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warnsindaanauauninebs Ussnoudae gﬂﬂﬁ'umidmam%a?ﬁ anwenefilinagau
waznsdwedane q tinadildainnisTaeseluiiegedt wazUssdunaieuiiiouna
naaealdulduandliluunil 5 uagluunil 6 Idasunanisvnassiseuasdaiausuuglily

Weinusatullegeauysali



uni 2

szuuldanauauninees

2.1 unin
d' v v q' [~ v d' 1 1 1 [y

n1saeansisatanuukauniIned e Wuszuulsarenuiraulaunn wsizin1sae-su
T uLuUduWaddy 9 dyrsnainadiaunin wagldnmasnulunisdsdygiradaia
UagUutimelulaguauninegs lasuaruauleegnsunsvate auisauluussendldanu
\ ) = P A ) % % A Y a & a
Swfunsdeasisameiiiosesiuanudesmnisvesgldnu maluladuaun s dunalulad
ﬂﬁmmaaﬁlﬁamwwiml,mulfsmqqs?j’mﬂumLmﬁﬂﬁmﬂu‘iaﬁﬁﬁmﬂmﬁmmngmmﬁduﬁ’u
AILANLYATULTEBIANKUUAIAVBITEULRAUNTNEIN TN Bnnsdslinauandilunisneq

A o P ) | | ° I ~ a a = ' P v v W
PNEa1aINnY9la s gnftegude Muwne tnedirafiussansnin Fsaznandeluimdada by
Y] Y al a fa & ' = Y a ca ¢ a
FUIUVDITTUULAUNINE S FUUUATIANNIAAIINIBWWINAU 500 MHZ U3 0HWUUATIAYTLAY
LAWEIUNINNINNT BN 0.2 mﬂqmmimﬂ'wmmqﬁuaaﬁiaqé’mﬁmmmmﬁ Shannon 1@
na1ld wansliiiudn szuukaunineds Wekuumiaindnsazyililieauguestadygyu
W yibadsteyalaludsunaiuindu awsasessudldnuladnnuinaulume a1nala
NAMNITNAUNTAIFYYIVDITYUURAUNI 19T HUAEVIINITdSd ey w1 utiosdeyeyeu
d' a [ d‘ ) a 1) 6 (=] o (v % v} (v ¢
mauIngludnuaiduduiad laglufinsiniendyuindeyalvuenianiudyyiams
azfunANAYeIssUUN el dndudadlddnees vinlvasieszuuladny §amuieni1uin
aunsaasNsEUUInIedwmaznAsulidsIagn Auvui WewSeuiieuiussuunisdeans
LUUALANTL Yy 1umuiINeg (Radio Frequency : RF) [3-6]
a o dl 1 Y o a d‘ v = dl d‘ Y v

NUITgANuIlaiInsUszidunan1swenledlagd1eiieguad uisulaain
angonAkarinIsiarsanuuulidugenlunatnisvheuiusvesguadundawuudiassdte
Naulvldennliileenasnonisimsisikazeaniuusyuy [1, 141,

1A NS 190azULANBLUUINADIN5:Y 8L TEINTAIUNINTUNIT A8 LB UANUR VD
d1991N1ARUEITId Y @ee1nAnusUldlaYisHAN TR 8IS ULV LA LN US LA
UL UUIINTDIMUUSIIUAT fauATaudTelaRansaeI oS ukuvanduwussunluly
wuudnaesldlavinisiiansuniesunuvanduiusiivanesnaniansanldnisanduiusus
WUUSTINAT hagldinsiassinan s oNleauariuUTaesUstosdsdy  uuaun 1198
syavdulaglifiarsaunasessuwuvanduiususlilafiarsaniunsiign [2, 14, 20].

PnduAdnisanuiisusUaduiasdnsivenslunisdsmuuningduiaduauninggs
Tnglavihnisfiansaneiossusuvanduiuduasfiansaniivunznaawnduaisainiauuuaiy

AUaBNEIYRIN AT YE [3, 21].



AN INUSTUT AL AUDLUULHUNSUTEIUNAUSEANT NI NUDIE891NA azANL

o
[y I

Lﬁuwmaqmseiqmusdaqe“i'ﬁgﬁywmﬁé’we]@%uﬁ'u IneriinusavuillfiausaisoiniAnauning
WUUNTIBALaENSUTELMNaYRId U SEEUMEN1TERARaER TN TN UYBINT ALY
IﬂLuunmu,azﬁflLauaméaq%’uLmuawé’fuﬁu%ﬁmmzauﬁqmﬁm%’umﬁl,ﬂi’wﬁﬂfnmﬁawuaq
é’fgfgflmgﬂﬂ?iuuaum%qﬁq.
dlesnnnsyuuuaunedalgiauuugiuaumaiiuuusiainann sy FCC

= o 1

FINNUAAUNUILUUYDIAUNATUAIF LA DAUR U TAIT YY1 UVDITEUULAUN I

'
a

B9 TiiAu -41.3 dBm/MHz edesiuliliszuunauninegs lWunsnaenfiussuukaulAUdUY
9 FEANRINATIILLAUINTEAUAMUNUIUANNA FUAIF R IUVDITTUURAUNTINEY DA
N115EAUFYYIUTUNIU (Part 15 limit) Asiluwmaluladuavundnegs Fsarunsaldaulatu

welulagaduingaulagaziinmsunsnasntioy [4-6).

2.2 ﬁﬂ']&l"l]ﬂﬂi%ﬁﬂﬂﬂiﬁﬂﬁqiLLﬂUﬂ%qﬂaﬂ
nAsatnaEves FCC tafmunliin nisdwmudygialussuusaunineds fe

Fyaradle 9 ATUUUATAVIITLAYEIULINAIINTOINNY 0.2 YT oTULUUATANNINNIINTD

Winfiu 500 MHz wanslansaunas 2.1

Br20:2. 130
B, > 500 MHz (2.1)

Fawvuminnidaawdiulatonnld Ao dns1dIUTe VUM NS UADANANANN [7]

BW )
Bf — = (fH fL ) (22)
fo Uut )2

UWB versus other radio

communications systems
10° 265 mobile phones
10
10°

3G mobile phones,
wirgless LAN
uwae

Power (W/MHz)
a
r*

"

10k 100k 1M 10OM 100M 1G 110G
Frequency bandwidth (Hz)

JUN 2.1 MIUSE U ULUUAIATTUAYEINYDITEUUNITARANTLO ULALLAE TS UUNNSHBANS

LAUNINEA [8]



Taofl f,, wag f, Ao arwiguaaiilidauazanuisgaildds Wednszfuanminin
AMNUUILUUANAUTIALUNATY (PSD masks) Part 15 limit 8911 10 dB ANa16U BW #e
wuuAInvivesdyayns uazdmiu £ Ao Anwdnang

2n3U7 2.1 ilevinsIsuiiisussuunisdeansvisansszuy ssdiudnssuuns
doansuuusaiy (Wauwav) axfuuusiaiduavdiutasninsyuunisaeansuaunineda
ENFI0E1ATU NIEHVOITEUY UMTS (Universal Mobile Telephone System) 7ivinenuuiugig
LouAUAUSELINN 2 GHz wasiiuuusdaviussana 5 MHz 3anaziBenssuuinuuusning
WASIINLIINITNINAUNTTA 2.2 ATLUUAS VLT LAwdIuTiAuiaeanuaz ldvinty

0.0025 @9dlANUaeNIN 0.2 VBITZUUNISAREISHAUNI198Y (NaU 80 1)

4 UMT S: Universal Mobile Telephone System
UMTS 3GGP: The 3% Generation Partnership Project
3GGP WLAN: Wireless Local Area Network

UWB:  Ultra Wideband

B
|

®
i
gﬁ IEEE 802.11a
P !
\
e !
i b
\

Part 15 limit

-41.3 dBm/MHz

2 341 5 10.6 Frequency
(GHZ)

UM 2.2 msiSeUmgUsEAUANUnUIKIUAIEABIEUNASUYBISEUUNITARAITUAUN 19BN

a Al
e JEUUNNTERANTLOULAUDY 9 [2]

2.3 Horfvuavasszuunsdeansiimenaunined
Ashdyogrmilaildgnimuatuluszuunisdeansuounineda duidonisdnass
mdlunislday sldfinguviauluanizensnmlinensiinisaennsunisdninves
Tormualunsldaiudennuidveunaluladuauniieds anngdededuidnves FCC lng
naunmalliiessuogadumenslagldfotn Ultra-Wideband Working Group (UWBWG)
iievnsiasamidennassaniu FCC wudsriuiuluglsualdinsmdennainisdnass
pduAIALayMIUNInaenveIn L igdduiagiusdiifinnsfmuawouarudidmiuns
Tdawlusruunaunined s luanivumvuauesgiunialnsauuiauuwisanainglsy
(European Telecommunications Standards Institute: ETSI) %38 @uiusINIANUIALNTERINY

Usene (International Telecommunication Union: TU)



2.3.1 Hofmuavasszuunnunidsluanigoiusni

Tud .. 1998 FCC ldoanuszniaiienfunisnsiaaeu (Notice of Inquiry: NOD
Lﬁ"aqmmmﬂiuia?J‘LL@‘Uﬂ’B"NE’TqﬁmiLmiﬂaamﬁuﬁ’mmwmizwﬁﬁaqLﬁmmsizwmm
Uaeaselufanisnistusazriienislunisduainieatuiadssdsluszuuuaunineda dae
wuitu Tududl 14 nuaiud 3 a.e. 2002 FCC Iepanngdmiuszuunaunings fudunns
fvuATe UL NTE A uRTUInilsdmiussuuLounneds wagounnnli
Dumeluladfiltludnuuzmanisidnme Tnsnenuaanvesisznauayszdounis
atfufinisldnunssoassauluiui 22 Wouwmnou 3 e 2002 Fdluonanslinanids
mseygeldulusruumsdearsuaunineds uasmsivLATEUIANIUNINTEINENEI
dawsunsttlulszinueing 9 [9] Ineanteudeaulaitn1sfnunaAILUUA I AL AL (
B,) Wunnndwiewindy 0.20 vesenudnans (£) iletnszduanmiininainumuiuiy
A udeaUnadu Part 15 limit (-41.3 dBm/MHz) agu 10 dB dnsudesiinnisdeans
nel191A15 (Indoor Limit) wae 20 dB dwsudesifanisdeaisaieuenaiais (Outdoor
Limit) mruaunisi 2.2 wasdosafnnisunsnszaemdsnulae FCC louansllumsnsdi 2.1

dmiuldlunsdeasteyavanielunaznieueneians [10]

A5199 2.1 VBANNAUNITHENINTEANEAIa99UlAY FCC dusunistonulussuunisaaans

Naneluwazaieuana1nls [2]

A PSD (dBm/MHz) PSD (dBm/MHz)

(MHz) dwsunisdeasnieluy dwsun1sdesnsnieuen
27013 21013
Wounin 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 -41.3 -41.3
111131 10600 51.3 61.3
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-40 T T T T I T T T T T T T T I

50— —

PSD (dBm/MHz)
S
I
I

80— —

90— —

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

-100 1 1 1 1 | 1
10° 10"

Frequency (GHz)

sUN 23 aduvuikdumdudsaidnasumiudenivun FCC dmsussuunsdeans

waundBineluasn1euanNeIAg

2.3.2 npatiedurasszuunauninsa Tuglsy

forimunnaianuesszuukauniegs lunivglsveglutissedoyamanadai
AeafuranssnuvasszuuLaunineds vuszuududldtuey lngyaglsudunnsdiues
formunagsoununiTemIanisowin g uglsviuludiuresmeluladival
Fosuandliifiuii dwwansznuanntdosvieldduszvuifuideylaedediinmsunsnszane
frdsnudmsumsldomsineluseznisuonoiasiisanuslag (TU vde ETSI uanslvidiu

Tuns797 2.2 [11]

AN5199 2.2 TDANUAIUAITINSNTEANUANEINULAY ETSI dmsunisidarulunisdaansia

Aeluwaznigusnaiag [2]

AYE PSD (dBm/MHz) PSD (dBm/MHz)
(GHz2) ﬂﬁﬂiﬂﬂ’]ﬂﬂi AYUBNDIATT
oA 3.1 -51.3+87log( £ /3.1) -61.3+87log( ' /3.1)

3.1-10.6 -41.3 -41.3
171N 10.6 -51.3+8710g(10.6/ f) -61.3+8710g(10.6/ f)
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40 T T T T | T T T T 1 1 1 1 1

PSD (dBm/MHz)
1
[—]
]

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

100 1 1 1

1

10
Frequency (GHz)

SUM 2.4 eruvuinduiaadsadaniunnadenivua ETSI §1suseuunisaoanskauning

ganglunaznieuneIng

Yagduauiau ETSI AA1muan1sunsnsgatgmadiuuagninninannsueyi
AN NYUTeUNAUYRINITUNINTEINEYRI PSD NladavinTutiougnlissuunisdeaisuay
91983 aansaldaulianzaglueirswintu Tnefvwauanudldauanandy 6.0 GHz

9 8.5 GHz sanandlunisei 2.3 [12]

A15199 2.3 TaNNUALUNITWINSNSEa1eiIasuRkA L ludlae ETSI dmsunistaauluvas

s¥UUNIsaeaIsneluenAg

AR (GHz) PSD (dBm/MHz)
oenin 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
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=40 T T T T | T T T T T T T |

70— —

PSD (dBm/MHz)

_1 oo 1 1 1 1 I 1 1 1 1 1 1 1 1 I

Frequency (GHz)

JUN 2.5 Aamunsdumaudanasuaudenmun ETS Auallnl dwsussuunisdeans

LaunIedInIeluenAng

2.3.3 nptatieuvasszuuuauninegs Tugdu
Yerdmunasziu PSD fiurinszareensniisvuslag MIC 1iuderdmundiniuszuy
wounineds Aldludsemaddu Tnedudedmuaiioynnalildszuunouniieds 1dnnelu
prswiiumioutviitmuslag €S Aldudlolnl Tnefdauovarudldnuasuny fe
wauANuRsRILe 314-4.8 GHz uazuauAdgeRaus 7.25-10.25 GHz Faanslilupsned

2.4 wazngwanniundaldiandilugun 2.4 (13]

AN5199 2.4 V9N MUASEAYU PSD NUNNTZ1890NU@INTUN15E 9d15A 8 lua1ASvINd U

MUUALAEY MIC

AR (GHz) PSD (dBm/MHz)
1Uosn 1.6 -90
1.6-2.7 -85
2.7-3.4 -70
3.4-4.8 -41.3
4.8-7.25 -70
7.25-10.25 -41.3
11171 10.25 -70
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-40 T T T T | T T LI T T T LI ]

PSD (dBm/MHz)
S
]

-90 —

100 1 1 1 1 I 1 1 1 1 1 1 1 1 I

Frequency (GHz)

JUN 2.6 AU wufdweaUneSudmivnisdeansniglueians Aivualag MIC [3]

2.3.4 ngdateduvasszuuuauninte Aldsauiu

UagtuladnissaudeiusenineUssinamansgewsnt nquuseimealuglsy uazUszine
JUu lngdnmsimuslildderiimunsesu PSD Auknszangsonuniiuiu laedalidulunu
Jannuaved FCC, ETSI kay MIC wSaunu LﬂuﬁaﬁmumﬁaumﬂﬁﬁizwLLaUﬂ”i'N@'a 1]
melueraswiniy Ssuovaudlfoudu 7.25-8.50 GHz lnefinanuis 7.25 GHz 1y
Torimuares MIC Laga1uAgs 8.50 GHz \Judervuaves ETSI fauandliluansed 2.5

waznslanasisnsalsuandflugun 2.5 [14]

= Y o Y = ' o w = a0
199N 2.5VBN1NUATEAU PSD MLNINTEINYDDNUIFANNIUNITADAITLOUAIINATIU

Aaf (GH2) PSD (dBm/MHz)
Uoenin 1.6 -90
1.6-3.8 -85
3.8-7.25 -70
7.25-8.50 -41.3
8.5-10.25 -65
10.25-10.6 -70
11NN3110.6 -85
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=40 | Ll Ll Ll Ll Ll Ll Ll Ll Ll 1 |

PSD (dBm/MHz)
~
[—]
]
|

100 1 1 1 1 | 1 1 1 1 1 1 1 1 |

Frequency (GHz)

JUN 2.7 - enamuktumaalsaunasudmsunisaeansnieluenns Anvuagiuiuy
lag FCC, ETSI wag MIC [14]

2.4 1ATFIUVBITTUUNISADEITUAUN 9B

1IR5§IUVBITEUVLAUNT19E ¢-IR D08 3 WmIgL Ae IEEE 802.15.3a 19wy
Imwhaﬁuﬁd’mqﬂﬂaﬁmﬂ (Wireless Personal Area Network: WPAN) 5887191na 8751
n13datesagy IEEE 802.15.4a 1¥dm$u WPAN svszmalnasnsdetosant uay IEEE

802.15.6 Tdmsusyuulasenefiuisnsnieldany (Wireless Body Area Network: WBAN)

2.4.1 47m3374 IEEE 802.15.4

UIM3§IU IEEE 802.15.4 loneuusuuseensnnisdsvesnnggu IEEE 802.15.4 T

¥

geulagnmsdnomalulaguauninegs unld Feligauseashazdunldiu WPAN lnuiissey

Y

N1an1510uie 10 m fnsIn1sdeteya 110 Mbps wazfiszezniglnafeuszuias 2 m
anunsadisnsndstayalagadie 480 Mbps [15] wiiinlgymillesanlidanunsannasiulainag

anldwmalulad luseninani1siafnangd huukUuIAIUuD A 9RINatewau (Multi-Band

[y

Orthogonal Frequency Division Multiplexing: MB-OFDM) Auuaunined sdrfunss (Direct

v v

Sequence Ultra Wideband: DS-UWB) @ slasunisativayuainaesuivniusing uagly

Wouuns1an U a.A. 2006 Wnsgruillagnendnly
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2.4.2 43314 IEEE 802.15.4a
WINSIU IEEE 802.15.4a ladinsuewmalulaguauninegs unussyndlddmsy
WPAN Tngusuusslifissugnisnisldauiilnatulataussunn 100 m lnvandnsdstoyans

191815 lEUVBIRUALRBIT WY TINILTIMYN arnsaudssendldiussuulaseyng

[ IS

N1995993U a8 WAEIEUUNMIMATMALNTANNTN B9 598 N1sdedayauiiiugIueguu

A7}

v

a | o eaa v v Y & a ¢ =% & o =~
LVW’TNF"Iﬂqsaﬂwaa‘mﬂﬂ'}quﬂjqﬂﬂ@ﬂwaaLLV"I‘U@JWﬂUiSiJ']ml@L‘Uu@ﬂJWﬂﬁ FUVUNUIVDIVBDUAY

A31aBa-IR [16]

2.4.3 433U IEEE 802.15.6

U955 [EEE 802:15.6 1usnasgruniastunlmidmsuianuszendldiu WBAN

v A

lneiinsldaudfnhensiraunimsinievedyae Fladulsa S9uNIAIUALLYBlsA WBAN

a i

ausualaaiu Anediu vsemelusiinevesuyed lneiinsldnuddayasenindun

Melusane wazdsdayaainiameludegunsal nsuszenaldviamamunisunngvseniu
ou [17]

Py

SEt A\

4 _ Home Health'and
::rE:T:LJr‘li“g Fitnagrﬁ
UwB
Automotive Smart City
e

.
2

-
Mobile/ Naa”
Mobile Accessories m Connectivity

Industrial Internet

UM 2.8 dregunsuszendldaugunsalissiande o dmsussuunisdeansuauninegs
(18]
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N3UN 2.8 wansdenisuszendldlussuunisieansuaunineds Fadumaluladiigs

lasuanuaula uagldnuieeusowazagloudoyalutSunauin o dmsumalulagnis

=

#0415 4G (4 Generation) JUuuunisvesszuukaunieds ngniunldau Aegunsal

a a ea o Y

[ [ Y v 1 6 1 1
dvdnnselindnvimihMiugunsallSansuagldaelouteya sening Host uazgunsalsonis

9 Y

1 s 4

FAeites wu Aduedn wnd a3 osiud aunwues wazdu 9 1Wudu Ferelulueuian
Fravtiinaluladszuunisdeansuauniieds asidsunuiimeluladssuunisdeasuuy
Tane Tawanusadsleudoualutiuuunn uassessugldeuldunn Snvisdanunsods
Yoyaisns1A2111152 1000 Kops dmusnduuulians wazdadayaiisnsnamisa 100
Mbps dmsunisangloulndmenanusinga wuandluanninvselndnsfin Wudu uagds
annsahluvszgndldomfuduiussvuiifoadestvaniudweslnddefdneasening
guUnsaldidnnsetind iededldlui wulnsimifdnea 1n3edlau CO/DVD 1ndealdu MP3

a zy & v a [N L N aa
haZDU € WuAu I@SﬁEULLa’J ITUUNITEBAITLLOUNINIYN gﬂN@QUWL‘UUL‘WﬂIUIaUmﬂWaQ

wiAulataziuselevdogrunndinsunisurlulaanusudussuunisdaans WPAN ssey

]

o '
(% S o w A

du Afndaiinsldnueglutiagdu erfiu szuunisdesns 802.11 LANs w3a ugys s
Tuvazifvadu widumaluladfignihuyszgndldnulasendedeldiuouvesszuy
waunined s ﬁ;uﬁﬁaqﬂﬂiai USB wuulsans n3a WUSB (Wireless Universal Serial Bus)
wuUsB I¢vinnisitmunifumalulagliatsnuulvduesguasal USB uuusaidu Tasvinnis
NENNAUsETIIAI Az AU aen v smalulaBuuuiane tiledaseuazainuay
fesanstinudmiumalulagiians wusB Alfaudmsussvouaunineds Idgnimun
Tng WiMedia n¢ldu1nsgu IEEE 802.15.3a Fvinamuuutiuauainud 3.1 GHz - 10.6 GHz
WUSB ses5uUsasimdsdoyan 480 Mops meluszaynis 2 wns uazanuidlunisds
foyaaziiuanas mdoUssata 110 Mops ioszssnisvesnisdedoyalnauiniu waed
anunsodsdeyaldBnilosrernidlnatu (i 10 wns) WUSB Sadugunsaifietuayunis
yhauaemtinfl (Dual-role device) Ao anansavinutinfiidugunsal Client uag Host o

anunsanuauAuslunsaeleudeyald endegiadu ndesndnearimiiiidu Client

'
o Y A

ualausaiuALNILAas 91nturnisanslaulndniwluduasesfunnvinnsnadu Host

Wusu

2.5 ALAUYDITLUUNITADEITUAUNTINE
d19znaafesruunaunined i esiudeuiad (Impulse) Waduau (Short-pulse)
”fgfmmﬁlﬂﬁti%ﬁwaaﬁa (Non-sinusoidal) &yaaufius1AanmaunIy (Carrier less) wau

n31987n84 (Super Wideband) n1seanaduuulevidneeneisa (Fast Frequency Chirp) way
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Waduwuululy (Mono-pulse) Fuduszuuiifganuiiurauladmsunisiiluuszyndldlu

SYUUEDETOT LU

U

I3 Aa v v ] a °

o Juszuuniianududeuosuaziinumum
AMNTUToutaslarilA un U AveesrULLaUnI g winduaindadenisdnuue
wakuun (Baseband) vesnisasdnqadlimiaudussuunsdidyyininguuudug

Tneillp3odsaziinnisassdygrauiadlulauunisiaindaiuniuesdygiatosuine

= a

FIAU150N NI NTL0AF U BN LUTABUSIANNANSIANAINUD AN WS BAR UNIITS UYL

]

[
a &

warluadruvesnissidygraingtduasidunsiendygravanuunsanluduadun

]

Wedhedyaludumaunnudniinuanuaglunisunsnszanenaunudenisdadyy e
gnunsnszanglaalaeldseterdenisuuaminudlvigadu (Up-conversion) wagn1siiiuringa

Iaa%u (Amplification) laglun1suuatainufiad (Down-conversion) waghINGnAAI1UA

=

(Local Oscillator) 3lsisnduluindsssunuunaunirseineusurilfananududouves
sruusagauyulunisudnaluinn
o ilsziuvasdygalnalpasiudygyiusuniu (Noise)
ilesainanuvuiure mdsnus ez dnvaziemglunisduiiion (Pseudo-random)

Voed R AW IAF ey LU UL UN D NB IS N WUz AG 18 A US Yy el TUNIU Bevinliinng

Y] 1

aTIIMIdR I laeInuasdUsInglutenasneanis3edInIsasd I MwUURAUNTI9ES

o

a a

uulinelfiiananisunsnaenvesdyainiisessuuaauaudiIngdus fesandyyiu

VOITEUULAUNINBY U1 AAsuwsnszaemasinulussAuaUszunuseaure sdeygiussuu

I~ U

n7u (Noise floor) FavinlviseuudutaIIdyamkauninegs 1 Ao darasuniuaegn

[

ANIMDDNIINAITNIITEUIVDITEUY

o IpusuvIUsoAduNaIeltLarA1ITUNIUTOd Y IMlnALAYY

JLUUNITUOAAANILIAT (Time Modulation) wandlyiiiuiafiainudululafiagyi

a d

nsdadeyamsaniladuseiundnieswnnednneiuniidnnsdlagnusedivludiunes

Y
el ldnulussuumsdeaisuuuaiyinguuusuiaditladuiununnitssuumnly
wagiilasmieiiLuuninivesdygiudinnindwinlrlasunaanadunatsitiessuin e
FPUUILUUAIANTI NI N U DAANAIULANETINIIAIND DE1ININ T DTIUTINUAITES

[

dyarasuulisaidosdevilidygyrasuuikauning idnisuegianniaiaiduidaiig
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dlo £ Wuenuiifildeu @ Husvezmesewinansennad Tx waz Rx B (f) was P(f)
dumddunadiludeaisainia Tx kazi1due1dnneonanaseInie Rx AuaIfu
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H()=H(f,dH,(f.Q)H(/Q) (3.4)

e H,(f,Q,) (a=t %3or) Wunnwesilanduaialouldsdauvesaigeanidiisuny

aeomidlelanseUnludirinig Q, =(60,,0,) tume

H,(/.2,) =H,(/.0,.0,)
:6aHa9(f’0a’¢a)+(’IsaHaw(f’ga’¢a) (35)
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Hartuneloudedouratansainia Tx kag Rx a1unsadaulady

H.(f) = H,(f) =1/% (3.9)

gﬂﬂﬁum%q%’u v, (1) gniviuslay
v, ()= [H (W (e df (3.10)

dlo V.(f) Lﬁual,ﬂﬂm%’maqgﬂﬂ?{udq

3.3 NSANEUNUSNINATIUSU

WIBsSuBuVaAndLTusNLandluguR 3.1 Wala13ande SNR Lo1dNAIzTUBLiUNTT

\dongundusuluuitiy loannsesasTuanduius v, () wandldidu

M & TVT (Oh, (t—7)dz (3.16)

—a0

dlo (1) WugUedusuluy uag 7 deandediunsyiniaIvessuaduduuuy n1svinaii

wanzauian 7, gnidenidu
T, = arg[max|v0 (r)|] (3.17)

seanild h (f) Jvgnuesiuatadiduy
j| h,(t) > dt = 2B (3.18)

= I3 sa ¢ 1y} o & o v o 3 I ! Y
die B Junvuddavivesdygia sy madgyausuniuerdnaduaiasivindy Ny B
de N, /2 Husnunuiwiuidudsanesuvesdygyrasunmulsiiniduuuuin (Additive

White Gaussian Noise: AWGN)
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v 2'Bvr-iso (To B t)

00

[ (@ F di

(3.20)

hy (1) =

d' A a d' v o o = a v & Y
WeasUndudunaiaiessudmsunstivesatsoinialelenseUngnldvisaesinu v, ()

anansadaulandu
Voo = [H(f,dW (e df (3.21)

3.5 DASIVYIYNITAINIULAUNIIES

1 1 Y (3 a

gns1vgrenisasiukavunieBduinerinusiddenduneunignrvenves

[ s

MNALATe S UaNduNUsNlYage 1IN AN T IesLUAladA I8 LBUNEIAA18BAYDY
dnaLATeSuanduiusnldaigenialelenseUniivaesiu 31nn1svitesuualadues
suaduAuLUUTUaNNISA (3.19) wag (3.20) A19RIIVE1ETUARITATIV8180I87TT SNR

Y
1%
LYY

) e q v ) Ao 1% ' . = 1%
AU BRI TIVYIYNITAINIUVBDINTUAULLUU i‘gﬁyﬂﬁu‘lfﬁUi@ Gwm SL‘L!‘VIU'JEJ dBi ﬁqﬂﬂﬁi‘lLSUEJuvlﬂ

WJu

0

max j v.(Oh, (£ =7)dt
G, =20log T (3.22)
max| [V, (Oh, (t—7)dt

—00

Tuvhueudsaniu snsweren1sdsueesnsaeunuulelenseln G, Tuniay dBi
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o0

max j v (O)h,,(t—7)dt
G,.=20log — (3.23)
max| [V, ,, (0h, (1= 7)dt

—00

[
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3.6 JUARUANIUYBITTUULAUNIN4E
nansevuTasmLisuTasgUrduaniuldtannduidenuudiaviniramantu dedy
Faldvhnsinnsanguaiufieseunquuouauivanunves FCC o 3.1 GHz B 10.6 GHz
LaTLAUAMNATINTENIN FCC vosanszoining nsdszyuanninglsuvednnsuinig
Wsudlduazinsauuinu/augnssunisnisdealsdidnnsefing (European Conference of
Postal and Telecommunications  Administrations/Electronic ~ Communications
Committee: CEPT/ECC) vaelsy LagNTENTIIMAINELAEAITA0aT (Ministry of Internal

Affairs and Communications: MIC) maaﬁjﬂu 1fufio 7.25 GHz f3 8.50 GHz gﬂﬂ?{mmumu

sinfiaewedlsflagnet faddunnumuuivadnady Vi wansldera

-p

1 A

- <=t

(1 ﬁ) <1+ 0)
= S (3.24)
Vo (/) = Hfl 5

0 othemlse

gLl

A= l{1+cos[£[“f|— —MD}, (3.25)
2 B T

T =1/f, Sudwnduvessndydnual [, Wuawneduwuudian f, Wuanud
nane B =03 Junamesaindes Feldinsaunivlunmideuladeivunanasuunda
(Spectrum mask) ¥4 FCC Amualid f, fid1i1av 6.85 GHz f, fininfiu 6.37 GHz 5U
ndudyaadawesszuuLaunBanuderimunyes FCC wazuaunuisiy wansfegud
3.1 uay 3.3 AIUA1AU LAZAIIUNUILUUASULTIEUNATUTDIF Y QU1 EIRINTD A RUATD

FCC wazuauaAansdn kansisguil 3.2 wag 3.4 auasiy
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Feluunilunsiiauenuuununisiawazuuuirunismaass laglavinisinluieslinig
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TuAngrinusilaldintesiinmzilasstnouuunnaes u HP-8757D yanadeu
W131Tnesn1InTEdAnszane (S-parameter test set) Ju HP-8514B wazfdaaszsindud
(Frequency synthesized sweeper) 14 HP-83620A \ugunsainaniunismaaesisuandln
Wiulugui 4.2 Fsaggnenuganinussuiiamesadruyana (Personal Computer: PC) ldoxsio
riutesdaansuuy GPIB (General purpose interface bus) Insgunsniviintasilnuaytad
annsonsiaindaanalulaswievimeinuazasmesa dlunsunasilazinnisnsiate
wuuassnasalaenesaiindafenasnildlunisdsdynin Tx daunesnaniazldlunisdu
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4.2.2 §182INALUUNTYA (Biconical antenna)
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Abstract—The transmission loss in modern wireless
communication systems is usually evaluate by Friis’ formula.
However, ultra wideband communication systems cannot apply
its directly because the transmission waveform for the ultra
wideband is difference from the other wireless communication
systems. In this paper, the performance of the ultra wideband
antenna with the measurement data of the transmission
waveform based on Friis” formula and correlation receiver are
presented. This scheme used to evaluate formula for the
transmission waveform of the ultra wideband communication
system. The distortion will be consider the receiver waveform
and antenna should be known. Since the ultra wideband
transmission waveform are pulse-shaping by the antenna,
difference parameter of the antenna is investigated, especially
the effect of the antenna performance and waveform template.

Keywerds—wideband
antenna, WUWB

antenna, UWB antenna, UWB,

1. INTRODUCTION

Ultra wideband (UWB) is interested technology in modern
shrot-range wireless communication systems, the occupied
bandwidth of UWB based on FCC is 3.1 - 10.6 GHz [1]. Any
selected frequency in this bandwidth can cause the distortion
in transmit pulse shape waveform. Thus, the complexity of the
receiver detection mechanism will increase by the antenna
which act as the significant pulse-shaping filter. In addition,
the commen wireless applications are still required the
efficient antenna structure with small geometrically and low
cost. For this reason, the design of antenna for propagate the
UWB transmit waveform is a major challenge.

Formula of Friis is very widely used in the wireless
propagation loss with line-of-sight scenario to evaluate the
link budget [2]. Although, in UWB communication with
impulse radio system, the Friis’ formula cannot be directly
applying because the bandwidth of impulse radio is extremely
wide. Furthermore, the quantitative evaluation of the link
budget due to the effect of waveform distortion should be
abserved.

The constant gain and constant aperture antenna had been
presented. However, there is no discussion of the general
constant in [2]. To investigate the transmission property in
free space, the wideband antenna and receiver temiplate
waveform had considered in [3].

In this research paper, the evaluation scheme of
transmission loss in free space for UWB had been discussion.
The purposed evaluated the wideband antenna with Friis’
formula to impulse radio systems. The UWB communication
and the receiver template waveform for the adaptive of the

978-1-5386-3555-1/18/831.00 ©2018 IEEE
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Friis’formula had been derive. Different kind of antanna had
used in the experiment.

1I. WIRELESS UWB COMMUNICATION SYSTEM

A. Impulse Radio Model

The frequency transfer function model in free space with
antenna by the adaptive of Friis’ formula is given as

Hc(f)d) i Hf(f) d)Hr(fn Q) - Ht(f» Q) 1
where H, {@ = r or t) is an antenna relative complex transfer
function vector to the isotropic antenna towards the Q, =
(8,4, @) direction, given as

H,(f.Q)=H.(] 6,0

)

~ < @
— HaHaH (f’gaVWa)+¢aHa¢7(f’ga ’¢a) ’
where a =rort,
Hi (fd )= cxp{=jkd) @
Azd
is the channel transfer function in free space, where
k=2z/4 “

is the propagation constant. Unit vectors f,, @, defined the
polarization coordinates of the antennas and can be derived as.

6.=4, ®)
g[}[ = _¢1 " (6)

when V.(f) is a receiver input spectrum which given by
V(5)=H(1.d).(1). @
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where the transmit waveform spectrum is Vi{(f)}.

B. Receive Waveform Template

We can consider a correlation receiver and SNR which
depend on the waveform template at the output. v, () is the
correlator output which can be given as

vo(f) = szt(t)hw(t—’[)dt, (8)

where the inverse Fourier transform of Eq. (7) will result as
the receiver input waveform v, (¢} and h,, (¢} is the waveform
template. tis the timing of the waveform template, and 7 is
the optimum timing which given as

T, =Argmaxy, (r) g ©)

hence k., (t) can be derive as

j:|hw(z)‘ldr =B, 10)

when B is the signal bandwidth, so that the noise power
density is % is the noise power of AWGN.

Under the constraint of Eq. (10), Ay (€} maximizes
1o {To) When by, (£} is a time-reversed and scaled version of
v (L} ie.

fy, (1) = ———=, (y

for hy,{t) = 0 for t < 0 to satisfy the causality. Hereafter,
the optimum template waveform is 2, (£}.To be noted that
the evaluation of transmission gain is reported in [4] while the
receiver template 18 Ay (£}

C. Receive Waveform Isotropic Template

In the previous topic, the optimum template waveform is
not the only transmitter waveform in time-reversed, but
including the channel characteristics which is the antennas and
the propagation in free space. Consequently, it is not always
practical to modify the template waveform to antenna
characteristics. Therefore, we consider a canonical template
waveform by, (£}. In this paper, the A, () had been chasen
as the optimum for the isotropic and the constant gain antenna,
ie.

) = St T a2

where
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o

vao(0)= [ H (AW exp( e ) (13)

is the receiver input voltage in isotropic antemnas for both
sides. The difference between the optimum and the isotropic
templates show quantitatively of waveform distortion.

1. UwB TRANSMISSION WAVEFORM MEASUREMENT

A. Transmit Waveforms of UWB System

The waveform distortion is clearly increasing with the
wider bandwidth. The common frequency band of UWB is
available in the intersect between FCC, MIC and CEPT/ECC,
which is 7.25 - 8.5 GHz [7]. The rectangular passband
waveform and root raised cosine passband waveforms are
consider used as the transmitted waveforms in this paper.

1) Rectangular Passband Waveform is the waveform with
rectangular spectrum and its spectral density is given as

0= W

0 otherwise

<h
® (14)

v

tre

where f, is the center frequency and f; is the spectral
bandwidth. Far 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 f, are set to 7.875 and 1.250 GHz,
respectively.

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

-8
bd

+4
<8 as

R e
Vulf)=14 E<|f- 1

0 otherwise

where

A= \Hnms(ﬂu i-7 —z—f]ﬂ .08

T = 1/f, is the reciprocal of the symbol-rate and § = 0.3 is
roll-off. In the FCC spectral masks, f, is 6.85 GHz. The
spectral bandwidth f, is 6.37 GHz and 594 GHz, for
propagation, respectively. In the common frequency band
spectral mask, f, and f;, are set to 7.8757 and 0.975 GHz,
respectively. The spectral densities are normalized of the FCC
with waveform in band spectral mask at common band shown
in Fig. 1 and Fig. 2.

B. The System of experiment

The transmission waveform S,; based on measured with
the vector analyzer (VNA) in an anechoic chamber room. The
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VNA aperate in the response measurement mode, wherePort-
1 was the transmitter antenna (Tx) and Port-2 is receiver
antenna (Rx}. The Tx and Rx antenna are height at 1.75 m.
and the distance between Tx and Rx antenna is4 m.

The biconical antenna had been chosen due to its low
distortion property and the geometry of the antenna is shown
inHg. 3. The maximum diameter is 65.3 mm. and length is 37
mm.

IV. EXPERIMENTAL RESULTS

A. The Biconical Antenna (BA)

B A were used both at Tx and Rx sides. Figure 6 shows the
normalized UWB transmission gain as a function of antenna
painting angle in the E-plane. 8-shaped pattems were
collected. Two template waveforms were used for
comparison, and the difference was rather small. The phase
center of the biconical antenna has theoretically the frequency
independent at broadside direction, and that is why the
waveform distortion effect is small compared with the
isotropic template waveform.

504
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B. The Log-Periodic Dipole Anterna (LDFPA)

The LDPA is with broadband. I also has an independent
antenna gain. Different from biconical antennas, however, the
characteristic of LPDA is rather big, the phase center changes
with frequency due to the resonance of the glements of dipale

The LFDA is commercial anterma, Watkins—Johnson’s
AR7-154A, shown in Fig. 6. The antenna operate in the range
of 1 to 12.4 GHz. Figure 8 shows the Comparison patterm of
common band spectral mask between received and isotropic
template. As is kmown, an LPDA is uni-directional and the
gain is higher than the biconical antenna. For the degradation
of the relative gain can be observed with the canonical
isotropic template is used, since the waveform dispersion is
obvious [8].

In the transmission gain of UWB transmission, the
received signal waveform and isotropic template waveforms
had been used, its provide the quantitative measured of the
transmission gain. In the chosen broadband antennas, thetrend
of the narrowband gain s reflected in the UWB transmission
gain. Anotherissue is the waveform distortion. The difference
between the optimum and the isotropic templates is & measure
of the waveform distortion. It is obvious that the use of LFDA
caused the biggest distortion among the wideband antenna, as
its dispersion characteristic is significantly large.

V. CONCLUSION

In this report, we presented the antenna system for wireless
UWEB communication system, where the input signal,
antennas, path loss, and with coherent at receiver side. Two
types of broadband mtennas have been evaluated. The
formula presented in the preceding of [4] ds a special case for
the optimum template waveform in this paper. Therefore, as
is also presented in [4], IEEE 802.15.3a path loss model [5] is
also a special case of the presented formula in this report, by
considering a ASK pulse, the frequency independent
antennas, and the signal waveform.
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150

180 == Isotropic template

Fig.4. Comparison pattermn of Full band FCC spectral with biconical-
biconical link.

270°

- = Isotropic template

Fig.5. Comparison pattemn of common band spectral mask between
received and isotropic template with biconical-biconical link.
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Fig.7. Comparison pattern of Full band FCC spectral with LPDA-LPDA
link.

21— Received signal template

150
- - Isotropic template

Fig.8. Comparison pattermn of common band spectral mask between
received and isotropic template with LPDA-LPDA link
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