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ABSTRACT

This thesis is studies the phase distortion due to antenna on free space
transmission in UWB-IR system. We develop the free space link budget evaluation
scheme in the term of frequency transfer function for UWB-IR system that takes into
account the transmitted waveform, its distortion due to the antennas, the channel
and the correlation receiver. Root raised cosine passband waveform is used as the
UWB-IR transmitted waveform. Experimental investigations are done for different
types of the antennas. The distortion quantities in the terms of phase are defined
and shown. This scheme provides some useful physical insights and optimized design
procedure with clear and accessible description of the UWB-IR link budget comprised
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IgRarsarldiadossunuvanduius dwnsin lavnimeassiseluiesiénmsasiou uan
FmsTauaztuiinnaseniofinszflaseiswuunnmed uazldldaseiniawauninsaes
gialumsUsedfiunanisia antuthnadildainnisiaunusviliunaruitowdana way

ans1ven8lunsaIuLaUN I8 lne UL DI URUUANEUNUS
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mﬂu,mﬁmLLavué’ﬂmﬁﬁiﬁﬁ'}Lauﬂu%mmﬁwuéaﬁ’uﬁ anunsoasuidutunounisfin
Limfmﬂ'ﬁﬁﬂmmwgua Maﬂmﬁﬂﬁvmumammwmstjusumw\la amwmwmamﬁaqmu
ﬂjaqammmuuwumuammsaqmumaqma LaziATesf UL UanNRLS 91ndundiats
Funounsmnasdide Iuaawuaqmi’;mﬁwuumﬁmEJIauﬁuaqazgzngma’mﬂianLﬂmm
TasseuuunnmesuazaseIniauaunie gunsaiflinaaside wazsuuuuisnisialae
favdnmunuunsuiioenuuuld Tilmnzaunazanunsnysegndlaaie

Fnninusaduilduvaieniiu 6 un fe Tuund 1 namfsrmudunivesnuide
AsslsmneLay IngUsvasd auufigiu nuifild veulnveanisife wagtunounsinw
Mnduundl 2 nandaneluladnisdeaswauniieds UssneuseusyTawavauduun
dnwauzlaevhluvesszuunauniige gaiuvsssruulauniieds sukuuvesdyyauildly
n3ds undl 3 agndnfguiuasvdnnssefiunavesmaaisudanla Sasveiens
deiuresdyauauniids uni 4 naNINeUKUUNITIIREY MTIA NISETENNTIN Uag
myiadyyramauningds Useneuseg sUadunsdmnunibs ansenalinaaeu uay
Avnsiwasing qudnirailianmssaluinisiinsedt wagnsuseiiunanisnaaeside
wandliluund 5 uagunil 6 ldasunansnaaeideuasdeiausiuy



unil 2
wAlulagdaga1n1ALazLaUNI1984

2.1 uni
ﬂ']iﬁ@ﬁ'ﬁLLU‘ULLﬂ‘Uﬂ'J'NEN LU‘N?”‘U‘Uﬁ mamammﬁcﬂuaﬂwm“L‘Uu‘waaau ""] fl

o

Franavemaduauinuagldidsnulunsdedyaasiaie fjﬁ]quuumﬂﬂammumwm
Isunnuaulaognaunsvats annsniludssgndldnusmiunsieansliaeiiiesesiu
mnudesnsvesilien waluladuounhedadumeluladifanuazideamalammnaigs
Faduanngrilinaluladifionufissmsaemnnuiu feauasuidesnanuuudiag
yosszuuLaUn Bt sn Sniedilanauiiluntmzanzaisdsianneléd enfeehs
e Iiegnafiuszansnm Jsaznaniduidednly dyaimvessuuuaunineds 3
WUUAIANILINNTINTBLAY 500 MHZ #3alluuamInigaAyaIuiInnIusowinnu 0.2 910
qmmsmmmmQmaqsﬁaqé’@mmmmﬁ Shannon ana1ald wanslimsiuin ssuuiauning
?Jﬂ dlenuusiinsinsazvilitimauguestesdnynnamin Mlvddoyalsluyimadiunn
o amﬁimaﬁm’ﬂ%mﬂmmmumﬂmaﬂ,ﬂma fmﬂ‘vﬂmﬂa’]ammmumiaaamﬁmmmaq
SPUURAUNT19D uua]vmmimammmmuﬁnaqammzummmiuawmmL‘Uuauwaa 1ng
Lifimstendygadeyalunaganiudygiomis avtumedievesszuuisdusidudes
Tfines wilvad1sszuuldig Somneauin aansaadessuuinaadiazaaiulig
519190 Funush delisuiiisufussuunisdeaisuuuanduildnauauiing (Radio
Frequency : RF)

UsgiRvoamaluladuouniebs  Idgmiradldousaud 100 8 fswan Tos .
Marconi Tgvin1sneaesdsuuldanasywirane lste of Wight lUfanng Comwall (tngsha
aaaL“fJummﬂﬁﬂmg’qag}wﬁmmmmmzmﬂé’qﬂqw) ToeldiaSosds spark- gap [3]-[5]

sonmaluladingldgniaun WeliuinstussuuTnsdwigslunoududdldssuy
wourden aunspiislafinisfaunlidussuuiineanazgnldau fusgraunsnarslunal
maw Tuyesendnat AA. 1960 f4 1990 a3AnINMITveIUsEmAansgowsni launszuunay
%1989 anldeudmiussuunaiseasani dentludrdadfngy 1998 AnenssNIEN1INg
ﬁammmﬂw%’gmﬁm (Federal Communications Commission: FCC) Lémﬁﬂﬁsﬁmﬂizsqu
wazireteimuadmiumaluladuauniieds  Juadausn aunseidunandenn wou
nuaius U eue. 2002 FCC ldasufnazihiawesenuegiudumnisdmsudeimvuauay
fodrinvesnaluladuounineds InsoydAlildluamdudfunisldeuvesgunsal
Budnnsedndsiusuuusaunnudildivunly wagdosfimuvuiuiuidadeanasuiids
A1 [6]

desnsyuuuauniieds dauuutiaumudiiuuuiindnine fadu FCC 3
SmuanIu i esanasui i udseaudlunisd sduauvesssuuLaun 9B
T3iAu -41.3 dBr/MHz wiedestulalviszuuuauniieds TUunsnaeafussuuwauuaudy
feanvadsnanaziuisyfuaamuLivaUnn3usnuvessuuwouneda egin



o

ANSEAUFUNIUSUNIU (Part 15 limit) Aetumaluladwaunineds Fsaunsaldaulanu

A7}
'

A a

wealulagaduingdulagaziinmswnsnasntoy

2.2 fignuvasszuUnsaeaswaun 98

InFiaAues FCC Wimvualiin msdeihudgaialussuusauniieds e
fynadla 9 Afwuudiniidaavdruannnimiewiiu 0.2 wieduuudiaiuinnimie
Wiy 500 MHz wanslansannis 2.1

B, >0.2, 30
B, >500 MHz (2.1)

Fawvumanifsawdiuladeull feo dnsdiuresuuunIavdygIuneaNdnale [7]

f=BW= (g T (2.2)
177/ | (R g2
UWB versus other radio
communications systems
107 2G mobile phones
10" -

3G mobile phones,

Power (W/MH2)

. :
10k 100k 1M 10M 100M 1G  10G
Frequency bandwidth (Hz)

JUN 2.1 N15IUSUTBULULAIATBAYAINYRITEUUNTAOAN TLAULAULAE SEUUNTTH0ENS

waunIned [8]

Taodl f, uaz f Ao anudguanilidwasmnudmanildds Wedaseiuanwnin
AMNAUILUUNIALTIAUARTU (PSD masks) Part 15 limit 8311 10 dB guadu BW fe
wuuiavivesdyanm war . Ao Anudinans

903Ut 2.1 dlevnsiFeudfisussuunisdeasisaesssuy  asfiudiszuums
doansuuusaiy (wauwav) sxiluuuiiaiduavdiutiesniissuunisaeansuauninda
ENFIDE1TU NEVEITZUY UMTS (Universal Mobile Telephone Systern) fiianuuneas
LoUANNAUSEINAL 2 GHz wariiuuudinsissana 5 MHz sinaziSeonssuuiinuuusning



LADIINLSIAAITUINAUNITA 2.2 ATLUUAIANETUAYAIUNAIUIUDDNU1L ALV
0.0025 F9flANUaeNIN 0.2 VBITTUUNNSARAITHAUNINNES (NBU 80 1¥1N)

A UMTS: Universal Mobile Telephone System
UMTS 3GGP: The 3™ Generation Partnership Project
WLAN: Wireless Local Area Network
3GGP UWB: Ultra Wideband
©
=
S > WLAN
%E IEEE 802.11a
=
- D
=2
g (m]
a -
|
-41.3 dBm/MHz d / Part 15 limit
1
2 34 5 10.6 Frequency

(GHz)

SUN 2.2 MsSeuiigusEiuANUMMINMARTIaUNATuURITsUUNSaRAN TUAUN19E
UaZ TEUUNITADAITUAULAUDU 9

2.3 Hafmunvasszuunisiossuaunings
Avdrdnyenamisiilignimuatulussuunisdeansuaunids  duifenisdnass
mudlunnslday dlednguvinnuluanizeidnildnergruinisneansunisifnves
Formualunsldautsanuiveanalulaguouniieds anngleteduduues FCC lng
nauvimldnesduasnafumsnslaglddadn Ultra-Wideband Working Group (UWBWG)
Wievhnmsisamdennassuiu - FeC Wudgituduluglsuildfinsmidennasnisdnass
duAIALAEMIUNsNAvesALingTslutagtudsliimstmunuauesidmiuns
Tduluszuvnounieds  lugandusmuauinsgrunsnseuuiauisanninglsy
(European Telecommunications - Standards Institute: ETSI) 38 @niusinsauuiay

e I19UsEwA (International Telecommmunication Union: 1TU)

2.3.1 fafmunvasszuunnuniedsluanigeiasni

U ae. 1998 FCC ldeanUseniafieniunisnsiadeu (Notice of Inquiry: NOI)
L‘ﬁ@\‘iﬁﬂﬂL‘VI@I‘LJI@@LLQ“Uﬂ%ﬁﬂ?j\iﬁﬂ’lﬂmiﬂﬁ@@ﬁuﬁﬁy}ﬁy’]mi%uuﬁﬁ@é@uLLﬂSiS‘U‘Uﬂ’J’W?A
Uaendelufanisnistunasiianddunisduainferfuindesddussuuuauniegs  dae
wuiy Tuuil 14 quanius 3 a.a. 2002 FCC Tdoonngdmiussuuuaunineds dadums
fvuareuIIATeINTUNINTEIeMAsuatufindadmiuszuuuaunineds wazdsounn
T umaluladildludnuazmanisidnde lnesssnuaigauesdussmaazszidounns
atuiinilsldmeunssoasisaaulutud 22 Wouwwou U aa. 2002 Fslwenansls



nafanseygyInltulusEuuNsARATLAUNINEY KATNITANUAYBULYANITUNINTEINY
waseudmsunslaluuszinnens ¢ [9] Tngandemt1edulainn1smMuuaAILUUAIALES
wiwdu (B, ) Tviunnnimiawindu 0.20 vesaudnans (f) Weinssauainuiininaiy

RULUUASLTEUnRSY Part 15 limit (-41.3 dBmM/MHz) asu1 10 dB d1nsudedninnig
doasneluenans (Indoor  Limit) wae 20 dB  dmudesifnnisdearsaieueneins
(Outdoor Limit) muaun1sii 2.2 wazdesidnnsuninszatatidenulag FCC leuandlily
g5t 2.1 dduldlunmsdeanstoyaisnslusaznisueneinns [10]

A15199 2.1 VoINNAUNISENINTEANYMaIUlaYg FCC dusunstdanulussuunisaaans

ninglularn1eusneIns

sUN 23 enuvuiwdumdudeadnasumudeninun FCC

AR PSD (dBm/MHz) PSD (dBm/MHz)
(MHz) dmsunisaeasniglu dMsun1sdednsnieuen
21A17 21A19
1o8ni1 960 413 41.3

960-1610 -75.3 -715.3

1610-1990 -53.3 -63.3

1990-3100 -51.3 -61.3

3100-10600 -41.3 -41.3
111177 10600 -51.3 -61.3

'40 1 T T ! T T 1 T T T T !

S0\ . S V(y o M\§ —
60 —
N
T
=
E 70 —
z
o
7]

o

80— —

90 —
— Part 15 noise limit
---- FCC spectral mask for indoor limit

I s FCC spectral mask for outdoor limit
_100 1 1 1 1 I I I I I I I
10° 10’
Frequency (GHz)

LAUNINSBINNEIULANBUBNBIATS

A1%SUSTUUNISERENS
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2.3.2 ngdetisduvasszuunaunineda Tuglsy

Hagtiulaseirsvestermunszuunauniads lunivglsvegluriesedeyams
wadiafiAsafuransenurosssuuuounieds  vussuuAndidlisuey  Taensglsuiy
vnduvestorimunIrsaunsunivesEnsgain wsgneiuglsuduludauves
welulaflnideauandiifiuin dwansznuinntdesvielifuszuuiduiieglnedediians
undnszefdanudmivnsldnuiineluas meusnainsiidmualae ITU wi3e ETS
wamsliiiflupnsnad 2.2 [11]

A5199 2.2 TaMNRUALUNITENINTEANeMaIUlae ETSI  dmsunisidanulunis@eansna
AelukazNIeusnNaIANg

AR PSD (dBm/MHz) PSD (dBm/MHz)
(GH=z) msflumm'i ANYUNDIATT
Hognii 3.1 -51.3+87log ( f /3.1) -61.3+87log ( f /3.1)

3.1-10.6 413 413
11n117 10.6 -51.3+87l0g (10.6/ f) -61.3+87l0g (10.6/ T )

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

PSD (dBm/MHz)
4
[—]
I

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

L1 1
=100 1

10

Frequency (GHz)

JUN 2.4 enuvwiumasndeainasunudeimun ETSI dmsuseuun1sdeansuauning
ganglunavanguenenans



11

Yagtuil ETSI Wimuanisunsnszaneidsunagwininailnaduegisdaan
nndetafuresnsuninszateves PSD Alddnrhiuieygaliszuunisiearsuaunineds
ansalinuldfiamenegluennsviniu Tnedvauauauildnuananiu 6.0 GHz fa 8.5
GHz Fanandlumsnedl 2.3 [12]

A15199 2.3 TarmunualunIsenInsEatemdsunAbuluilag ETSI dnsunisitauluvea
syuunsdeatsnieluenns

AME (GHz) PSD (dBm/MHz)
YounIn 1.6 90
1.6-3.8 -85
3.8-6.0 -70
6.0-8.5 -41.3
8.5-10.6 -65
11nA31 10.6 -85
'40 1 1 1 1 1 1 1 1 1 1 1 |
50— —
__ 60— —
N
I
=
E 70— —
=
[
w0
o
80— —
.90 —
_1["] 1 1 1 1 | 1 1 1 1 1 1 1 1 I
10° 10'
Frequency (GHz)

JUN 2.5 Anumuwiumasgeanasunudenivun ETS Aunllvl dwsussuunisdeans
woundganglueinng
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2.3.3 ngdetieduvasszuunaunirede Tugdu

Formunsedu PSD Ausnszargesnindidvualag MIC iudermundmiussuu
wauntuds  ldlulsemadu Tnedutermuaiiouyelildssuuuauninegds Idnelu
omswihtundieutuiisinuslas £TsI Aldudlaln Inefitsunuauildnuassuo fe
LAUANARRIA 3.4-4.8 GHz wazuauALRgeiaus 7.25-10.25 GHz dawandliluansned
2.4 waznywaUnniuandalduandliluguil 2.4 [13]

A5199 2.4 997 NUASEAU PSD  MLKNSZA1899NUEINSUN15Ad15A18TUIANSIINTUA

AMuuAlae MIC

AuA (GHz) PSD (dBm/MHz)
o8N 1.6 90
1.6-2.7 -85
2.7-3.4 70
3.4-4.8 413
4.8-7.25 70
7.25-10.25 413
111NA31 10.25 -70

'40 1 1 L] 1 L] L] LI ] 1 1 1 | !

50— —]
— 60— —]
N
I
=
E -f0—

T
[m]
[12]
o

80— —]

=90 —]

_100 1 L L L | L L L L 1 1 1 1 |

10’ 10"

Frequency (GHz)

JUN 2.6 anuvwuduidudsanasudmiunsdeasngluenans Adwualag MIC
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Y v @ 14 a = ¥ o/
2.3.4 ndedsAuvasszuunauninets Nldsauiu
JaquulatinissiusiedussninaUsemeaansgaisng nguuseneluglsy wasUssna

a0

Qlu Wnedinmsivuabildderinunsedu PSD uinszateeanunsiuiu lnedalinduluaiy

<

Y o

Yormusues FCC, ETSI wag MIC wionriu Wudorfmuaiioygralildszuuuaunings 16
meluerasyingy fdsouanuildouwdu 7.25-8.5 GHz Taefiauis 7.25 GHz 1Ty
Formunues MIC uazAIwigs 8.5 GHz uderimuswes ETSI dauandlilupissil 2.5
waznswawnasusnsalduandlilusud 2.5 (14]

A5199 2.5U9MNUATEAU PSD  NIkKNSEAN899nUd1nSUNITERa1sAeTua ANt T
AMuuAlae MIC

AA (GH2) PSD (dBm/MH?2)
$o8n31 1.6 -90
1.6-3.8 -85
3.8-7.25 -70
7.25-8.5 -41.3
8.5-10.25 -65
10.25-10.6 -70
11NA3110.6 -85
-40 1 1 1 1 | 1 1 1 1 1 I_I 1 |
50— _|
. =60 — —
N
I
=
E -0 ]
=2
[m]
w
o
80— _|
=90 ]
100 1 ' 1 1 1 1 1 r 1o
10° 10"
Frequency (GHz)

JUN 2.7 anuvuuduidadannasudmiunisdeansanglueans Admuasiuiy
lag FCC, ETSI uag MIC
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24 3»]']ﬁl'ﬁﬁ"lu%a\‘ﬁg‘UUﬂqigaﬂqiLLﬂUﬂ'gjﬂﬂ?j\‘l

LIATFILVBITTUVLAUNTE-IR  Slog 3 11msgIu Ao IEEE  802.15.3a l¥dmiu
Iﬂ'ﬁﬂﬁhaﬁuﬁﬁauqﬂﬂaﬁa’la (Wireless Personal Area Network: WPAN) 5382M19lnadns1
msdetoyage IEEE 802.15.4a 1¥dmiu WPAN  szozvnslnadasdsdoyan uay IEEE
802.15.6 I¥dmsuszuulaseeituiisrsneldans (Wireless Body Area Network: WBAN)

2.4.1 uM33Y IEEE 802.15.3a

WM IEEE 802.15.3a lane1uUiul§a8nsInisdsveuinggy IEEE 802.15.3 v
getulasmsthewealuladuauniiets anld deflgaussasdastiunldiu weaN Tnofiszes
msmsldands 10 m - #dmsinsdadoya 110 Mbps  uazfiszezmslndfeuszaa 2 m
anunsasldnsndstoyaldgaia 480 Mbps [15] usiAstiyndesainlianmsannasiuldinas
Fonldinaluladlvusgndnainisdofmanduuuntsnuinainuatowny (Multi-Band
Orthogonal Frequency Division Multiplexing: MB-OFDM) Funaun31eBedIiunse (Direct
Sequence Ultra Wideband: DS-UWB) @sléumsatiuayuainassuidnitusiing uaglu
Feuunsau T a.e. 2006 wmsgiuildgnenianly

2.4.2 unn33u IEEE 802.15.4a

1NA35 1 IEEE 802.154a Isfinisinemaluladuauniisds susegndlddniu
WPAN Tneusuusdlfissasmamsldnuitlnatuldfsseanas 100 m Tasansnardsdoyaas
fiognisldrumeaunneiiiui ufsfisiaign awnsatuUsggndlifussutlasedie
nsnsadulianey LLamw‘umiméﬁmeﬁ'ﬁmwmﬁmmqa;m ﬂﬂiﬁaﬁmmﬂmﬁﬁugﬁuaguu
wmafiansaaiadnsiauniisveiiaduauainUssualdduduiad Sudufinivesdeouay
N%198-IR [16]

2.4.3 unM331Y IEEE 802.15.6

1195571 [EEE 802.15.6 LfJummsgwuﬁﬁy’vﬁumﬂmﬁm%’uﬁﬂmﬂizqﬂﬁﬂ%ﬁ’u WBAN
Tnefinsldnuddgfionsaaguamsinigvesditag diadelsa sasaauauidolsn WBAN
auusnlngiv Anegiiu vsenglusriamevesuyud lnedinsldnudaoyasynindun
melusnene uarddeyaanitnislussgunsal madszgndliviansdiiunsunmduiofu
Ju 17]
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Mobile phone
= ~ .U @~ 4 Multi-Function
- — Printer
y A * -~

¥ 10m
'

] 110 Mbps '

,

h

O

. - HDVDO camera

480 Mbps
2m o

Laptop computer Projector

JUN 2.8 Aegnsuszendldaugunsalusziandng q dwiuszuunisdeanswauninegs
(18]

9n3U7 2.8 wansdianisuszendldlusguunisdeanswouninegs Fadumaluladniings
losuanuaule warldnuieweuseuazdisleutayaluluiaenn 4 dmsumalulagns
#0415 4G (4 Generation) JUKUUNTNUBISEUUKAUNTINES  Igniiunldany Aegunsal
a a ea o v o & £ Yo £ ' ¢ 1 1
duannsetindivihwihilugUnseilTanguazldagloudeya svning Host wazaunsalsenis
o A o oA s ¢ s 51 05 (A s o & v o
MAgITee WU AdUasA  LWNd  LATEIRNW aunuiues wazdu 9 +Jusu Fedelilusuian
Penimalulagssuunisdeasuaundnegs asdugnnuunmalulagssuunsdeansiuy
Iane TngaruisanieleudeyaluuSuuuin wazsesfudldnulauin Snnsdiaiunsads
v A o & ° o s % Y gy <
ToyaNdnsIAINs 1000 Kbps - dmSuvunduuuliany uazdsloyandnsiainusa 100
Mbps dmsunsargleulnameninusinsd Wuanilvanninvselwansifin Wudu wazds
anu1sainluussendldauiiuAniussvu IineItesivansuiisvelnddefinoaseniig
gunsalddnnseiing ta3aaldlvin wulnsvirufdnea LAesau CD/DVD LATaaY MP3
wazdu 9 Wudu lneaguuad ssuunisdeasuaunings  gnuesindumaluladfiigs
Wwigiulanaziiusgleiegranndmiunsinldldenusiuiussuunsdeans WPAN seuz
du Airaadinsldeuegluliagiu o1y szuunisdeats 802.11 LANs w3e ugys \Jusiu

Tuvauzingaiu nilslumalulagngninundssendldanulagendedelauisuvesssuy
woundeds duffegunsal USB wuulsane vise WUSB (Wireless Universal Serial Bus)
WUSB  lavinsimundumalulaglianswuulndvesgunsal USB wuuasdu aeyiinis
NEUHATUIEINANSINazANUaenSsvsnAlulaguuuiiany WeduwienuazaInLaY
$edenistdaudmivmalulaglians wuse aldnudmiussuukauninegs lagnimun
lng WiMedia n1elduinsgiu IEEE 802.15.3a  HVN91UUUYNMOUAIINA 3.1 GHz -
10.6 GHz
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WUSB 5095udnsn1sdsdaya 480 Mbps nelussegnng 2 was wazaanansilunises
Toyadziuanad wiausyuia 110 Mbps Wasgeyn19vean1satayalnauiniy wage
anunsodedeyaladnilesvegnidlnadu (Wi 10 was) WUSB dudugunsaliiatuayunis
uaentif (Dual-role device) fio awnsavimihilugunsal Client uas Host lag
anunsapuaueustunsaelouteyald enfegrudu ndesRdneaviminmilu Client

v oA Vv a s 5 [J ! 3 v « a s o Y A )
wiensderunsuiiuned nturinisagleulrdnnludunIasiurinvimeiidy Host
s

2.5 "ilﬂLﬂusll'i]\ﬁu‘UUﬂqiﬁaﬁqiLLﬂUﬂ’lq\iaﬁ

dragnanndessuunaunieBamdesiudeduna d (Impulse)  Waduau (Short-pulse)
Feuty wmmlﬂ%l%uu%ama (Non-sinusoidal) &yayrauiivsiaainaduny (Carrier less) oy
19808 (Super Wideband) nsenwaduuuiendusg1asy (Fast Frequency Chirp) uag
faduuuTulu (Mono-pulse) - Faduszuuiisigpauithauladmiumsiluuszondlily
syuudeansend i

o Huszuuitimududeutiosnagiisuyus

aududeutiesuaziiduyuiiivesssuuiaun i uinduaniladenisdnuus
Lakuug (Baseband) GUENmimé’iyfmm%ﬂajmﬁauﬁ’mzwmimé’zyzgmiwqLLUUE‘“}qu
Tnefindasdarimsadedyanaiadlulauunaarifieruniwesdyaiaiesuine
Fsansafiazunsnszansadusenlulngysmanmsfiunedingvieadunsisaudily
LLaﬂudammmiiamé’zgﬁyﬂm%wqﬁ?mzLfJumi'ﬁ’]Lmé’zyzgmwaquﬁmmsé’hlﬂﬁ’m?iquﬁ
edhedynpailudunummudifandnvalunmsuninszasadunudomnsdsdyyiuas
gnuninszaeldflnglifesandonisudasuiligatu (Up-conversion) uagnisiiiuids
1‘12’1@@%14 (Amplification) Taglunisutasninufias (Down-conversion) - wagdnanA213d
(Local Oscillator) 3slisnduluadessunvunaunindeieduiuilianaududeunes
seuuuazauulunsnanasluiin

o szruvesdyralndiAssiudyausuniu (Noise)

desainmnumuiutiuvesdssuiuazdnvaziemzlunsguiiien (Pseudo-random)
vesdynaawild e aukaun B diidnuaradefudyaasuniy Suilins
mi’m%ﬂﬁ@,ﬁmmﬁﬁléf&’]ﬂLLaSgﬂﬂiﬂﬂgimaﬂﬁ']ﬁ‘Vl1\‘1ﬂﬂﬁﬁ&’jﬂmiﬁi\iﬁﬂgmﬁmLLUULLﬂUﬂ’gN?JI\‘i
ﬁ?ulajﬁaiﬁlﬁmmamumiﬂaammﬁmmmﬁﬁGiaiswﬂ?ﬂ'umm?i‘iwqﬁu6] \osndnyayios
yessruukaUn s tu fmsunsnssaeiidanulussiuiussnnaseduresdyynssuy

(%
a

My (Noise floor) Fwhliiszuudunesidyyauauniiebs 4 fAe dyarasuniuasgn
NN9R9DNAINNITNINTANVDITEUU
o famudunusendunansituaznissuniuesdyaalndifies
lusguumsuegianniaal (Time Modulation) wandbidtuindmnudululdfiasi
midﬁmﬂaé’wmmL%agﬂuizﬁwé’ﬂ%sL:l,mﬂzﬁmia%mﬁﬁﬂﬁgﬁﬂé’gﬂﬂimﬁﬂumwm
Fruuvesildalussuumsdeansuuuaduinguuuduiadinldswaufiinnnirssuuinly
waziflaanefuuudinvivesdyaadiiiniied v lildsunaanadunaieidediaunn e
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syuuiluuusInsiindsturildiinenuuanamienEed s daslesaudnfunisas
éiliyJiyﬂmLLU‘Uhiﬁ@Lﬁ@ﬂ%ﬂﬁﬂﬁﬁ@ﬁy’]meULLﬂUﬂ}]]NEQJI\‘Iﬁﬁﬂ’]iiJE]QLaG]WNL’Ja’]ﬁ?uﬁﬂ’ﬂm
FUMUADNTLNINTEANEVDIAALMANEATTITULSY LAYATTUMUMSDUNINABRI N R
audlng Al

o iauaziBungilulamunadniunisivuadiurtsasnsussenaldlussuy
fnn (Tracking)
MgNadnilanwaenalamuafiuauung nisaranaialasntenileinduia

saa
A9l
Aunesdyaatosnine dunineds ssuueawinguuukauniedadiaudululdiag

a1unsamuRuImIrLarAIMailaegegnaeiugInnIsEuuALiBnueniing
(Global positioning system: GPS) wagszuUARUINgUUUAUY BnviafeanauTaluns
unsnszerutanldd Suhlrdygrauauniteds diimsuegranmaiaigniraildanly
szuusndszerdu wulunstiemdeTinuarUfoRnstestuetvanssy wudeatunisld

Turudsrasarlugpanunssunisiumiious 1usu
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2.6 &3

TuunilldndndsusziRnmudumfudefniuiedagtu dofuazgausng q 7
thanlaveawaluladununirsdedmsuussendldiuszuunisdeanslians wu s1andusue
frnuvuuidadsanndui dumusienduvanein uazdimuazBengdulawunan
Hugiu Taedl FCC W mualidyqinilddawesssuuuaunieda fuvudiaiidaavdiu
wnniwierihitu 0.2 viefuuudariinnnimiewiidy 500 MHz uenainidsd msdauile
furensdnsngulssmaanizewini nauuszmaluglsy uazUsemadiu eanngiedafy
derdumdngiulumsfigadidyyianouniids Ahaldeulilusuniuvdeunsnaen
szuumsAeasunuuaudu 9 ludaaieveademluunindnianasguvesssuuuay
b Fauvssenidu 3 inesgrudetudsl 1nsgiu IEEE 802.15.3a dmsusnsinisds
fouatigs 11msgu IEEE 802.15.4a dwsudnsinisdadoyadion wazanmsgiu IEEE 802.15.6
dm3usTuU WBAN
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N13ATISNYD I YYIUNITAINIUIZTUURAUNT9E S

3.1 Unu

szuumsdsiusaunieds  Iesuavauladuegiiun wmsigiauisasily
Uszgndldfumsteanssvezdu Sonmnisfudsteyaiias uasilunsdoansuuylianedd
fdsdesi lunsanmisunsnaeafitindulusruunaundneds  dannuaianuneinunldsy
annewInasuneluaiasidunan

TusguuluulaulAy ﬁ’]ﬂ’l’iL%@iJIElﬂ‘U@ﬂﬂ’ﬁQiyL?lEJmiLLW'ﬁlﬂﬁzﬁ]’]F;liumﬂ”lﬂ’i’mﬂﬂagﬂ
Uszidlualaggnsnsasinuvesa [19] uisliannsaiazihunldlilaenseiussuuns
dsrinuuauniieda dadifinisuansieilsdduresainud Beldndidusuadueiaiinaiiu
ﬂ@Lﬂﬁﬂmﬁawﬁﬂﬂmamﬁ’am’mﬁmmawmmﬂ 20211 Bafunsdlfieuiislidnsinisvene
AsTinazezmesisasa wildfimsnanis fewdinfinasuuzdiiofunisld mueves
anorn At iumslauna

3.2 WUUIABINITAIHIUTEUULAUNINNE
gnanisdsiuveasalagnihunldedandnewing wagauisadssgndldlunig
mudmsutosdygralussauasni asadeaey

P(f)
GFriis(f): Pt(f)

=G, (f,d)G,(f, )G, (f. & )n,(f) (3.1)

glo f iummadildnn d Jusvezmasswinaieoinia Txuas Rx P.(T) uay P.(f)
JumdsBunadnludsaneeinia Tx  wasfdue16nnesnaing1eenie R A1uasy
G/(f,Q,) uaz G(f,Q,) \HushsvensUszaninarasantenna Tx was Rx Ay
G, (f,d) JudnsrvenenisunsnszaIeeIniAing uay np(f) WulseBnsnmnisuund

Tnanlsd dasinsunsnszatgeinieingansnsasulaiu

2
G, (f,d)= (ﬁj (3.2)

e ¢ Wuanusias
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dmsuszuvuauniieds madenleseamainsgnyililugaslumenvesilaiduay
lauAudnnansugUaduds AUeullinaIna1ee1n e Yo Idny 1 uaziAIeesy
andasius lefduaelousimeing H,(f,d) aansadeulddy

H,(f,d) =S gzl (3.3)
4dlf

lafduseleutesdyanmeiniaing H,(f) fldsmaesamadiluldannsldnms

VIUFRTNTANINVDINT AT
He(f)=Hi(f,d)H,(f.2,)-H,(f,Q) 3.4

dio H,(F,Q,) (a=t wler) Wunnmesieiduisloudedouvesaiganiaiisutu

awomdlelansetnluiieanies Q, =(6,,0,) dude

HL(,9) = H.(1,0..0)
=0,H,,(f.0,.0,)+¢,H,,(f.6,.0,) (3.5)
Feflauduiusidu
2r 7
_””H(f’ 6,,¢,)| sinododo =7, (3.6)

= < a a v | e s 5% a
e 7, WJulssAnsamangeinia sadu mddgnuesuualadmeaiveiniealelanseln

nnwesnimiiy 0, uwar @, uamainislwalsduazgnilernfiguiuiidansanauvedusiay

A1891NF BIA1UNTORAAIAMLEURUS AL T

D>
Il
>

r (3.7)
(3.8)

>
Il
|

e

nmsuandlagldianees 7,(f) Tuaunisi (3.1) ngnitasadnlusme

dnuateanie Tx wag Rx Awdaudukazidulumuaunisy (3.7) wag (3.8)
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HarFuneloudadourasansainia Tx kag Rx a1unsaideulady

H,(f) = H,(f) = —HHzifg) (5.9

sUPAUBUNALATEITU v, (1) gnimiualag

v (t) = THC(f)Vt(f)ejz”“df (3.10)

dlo V(f) Juawneiuveagumiuas

3.3 Ausiiewdns

mmLﬁawuaqgﬂﬂﬁuﬁiﬂumsdmmﬁumizﬁwLLaUﬂ%ﬁq@'q 919 @MAAAINLI A
ﬂaaﬂqﬁ%’umiﬁhaiamiaaé’zyiywmﬁmiﬁmlﬁau %a%LLamagﬂumamawumLazW\Iasuaq
HerFumsanelouvestesduyan fil

H.(f)=M(f)e*" (3.11)

do M(f)uay O(F) Wuruauaziaresilyidunisaneleuresdyain sudidu

U%mmmaqmmLﬁam%aLWa%uagjﬁ’Uﬂmm{‘]uL%uﬁu (Linearity) ¥@3twd
Tuinednusd Iiinausianisuuulvditeldmivsinamesanuitewdana nsdhlaves
Hefdunisansleuvestosdyyraluinerdnusi liuvusiaswwensanaosidadu
(Linear regression model) anlddmsunsitaszing wazlenundu

O(f)=—-247+06(f) (3.12)

44' I3 a o ¢ =% Y Yad o Y PN Y PR
e T LﬂUﬂqiﬂﬁgaﬂﬁmuim GUWHIWHﬂﬂ’]ﬂ“lﬂﬁmmﬁaduaﬁwqm WQLLaﬂQVL@'J']

r=e > [ fe(f)df (3.13)
2r(fy— 1)

Al @ a o a o w
Woe f uaz fy Wupnudagalazaudgedn auainuy

nsnsziiieuvana O(F) Wuanngfivilimfsauiieu arndeunlatimuai
ANdudaduvaana azianudanndatuAIIUSIULSUNS 0AUANLENBVDINTT
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ASELNDNVDINE AIUUUSUIUVDIANUL AU LN LU NI RIS ENIANL D89 UY
WAsFIUMINTENENveINE o eledn

o, :\/#f“ (O - u,)’df (3.14)

fH— fL fL

zﬁ' [ ! = = = Y v
kB ,U@ L‘U‘Llf’ﬂLQaEJﬂ’]iﬂigL‘W’EJZLPU’ENLWﬁLLﬁBﬁ’]@ﬂiﬂL’USUIﬂ ANFNNTT

1 =#ij A(f)df (3.15)

f,—f M

Tudngninusil levinisasvgeupnuewdaanintu lnenasanlugisung
9n1V818N1TAWY anaeaInengeaalaiiiy 10 dB

= 4 o o g
3.4 1AFBITUENANUNUD

nipIesTuaAnduiusiLandlusuy 3.1 SNR - Lednmazduediunisiiensuaiu
FULUUAIUY o 1dnRvasLAsssUanduius V,(7) wanaladu

v (65 Tvr (th, (t—7)dz (3.16)

dlo h,, (t) \Dusurduduiu way T aeprdasiunisviiiiaivessuaduduwuy nsiaand

Y

a

wnzaudian 7, gadoniu
Z = arg[max|v0 (r)|] (3.17)

soanilly h, () asgnuesuualadifu

o0

j| h, (t) |? dt = 2B (3.18)

—0

P I fa '3 (% % gj 0 v o (3 @) 1 a [

de B 1uwuudiavivesdyaia dau mdsdyausuniuednaduaiasivindu NoB
die Ny /2 Huanumuiuduidadsadnnsuvesdyausuniuliiiniduuuuin (Additive
White Gaussian Noise: AWGN)
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Tx-antenna Rx-antenna
)?7 N\Z
Vr(t « J >
V() v,(7)
[ ' > o\ |
Input f\ I df -
waveform A
Template
7 wavefarm

UM 3.1 vdenlaesunsuvetiuuaessruunsasiud s UdYyIMwaun 1198

neldtodninvasaunisn (3.13) Ny, () 2zvild Vo(r,) TAwnniigadie Ny, ()

I3 1Y o 5= U A
Wunagaunauwazidunisanaves V, (t) wume

J2Bv. (7, ~t)
[Iv,®F dt

My () = (3.19)

] 1y

dlo 7, svgnideniiieviildl Ny, (=0 dwdu t <0 Faduluanuanuduiusseniname

a ' A £% o ~

wagua seanilld N, () sgpniSeadnsuadusunuuduaunsuld danalaiinig

Y Y

(%] v

Uszilluwanisifeslesiinwinguly [22] de h,, () anlédudyaafuuuuveansessu

U K]

< v E s v o ¢a P

3.5 anudululdvaunsassuandunusnivansauign

dunaladnnnaunisi (3.19) suadususuudganaisula lilddunadoundy
agedevesUnauEds uilaTunandRatvetaeINIALazn sUNINTEA1e TuaINATNN
Aaty aunsafazUsuwdsusafuauiuuauRuanURgngeInanTuegiuyy 1iedain
sUnfuazgnadeiiautvesdyy U Rn1eg 1 tegaadvinveInudaIgaveddy i
% g.J/ o a a v L% va -&J Y oA r-:ll
Aatiy avvinsiansangurdususuuiuutgas N, ()  Tuunauiladen h(t) 7

a ° o a ada o A o oA
L‘Wll']gﬁlﬁ/]?j@an§anU@qﬂqﬂ1@I‘*ﬁW§@Uﬂmu@miqsﬂﬂqﬂﬁﬁﬂ UUAB

V2 BVr—iso (To - t)

[1Viaso () F dt

h,. () = (3.20)




24

d' A a « o o o = a v & v
HlegundudunaiaiessudimsunsdvesarvainialelanseUngnldvisassdiu V,_(t)

aunsaseuledu
Vo) = [H(F, )V, (F)e>"df (3.21)

v 1
3.6 AMULNEUYRIFUARY
ANEuYeIsUAdu W gniiansanlumenvesaiiuiieusenineguaduiniulany
surdunsuldlunsdlansamealelevselngnldfivisaesiny Jsaunsadeuldidy

max j v, (t)V, i, (t+2)dz

W=1- (3.22)

0

19, (0 Pt ]1v,1,, ) Fet

-0

dlo * Wuiaudunisdeemdadeou v, () Wuguaduisuldlulamunaisazaiunsamle
MnNswdaniEiedaunduresainuuiduaunasy

v, (t) = j V. (f)ei?df (3.23)

[
| Y

Ysunadliiaweiiiy 0 Weaesgurdumilauiu uazlrranasileguniiuiiniiy
LANFIAUNINTUY

L 1 )

3.7 3RTNVYIYNTEINIY

dnsvenenisawiuluiverdnusidouluseundynrgenveaondnniasiossu
avduiusnldargoinianiansuues uualadaigleundgnaAIeanvo1ANALAToIsY
anduiusnlyarsenialelanselnisaasniu nn13M1ues uualadvesguaduiuwuuly
aun139 (3.19) Uag (3.20) ANBNI1VLILULAAIINTIVEN8VBIENTT SNR A9l 80519818013
] Ny ) Ao 1% ' . a v
dauvasnsdiduwuudganansuls G, Tumite dBi annsadeuladu

max j v.(h,, (t—7)dt
G, =20log — (3.24)
max J.Vr—iso (t)hwc (t - Z')dt
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Tuvhueudeiiu ons1verenisdsituvesnsaduwuulelanseln G, Tunule dBi
a Y &
asadeulailu

max j v, (Dh, (t—7)dt
G, =20log — (3.25)
max j V. (D), (t—7)dlt

ALLANER ST RTIvE e Tdeiuresnsdfunuudyaadisuliasnsd
dunuvlelansodndauansieimunuiiourezuaiu Sunnd1aangnsnisdsiiuyes
W?mwu@?&Laaﬂ,mEJﬁé’mwmidashuﬁmmzamﬁqmmﬁagmmuauﬂ”m?iq llausouanady
Heuegeinglagn1snuiuYeIsnIIveeYeIEgeINA

3.8 sUAAUdYYIaudeLaUnI1ed
nansgnuraseuilisuessUadazfiulidintuionuudainfenndu fady
Falgvhnsfiansanguaduiinseurquiauaiudivisvanes FCC tiufio 3.1 GHz s 10.6 GHz
LATLAUANLATINTENING FCC vaeansgainsn nisuszanannmglsuvennyuimg
UswdlduazInsnuunau/Anignssinsnsdeansdlannsetingd (European Conference of
Postal and ~Telecommunications Administrations/Electronic ~ Communications
Committee: CEPT/ECC) vasglsy waznsENTIImRlNeLAYNTA0ENT (Ministry of Internal
Affairs and Communications: MIC) vesfjtu fufie 7.25 GHz fla 8.5 GHz JUAAULAUHL
nitaesvedistlae fddummmuimiuadnniu V,, wansldieal

1 \|f|—fcgﬂ
2T
VNN e A M<\|f|—f U+ p) (3.26)
| 2T asiAl
0 otherwise

A= l[1+ cos(ﬂ["ﬂ— f —ﬁD} (3.27)
2 ; oT

T =1/ f, \Hudwnduresdnsdydnwal T, Wuanasuuvusied f, 1Wuaiud
nae B=0.3 Juawmesarndes dlaiarsandulymutdeuladornunaidnniuindn
(Spectrum mask) a4 FCC fmuali f, fidwindv 6.85 GHz f, fidwindv 6.37 GHz U

ARUFRY QYA IVBITEUUKAUNTNEIMUTBMITUAYEY FCC UazWAUANDTIN UAAIAIFUN
3.1 WAy 3.3 ANA1RU LarANNUILUUANEUTIaUnATUURId U UEIn Nt AIUATD S
FCC WagHAUAINDTIN UaRIiaguUR 3.2 Uag 3.4 audnau
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Normalized Ampltude (V)
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JUN 3.2 sUmduLaurnusniaevedlsilagetingnuesuualadidulUauanasuunda
vas FCC
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— Root raised cosine passband spectral density
----- FCC indoor spectral mask
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JUN 3.3 eanuvwuduanasungnuesuualadvesguafuiauiusnidesvedlsdlagiel
Mlulunuaunasuanda FCC
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JUN 3.4 sUpdunaurhusnidesvedlsdlageingnuesuualadiduluauainasuunda

VDILAUAIIUA T
10 T T T
— Root raised cosine passband spectral density
----- Common frequency band spectral mask
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JUN 3.5 enuvwduanasufignuesiualadvessuafuiauiusnidesvedlsdlagiel
dulymuanasuandawaunnudsi
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3.9 @3

Tuuwﬁlﬁﬂamﬁmqwﬁﬁisﬂumﬁmiwﬁmsdqmué’mmmizwLLﬂUﬂ"i’N?jq JEELE
wisigaseanifiudiuning q il ludwdadundndmguinisUssgndldgnsnsdeing
FuanavesFad niussuunsdaudyaiauauninebs mﬂﬁ?ulﬁﬁﬁLauamwﬁuaﬁﬁmi
TmiflenszimUinamesanuioudaa fsoraflawmiiAnonmavesitedidunisdne
Toudosdya o nieuiliiuvusasweinsanaes daduinlddmiunsinseina uay
fewaunislvsifiouinamesnuiiewdaaiiistulussuy Tudrunasudideilsd
finnsanlfinTosdvanduiusimunzandian fosuaduduuuandyyraiiulfuas
Wisuifleufuguadusuwuunsdiildarsenmelelanseln deunldinsmenniiouses
sUndu v andufivmandarueisnisdsiiuressruuuauntieds dauaatielingnds
nufisUndudyanaduaunineds emdefmunves FCC witelddmsunisdsinusyuuiay
e
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4.1 na@1in
Tuuninamsuuuusunsnaesnuasvaassnsiniisuiiosnarsernia Tngls

yhnsnaaestsguuuuNsaasaInsananslifudenlnozunsuguil 4.1 Tsflewddny

ogsBslumsnansisUssdvBammsthameemaliussgndldau

findsgunIniuazanoen

v

Wn1sdSuiiBuA3aaiagizi
Tassvsuuuanmas

¥

AALAZNARDUY

|

WI5WIAas S,

Y

E“IﬂﬂﬂLﬂUﬁﬂﬂTﬂ'ﬁLLﬂ?iJﬁﬂiJﬁﬂLﬂﬂ%

Y
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JUN 4.1 vdenlaazunsunisnaasin1sintesdygiunsiaiieuiesninaigeinia
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Feluuniidumsiiausuuuununisiauasuuunrunisvnass Iagldinisaluiedlénig
awviou fiumivende Tokyo Institute of Technology Uizmmﬁﬁu Fimendnusilevihnng
Uszilludsgnsamangeinadesviinfie a18e1nALUUNTIEARATaI0INALALNETIEAN
vdon Feansonmaisaesildiluaeennaiiiuuwiniiinevaussienuidiuuaun’nads
Aedaus 3.1 GHz v 10.6 GHz lnesvaziBestuneunsnaassansnsouandlagialud

,,
4.2 Junaulunsn3eNn1maaag

4.2.1 \wiaddanzilasediBuuunaes

Tuineninusilaldiniesiinsgilassisuuunnaes ju HP-8757D yanaday
WTMo$n3nTEiANTEaNy (S-parameter test set) Ju HP-8514B wagiiduasizviaaud
(Frequency synthesized sweeper) $u HP-83620A Jusunsainanlun1sneassisuansli
Wiuluguil 4.2 Fazgneuatrinuneyialnosduyana (Personal Computer: PC) ldoxsio
riutesdeaTsuUY GPIB (General purpose interface bus) InsgUnsnivdaiiasdanausad
anwnsonsaiadnadulassenimesauazaemmodn Flunsmeaasiagrinimsiata
wuuaesnesalnenasainilsionesaiildlunsdidunia Tx  dawnesnaosazldlunissu
dyayrad Rx T,msJﬁiJmaﬂaqwai‘mﬁaaawzgﬂﬁiaé’aﬂawmmmwﬂi’mﬁj wazvinn1sinlu
Tawunnudneuiiszgnihmansialuinsesiselsunsamanauiolmes

3UN 4.2 iesesiiaszilasadigiuuinmgs (Vector Network Analyzer)
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4.2.2 @g@INALUUNTILA (Biconical antenna)

é’ﬂwmﬂmaa%’mLLazmmmaqa’]stmmLamﬁquﬁ 4.3 %amamﬂmuwﬂsw@ﬂu
a891N1ATIENBAEATITUNINTEIIBAALLULTEUM Taensaeduuuresaiga1neldlunig
LLWi’ﬂizmsmﬁu"?wqd’Juﬂsaaﬁmdm%ﬁiaﬁumaﬁu Fednwarnsteudygraandunis
Jeudyarand1§idiunaiivesaigeiniaudiuninszateaiusensauiianig Iugﬂﬁ 4.4
LansnduUsz AV NMsaETiounay (Reflection Coefficient: Siy) VBIENYRINANTIUA GRTGER
Tiiuinddulssaninisagdiounduiiansiingt -10 dB Arsousqulutaenud 3.1 GHz
10.6 GHz LLangﬁ 4.5 UanIRENINVENELaLINAYDIAIEDINANT I

¢,

UM 4.3 lassaiauazruinvesangoniansigeildlunisnaassin
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JUT 4.5 nT1v8n8uazlaresa g INALUUNTIEE
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4.2.3 grganidlalwasneaiuden (Log periodic dipole antenna)

awomidlalnasieavdonJuaeoiniauuulalwaidenldfudnlassaiiomile
desnguantivesasemariaifitanimevaussauiniudniadsnmnisueiogs
Jaduaormaimsdnyiitedinldlugavesmsieasuuulians aeemalalnase
m‘uﬁaﬂLﬂuaﬁammmszmwwﬁ!aﬁaﬁ’ma@umammﬂﬂizmwma%mLL‘U'uﬁ (Broadband
Antenna) wie \Juaneermeafilidutuaud (Frequency - Independent Antenna) fiun1s
THuuazivrsmnudfinirsdaduiifonlflunudeasideddanuinie U7 46
meomalalnaseaudenililunisianeaoy aoorndlalnasioaudon (22 ldlunns
naaeuiiuaeormaildludandd drenslinuvesanseiniaedil 1.0 GHz #912.4 GHz

e AN

vy
o, 3 EO Ll LAY
08 e S S ffaint
e peprot .'...,.......,q-nomm«‘m:‘ﬂtﬂ‘ “ﬂ" A ‘*W:T‘ 1]
. 77 o O\ £

w6 1 w 18 20
¥ ’ L

- U Yo e i A p— ——

>

JUN 4.6 angoniAlalnasierudion (Watkins-Johnson AR7-15A)
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Frequency (GHz)
3Uﬁ 4.7 ArdudseansnIsasToundU |S,,| vesangemalalnasieauden

4.3 W1s1ALm oSN TluN15NAa99
Wiwasnlglunisneaaslavanalmiulunisien 4.1

A15199 4.1 W150masNITluNSNAa

n1518ne3 A
PR eart 3 GHz §14 11 GHz
$1unugamud 1601 30
ANNEIVDIAERINARIUEN 1.75m
ANNGIYDIAERINIARIUTY 1.75 m
YHAURIEYDINA #189INANTILA LAy
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Anaysis of UWB Antennas with FCC band and
Common Band for WiMedia System
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Abstract—Antennas which are used to transmit and receive two
band UWB transmission waveform must be able to accomodate
its large bandwidth. Moreover, the waveforms should not be
distorted too much when they pass through the antennas.
Therefore, the transfer function of antennas should be known
for the performance evaluation. Conventionally, the authors
measure the transfer function of the antenna by measuring the
transmission coefficient between the transmit and the receive
antenna, assuming that the transmit and receive antennas are
identical. In this presentation, a more accurate two-band and
correlation receiver are introduced so that the transfer function of
each individual antenna can be measured. By using this method,
two broadband antennas are tested. The results show that these
three transfer functions are close to each other and that the
antenna can be used for UWB applications in WiMedia systems.

Index Terms—ultra wideband (UWB), UWB antenna, impulse
radio (IR), Friis’ transmission formula, template waveform

I. INTRODUCTION

The Federal Communications Commission (FCC) is cur-
rently working on setting emission limits that would allow
UWB communication systems to be deployed on an unlicensed
band following the Part 15 rules for radiated emissions of
intentional radiators. The ultra wideband (UWB) radio channel
bandwidth for handheld wireless communications are 3.1 GHz
t0 10.6 GHz and 7.25 GHz to 8,50 GHz. The UWB transmitter
sends a pulse with a channel bandwidth of this wide and the
receiver collects the power otthe received signal for rebuilding
the pulse. Since the power spectrum density level of UWB
signal may be below the noise level of the receivers for
other systems, UWB radio technology can exist with other
RF technology without interference.

In UWB communication systems, any frequency selectivity
causes distortion of the transmitting pulse shape. Therefore,
antennas usually act as significant pulse-shaping filters. Con-
sequently 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 UWB
signal radiation is one of the main challenges.

In narrowband wireless systems, Friis’” transmission formula
is used for the line-of-sight (LOS) link budget evaluation [1].
However, it is not directly applicable to the UWB impulse
radio (IR) system as the bandwidth of the pulse is extremely
wide. Moreover, the effect of waveform distortion shall be
quantitatively considered in the link budget evaluation.

Ref. [2] treats the special cases of constant gain and constant
aperture antennas, but no general discussion had been made.

UWB Tx-antenna \ UWB Rx-antenna
< G us(7)
(2N
input t CQ" fdt M—O’t ¢
waveform Ul‘( ) Ur(t) { utpul
Received/Isotropic
& template
Fig. 1. Block diagram of transmission system Model for UWB signal.

McLean et.al. [3] considered the antenna and the receiver
template waveform to evaluate the free space transmission
property, but they only considered the relative performance.

In this paper, we analysis the UWB antenna gains in FCC
and common band for WiMedia systems. This scheme is based
on the Friis’ transmission formula, adapted to UWB system,
in the sense that we derive the equivalent transmission gain
of UWB systems. The transmission and the receiver template
waveforms are the keys for the extension of the Friis” formula
to UWB system. Experimental investigations are done for
different types of antennas.

I1. UWB SYSTEM ANALYSIS
A. UWB Transmission Waveform Model

The Friis’ transmission formula [1] has been widely used
to evaluate the link budget for the narrowband LOS channels.

_ B()
P(f)

where B(f) and P (f) are the transmitter and receiver powers
respectively, Gi(f) and G.(f) are gain of transmitter and
receiver antennas respectively,

Gi(f) = (ﬁ) @

is the free space propagation gain, A = © s the wavelength,

c is the velocity of light, f is the operating frequency, and d
is the separation between transmitter and receiver 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
transmission signal waveform, its distortion due to the channel,
and the receiver [4], [5].

Grriis(f) = Gi(1)G(F)G(f), (1)



Free space channel response including antennas is obtained
by using Friis” formula as

Hc(f7 d) = Hf(f7 d)Hf(f7 QI’) : Ht(f: Qt)7 (3)

where H, (a = r or t) is a complex transfer function vector
of the antenna relative to the isotropic antenna towards the
Q, = (0., @,) direction, i.e.

Ha(fa Qa) = Ha(f7 9a790a)
= aaHaG(faea;CPa)+¢aHa<p(f10a790a);
(4)
where a =r or t,
A .
Hi(f,d) = 5 exp(~jkd) )
wd
is the free space transfer function where
27
k=" 6
: ®)

is the propagation constant. Unit vectors 8,, P, express the
polarization and are defined with respect to the local polar
coordinates of the antennas. The following relations can be

easily derived.
ér = ét; (7)
Pr = —Pr- (8)
The spectrum of the receiver input V;(f) is given as

where Vi(f) is the spectrum of the transmit waveform.

B. Received Waveform Correlation

The correlation receiver shown in Fig. 1. The output SNR
is dependent on the choice of the template waveform. The
correlator output ve(7) is therefore expressed as

vo(r) = / T (Ohult — 7)dt,

—00

(10)

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

To = arg max v (7). (11)
Hereafter hy(t) is normalized as
| intvpar =2, (12)

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

power is a constant as Ny B, where 70 is the power spectral
density of AWGN.

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

ie.
V2B (1o — t)

hwm(t) = )
S22 lor(®)[2dt

(13)

where 7, is usually chosen so that hym(t) = 0 for ¢t < 0 to
satisfy the causality. hwm(t) is called the optimum template
waveform hereafter. It is noted that the link budget evaluation
is identical to that in Ref. [5] when hym(t) is used as the
receiver template.

C. Isotropic Waveform Correlation

It is obvious from Eq. (13) that the optimum template
waveform is not the simple time-reversed version of the
transmitter waveform, but the channel characteristics including
the antennas and the free space propagation. Therefore, it is not
always feasible to adapt the template waveform to the angular-
dependent antenna characteristics, since the waveform shall be
generated at the clock rate of tens of gigahertz. Therefore, we
consider a canonical template waveform hyc(t). In this paper
we have chosen hyc(t) that is optimum for the isotropic and
the constant gain antennas, i.e.

hwc(t) _ \/ﬁvr-iso(To - t) 7
ffooo |Ur—iso(t)|2dt

(14)

where

oo
wal®) = [ B(OV(Desw2nfndf  (5)
is the receiver input voltage for the case of isotropic antennas
used in both sides. The difference between the optimum and
the isotropic templates indicates quantitatively the distortion
of the waveform.

111, EXPERIMENTAL EVALUATION SCHEM
A. Transmitted Waveforms of UWB System

The effect of the waveform distortion is more obvious
when the bandwidth is wider. We considered the transmit-
ted waveforms that fully cover the Federal Communications
Commission (FCC) frequency band, i.e., 3.1 — 10.6 GHz [6]
and common frequency band available between the FCC of
USA, European Conference of Postal and Telecommunica-
tions Administrations/Electronic Communications Committee
(CEPT/ECC) of Europe and Ministry of Internal Affairs and
Communications (MIC) of Japan, i.e., 7.25 — 8.5 GHz [7].
In this paper, the rectangular passband and root raised cosine
passhand waveforms are used as the transmitted waveforms.

1) Rectangular Passband Waveform: The rectangular pass-
band waveform is the waveform with rectangular spectrum and
its spectral density is defined as

{1 f| = fol < 22

Vire (f) ; (16)

0 otherwise
where f. is the center frequency and fi, is the spectral
bandwidth. For satisfying the FCC spectral masks for indoor
and outdoor limits, f. and f, are set to 6.85 and 7.50
GHz, respectively. For satisfying the common frequency band
spectral mask, f. and fi, are set to 7.875 and 1.250 GHz,
respectively.



2) Root Raised Cosine Passband Waveform: The root
raised cosine passband waveform is the waveform with root
raised cosine spectrum and its spectral density is defined as

1 ||f| _fc| S (1;TB)
Vio(f) = ¢ A4 BB <if -l <88, (A7)
0 otherwise
where
4 = 5[ 1+ cosCEIf - £l - 5D
- 9 B ¢ 2T ’

T =1/ fy is the reciprocal of the symbol-rate and 8 = 0.3 is
the roll-off factor. For satisfying the FCC spectral masks, f.
is set to 6.85 GHz. The spectral bandwidth fi, is set to 6.37
and 5.94 GHz for satisfying FCC spectral masks for indoor
and outdoor limits, respectively. For satisfying the common
frequency band spectral mask, f. and fy is set to 7.877 and
0.975 GHz, respectively.

B. Experimental Setup and Measurement Model

An UWB radio channel transfer function was measured as
Sa1 in frequency domain by using a vector network analyzer
(VNA) in an anechoic chamber. The VNA was operated in the
response measurement mode, where Port-1 was the transmitter
(Tx) port and Port-2 was the receiver (Rx) port, respectively.
Both Tx and Rx antennas were fixed at the height of 1.75 m
and separated by 2 m.

The geometry of the antenna is shown in Fig. 2. The upper
cone is connected to the center conductor of a coaxial line
while the lower cone is connected to the shield conductor.
The maximum diameter is 65.3 mm and length is 37 mm.

IV. RESULTS

In this section, standard broadband antennas and deployable
antennas are used in the measurement for the transmission
waveform evaluation.

We chose these two kinds of antennas, operating in the same
frequency range.

Recently, many UWB antennas have been proposed for the
short range communications and radars. Among them, we have
used a miniature antenna that is commercially available, and
a trapezoidal antenna with an L-shaped ground plane that is
easily fabricated.

1) Biconical Antenna: First, the same biconical antennas
were used both at Tx and Rx sides. Figures 3 and 4 shows
the normalized UWB transmission gain as a function of
antenna pointing angle in the E-plane. Well-known 8-shaped
patterns were obtained. Two template waveforms were used
for comparison, and the difference was rather small. The
phase center of the biconical antenna is the feed point and it
has theoretically the frequency independent gain at broadside
direction, and that is why the waveform distortion effect is
small compared with the isotropic template.

2) Log-Periodic Dipole Antenna: A log-periodic dipole
antenna (LPDA) is also used at broadband. It also has a
frequency-independent gain. Different from biconical anten-
nas, however, the dispersion characteristic of LPDA is rather
big, since the phase center changes with frequency due to the
resonance of the dipole elements.

We used a commercial LPDA, Watkins—Johnson’s AR7-
15A, shown in Fig. 5. The antenna has been designed to
operate in the range of 1 to 12.4 GHz. Figures 6 and 7
shows the normalized UWB transmission gain pattern for
LPDA-LPDA link in E-plane. As is known, an LPDA is
uni-directional and its gain is higher than that of a biconical
antenna. The degradation of the transmission gain is observed
when the canonical isotropic template is used, since the
waveform dispersion is obvious.

V. DISCUSSION

The UWB transmission gain, using both the received signal
template and isotropic template waveforms, gives us quan-
titative measure of the link budget. Since we have chosen
broadband antennas, the trend of the narrowband gain is
reflected in the UWB transmission gain. Another issue is
the distortion of the waveform. The difference between the
optimum and the isotropic templates is a measure of the
waveform distortion. It is obvious that the use of LPDA
caused the biggest distortion among the sample antennas, as
its dispersion characteristic is significantly large.

V1. CONCLUSION

This paper we presented how to analysis the UWB antennas
in FCC spectral mask and common band spectral mask which
includes the transmit waveform, antennas, free space propaga-
tion, and receiver correlator template. By using the definition,
we have evaluated two types of broadband antennas. The
formulation presented in the preceding paper [5] is a special
case for the optimum template waveform in this paper and
IEEE 802.15.3a path loss model [8] is also a special case of the
formulation presented in this paper, by considering the single
ASK pulse, the frequency independent isotropic antenna, and
the optimum receiver template.
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