN nsremsnuglauduludiunes
walulaglmideuansliifiuin dswansznunnifesvielidussuuiniifoglnedodiinnis
undnszefdanudmiunsldouiineluazneueneinsiidiualag MU we ETS
wandlviiiilunsed 2.2 [11]

A519% 2.2 TaAUALUNISUNS NS sl ETSI dwsunisiganulunisdeansna
melukagneusnaiAng [11]

AR PSD (dBm/MHz) PSD (dBm/MHz)
(GHz2) ﬂﬂEﬂMEﬂﬂ’li ANYUNDIATT
founin 3.1 -51.3+87log ( f /3.1) -61.3+87log ( f /3.1)

3.1-10.6 413 413
1711177 10.6 -51.3+87l0g (10.6/ f ) -61.3+87log (10.6/ f )

-40 T T T T | T T T T LI LI LI LI |

PSD (dBm/MHz)
-
(—]
|

=80 —

—— ETSIl indoor mask
---- ETSI outdoor mask

L1
-100 1

10

Frequency (GHz)

UM 2.4 anuvuiduidadsaunasunudenivue ETSI dmsussuunisdeansiauning
ganelunazniguananans [11]
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Hagiui ETS1 Idfmuanisundnszaedsnuiazaiininanaiyegedniay
npdetidurasnmsunsnszaneves PSD Alddaitudoynalissuunsioasununineds
annsoldauldlamemeluemswiniu Tnefvasauamnuildauanandy 6.0 GHz &1 8.5
GHz sauanslumsnedt 2.3 [12]

A1519% 2.3 Yo uualunIsEnInszaenasunknlludlae ETSI dusunisidauluves
syyunsaeasnelueas [12]

AMYd (GHz) PSD (dBm/MHz)

188N 1.6 -90
1.6-3.8 -85
3.8-6.0 -70
6.0-8.5 -41.3
8.5-10.6 -65

11nN71 10.6 -85

-40 T T T T T T —

50— —
i\ 60— —
N
.
=
& 7ol —
z
[m]

(1]
o

80— —

.90 ]

_1["] L L 1 1 | 1 1 1 L 1 1 L L I

10° 10'
Frequency (GHz)

JUN 2.5 Anumuiiumdwteaunasumuderiivua ETS Aunlulng dwsussuunisieans
waundnags neluenans [12]
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2.3.3 ngdetisiuvasszuunaunirede ldsauriu

ausamilefuseninsUssmaanszenini naudsemealuglsy uazUssinadu log
finstvualilddammunszsu PSD urnszatseanunsiuiu lnedalidulumudaiivu
¥84 FCC, ETSI wag MIC w¥euru iluderimuniieygnalildszuuuauniags lennelu
o5ty ddsaunnualdinud 7.25-8.5 GHz Tnefimuadi 7.25 GHz Widervun
Y99 MIC LLazmmﬁqa 8.5 GHz Judafmunves ETSI famandlilumised 2.5 waznsm
mﬂm%’um%ﬂé’uamlﬁugﬂﬁ 2.5 [14]

a Y o ) A ° ) A & A
A519% 2.499MUUATLAU PSD NLNNTZA000NUE@ 1 USUNSARa1sA1eTua1As YNt T
Muualae MIC [14]

AVIE (GHZ) PSD (dBrm/MH2)
198N 1.6 -90
1.6-3.8 -85
3.8-7.25 -70
1.25-8.5 -41.3
8.5-10.25 -65
10.25-10.6 -70
1111A23110.6 -85
-40 T | T T T T T = a1 Wl
50— —
_ 60 —
[ |
I
=
E -0 —
=
[m]
(3]
o
80 —
=90 —
100 1 [ R 1 1 1 ] 1 [
10° 10"
Frequency (GHz)

gﬂﬁ 2.6 ANUNUILUUMSRTIEUNATUFIMSUNITERANTNEIUDIANT ANIAUATILAY
a8 FCC, ETSI kag MIC [14]
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2.4 mmgﬁu"umiwunﬁ%‘laa’lil,l,aun”he?jﬁ

1IA3FILVBITTUUNAUN TR Tiog 3 u1msgIu Ao IEEE 802.15.3a Tddmiu
Iﬂiﬂﬁdwﬁuﬁd’;uqﬂﬂaﬁa’m (Wireless Personal Area Network: WPAN) szezn19lndensn
nsdsteyage IEEE 802.154a lddmiu WPAN szozvdlnadnsidadouani uay IEEE
802.15.6 I¥dmsusvuulasadefiuiisnaneldans (Wireless Body Area Network: WBAN)

2.4.1 47337 IEEE 802.15.3a

UMW IEEE 802.15.3a laneuuSuUednsInsadevesunsgu IEEE 802.15.3 i
aetulpsmstionnaluladuauniiads wld dallgauszasdazianldiu weaN Tnefssey
msnsldarndis 10 m fignsinsdedona 110 Mops uaziiszaznidlndfoyszunm 2 m
aunsaddnsdateyalagedis 480 Mbps [15] wiintaywidlosannldanunsannasiuléineg
Fonldmaluladluussninsnisdafmanduuuutnnudnainaisway (Multi-Band
Orthogonal Frequency Division Multiplexing: MB-OFDM) ffusaun¥1adedndiunss (Direct
Sequence Ultra Wideband: DS-UWB) @sl@ifunisatiuayuainassuisniusing uazly
Fouunsau U aa 2006 wmsgiuiidgnenianly

2.4.2 Y7m937U IEEE 802.15.4a

195571 IEEE 802.15.4a Iidnsinownaluladuounineds uszendlddmsiu
WPAN Tneusudgdlitiszasmanslduiilnatulddsussana 100 m Tnsandaadstoyaas
fiongnsliuresuunineiiuiy 3’33J‘1;lg\‘1ﬁiﬂﬂﬂﬂﬂ mmmﬁﬁmﬂﬁwaﬂmﬁlfﬁﬁ’muuﬂmw}w
n3nTTdulians wagszuunasnisiiinnandisamssgs nsdsdyyradiugiueguu
wedansawiedTa i asaduAunU sl BuBuiad Sufuiiuesiouay
3B [16]

2.4.3 433U |IEEE 802.15.6
wasgIu IEEE 802.15.6 \unsmuiinetualvaldmduiandssgnd iy wean
Tnefimsldnuddnfonsaunimsineesiiae adelsa sauvsauaudelsn WBAN
auusnalnaiu Anegiu nsemeluiianievesyud lnednisldnudatoyaseningun
melusnenie wardstoyannienigludmunsal msuszgndldviamnedumaunngviodiy
u [17]
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SUN 2.7 dpgramsusrgnaldnuvasssuunmsdeansiauninggs [18]

903UN 2.7 wanadianisuszendldlussuunsdoasuaunineds fadumaluladnmgy
lpsuanuauly uarldnuiiowensouazagleudeyalusunamn q dusuinaluladnng
= R = Yy a ~ o v & ¢
#0473 4G (4 Generation) JUkUUNTsvRsTEUUKAUNTINEY Tignunuildenu Aeaunsal
a a ea o v o g £ LY v ! ¢ 1 '
dvdinuselindmihnimilugunsalliansuazldaeloutoya s8ning Host Lagaunsaiionis
A v Al 4 ¢ = a ¢ 3 = 2 lyl A4 4
MAeos Wy Aduesa LuNd nTedfiun aunuues wavau 9 Wuau Fwielulueuinn
Penihmalulagszuunisdeaisuauninegs ssdnunuivelulagissuunisdeaisuuy
e laganunsadgloudeyaludiuamn uagsessudldnulauin anvsdsaunsads
v ) < o LY < 1% 1Y gy <
Toyanans1AUEa 1000 Kops dmsunduuuliany wavdsleyansnsininuiia 100
Mbps dmsunisaneleulidmennusiaigl wunnulnannumdelnansiin Wudu wazds
aunsainluyssendldanuinifndussuuinertosnuansuliseclnddofinoasening
gunsaiBiannsetind wsedldluin wWulnsviruainea ie3oaau CD/DVD ATaEY MP3

o & v v d' Y a ) aado w
wazdu 9 1Wudu lngasdudd ssuun1sdeansuauninegs gnuesdndumalulagnings
Wwigiulanazdvusslovdegnsnndmsunsihluldnusmiussuunisdoans WPAN sy
du Aindsinisldauegluliagiu enfivwu ssuunisdeas 802.11 LANs w3e ugys usu

Turagieaniu nilslumelulagngnihunyssendldanulasenfeteliyuseuvesssuy
waunineBs duregunsal USB wuuldate w3 WUSB (Wireless Universal Serial Bus)
wWusB evinnisiaundumalulaglfarsuuulndvesgunsal USB wuuasndu laeviinis
NAuNAUsERIIAIL e AUUanfevesAlulagLuLTaY WedwierudzaINLaY
esen1slinudmiumalulagliang wus ldaudmsussuuuaunieds lagnivue
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Tas WiMedia nneléunsgiu IEEE 802.15.3a Fainsnuuudiauauaud 3.1 GHz -
10.6 GHz

WUSB 5es5Usnsnsdstionadi 480 Mbps meluszeynis 2 wms waganuiilunisds
foyavziduanas wiieUseutn 110 Mbps oszeynisvosnisdedeyalnaundu uasds
anunsodsdeyalddnidiossasmalnatu (aiiiu 10 wns) WUSB dulugunsaifiatuayunis
viauaesmthil (Dualrole device) Ao anunsavimihiidugunsal Client waz Host lng
annsamuauanailunsaeleudeyald sndregratu ndesddneasimihfidu Clent
uWdudeusofureuiames mntuwinisdeloulidnmlusuedosfiumidvimiiidu Host
Dusiu

2.5 ALAUVDITLUUNITRDAITUAUN 9B
219¥NA10ITEUULAUNINBINT95mDBUNad (Impulse)  Wadau (Short-pulse)
Foyanauitlalleladygesda (Non-sinusoidal) &gy UsiAaInAduNIv (Carrier less) wau

1%

n19endd (Super Wideband) mssanaduuutenidupgasa (Fast Frequency Chirp) way

Waduuululu (Mono-pulse) Faluszuunfigaauntrauladmsunisiiluussynaldly
JLUUARAT0 LU

a. szuvdmududoutiosuasvinlidiuun

amnududoudesuasifuyuiidivetssvuuouniisBuintuandafenednune
Lwakuue (Baseband) GUENmiﬁaé’mmﬂms‘z‘iqlﬂm:ﬁauﬁ’mzwmiﬁqé’@mm‘iwquwﬁluﬂ
Tnefipsosdanzyinisassdyyaiadildamunisaaifidrmiuniesdyaatesuing
Fsannsadiazininszmendusenlulnguimannsiiuanuiingnisndunisauiily
LLaqudaueuaqmiimé’ay@m‘iwqﬁ?mzLﬁumiﬁ'}Lmé’ggigmmal,wuésmLsﬁﬂlﬂﬁmﬁluwwﬁ
Lﬁ@é’hﬂﬁzy,zgmlﬂET@LLmJmm5ﬁﬁ@mé’ﬂwmﬂumiLLWiﬂizaﬂﬂﬂﬁumwwﬁaﬁﬂﬁ%é’z:gzym%
gnunsnszaeldflaglifesordunisuasmiliastiu (Up-conversion) wagnisiiiuriids
Tigetu (Amplification) Tngluntsudasnaudias (Down-conversion) uagsananeud
(Local oscillaton) Falisnudulmedossunuunauniradeieuiuriliananududeuves
szuusavaunulunsudaaldunn

b. szduvesdyalndimssivdygiasuniu (Noise)
esananumuuesdsusuazdnuaslanzlunisduiien (Pseudo-random)
vesdyynadad whlidyaanuuweunedilidnuaradrefudyaiasuniu deilinng
mmmé@@mﬁﬂﬁmﬂLLasé’aUsmgiuLaﬂmimqmﬁ%’a’jwmsﬁqé’@mmmuLLaUﬂﬁwqﬁa
5u1ﬁﬂ'@WLﬁmwamnmsnaammé’@mmﬁﬁﬁaszwﬂﬁlummﬁ'iwqﬁuﬂ Hesnndyain
YeesEUURAUN DS T finnsunsnszaeidsnulusedumussanaseiuresdgiasyuy

¥
a A U

N7 (Noise floor) FavlviseuvBUNDINT Y IMKAUNTINES T Ae FygIdsUNIUALY
NNANDBNAINNITNANTUIVBITLUY
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c. AnuFuuseadunaneiiuaznissumuvesduaadlndifes

dmduszuumsuegiasmiaian (Time modulation) waaslifuindanudululed
wwrhmsdedeyadoanuiiigdlussdundndosmnnedarotuniidnitadslégnussiduludau
yosdnuvosldenluszuunsdeasuuuaduinguuuduiadinldsuuiiinnnitsyuy
Ml wazilownefivuuiinvivesdyaaddiniedwilildsunannadunaieides 1eunn
gesruuiuuudaidinhadwhldAanuuandimienaiegiann faflosandriunis
dﬁq;q;mwulmiaLﬁaﬁw‘iﬂﬁé’@mmwuLLaUﬂ"m?J'Qﬁﬁmiua@Lammmmﬁ?uﬁmfm
éhumwiamiLLWi’ﬂizmamam?{wmﬂ%ﬁﬁqmm LAZNITIUNIUNIDUNINADAAINF Y YI0U
anudlndiassld

d. flanuazidegddulawuiatdmiunisiuuaiunisiaznisussendldlussuy
Anna (Tracking)
fewadnsisnuazmdamunafivatanng wieerananildsntandeindunad
fifanunvesdygradesunny dunuieds izumﬁu%qLLUULL@Uﬂ’”JfN?Nﬁﬂﬂ@JLTJuVLIJ”Lﬁ
flazannsnmuaniemziasdumalfeggndesuiuminndiiszuunifisnuendiin
(Global positioning systern: GPS) WagszuuAduAINELUUBLY BnitadeanandRlunts
unsnsganernuianled Seilrdayaranauniiebs Alnsuegiasmaiatgaihanldenuly
sruusmdszevdu wulunstismdetinuasu fiRnistiesiuemanssa Wwudenunisly

Tuanudisruazlugaamnssunisvinmdes 1Dusu

2.6 @3l

° v - VI = wa < o = = 0 ¥ a 1 1 a

dmsuuniilanaafieUseifnnuduiniusefnauiedagiu dofuavaaiausing q 9
waulavewnaluladuaunedsdmsvussendldiussuunisdoanslians 1iu s1aeuyuen
frnunudumMasRaUna s dumusionduvaiein waziianuazidgaadlulamuig
Jwdu Iae@ FCC lafmunlidyaanlidiwassuunauninegs duuuiiniidameiu

1 =) 1 % A A ca (3 ! =] ] % éJOJ = | A

UINNIMTOWAY 0.2 0T UNAIANINATMTOWIIAY 500 MHZz uena Nl ns3uile
fuvesRIAnInquUsEmAansgosng nauusemeluglsy wasUseimaddu aanngletefy
Weodundngiulunisigadirdygisuounings nwnlgnulilusuniuvsounsnasa
sTUUNMSHaskauLAUdY 9 Tudiugavnevesiemiuuning1ifeu1nsguredssuuway
n11983 Feuvssonilu 2 wnsgusieiudal 11nsgu IEEE 802.15.3a dmsusnsinisas
Toyaiiad uavdInsgIu IEEE 802.15.4a dmsudnsinisdatoyasi
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4.1 nanadn

Tuuniindafdsuvuununisvaassinuasnaaosssuunsieansiiaessozdudeg
waluladuouniedsdmivlasedieliansdiuyana Taglivinnisdrassgduvumsinuy
fluguesnsgu IEEE 802,153 BsgUuuunisnaaesansnsauandlédsudenlaosunsy
U 4.1 Fennssraesnmsfauasnnasstuiinrusiduegiededenisinlutssendlday
waluladununineds

AATIZINIDTUBBUUANENDS (VNA)
AR LA UNASSIY l

& oA 5
(;g‘:_’azn{?:?g_?gu [ wfwumsawlouluaamainlasmsuszons J

a N
ansvosfia ONTIM VIV VDIMS
v
L »l derinuduun

[5tynvnamwsa'ar~huﬁ'wm'sLﬁuuuuuTthunmnamﬁama% J-P[ Midivenau

[ s sdyInEaulDULUUB G0 U ’3ﬂndaaﬁn3{y1m‘iﬂu'l-ﬁm"§aa]

o da
l sURAuduuTEUld

A as . as
[ s FuanduYius H
-P[ QNEG TG TERRn]

a4 e -
"l ANULTIBUEIAUARY ]

Lt sSuanduYius

v s ks B
wuudaaniula

G| as o W ¢
1A70 4T UAWHLYTUE
wuulalensain

JUN 4.1 vdenlaesunsunisnaaedinuaznaaesssuuMsdeansisaessuzdumenalulad
wounIeBsdmsulassteldaeanynna

AusuluuniidunistiausnuusaunISIALazhUULNLN1SNAaad Taalavinn1sinlu
7a4l5nN15asviou LNPaRNANTENUTNLAANNANIZEINADY FaIne1dnustlavinnisuseiiiy
Usgansninangorniauuunsredd msuldlunisneaes dnduargeonianduuuinii

' a Y a A o | P a &
MOUAUBIADALDEULAUNINGEY ADAILA 3.1 GHz D4 10.6 GHz 1ngs18aLtd gnTuUADUNIS
yAaIaILIsaLansbansmalUll
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4.2 suneulun1swIeun1Maaes

4.2.1 \A3R93ATEAIATITIBUUUINADS

Tuinendnusilaliiniesiinseilassiisnuuinnaed Ju HP-8510C ynnaday
wsimesnisnszdanzany (S-parameter test set) $u HP-8514B Lagfduasziaud
(Frequency synthesized sweeper) iq'u HP-83620A Lfﬂuqﬂﬂiﬂiﬁé’ﬂiumsmaaqﬁqu,am‘l,ﬁ
Wiulugui 4.2 Fsazgnenuausinuaeuiumesdiuyana (Personal Computer: PC) ldoxsio
KNTUYB3H0a5WUY GPIB (General purpose interface bus) Imaqﬂmaﬁ%ﬁmﬁ%ﬁ@mauﬁaﬁ
annsansaindaalulasmenimesnazamodn dslunsvaassilazinisnsate
wuvasnesalnenasnfindsionasaiililunisdedygin Tx dwnesnassazldlunisiu
dayeynad Rx Imm?iﬂa'1smaawa%mﬁgqaaa%gﬂGiaéf’mmammmwumwfj wagyinn1sinlu
TniunnudneuiivggniinansinluieszimeTusunsamnneufmesifietwmisiinos
FlgllHlunsinszineldiluuni 5

5UN 4.2 Insediiasznilasaingiuunnees (Vector Network Analyzer)
4.2.2 #1891MALUUNTI8A (Biconical antenna)

a‘“ﬂwmz‘[mqaé’wLLawummamammmmmﬁqgﬂﬁ 4.3 %ﬂﬁﬂﬂ@ﬂﬂﬁﬂLLUUﬂsaa@jLﬂu
apeINATAN L NITUNS NIEEAAULUUTEUR Tnensieduuuvesatseinaldlunis
LLWiﬂizawaﬂﬁuimqdauﬂﬂaﬁmaﬁwmaﬁ’umaﬁu Fednuwaznstoudyainnndunis
Joudygrasdfidrunaiivesansain1AudIunsnszateniueen e ufiAnI Iugﬂ‘ﬁ 4.4
wansAduUsyaviamsasvieundu (Reflection Coefficient: S;) VYBIEIYDINFNTILA Fauans
Tifuindnduysyavsnisazvieunduiimanii -10 dB fiaseunqulutisnud 3.1 GHz i
10.6 GHz war3ufl 4.5 uansissmiversnazivlavesansoInangIee
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SUN 4.3 1ASIA519AZIUINYDIEIYDINANTIWAN G LUNITNAADI IR
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4 6 8 10 12 14
Frequency (GHz)

5U# 4.4 dudsganomsagioundu (S;1) Y8IEUINALUUNTILE
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-
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< 1 1 1 1 1 i 4 !
3 4§ ] 8 7 8 9 10 11
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-5500

) ) ' L 1 1 I
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5 8 7 8 9 10 1
Frequency (GHz)
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4.3 WISIAMNBSN MY lUN1SNAaBY
wdweasnldlunisneasslanandimsiulunised 4.1 Felaldlunismeasided

15199 4.1 WAL esAITIUNISNAADY

w1s3mes A
F29AA 3 GHz 9 11 GHz
Suugea Wi 1601 90
ANUGIVDIANLDINIAATUAN 1.75m
ANUGIVDIANLDINIAATUSY 1.75m
YUAVDIANYDINA #1891NANTILA
N13219818971NA LUIUDU
JLYLUNTEWINAIWBINAR-SU 0.3m., 05m., 1.6 m., 2 m.
NIV UEI8BINA 0, 30, 60 B4F

VW RAAA LA ALLAL
Tx-antenna RXx-antenna
d=0.3m-2m

|

|

|

|

|

!
h::1.75m

|

|

|

|

|

|

Vector Network /
Analyzer

/\

JUN 4.6 wuudnaeansinturiedlsnisasvieuuaznisfndsgunsal



33

JUN 4.7 mMyianeaauinuanaaesssuumsdeansliangssezdumemalulad uaunines

dmsulasmnelsanduunna

TXx-antenna Rx-antenna

5UT 4.8 dnwairn1311981891N 1AL ULLL DR INYNATIUY
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4.4 \w3asdauazaunsalnltlunimaaas

M13197 4.2 tenseunsalilelunismeansin

s18n159Un 0l 31U
W3aTlATElAsIswUUINGeS IRGECY
angoINIATIEATUEeN (Log Periodic Dipole Antennas ) 2§
#188171ANTI8A (Biconical Antennas) 2§
Yrgunsaluuliieu (Calibrate Kit) 1 n
gunsamyuaIEeINTA 1 9
aenada 2 U
ARULALNBS 2 6

4.5 %umauuaﬁ%mﬂumwmam

1. BUvhnsRnfEn s ARLLULS 188N IMaaed TELUUS1a09NSAaE LA
Junisldanserniawuunsigglunisiu-ds amé’qmammﬁﬁgﬂamﬁmmqawhﬁ’uﬁaﬁ
1.75 m wasdlsvegiissmineangennid munnsnesiruslunisaassdadudous 0.2
AT 09 2 LRg

2. ¥nsrewsIfliaesaui 3 GHz fe 11 GHz iielinsoungudsnLdam
11m5571u IEEE 802.15.3a u,azéiu’qaﬁmuﬁ;mmmﬁﬁ 1601 9n

3. hnsUduiisuiaiesiiasigilassiguuuninesnesaduds shgynUuLiey
Fausznauluse ‘open circuit, short circuit kag load

v
a = o

4. -nduinistuiiisuneiavisinui easadu Snhaemdaludedy
A1891N1ALAINITIN

5. vimsTalnestmuaszesnefiegluauiuszeylndvosansania faus 0.2 Lims u
Tuszey aumsseylndvesaneanmALuUNTIBgsEey 1.6 1ins Jsldvihmsmnassfaszey 2
HIH

6. udnimailalulszmanalulusuny Matlab”® wagyimsiinsizs

4.6 &3
Tuunildnamiwuumsianaaeuinwazneasiseuunsaeanslianessovdudig
welulad uauniedsdmiulasstnelfasdnyanalaglinaasdluoslinisasvioulagld
insfnTeilaseswuunnmeslumsnassia dslumisedldinausansoiniailily
fio e MALUUNTIoE Felladuuszansnisasviounduiiasounquemuanudilélunis
VAA0TBIUNT19E 3.1 GHZ 89 10.6 GHz Fenowiinisinazdesinisufuiiisuades
Jipszailasstnowuunnmesdtauinsinantwhnsindauas i iimesnunisned
4.1u819n15TanunsEuILnIslun SRanImNtuneudl 4.5 failananiundnedy 4
wisfimesilaaziduan faddunisanelouvesawoinialusiniainsuditnadidudinly
moufiaeslUnsUsysnanamelusunsuiiedinseiaeUseansnmeely
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unii 5
AATILAULAZNITUSLTUNAYDIF UUILLUULAUN I8

v YV

5.1 na1un

Tusruunuunauniredadmiunisdeansszerdunigluetmsdifnay uas
w3etethuRnends fanusndussredafidesrihnis@ine wariinseiuseansnimves
Paadayeralunisdsiudeyarians TunshmszimnsfiwedifiewdUam n1sdeansls
aesverdulidaua ity iy Tnendnusatudfeldfnuidossuudeaslimessosdy
semaluladuounineds dmiulasegliaedinynna taglauoluuunLNTATIEY 1ng
THasafinngiusiewuuinmaslunmaasin wastufinnavesilsidunisarelewly
9IN1AI19UBTBIF Y I UUUULDUNT 198 S?fﬂNamsﬁﬂwmmaaﬁ%ﬂéfﬁmmng“uLLU‘U’?@
Wy JUuUUNMsiaesnadneasilsitunisaislouvesarsenia aunmusimanliinly
sveglnd wavaunuuidmaniiiihszerlng elduanddluunidumuds wazmaiildann
mstalvhiereinmndinesfidiguuiiugugnsnisdsiiuomia (asnisuszndans
voenTa) wazmedusulaldiasessunuvanduiusaotuuunndssudfioufuszning
AseIfunuUd Ly aiisuld wazndessusuulelensedn Han1sNaaedlTeLaTNaNIT
BasenileidunisanelouresanseInia N13UIYINEGY §9T108I8NTITEHIULUUKAUNI
84 sUndudanaisuld nsgadodeifuuunauningda A1sAniE e sdysy 190
Adulsvansavduiug Ifuandindeniosuelneandonluuniug.

Y
a o U o

5.2 n15USSUNAIUNAYSSYSHY

v

Qe

[y [y

Tunrsusuiiunaidendssyey

(%

LUILNINTUIA19DE19A8NY HIU

N

5.2.1 aunuazsiasndunisatelauvesangaine

HanduaelouresaisoiniAnIusuLazauas dszunalasldieiduaislouves
dosdyrun 1 was lnsauuiliagomaduieidunelouwuulonuinea wuinuay
wlavasilandumgleuvesargomeanandluzui 5.1 uag 5.2 aua1iu lnguansuSeuiiou
(% I =3 V1 1 a [ PN a
i 3 43 A9 0 30 war 60 83A1 WulAIluYIAIUNgEnTIvVe8TLN 60 BIANAANTT
wlsUTIueg1etnaY Aotinnisnseilenvesdyanegwnn wasiionswenefian Jaduwa
Tiailsrdunisansloufiyuuazdemiuddina il dudadu vioerananlanndygiu

ARAURALREUBENUINGAIFUN 5.2 drunyupuaziiaaudsuilamanatey
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Amplitude Gain
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1.8

1.6 H

_— L o =T

—

0 L 1 1 | 1 1 B
3 4 5 6 7 8 9 10 11
Frequency (GHz)

UM 5.1 Aunveailendunislaurasagenianys 0 30 uag 60 8
_BOG T T 1 T 1 T I

N“w«\, -— 0 ]

" Wi o — - 30
1000 B~ U T 60 [

d\h“mﬁ . = =2l
1500 | W) = LS 1
H“"‘" . = o
2000 H“'M«--.v - ¥ ]
8N, : .
"vx.,‘\\ .
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-
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‘l\¥
ﬁ\
-3500 |- 1 1
\

-4000 \ ]
4500 1 1 1 1 1 1 1 ““‘
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Frequency (GHz)

3UN 5.2 wlavesilandunislouvesaiseiniafiyy 0 30 wag 60 aden
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5.2.2  n13Us¥Anga (Group Delay)

913U 5.3 uansfisnsusgiangy i Airmnadl 0 09 30 89An Uaz 60 83 T84
arwe1maiiuiu lnefiania 0 eamn 1ian15UsEAINgw Yosun ieaunainiaiy
Wasuwlammamiatios Tuvazidedfufianisil 30 osen vosaeenAmafiuiy vinis
viuaonadanaléin waduiinsdsuwlandnies dwalinisuszinguiinisuan
N3218NTU uazTianed 60 osan FudnaUdsuuUaswnanangedu eswnain
angonadaralseInIATuegludnvuzaeiy demaliualifinnududaduwaznis
Usglanguiinisnszdanszanedivasmnud 9.5 GHz fis 10.8 GHz

x 107

Group delay (degree/Hz)

-0.6 2
— 0 pointing angle E
-0.8{ - — 30 pointing angle =
""" 60 pointing angle :
4 y y y 1 1 1 1 i
3 4 ) G 7 8 3 10 11

Frequency (GHz)

JUT 5.3 n1sUsylanduuesilsidunisangleuaigeiniafiyy 0 30 waz 60 oee
nsflansaniadanas Suiduaeoiniawuunsies

523  sUaAudyyansuld

mﬂgﬂﬁ 5.4 LLaﬂqgﬂﬂﬁuﬁﬁgmwmﬁ%uié’ﬁuu 0 30 waz 60 94A1 WIBUWIBUAUNTE
ganerine Fadudanafidslidiuedossuanduig %Lﬁu'j']ﬁ'agm 0 83AHLONNEIAF
niwmdug dupifiueundgamanegiuy 60 8 dyaraiisuldnnnsdiiuinns
Anilen wariinnisusziaaa shlfernsenmsinssiuariinnsan dafudeddinieciu
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30
60 !
Free Space

Amplitude

X -
5.3 5.4 55 5.6 5.7 5.8 5.9
Time (ns)
sUN 5.4 sUpdu Tuanadisuldainaigennie

524  sUaAuERIMEHATHUIATa S UAMAUNLS
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Tonsenidudyaiauivuy dyyrafsulddeiunisssusuvanduiuslunsdld
é’zgzywm%’mﬁué’qmpmmLLUULLaméﬁ’agUﬁ 5.5 I@aiugﬂﬁié’uamNaﬁjamamwaﬁmaa
Fayayraudiya 030 60 891 wAzNIAINTALUA (Free space) azLiiudndina 0 oamn e
LoNWAALNAY 5.5 mV Teiluoundanganinymdun drudygianiuldideniuaiosiu
LL‘UUawﬁmﬁuﬁuﬂiﬁ%’é’@@ﬂdﬁnmaﬂﬂLﬁué’agapmumwmeﬁqgﬂﬁ" 5.6 Wievndyao
A3uledianATian seiudnisn 0 e faueundgageninyudus (wuiu
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5.2.5 dR3INTVEILVBINTTHINIUA YU I

naanmsinlunsalfiianismsasinuesaieiniaUunsias 5 osmn auds 360
e Tngldansanmansisdieiuuards Fsmasgnuiadninvensdeitasulsudeuly
AufiFnaNTasEuln gL mMana N AN SANILLUUT AN IR SIS TITAMAG 0 B9
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5UT 5.7 nan1siUSeuieusnsInsvegvesnsasEudy g iauuuiauninegs
NNuaNIeaesin uage1nALUUNILA-A18INALUUNTILR

5.2.6 vuianazanensun1sanelauvasdIgaInIANnsLesing 0.5 1 1.5 wag
2 1A
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cases of constant gain and constant aperture antennas are calculated for estimating UWB free space
link budget.

In this paper, the interference evaluation scheme for UWB-IR is proposed. This scheme is
based on Friis’ transmission formula, adapted to UWB. The experimental transmission loss of
propagation channel for UWB-IR systems is evaluated. The transmission and the receiver template
waveforms are the keys for the extension of the Friis’ formula. Experimental path loss are
investigated for biconical antenna.

F9-5 Antenna Performance Evaluation of Ultra Wideband Applications for Big Data
Transmission

Pokrath Premsombut  King Mongkut's Institute of Technology Ladkrabang, Thailand
Sathaporn Promwong King Mongkut's Institute of Technology Ladkrabang, Thailand

An ultra wideband (UWB) impulse radio system can be extremely distorted through a
channel even for free-space transmission because of antenna dispersion. This highly degrades the
link budget performance. Therefore, the understand of antenna characteristics, which effects on
waveform distortion, is necessary. This paper studies the waveform distortion due to antenna on
free space transmission in UWB system for big data transmission. The link budget is usually
evaluated by using the Friis’ transmission formula. However, it is not directly applicable to the UWB
transmission system. The link budget evaluation formula attended from conventional Friis’
transmission formula that takes into account the transmitted waveform, its distortion due to the
antennas, the channel and the correlation receiver is proposed. This model is based on the Friis’
transmission formula, adapted to the UWB transmission system, in the sense that we derive the
equivalent frequency transfer function of UWB-IR system [1]-[2]. Since the antennas are significant
pulse-shaping filters in UBW system, the broadband antennas are experimentally examined,
especially focused on the effect of the received signal and the isotropic template waveforms. This
scheme provides some useful physical insights and optimized design procedure with clear and
accessible description of the UWB-IR link budget comprised of practical antennas. Furthermore,
there distortion quantities can be used as reference for performance evaluation of UWB antennas.
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Abstract—TFriis’ transmission formula in complex form to treat
the UWB signals to take into account the waveform distortion
due to the frequency characteristics of the antennas [1], [2]. It is
noted that Friis’ transmission formula is applicable only in the
far field region. In personal area network (PAN) environments,
however, the distance may not satisfy the far field condition. In
this paper, we discusses the experimental evaluation of the antenna
performance in UWB-IR properties in Fresnel region for big data
transmission.

Index Terms—UWB, UWB antennas, inpulse radio, Friis’ trans-
mission formula, PAN

I. INTRODUCTION

The ultra wideband impulse radio (UWB-IR) transmission
systems have attracted a great deal of attention because of its
potentiality for application to short-range, high-speed mobile
communications, low-power transmission, and so on. In order
to minimize the interference with existent systems, the UWB is
expected to be used mainly in wireless personal area networks
(WPANSs) and home networks [3], [4].

In UWB communication systems, the antennas are signif-
icantly pulse-shaping filters. Any distortion of the signal in
the frequency domain causes the distortion of the transmitting
pulse shape. Consequently this will increase the complexity of
the detection mechanism at the receiver. Moreover, low cost,
geometrically small and still efficient structures are required for
typical wireless applications. Therefore the antenna design for
UWRB signal radiation is one of the main challenges [5], [6].

Even if the channel is in line of sight (LOS), Friis’ transmis-
sion formula cannot be directly applied to the UWB radio as the
bandwidth of the pulse is extremely wide. Furthermore, simple
comparison between waveforms of transmitter and receiver is
not significant because of the distortion of the waveform caused
by the frequency response of the antenna.

In this paper, the experimental results of the transmission
properties in Fresnel region of UWB propagation channel. This
scheme is based on the Friis’ transmission formula, adapted for
UWRB, in the sense that we would like to derive the equivalent
antenna gain for UWB systems. The transmission waveform
and the matched filter reception are keys for the extension of the
Friis’ formula to UWB. An experiment is carried out using the
biconical antenna for UWB operation in the anechoic chamber.

II. FREE SPACE TRANSMISSION ANALYSIS FOR UWB-IR

The Friis’ transmission formula [7] has been widely used to
evaluate the link budget for the narrowband LOS channels. The

UWRB Tx-antenna UWB Rx-antenna

d //v’z 4@4 L’ Tl

T f dt Output
[

Received/Isotropic
template

input
waveform

Fig. 1. Block diagram of transmission system model for UWB-IR signal.

Friis’ transmission gain Gyiis(f) is defined as

B(f)
R(f)’
Gf(fa d)Gr(fv Qr)Gt(fa Qt)np(f)a

where Pi(f) and P:(f) respectively are the input power to
the transmitter (Tx) antenna and the output power from the
receiver (Rx) antenna, Gy(f,€2,) and G.(f,;), respectively
and Grq(f) is the free space propagation gain and 7, (f) is
the polarization matching efficiency. The free space propagation
gain can be written as

>2

where XA = ¢/ f is the wavelength, ¢ is the velocity of light, f
is the operating frequency and d is the separation between Tx
and Rx antennas.

It is noted, however, that Eq. (1) is satisfied only at some
frequency, and is not directly applicable to UWB-IR systems.
The formula shall be extended to take into account the trans-
mitted waveform, its distortion due to the antennas, the channel
and the correlation receiver [1], [8].

Free space channel response including the antennas is ob-
tained by using the extension of Friis’ transmission formula
as

Girriis (f) )

A

Trd 2

Gi(f,d) = (

HC(f) = Hf(fa d)Hr(fa Qr) 'Ht(fv Qt)a (3)
where the free space transfer function He(f,d) can be written
as

A
Hi(f,d) = - exp(=jkd), @

k = 27w/ is the propagation constant and effective gain of Tx
and Rx antennas apply H,(f,€,) (a = r or t) is a complex
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transfer function vector of the antenna relative to the isotropic
antenna towards the Q, = (6,, @,) direction, i.e.

JICTEE 2014
Ha (f: Qa) = Ha (f: aaa (pa)

= éaHaH(f; (9,1,(,0@) + %Hw(f, Oaa‘;@a):

Gr.a(f) is the free space propagation gain and which has the
relation as

)

27 7r

i [ ] g P sinbdbde =ns

m™Jo Jo
where 7, is the antenna efficiency, so that the value is normal-
ized by that for isotropic antenna. Unit vectors 8,, @, express
the polarization and are defined with respect to the local polar
coordinates of the antennas. The following relations can be
easily derived as

~

0r = él;
‘ﬁr = _cﬁt'

(7
®)

The spectral density of the receiver input Vi(f) is given by

Vi(f) = H(F)ViS), )

where V{(f) is the spectral density of the transmitted waveform.

A. Received Signal Correlation Receiver

Let us consider a correlation receiver shown in Fig. 1.
The output SNR is dependent on the choice of the template
waveform. The correlator output v,(7) is therefore expressed
as

vo(r) = /Oc w(O)halt = 7)dt, (10)

—0o0

where v, (¢) is the receiver input waveform which is the inverse
Fourier transform of Eq. (9), hy(¢) is the template waveform
and 7 corresponds to the timing of the template waveform. The
optimum timing 7, is chosen as

To = arg max v, (7). (11)
Hereafter hy(t) is normalized as
oo «

| @<z, (12)

where B is the signal bandwidth, so that the output noise power

is a constant as NoB, where 70 is the power spectral density

of AWGN.
Under the constraint of Eq. (12), hym(t) maximizes v, (7o)
when hym(t) is a time-reversed and scaled version of v(t), i.e.

_ V2B, (1, — t)

NGO

where 7, is usually chosen so that hyn(t) = 0 for t < 0
to satisfy the causality. hym(t) is called the received signal
template waveform hereafter. It is noted that the link budget
evaluation is identical to that in [1] when hym(t) is used as the
receiver template.

P (t) (13)

-

Fi

—

g. 2. Geometry and dimensions of the biconical antenna.
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Fig. 3. The UWB transmitted signal waveform.

III. EXPERIMENT SYSTEM

The VNA was operated in the response measurement mode,
where Port-1 was the transmitter port (Tx) and Port-2 was
the receiver port (Rx), respectively. Biconical antennas with
the maximum diameter of 65.3 mm and the length of 37 mm
are used both as the standard antennas and as AUT [2]. The
measurement was done in the anechoic chamber. Both Tx and
Rx antennas were fixed at the height of 1.75 m and separated
at a distance of 4 m.

A. UWB Antennas

The geometry and dimensions of the antenna and its charac-
teristics are in Ref. [2]. From Fig. 2 the largest dimension of
each Tx and Rx antennas are the inclined height D; = D, =
75 mm. The largest dimension of the antenna considering the
field regions are D = D; + D, = 150 mm. For the whole
UWB frequency spectrum, the inner boundary distance of the
Fresnel region is 0.21 m while the outer boundary distance is
0.47 m. The inner boundary distance of the far field region for
the whole UWB frequency spectrum is 1.59 m. Then, 0.5 m TR
separation distances are chosen for the Fresnel region, while
2.0 m TR separation distances are chosen for the far field
region. The practical maximum measured distance, 4 m, is
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Fig. 4. The measured transfer function at 0.5 m distances: magnitude.
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Fig. 5. The measured transfer function at 0.5 m distances: phase.

chosen as reference distance to estimate the accuracy of the
antenna transfer function. The Tx and Rx antennas are assumed
to be identical.

B. UWB Transmitted Signal Waveform

The effect of the waveform distortion is more obvious when
the bandwidth is wider. We considered the impulse radio signal
that fully covers the FCC band, i.e., 3.1 ~ 10.6 GHz is used
to test the distortion of the received UWB waveform. This
waveform is expressed by

(14)

o

where fnin, = 3.1 GHz is the minimum frequency, fyax =
10.6 GHz is the maxmimum frequency,fy, = fimax — fmin and
sinc(z) = sin(wz)/(wz). This signal waveform in time domain
shown in Fig. 3.

Ut(t) [fmaxSinC(2fmaxt) - flniHSinC(2fmint)];

Magnitude (dB)
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Fig. 6. The measured transfer function at 2 m distances : magnitude.
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Fig. 7. The measured transfer function at 2 m distances: phase.

IV. EXPERIMENT RESULTS

The transfer function of Tx and Rx antennas are estimated
by using the channel transfer function at 4 m, assuming that
these antennas are with identical transfer function. Figures 4,5
and 6,7 show the magnitude and the phase of the transfer
functions measured at 0.5 and 2.0 m distances. In Figs. 4
and 5, the measured values are compared with the predicted
and complex form Friis’ transmission formula. Both results are
almost identical in the far field region, but the differences of
magnitude are observed in the Fresnel region. We can clearly
see that in the Fresnel region, the measured magnitude results
are greater than the predicted magnitude results. This is due to
the radial field in the Fresnel region. In the far field region, the
radial field can be negligible.

Figures 8 and 9 compares the transmission of the received
UWB waveform presented in Fig. 3, by using the measured
transfer functions and those predicted by using the complex
form Friis’ transmission formula and the antenna transfer
function. We can see a little difference between the measured
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Fig. 8. The received signal waveforms at 0.5 m distances.
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Fig. 9. The received signal waveforms at 2.0 m distances.

and the predicted waveforms in the Fresnel region. In the far
field region on the other hand, the received waveforms are
almost the same. Figure 10 shows the path loss between two
received UWB waveforms corresponding to the measured and
the predicted transfer function at a distance of 0.5 m and 2 m.
The path gain is more obvious in the Fresnel region. Figure 11
shows the correlation between two waveforms corresponding to
the measured and the predicted transfer functions. It has higher
distortion in the Fresnel region. While in the far field region,
the distortion is very small.

V. CONCLUSION

In this paper we discusses the antenna performance in
complex form Friis’ transmission formula in Fresnel region has
been experimentally studied to consider the UWB-IR free space
channel model. The error of the path loss is observed in the
Fresnel region caused by the radial field. More comprehensive
studies are necessary to consider the type of antennas and to
find how to compensate the error. This approch is more useful
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Fig. 10. Path loss of the received UWB-IR.
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Fig. 11. The correlation coeffi cient of the received UWB-IR.

for design and evaluation of UWB-IR systems.
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