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ABSTRACT

The channel characteristic is significantly important to design an ultra-wideband
impulse radio (UWB-IR) communication. Currently, the UWB-IR technology has been
applied for wireless body area network (WBAN). However, the body is a factor for rapidly
changing the channel characteristic. In particular, an impulse radio transmission on
wirelesses human body to human body. Therefore, this thesis presents an experimental
evaluation of UWB-B2B transmission waveform in a channel measurement model.
Whereby, an extension of Friis® transmission formula is used and analyzed. In order to
evaluate the experimental result, magnitude and phase of the channel transfer function,
group delay, path loss, power delay profile, bit error rate (BER) and correlation
coefficient have been carried out in this thesis. These results are very useful to design

the UWB-IR communicating for the wirelesses body to body applications.
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findgyiuniealiiauny (Spark  Gap) 1luwalwerniAuSaaduLAinn1TLANAY
nsgualwisanunsatiunisniuenniale aennladinisunisaenans iliiindyyiu

d' a v I3 d' 1 v I~ LYY v a v dd‘ o [ d" d' 1

AauIngsUiad ieldlunisdesdoyadudidnys wasdeldnngu)idrAgaunilgein
Sommerfield lAALASIEANITRENUUVDINAFFUNLANINATILEUIEZUIU (Half-Plane) TFalaan
DundnnsiugIueINIsunsnsza1enauues UWB [3]



agslsfinunanaind aa. 1910 WWuduwn anuauladmlvgazyatuluganis
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Uisae of Unlicensed
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500 MHz %30l uuamIniiaaLAyaIuNINNIINS oIy 20 Wosidua [13] wUuAINLY
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awaudusIrUsenaunldd s unusUseavdaiad Lvu Narrowband Wideband #39
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Ultra-Wideband @1n1s9 2.1 kanamnudunusy9buumiIniL gL Asaiy

B, :%xloo% :Mxmo%: ZMxlOO%
T e = 2

dlo f, waz f, urgeaauazmannnuddneey (1sgeiv -10 dB)
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PSD mask '
—-41.3 dBm/MHz |

PSD mask corner

fL fc fL
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P(t)= t 4 (22)
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JUN 2.6 dnuwauzvesdyauiaduuuinid@ide (n) lawua (v) lawuaud [11]

1N3UA 26 wansdygraiadifssuuimdideulunisnaiifinnuniisiad
Uszanni @oo Alenundt uaslulaunnudifauinansil 2 GHz Tngfianuddnesriniign
Lazgsgad -10 dB Uszanal 1.2 GHz wag 2.8 GHz muddy Bevinliiiuuudiavidamwediu
80 Wedidud dedlannnniidigaueuuuiinidumsduiiivualag FCC

(2.8-1.2)

B¢ N %
2.8+1.2

x100% = 80% (2.3)

2
a

PN TOUUIUTELA NV T QYN L LU UR I S Awa 1 LR AT

Narrowband B; <1%
Wideband 1% < B; <20%
Ultra-Wideband B, >20%

dmsudegng malulad 802.11 wazugys duuuaiavilnavdiu 0.8 1Wasidud
wae 0.04 1Wasidud audsiu
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Fampfiannsodshutesdyonunisieasdenisiud famwiaanuafiunvesssuuns

ALY

a

%aammumwmmmiawmﬁm'ﬂmmﬂqmmaaLLﬁuuuau (Hartley-Shannon) Agaun1si 2.4

C =Blog,(1+SNR) (2.0)

Wa C ABAAUYYDIFY UGN
B ADUUUAINN
SNR  ARORINEYYIUADFYQYIUTUNIUY

mﬂaumﬁwLﬁm’m”]mmﬁ;suaqszimé’igfy,m%ﬁmLﬁmﬁuﬁmwuﬁ%ﬁﬁmn%u
wszariudyaiasauniiseiifiuuuiiniuinds 7.5 GHz Juilvsignsinisdetoyaly
seiunanedesiunedareIundt (Mbps) uietaslsfiniy 1osin FCC lis1inmdsdees
welulaBuauninebsls ﬁqﬁﬂﬁmmaaﬁ%ﬁﬁa%a@’hammL%’gqﬂuiwzﬁu’m it Vil
weluladuaunidaduindeniididunuesdmiussuunsdeansiimesszduiiinnug:
a¢ wulasanelianediuuama (WPANS)

2.5.2 Miaslunisdas

nndefmuslaganznssiininsaeansuiiansgasnlainueliidsauly
midqé’igzgmmmmﬂﬂﬁLLaUﬂ’ﬁﬂﬁaﬁuﬁmqaqfﬂmﬁu -41.3 dBm/MHz vinlvidyeyraunes
weluladununedsdufinaunsnsvanesdanulusssuslnsedlussduresdoinszuy
N1 (Noise Floor) ﬁqﬁﬂiﬁizuuﬁummdﬁaﬁgﬂmﬁuaaLLaUﬂﬁﬂaﬁqﬁLﬁuﬁmmﬂmiumul,aagﬂ
fdneenty Wlvdyanamewauniedshiinansenuiuszuudue

2.5.3 flanainzgnanilensensiadulden

= o o A 1 Ao o g v = = Yy A A

\Weaniimauadslunmsdamen vilimealulagnisdeansuauniedadliauaunse
lunsgnanilasagnsiadulienn mydadanamemasdanaviilviganilsagaeseginanius
dsdyamnn (Usennad 1 1wns) Wenazaiun1ans199ua1asNasls uenaintunadues

o

azyzgml,mmfiw@'aLﬁuﬂﬂimam@ammmm (Time Modulation) AETHELRNIZEMTUNIAEN
uazn1Asuliug n1stenguanmsIaIveskauneBeidiadnauing asdeifiue
Uaendelunsdsdyain Wesannisfingnsiaduiadluseduilniund (Pico Second) laei
Li¥hsuasnfadelnsdududiunuandululilfias astuneluladuounibdady
walulaBfifienuuaeadoinn endemsdniliuaznsnndu nsdeansiidesnisameludod
AonsdoansveanewinuaznsUnATes

2.5.4 TANUFIUNIUINNITYNTUN TR0

ywnSsuiflsuiusauanuiveanisdeansuauwauudn LLﬂUﬂ’J’]@Jﬂ‘UENﬂ’ﬁﬁ’eJﬁ’]i
Lmumwmuuﬂaamqmawaqmmammﬂmﬂuimwawmmasm (GHz) n13iAnuad
Mmﬂ‘wmasuaaé’zymml,muﬂ%a?jqﬁﬂﬁﬁmméhumwiamigﬂiumué’iyaﬁmiﬁdwzL"ﬁJumi
sumulnedslanioldladle LWswzdwlajﬁQ’ﬁv‘hﬂwsiumué’agzymﬂulwuﬁmmmﬁumu
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Fyaduynanufvesauanudniegadaluasafed asduiianuduianudgnsuniu
waunBandunderaanuddnununenddlignly

2.5.5 ﬁiﬂsaa%ﬂaﬁw%sﬁ’auuazﬁmmgﬂ

welulaBuaunfedadumaluladitlidosnisadunnsi (Carrier Less) ununeaing
Mlidesiinsuenaandygrudeyaimniieuiulumalulaguauuauuazinaluladuauning
nsAeansiusiAainedunsifianudesnisdiuusznounieg Yesniinisdeansd dnns
wangLandiudayaaumv éf’saLW;maﬂft,aﬁﬂﬁﬂﬂﬁmqa%ﬁasuaaLwﬂiuiaﬁLLﬂUﬂ"iN?ﬁﬁﬂ'sm
Fudautiosnituaziiialunisasignnitnaluladuauuay gﬂﬁ 2.7 Jumsiseuiiigu
vBenlaezunsuninds-mesuresnaluladuausauiumaluladuaunineds

)
) LAToIYa0
4
INTENETE Aoy iy :
] - . : 4 o ¢
Anaet  fnwed Anaod AT INNA

= = Auenamnions
e - ANDAFDATEYD

@ aniFaanod BaETanIAag

M
MTHRAT

Heyndumnm

uangAATaYn

{a)

CEGETT

. AwEnwEy

F, " -
Hoand NEuE T A

Hewand

. N
Woyapima - —
uBARInRinLR ~
T
s afinianaf
HnAte

sUN 2.7 Wiguigulassainssuukaun edsiussuuwauway [15]
a) vaanlrozunsunipdsniasuveavaluladuaulau
b) vdonlaaznIuNAdI-NIASUTRINALUIAERAUNI98

g
TTUA]

Wwiaafuiuy
AT -
#nernius

(b)

d‘ 1 U = v QI = ¥ d'l 1
IN3UN 2.7 Mads-measuvesmalulaguaunIddllaseaianieninssuuLa LAy
d' d' ¥ QI d' Y o o‘d'd o 1 r'; 1 o I 4 a o o o
LW9991NN15ARAITHOUNINN TNt I Nad NI nasdannaz s udaelisvenennds (Power
Amplifier: PA) Tunipds wazainn1sinisdeasuauninedelidnnslodyaraumivivinlila
Fududesldfinwas (Mixer) waresadaawnas (Oscillators) Tuniswlasanudmsiluiduwau
ANMUDTIABINITNIMNIASUBALNIAES

2.5.6 fianudumusieniunaieid

JuiigfuinisiAedesdyyraumareitidudsivanidesdidlilunisdeaslians 3s
Hunaunannnisasiouvesdygyianisdeaisanvale ﬁﬂmqﬁfm@hm LU 91A1T L6y
A segunsaldineu wWudu duvnsinatgennieddludianseniasulaensasendy
\duszauanen (Line of Sight: LOS) ﬁuué’iyiywﬁﬁmmﬂmiazﬁaummﬁuﬁﬁa@mqq o
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Livlwduszauatsnt (Non Line of Sight: NLOS) Tnggui 2.8 wanatesnisiinaduvanedn
lusyuuuaulAULALAUNT9ES

NLOS

LOS

TX FAX
(a)

LOS
o
=
=
= - NLOS
E
<.
vf\uf‘\uf\vf\vﬂvﬁ\ LOS % NLOS
173 PR WA WP /B e (ML TP AIVA T AIVAY P8

(b) Time (sec)

LOS NLOS

{c)
5UN 2.8 HavestasdyaamatginlussuuiaulAulagiaun 3NN [15]

o

(a) ﬂﬂﬁLﬁﬂﬁ@ﬂﬁﬂJﬂﬂm%ﬁ’]S’Jﬂluﬂﬂiﬁa’d’]ﬂiﬁﬂEJ

o

(b) HavDMBIA YRR IUTZUULAULAU

o

(0) NWUENGE%EN?T WEMMQWEJ’JOE[,UiuUULLﬂUﬂ’J’NEN

mﬂgﬂﬁ 2.8 wasuaqsziaaé’ayzgwmwma’iﬁﬁm%’ué’@apmmume%ﬁwﬁuﬁawﬁm
WnnIdaamauni1eds esninnissinsuuusana (Out of Phase) vosdayanasdiun
27 LOS uag NLOS NV AUTDBNNFIAANRIUIN wilumealuladuaunadenisdeiad
FflgagaimauuIng ‘1/1ﬂvimﬂiuiasJu"LmUmaﬂimmmﬁuaqaagwﬂmmmaiﬁﬁasmm
desntinanisdsiuesiaduesuauniedatuaarduniiuludund (Nano Second:

ns) Ylwadiinainnisazveuiilontatssuiniagludandaufunadndu LOS
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2.5.7 fanuazideagelulamuuand

femadiifidnvaemdamunaiivauinng wieerananlédnteniainduiadid
AN avesdyaesinng Tuvsneds seuueduinguuuuauniadaiandululsias
411150MIUANTIMITLATALIMLIAT IAB 19 NABILI UE1INATITEU VAL BN UBN TR
(Global Positioning System: GPS) LLazﬁzwﬂ?{uiquwuﬁuﬂ §m?1%éf'w@mamﬁ’mumi
uwsnszanesuTanle Ieilidyyranauniiebs Annsuegrasmianaignihuildauly
sruusmiszerdu wulunstemdetinuaru fonmstesiuegnssy Wwudentunsly
Tuaudrsuazlugaamnssunisviimdews 1usu

M13197 2.1 aLaulazUsEleriveInIsaeaIsuaun 9B [11]

LAY Uselovil

Foadyay1uTAINYUN PO UNLAINIANINAINTATOISUNNS
wanalviddflendnnuasidungs

Tadseenn lalusunmiudussuudue

=~ A Y = o vy PN ) Y} 9

enmanazgnanilansensindulaen | wnanudasnsie wwiedunisidlunesinuge
UANUANITUAT

=~ v 1y} ~ oA A vy A o v

fanudunuatnmgnsumudygia | danuiweieladoiluldluanizuinden
Q{'q U d‘ ] v a
Niinquinlinisa

= }% d‘ ol = o Yal < § % U1 <

Hlpssasrnlaigudou ihlvdvuadn af1alede uasdisirign

NANNFIUNIURDTBIA Y UAIID Tidaysyraunilingsgandi Tuannsuindeund
NANISALNDULIN

2.6 UVINIMUAVIITLUUNISHDAITHUUBAUNINGEY

Tussuuwaunislaiivetvunvesssuunisdoarsuuuuaunineds fen1sdnass
audlumsldau Tasluussimmansgolidniazgnimunlag FCC uidotuiuluglsufls
finsvdennaimsdnassaduanud uagnsunsnaepuesnudinguounnads Tnsaniiu
AVUANINSZIUNNAINIANUIALLYNERNINEL Y (European Telecommunications Standard
Institute: ETSI) %58 @nnusinsauunusznitslseind (International Telecommunication
Union: ITU) dmiuluvszmaduldiinmsimuadaassanuilunisldon Tnensenag
Wdve waznisdeasnelulszie (Ministry of Internal Affairs and Communications:
MIO) Fsluimeniinusiflglidormuamunuures FCC InefivsyfRnnuduauastefvun
il

FCC Ieoantsznielud a.a.1998 Reafunisasiadeunie (Notice of Inquiry: NOI)
Tnefadagldmenisalfseiumdanuildlunsdshudyyaidssaumung wdifanm
faflnquifiatuaylussuuin Aldnuiueglivinnisdesunsissuunaunadenld
mudmsunsdeasvemaiiou fudenfedaeinnezieatestunismianisaiianisiiudy
suaﬁzﬁumiaamLmaﬂIuLmUﬂmuﬁﬁﬁagjaéNai’ﬁﬁ’m W wouANAlunInsEated I
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Insiiminaumnaiidisesly dmivaduingnieansimans wazszuu GPS Taediesdns
U‘%msmiﬁuumau%’gaLaﬁmvﬁa (Federal Aviation Administration: FAA) Tonanianduy
WrenIsunInaenvesdyaiaiifidesyuuanudasaselufanisnisdunasienislunis
Fuaiifefuedesdsluszuuiaunedasetuiu

FCC Idpanngdmiumaluladuouniisdaidle 14 nuansiud a.m.2002 Fadunis
FVUATEULIATDINITHNINTZI8TBIA UM UIRLLAUne Suf s uatuiinis dmsu
wieluladuaunieds uasSseyg i iumaluladildludnvaueniinisidnde Tnefmun
Alnasuunga (Spectral Mask) d1m5UN1591ANITUNSATEA1ANURUILUUALUNATUAIET
Nudmsunisdearsnislunasnieusnenis ﬁummiugﬂﬁ 2.9 WLagn153INNANIT
WS NSEANEAMURUILLLAUnA S uAIgsIud IS UnIsAeasuuukaunIeBenelunay
MeuBNeIAITiRmMualay FCC Wanesamnsad 2.2

"40 L LJ T I T T T T T L] T I'

45| -
)

=

E 50 -
£ R |

E-ss - -
@

c

% 80 —
T 65| -
@

o

"]

= -70} .
=

(=]

-5l — Part 15 noise limit |

—— FCC spectral mask for indoor limit
| —— FCC spectral mask for outdoor limit
_80 1 1 1 1 T T — | T T ) -
10° 10’
Frequency (GHz)
sUR 2.9 AUNASULNSAANTSUNISINNANITHINT NTL1AMUAUILUULOUNIAI9TU

dmsunisaearsnelutazneusnainsniruslag FCC [16]
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A5199 2.2 N15INNANITHINTNTLAYANUAUIUUAUNASUANBINUAINS UNSADANTHUU
waunIedsnelulazNeusnaIAsnIrualae FCC [17]

o meluains AMYUNBIATT
AU
EIRP EIRP
960 MHz - 1.61 GHz -75.3 dBm -75.3 dBm
1.61 GHz - 1.99 GHz -53.3 dBm -63.3 dBm
1.99 GHz - 3.1 GHz -51.3 dBm -61.3 dBm
3.1 GHz - 10.6 GHz -41.3 dBm -41.3 dBm
49171 10.6 GHz -51.3 dBm -51.3 dBm

2.7 &I'\C‘lﬁgquﬂlaﬁﬁgUUﬂqigaﬂqﬂkUULLﬂ‘Uﬂ'gq\‘i?j\‘i

WS ILYRIsTUULAUN T aElet] 3 1nsg I Ao IEEE 80215 3a Tidmiulaseie
&Ju‘ﬁ'ﬁ?uqﬂﬂaﬁma (Wireless Personal Area Network: WPAN) szegn19lndens1n156s
ouags IEEE 802.15.4a 1ddm3u WPAN szazvndlnadnsndadoyasi waz IEEE 802.15.6 14

dmsuseuulpsatreiiufisnanigldans (Wireless Body Area Network: WBAN)

il
U

2.7.1 4193374 IEEE 802.15.3a

1MW IEEE 802.15.3a loneuusuUgeansnnigdIvasnnggiu IEEE 802.15.3 v
atulpsnstnonnaluladuaunineds anld duianussasdazihunldiu weaAN lneilszes
n3n151d9uBe 10 m Asesinsdedoya 110 Mops uazissaznidlndfeyszann 2 m
ansndndsdeyalagsis 480 Mbps [18] usiiadymidesanliansonnasiulsines
Fonldivaluladluusgnitnisdafmanduuuutsnnudfainuatsuay (Multi-Band
Orthogonal Frequency Division Multiplexing: MB-OFDM) fukaunitaBedndunsa (Direct
Sequence Ultra Wideband: DS-UWB) @sl¢ifunsativayuainassuidnitusiing uaglu
Fouunsiau T am. 2006 anmssuiildgnenidnly

2.7.2 1193374 IEEE 802.15.4a

11AT§IU IEEE 802.15.4a Idfinsthieninaluladuauntids snvussgndlddmsiu
WPAN Tnesutsslfiszasmmanisldmuitlnatuldfeszana 100 wns lnsandnardsdoya
a4 Tognisldeuresnumneiiui samvedisnnign awrsndiundszgndldiussuy
lassnensnsaadulians LLaﬁswmiméﬁmeﬁﬁmmﬁmmqqa msﬁqﬁzyzymﬁiﬁugm
sguualiansdmiadifiauniswesiaduausnnyszanaildifuduiad Sadufinvesde
wauniada [19]

2.7.3 41m337U |IEEE 802.15.6

193g1u IEEE 802.15.6 \iusnsguiidetuulvaldmiutdnndsegndldsu wean
Tnefinsldanuddyfonsnguaminnevesiitas Iadelsn sauismunuiielsn WBAN
auusiallndiu Anegiu vianglusaniegvesuyed lneinisldonuddeyaseninalun
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Melusninie wagdsdayaannsraneludgunsal nsussandldvianesunisunmgvsonu
ou [20]
2.8 nsUszgndldauveanalulaguauninegs

sruuuaunIndauaunsath luussendldnulavalesunuuninisyszendlaly

(%
a

dinau lunvinendy ¢
2.8.1 msUszenaldnuasatieneluaiasdriingu
nsdwnalulaguuuninedandssyndldaulunisigensessnitegunsainielu

91A15d1NNY Beszuunsdeasuuuliangsrerdulininudeinisensinisdetoyass e
seafusvuudanipenldlueinsdidneu

2.8.2 msUssgnaldauaiatieneluniinede
Junsuinaluladuuuniiganyssgndldanulunisieusessninvgunsainieglud
o 1y ABLTTINeSEILUARE LATBAAUATA 713 NdpsAdnea Aaguil 2.10 1Uusu

2.8.3 msuszgnaldaunulasetiguusiniguyed

Hdunaiunaluladuuuniedanuszgndldelunsdousediueteizdneg ves
saneyed Lielietizuasimeannsodoastulanmeuenls Seiiuselomivtang
Msuwmduazmsieasludinusyariu fagui 2,10

Audio ¥

WUSB Laptop
Host

e (M

Input-sensor Printer

)

2 Localization
Printer Input-sensor
node

L& )
iPod L i
Input-sensor

: a node node
y Aud o
Y s 3 WUSB/WBAN
* ° )| B
“% B Host
i / 8.~
AL o 9L Localization S WUSB Device
sy ’1 seeEas Input-sensor '
PC node SRS WBAN Device
-§> | camera e Humidifier

5U# 2.10 msuwalulaguuuwauninedassendldau [21]

2.8.4 msuszgnaldaulunisfumaiumni

weluladnsdeasuuunouniedunnzauiunisiluvssgndldlussuuisens
wszfumaluladifsadunum Wesnszuusadidussuuididenudesnisvaman
Tuewan anansathluuszgndldlunsnsiaaeunisindeuiivesing nsraaeuiiiendnides
37U NIRTIITuANISIVUnUY I dussuushwvimulasndediuunraalun1snsivaey
maidoufiluiiuiifisdosmsanuasnfogadoiiuiiidosnisaudusslunsnsaaoy
a1 Uszgndldlunsnsnaounzgrinuiangilivinennsivu laf 85 Sguden liued nanadn
LAZABUNIA
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29 a3l

unidldnadassfanuduniveunaluladuauniiedinde Ultra Wideband
@i’juwiaﬁmuﬁﬂﬂ%ﬁ’u Mé’ﬂmiiﬁummmLwﬂiuiaﬁt,mum"m?ia ALAUYBITTUUNTHDENS
wuuLaUn1eBs sadenistvuangunaeilunisldon 4 mammm’m Tii1aeidutianudd
THmBazduisiouuuiinivessyuy sedufdnuiiunsnszatsnenelukasneuen
9113 fimmuslngnnznITINBMINsAsasWitanSgoliM Tufsunuuvesdaynuiiaz
tuldluszuunauniaBeiilduusmuuszinnengg Wy Waduuuinid waduwuuinidlaly
dauasiaduuuimdsuan (udu uenanidilinaniunmguesssuunsdeasiuy
waunfedauasnsUssgndldnureanaluladuauniieds Fudussdarmiidessurasns
Ussgnaltinalulag



unii 3
walulaglasednelfanguusnainieuywd

3.1 nanul

Hagtumalladnmsdeanslassielimeliimunogismafuagldduniumumly
TAoUszdriunntu fremnudnmimanaluladlunisudngunsaididnnsedindsily
aansanangUnsalfoansifvunadn sesfuivinmsgunisdeansuuulvie Tnsenglane
Uui”mmawwé (Wireless Body Area Network: WBAN) LﬁaLﬁmmmamfmsmL%’ﬂumi
Ansiodeansidunisiioansdiuyana nisdeansssezduseninagunaaineluenasddney
wazthuine ds Tasstnauusnenieuyed Tdgnnandsefausnludiuvesiasstnediuyana
(Personal Area Network: PAN) Iag Prof. Zimmermann lasunisendeslunisasisassa
wAnidedlassdisunsrnanyed Tnsffugiuaineuveaiidandumaluladusa
LLmasamezma (Massachusetts Institute of Technology: MIT) wariivsenladidy L?J’]lﬂ‘Wfﬂm
msruturesgUnscinenfinmesfifiuunaidn wesnisdendanisdoaslateszesdu n1s
Houdetiugnaretudiunisfndedearsivaunsallndisstiosndt 3 s Tud 2004
Tassneuuseniouyed lesutsanimandensafainailndigedeifedunies
Samesywd U 3.1 asuanimndendelassiiglfansuuimenyudiulassnonouen

Sensors |  Tier-1-Comm | Tier-2-Comm Tier-3-Comm (( )) Emergency
222 2 3 B é,“'"""-'- ----- y -
ERGR-——-2— asssssssssassasss P s
/""‘\ _.__.__,-"' @ R .-' :‘.

Far sensor |-~ ’G\* "':" i ) .." l L { olMmmediate

M ,F” = , "q_, ‘1 i) - *fam”}'

pressure | “'/j O \R T ‘@ 7 \Wireless &

'y g 1 .=* | Wired Network Facility
ECG — i?.lﬁx \.-—1_,_- ?“D L I_I;-—
X' 1 e~ 9 Crp L.
AP~ \v/4 ctoup, >
S Y R AR Sl | e b Medical database
e Il. A & a Access Gateway
. [MA\NY B, i Point
on ____| | L f \ i &
— ‘."O,ull L(jl ¥~ .:, 8
| ] Doctor
—— T ez, —— ey, eeeee

Sensors Intra=BAN Inter-BAN Beyond=BAN

Design Communication Communication Communication

JUN 3.1 nswewsialassieliasuussmeuyediulassienieuen [22]

YouLmIessTUUNSAnansliansdu wansisgud 3.2 Tavasiiuilassinelianouy
5'1@mawwﬁlﬁﬁﬂLauaﬁ'ﬁmimmmiﬁamﬁs835’5‘141,‘17@@L%amiaﬁ’uqﬂﬂmiﬁasujiaus‘] 379MY
uyudlasmilfemnuasafovessnimesng Tasanusadunldfunisdearsnanisunng
MIguadunm wavaunsaiddnnselindnielusanieuyud
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Communication Distance

|_-——‘£L-— ‘Wiredass communicalicn WJ

JUN 3.2 WisuWeusseensdeansvesnalulaglieane [22]

szuumsdoasliapuuiimeuysduarssuudoasiimediuyana dinaluladuoy
wAndtlndiAaiy udegilsAnmudinsdiduiiunndaiuy gun savesdeaslianguu
$uMeNyed aansaeguusiimenienigluiimenyudldlaelinnulaendeiveioisuay
Fudnveainenieuyed ludnveswosdygunsdeaslimeunsameyed dgnihiaue
shemndnunziiunnsaiunisdeasliasdauyana L‘fraLﬁamaaﬁﬂmamm&éﬁLﬁuﬁaﬂaﬁqs‘fa
Usgnoulufslusiu 1h ilvinisundnsgansgnaaetiiandilusutenniaing uazsuiuy
YosEEaINIAeIazdnaNsEURUTINENYES dmnsvietinoenuuudeandiuaudivi
MeANNEITatUNITasIIsesenkuuaUnsal 1y Aesedlungssileutevedu sUkuy
Foednyayos naslindasudian HANTENUVBIOMUNAN @189INALAZNITILEEUUTIINTY
uywd Msdeansiiiuszaniam smmsdideyativanzan wasiaunidetiogs (Judy

3.2 Hgusazdaninuavediasetelianauusienieuyed

wasInNUsrauaNdsIveanIsgulasaingliaediuyana (Wireless Personal
Area Network: WPAN) WG 15 404 IEEE 802 FeldiFuauidelval insizazdu WNG SC 3elé
andnsfatuulud 2006 Tns WNG SC Ididonsientsinaluladiifein1sidsain we 15
Member [23] #aid

1. Adssusannuaylindanduingegieiiuszavsnm
lasetnguusanIgayee (Body Area Network: BAN)
walulag MIMO dwsu WPAN
Software-Defined Radio
Mobile, Nomadic Mesh Network
Heterogeneous WPAN Interoperability and Internet Working

N R LN

Wireless System Coexistence and Dynamic Mitigation Techniques
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waluladwanil BAN Tésuanuaulannaindnidusuaunn ngulunsduanuves
BAN i1 an Interest Group of BAN (IG-BAN) Tégndnsislud 2006 dalasunfudalésu
n159YiiAann IEEE 802 Executive Committee (EC) dmsuilunqunisfinuide seuilul
2007 leisunseysifdungueu (Task Group: TG)

3.2.1 Heuvadlaseinglianeuusnanmeuyed

Adewitanyseiveslasstneuusamenywdiilag T66 [24] Wusnpsgiudmiunis
Aoanslmesvezdulutiinuseuy viedulusameuyed wlisnsiuuaw) aunsald
suldfueduanudansisusdmivgnamnisy mermans wazn1sunnd (ndustrial
Sciences Medicine: ISM) @sl#3unseysiinnmisaunienisunmguunnfuag ey
Anugua i?ﬂﬁﬁi@ﬂ%u@&ﬂ’lWﬂ’liU%mi (Quality of Survice: QoS) MAMLALN ST
mssudadeya 10 Mbps tludeiuniasdmsunuauifives BAN lngazdotlifinisuninaen
vodeyay B mm@nuﬁfﬁmmmamzmmaqmammﬁﬁamagjuu'ﬁ'wmawwé (eane
M AURDL AUDIU Ma) LUUIUNITUNINTEII8nA Y 01N TgANAuNdsudimig
(Specific Absorption Rate: SAR) vaseidessmeilisy WATAANTUNAMANBAULHARINATT
\douilveInTy

n33deiiatu WeAN  lunis@nwmiiigudnunzusenisuninizagaiu
wimdnliihangunsaiftedindfuntaneluienieunes amududeuredasiaiadeide
waggUINTesyud il IndenIsa LU e sgadeiaitd miv BAN Tuvmued
arornadwmiuldly BAN tuagnseguuiuimiontelusumenyudlog asfosdiisds
NANTENUTBITINIEANTUNINTEAIEAAUINY  BeanuisonUslssiannisdeusaues
WUUTIaRIUR AU aEIMTU BAN 19 3 Uszian il

1. Implant Node: Inunagisogaulusunieuysd

2. Body Surface Node: Inundgaguuiiufinvesyuduionnaniuiungn 2
LWURLUAT

3. External Node: Tnuniinisidesseainmeusnniaiufinvesunusd @svezliifn
5 WATIINTNNENYWE)

dmdunsdeansuuiiuiasenie (Body Surface Communication) %831
Tnuadauazlnunsumsiiansanszegneseusumee dmdunisdearslunsdilnunds
w’%a%“ué’zgzymimmiﬂiwwﬁqagjvmaaﬂlﬂmaﬁ'wma (External Node) 5382111931979
agenedkarangeINAsUdyyInmIsegluuImTeuY viomelusnaniefisses 3 wns
wluunensflsseraeandmsuaunsainienisumganansaviiale 5 wes

fostaidsnugeged miugunsaivusnniglumanisunngasiarsanainiiud
wagdaivuaTEnIneUsena [25] dutedninmdanugegadmsu MICS [26, 27] Dusisdl

1. European Telecommunications Standards Institute: ETSI AAualiAi18391u
mnmimzmmﬁugmm 25 uW ERP (Effective Radiation Power)

2. FCC & ITU-R fvunliifndsnunsunsnszansniugaan 25 uW EIRP (Effective
Isotropic Radiation Power) §aflAnusanas 2.2 dB sninsesu ERP
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Podndamasnunsunsnszateaiu 25 uw dunluldiuserudyayianegaieuen
SHMENYEY (SrUUNsUNSnIEeiaun) widdsegnglusinielaeyginliseauids

NuaduieYAen1sgLdeaIns1eneg laeddnanudvesgunsaliieegniglusianie
402-405 MHz lassysieazidentilu [28]

3.2.2 damvuavaslasstnglianeuusnaneuyed

766 musouirniiniadureanisldeu ldldudfissmenisunnduaznisgua
aunmag sty usannsoiluuszendldfugunsaidinnsefindlusudun n
Ny temvuamawmaiiadmiulassiguuianeuyedategainvate ldannsadaun
nalgianun ﬁﬂﬁ?uﬁlzﬂa"l’JLaW’]S‘E’JJEJﬁ’l‘VTUG]WNLﬁnﬂﬁﬂﬁﬁ’]ﬁ@%m TG6 ¢iail

1. dnnuvesgunsaiilddmsunmanisumwgil 6 un udanunsailléda 256 Tnus
é’m’n,%%’azga&gmﬁi 10 kbps 9 10 Mbps
Faansaeinulifiy 3 wes
annsovhann uusrene aeldided vdeuuRmds
é’ﬂwmzﬂdaﬁzgapmzﬁuag’ﬁ’uamwmaﬁwma LU NIQATU NTOHAINFVAIN
sefungsTuresnUnsniustuoglusedusii 0.1 - 1 mw
Tindanutay
58395UAMAINAITUININUTE Quality of Service (QoS)

Pae™® Ot = W N

ANUURBAfEYBITeNa 1 Authentication, Data Integrity and Encryption

3.3 ngdatedavamsulasstielianeuusinienysd

o A

v 1 A & = a o Y v v & 1% g v
ﬂ'ﬁ‘\]ﬂﬁi’i“lﬂﬂﬂ’l’mﬂLUUWuQI‘Hﬁ\‘]Wﬂ’mmWﬁG}G{JBﬂﬂ{]‘U’eJ'U\‘iﬂ‘U I@FJVI’JI‘ULLG’JWNZJOI%

o g
o

Nudnsulassingldarsuusnmeuysdidudedmunlnedoonng n1sdeans Felinau
uansnsiuluusiasyseme 5UR 3.3 uansanuiu1agnildanudniu WBAN TuusazUszina
Falin5INATIVNANUDATL

EU

apa
' World K ores
wide
A0S 420 420 440 449 608 614 1395 1a00 1T 3100 g0 10600

| s

o . s - ¢ e >

MICS ¢— WMTS —— ISM/ UWB (MHz)

JUN 3.3 awnuauanuddmiulasadnelianeuuseneuyed [29]
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3.3.1 Medical Implanted Communication Service (MICS)

¥ 1998 nguaudeasienduingvesanWingALIANUINR (International
Telecommunication Union’s Radio Sector: ITU-R) AMuATI9AIINE 402-605 MHz 14
dwsumsdeansnmielusninie Tnevanguszimalidennuiifedtu [30] gunsalitldludie
muabansasesiumslduuuusaile 300 kHz Lwﬂ'laiiaq%’U’LuL%"aQé’m’mﬁ?iQ%’aagaqq

3.3.2 Industrial Scientific and Medical (ISM)

mslfruunuanuiawnesuuineuldldgnldludanded egvlsfinuiagiutgn
T dunmsgnludandvdlastsenuddsnangnimuslag ITU-R [31] Seuszinaingg az
fdofmuanislfnuiiunndeiu gunsaifildnulutasnnuddsesiusnansiudsdoyags
uazanunsaldlavialan

3.3.3 Wireless Medical Telemetry Services (WMTS)
FCC lamuuagaanualdenly USA [32] dwsuingusrasaldlumsaiuaunilng
dwsunisnwasnm egdlsinuwauanudiliaunsaldnuldluegisy

3.3.4 Ultra Wide-Band (UWB)

< B Oy = ! = A v oa ¥

Wussuunisdeansildainuduinnit 500 MHz lunisdeansuauninuaninegsld
sunduaduaunluntsditayavirans iliddnsanisdedeyangs FCC lammuntag
ANRALTLAIE 3.1 89 10.6 GHz lnaiFunsniuanunsalgnuldianizanigosninazdan
T wavasantulud 2007 Ysgmaliaiunsaldaunalulaguauninedslaludinge

szuunmsdeansiiateannsaldaulilaedilifiluoygin egslsinunisinassaau

A A oA Y = | %

Audnkifiluaygnslimlouduynusemna lunsnei 3.1 wansinanudnoyayinlday
dwsulasaneliansuusienieuuwd (WBANsuaslasweliaeduynna (WPANs)

A19197 3.1 Anudldaudnsy WBAN wag WPAN 7idaliluaynn

Name Band [MHZz] Max Tx Power [dBm EIRP] Comment
MICS 402.0-405.0.0 -16 Worldwide
ISM 433.1-434.8 +7.85 Europe
ISM 868.0-868.6 +11.85 Europe
ISM 902.8-928.0 +36 w/spreading Not in Europe
ISM 2400.0-2483.5 +36 w/spreading Worldwide
ISM 5725.0-5875.0 +36 w/spreading Worldwide
WMTS 608.0-614.0 +10.8 US only
WMTS 1395.0-1400.0 +22.2 US only
WMTS 1427.0-1432.0 +22.2 US only
UWB 100.0-960.0 US only
UWB 3100.0-10600.0 -41.3 UsS, UK and
Singapore
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o [ %4

3.4 wuUINRRYRsdy I mTulATsel SaneuusneUYEd

‘Luﬁﬁaﬁ%a%maﬁqﬂ'1ﬁ’maaéﬁaqaﬁ’mﬁpﬂmmaqmmg’m IEEE802.15.6 (Body Area
Network: BAN) TG6 léfiaiun BAN dwiugunsaimisnisunnduazlailonisnisunmd dod
G‘hLmu'dagﬂwa’tuﬁawﬁuﬁwmﬁwm&mw&? wudassaznaninudnuazlaeiilves
mMsgadedaitvesgunsaiuuanie Tnefisdsnsuatedudennaniumenyvduiods
Aaviiauiinailngq $ensuyuduazritnvesiyed Gedivasanuiuazdnvaznsing
uanenefufanIed 3.2

M13197 3.2 Yupnuddmsulasanelsaeuusneuye

Description Frequency Band
Implant 402-405
On-Body 13.5MHz
On-Body 5-50 MHz (HBQ)
On-Body 400 MHz
On-Body 600 MHz
On-Body 900 MHz
On-Body 2.4 GHz
On-Body 3.1-10.6 GHz

1A5985199 098 UVIa B MSUNISARa SUUN LRI 19N e kas e lus 19N dull
wilauiu anunisadsings) lossylilu IEEES02.15.6 [33] Bailsn8azidenukasdannudeg
AN5199 3.3

M13199 3.3 sUluunsAeasiianguusanIeuyLd

Scenario Description Frequency Band Channel Model
S1 Implant to Implant 402-405 MHz M1
S2 Implant to Body Surface 402-405 MHz CMm2
S3 Implant to External 402-405 MHz CM2
S4 Body Surface to Body 13.5, 50, 400, 600, 900 CM3

Surface (LOS) MHz 2.4, 3.1-10.6 GHZ
S5 Body Surface to Body 13.5, 50, 400, 600, 900 CM3
Surface (NLOS) MHz 2.4, 3.1-10.6 GHZ
S6 Body Surface to External 900 MHz CMé6
(LOS) 2.4,3.1-10.6 GHZ
S7 Body Surface to External 900 MHz CM7
(NLOS) 2.4,3.1-10.6 GHZ
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SrYENNINQUNTAINIBUBNI NN UUAINTABEWI9INI1NELININER 5 11nT
dnuaEN1sWeNaNFRaNsANNTARlAAINTUT 3.4

WBAN,
Coordinator
(Hub)

Wireless Sensor
Network (WSN)

WBAN,
- Coordinator
~ . (Hub)

~
~
N
s

Intra-BAN Communication with T
Communication Inter-BAN the ambient WSN Central Unit
Communication (e.g., medical
(among patients) WBAN; server)
Coordinator
(Hub)

JUN 3.4 nsdeansguiuuniuaznsUssenddmiulasstielsaisuussmened [34]

3.5 dwmsunisussandldanulassingliaiguusianiauyed

lunsusggnaldauveslassisuusiimenywduuuliatelagdlng aclddmsu
NMIINWIQUAZTNIN 11371 INENTTOULVRITINNY MIARAUEgeINTHYY Lagaziing
Andaguiasiuntnge YBIT WU YWY Imaﬁ'qilﬂiajﬁfﬂﬂa'nmmmdﬂé’iyzym%’au”a
ndvundagldary viounndialdlunisiiningsionns wieiihszaonnisveadiae Lite
Josruuagyilinmanulsanouls lusaesamdiinaninsfindaugunsaidldlunis
nTI9¥AgUAIN ATITABUTUAAY ATERUARAUNRANY ity nsmsdiaTesiedulidn
lauvunnnfsinsldisueesifisnmunauazdudou daufazlisunissensulnaniisly
sruudagtuinu uidiregndndadmiesiaiwazn1slnu seUUn1InITIVERUNIINITUNNEY
duyaeaiinislfifioivioyafissesuier daunisUszananauaznisiaseidugn
suflunsuuveenlal vilvgunsalldsuldlidedesuazerasinliil anuiaunilunig
PTIEBUNINITUNNG Sruufivsenauludesugeidiuiuandieldlunsitusganim
sumedinmsideusemeliiszninsiurumesiussuunsnaey aglifananeravinligvae
liannsaviianssuuisesldedsazninauis dawavinlsiinansznuiuteyafiinld uas
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wignatiewihliiinsadssuuasinaeuaunmsisnieswuulfaeddldluszuy WBAN Wudu

ﬁagﬂﬁ 3.5

Impiansabie Vison Sysoen

1

Ebscirocardiogran

L

I Chisdensusd Traffic i—l

‘E_ Wakg-up

Ol

Emergency Trafllc

Niaam 1
Badio i

WA

Mol Tratfic

Secunty |

e N —

Telemedicine . Sllechieal
Server Craisd Serves Eiiorgiety

JUN 3.5 nMsdunalulaguuukauninganussendldnulasavisuuianeayee [35]

finsUszgndlinunnuneuagiinislisuuuuiideliianasmnavisaniulag
514 WBAN faguil 3.6 uamstansuszgndldaulunisthomderdidanuiinismiaion
i3osiionsraTnldgninfudawessney veadiifinnufinismeaient 91ndudedinis
fmueABuduvedsTesinmenesesdionTatafudessudya o MINFANITNIEEAEY
ﬁq%aqﬁw%agﬁwmﬂmﬁlﬁﬁmumﬁ \Sessudandidyynanion venaniidinges
ARRFUERnITIaEIER WU wium ieliivin awidleazgnaielaendosuazgnaslud

d{' v aa 1al va a 1% Y al A o Yo v
iwsesunAnegigiin1snaen lnsamiaelnazgnudaddiludes iivedmielviug

#iN13n19aen vannisiadteadatuaiusaidiulddigindasdinisaunisne laely

saa aa = .:4' A v a Yo s a v
LYULYDINENNUD L‘W'E]ﬂ']ﬂ'ﬁl,ﬂaau‘lﬂ')‘ﬂ@ﬂu@ Iﬂﬂ“ﬂ@mﬂaw‘lﬂﬁ‘UQqﬂquuLsﬁﬂsﬂggﬂLUaHTﬂ,wLUu

deomauazlusuwuudy 9
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UWSB radio interfaces for on-body sensor network

IR-UWB
3.1-4.8 GHZ\
[/ " PDA
.."M-
7 SpOé X
B
EMG Patient monitor
MB-OFDM UWB
.:/ .‘\
i) s
O

5UN 3.6 n1sUszenaldulunstigwmdediinsngateniun1snTIamdun sy [35]

[

A ! £ ¥ S ! £4 ' & & N = do
snfinantutiesy mealulaglassielfatsuusanmenysddumalulagnianngs

[

Wunaulavazniswaunegresiasazazidudseleviogedseanislidanuluiinuszaniu

3.6 @3

dmsuluuniifunalilaBnisdeanslassdielfansuusisnisuyed desznoudae
eadun wasdermunvasassialdapuusismenyed ngdedsdudmsulassiielsae
UUITNNMEULEE WIR3FIUAN 7 (EEE 802.15.6) agslshnulunsiazUszinmoandaniinue
dnfumslinuiignuenisng q Tnedndiein FCC sudldnanisguuuunisdoaises
lassnelfansuusianmenywd wuuiaewesdyyiadmsulassiglsaisuusiinieuyyd
wazn1sUssyndldauvadlasainglfaneuusanieuysd
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NanNnNI3I Lﬂ'i"lg‘lﬂiﬂ'iﬂ‘d'lﬂliﬁ’lEl‘U‘IJi’I\?ﬂ’I‘c’JSJ‘léUﬂ

4.1 na1au

nsdeansingduwaduvunauninsdadunisdeansiiaeidndudesiiansun
nansenulutadunng ﬁdamaGiamstfd?{auLLanaaﬁ’ﬁgﬁyﬂmhjfmzLﬂugﬂwamé’wmmﬁ
uanselUaniiy seiuvesridse winseianatusydiiingu §Qﬁ1Lwdwﬁﬁﬂaﬁmﬁwﬁmﬁ
Irdosthundinsevitesdyuveisyuunisdeans laefiileszuuinisdsdyyiuain
medsludinasu dwndenlneseunSetedanardmansenusedyaunisdeans 39
FufuednebeiazdeaiiBnsinsevissuu eUssiliunanudnuuzvestesdyy i s

[
=

deruresdyyias wavilugnisusulsassansnmeesssuunsdeansivng

4.2 LUUINAINISEIUEINTUITZUU UWB-IR

Iunwsdaﬂwuﬁm@wmiuizuuLLmJn”m3@5u%3ﬁé’ﬂ@mmmnsimm nN1sasd I
ﬂﬁuimqimsﬁalﬂLﬁaaawm"f]umiﬁaé’mmmiﬂmLmumqL’JmLLazé’igzgmﬁIﬂumidqﬂhuﬁ?u
hjﬁmiuam@Laﬁﬁ"’uf"fué’fzy,z:yﬂmwmuzdaw‘f’]miﬁﬂé’mﬁywmaaﬂmuawmmﬂmqéfmﬁa
dHesnanudefmualasannssunsnsmsiearsuisansgerssni Wi wualildaanudly
g1 3.1 Anzidin 89 10.6 AnziBsn Faduauprudinirauan Sluﬂizmumimidaﬁmmmﬁ?u
Sunmisafrsdanaildlunsdwnidudygraduwmanilosu deiuludansenia
fuds iugesdnaluensenianienusy edyaiaiiuniandageinianiiiu
Suudrniudyananliunssuunisdeindaefiansanmasusuduluuanduiig
(Correlation Receiver) \iialrA8nsndruidsdayaiudodayainsunis (SNR) HERGRMEN
i MR aNduneuressasTuduanauazirilalliinsgi T fisuang
aenndosseniglummnuikasnsuiiinely Ssnszuiumsdwiutuusauniedetangn
aansagldfagui 4.1

UWB Tx-antenna \‘ UUWB Rx-antenna

A —— >N/ .
d U\ T
\ / OL( )
Lot ik L
waveform ey LK, e ‘
% Received/Isotropic
% template

g‘dﬁ 4.1 WUUINBBINTEIHIUE NS USTUU UWB-IR [36]
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4.2.1 dueuaudauuBaUNINeEY

v v
o

gUﬂ?{uafgzpﬂma’ammsa%ﬂumﬁmaaummﬂmLﬁauﬁuaagﬂﬂﬁ'ué’fyﬁgmms%’waa
SEUUNMTAIRIURUURAUNT19Bale Lwimaéuaqm’mﬁmﬁaummé@mmgﬂwﬁuﬁu%Lﬁuléf
Farauunniiiennuniisvesnavauitunsiity fiiuarfiansainaentieriuaves
walulagdaniladuuudfidinuaiulae  FCC [13] Imai%’gﬂﬂ?{mmwhu?%mﬁam
(Rectangular Pass Band Waveform) fivnaunuanuBRaus 3.1 AnzLEsm B9 10.6 Anziddn i
mm?i@uéﬂmaLLaszuﬁ%mﬁimmﬁu 6.85 GHz way 7.5 GHz gﬂﬂ?{ul,mumu%im?{suﬁi%’
asrziiidenudiaunisi (4.1) LLazﬂﬂﬁsfijfﬂ’J’m%u’lLLﬂUﬁLﬂﬂ@%M%@ﬂgUﬂ§ULLUULLE]‘UN"]‘LJ

Adsunanslensaunisi (4.2)

v (t) = fi[ foacSinc2f t)— f..sinc(2f ;)] (4.1)
b
% Hf|—fcs%
M= 77 3 : (4.2)
0 [RAENARE-
2

= = a = fa _« & = ¢
e A Ao usundgeaan f,  fe wuumiansid  f Ao mudaudnans
- a0 - PN
f in A9 AINAANER fra AD AAIDESEA
supduldnnumuduanesudugudamasaviduinurnuduinuazanudau tny
ANuvwiualnasuasiivuansiviniy A/2f, egludasanudaee —f,, d9 —f,
= = & ¢ 4 Xa P v a a v I =
wag f, fe f o, uwazsslimadumud sueduililusurduiuuiauninegslugnunid fatiuds
TdRnsanmuveviningegaiilululdvesuudinviunngs woundgauings uaziiaaungs
Y993UPAULUULIUNTIIEY JUARuTazdaNUauInasLuYTlandug Lazddiulsenoy
n3zuansd (0C) Wugud 3UN 4.2 uansdegundudyananldlulamunailaswny X wansds
AYBIIATLATINY Y kanssvaveskenaanlglunsdwitussuuIngBuiaduuuiau
Y A A Y 14 = = ' v o w A A
neBelANYITY 1 Tad JUT 4.3 wameieanuniniuuaiunasuidenuvessuaiunlely
nsdsusEuUIgBuNaduuukaunIBslulauaud Tneliuny X waasdeainuiuay
WU Y wansderanuvwiuanasulunilgves dBm/MHz



Amplitude [v]

Spectal density [dBEm/MHz]

o
i
|

]

-100

Time [nsg]

5UN 4.2 sUpRudnysy1nunsaas Ve sTUUL UL UN 3198 [11]
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5UN 4.3 anasudyaanisderiuvessruuiauninegs [11]
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4.2.2 Yosdysyraauninegs
doedygraunltluitaszislanosuntesdyyrugesvin A dosdyayialu

] ]

[

9INAINar YAy InleNN1TInase WielUSeuiisuganuiiniiey Insdesdayaialy

v v
& Avo

2INATNANIAMLAINgRTNITAEUDINIATIRINEE [1] Aeaunish (4.3) Fudun3dn

Y
a

fuswaziiealdiuegrsunsvatgdmsutesdyaauauuway Inefiansanluguuuudnuiuats
TupudiAvun dudesdyiuntanan1sinaseassmludiuresansenansauaLay
WUTIIRTANAIY Feaznariluiidedaly

C2

& (=g 3

A < < <
LD d Wuszezne hae ¢ WUAMULSILES

HoangasvemiFammnzausuauiunstiaviadu liannsadiunlldlaense
nsdsdnanalussunuaun b e FalasinsusgandldansnisdesinueInainewensa
Tusuwuuidsdeu [37-39] wdaidoninfleitunisielouaifivestesdyneiniaing
H, (f) awsadeuldiaunisi (4.0)

C A
H f: —jZﬂfd/C 44
(f) and|f] @.4)

- wa b = a1 A a [
aun1siiulunupnantivesmnuauvnauna (Causality) Feasiid1nanuduinidy
fegaLagau (Complex Conjugate) Ya4ANIAIUNAY

4.2.3 msUszenaldgnsnsdaiiudynyinvasnse

Iuizuu?%amsl%’maé’ggﬁgmﬁﬁmmi%éa%gﬂﬂauwé'fqmsmmmﬁaﬁ%lmm
Foyaadlindurduudménlnd derdudyaiasiuernaundeanasuaiseiniafaiin
wihiwUaspduwimdniifinduidudyaialniguiy et YOIAYYIAINNITINDT
UBNINDINIAINNLAE TIludINvesaIge N AdILaza BN AT ULT UMY @un1snis
daruvensa (Friis’ Transmission Equation) [1] lngnusniinnsanldlussuuiuunauuay
%ﬂﬁﬂ'ﬁLﬁ‘fJué’mwmmwdmﬁﬂé’ﬂmmaﬁ@mmﬁ%‘Uiéﬁ’m'aﬁﬂé’wwuaqé’zgcgmﬁgﬂa'aaaﬂm
Faaunisit (4.5)

Gra(1) = E§3=Gf(f)et(f>er(f) @5
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L 14 1

Toedi P(f) uaz P(f) Ao Mawesdygasudwasmasuasdygiuniusu G (f) way
G, () udnswenevesdygrarmuduazdygiuimuiuluguveandiua dw G, (f) fe
Snsveneveedyaalueineing Samldainauns 4.3 il

NauNTsA (4.5) ansauiuupsaunismsdsiuvesialimngauiussuudeans

waunauAediuaunisy (4.3) WnedeueglugUvesileidunisanglousiil

H () =) (f )L (F)H (1) @6

(f)

<

do V, waz V. luussiuvesdygaidaessy
H, uar H, uilsddunisanelournudvesaiseinidewazsu

d WuszezneszninsaigeInadeiuaeaInIasy

4.2.4 Fyuisuld

Gi@mﬁﬂWiﬁwmammsmﬂs’ﬁﬁ’lmmgﬂﬂﬁuﬂﬂiﬁqwﬂu Tnensiiuileddunisdaniuaes
Suanasds [35-36] ellunismmanuRaiieuvesdaynamasusy dnadsuldly
Tnuuanuiviermamuuiuadnasuvesduanaisuldau aansainseinldainnis
Heituarununduannasuvasdyaimds V,(f) @JmﬁUWﬂﬁ%Uﬂﬁd’]‘c’JI@Uﬂ’J’]ﬂJﬁ“U@Q

dosdnyayad H, () dyspransulalulawuainudnisanunuiiduresaiinaiuves

Fuanasdisuld V. () mmam?uauiugﬂammﬂﬁﬁaﬁj
V.(£)=V,(f)H(F) @.7)

waznsainIsasnutesdgIaeInIEINIzLssnInsasRukuUlelanseln (Isotropic) @4
anunsanaaslafsaunisne Ul

Ve (1) =Vi(£)-H (1) @9

a

dwsudyarunsulalulamunaitdu aunsamlalagldnisudassiosd

(Siesdaundu
(Inverse Fourier Transform) aaspnuuiuiuaiunasuvesdya unsule dyaiansulalu

o
=]

Towuaanves v, (t) uaz v, (1) awnsadeulugaunislanei

v, (t)= [V, (f)e*"df (4.9)

0

Voo (£) = [Vii ()& "df (4.10)

00
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4.2.5 \ARpeFuandunug

wiessudyanaluszuy UWB dulnsunfindaegldiniosSunuuanduius [40-41]
v‘fmﬁwﬁ'Lﬁuﬁaﬁﬁﬂﬁé@mwmﬁé’mwdwﬁ’]ﬁqé’@@m@iaﬁwﬁﬁfgzgmiumuumﬁqm R
ndnmsveatesfulssamiiisnisiiendygyiat mansiidsihudesdyyiamninis
LU%&ULﬁauﬁ’ugﬂﬂ?{ué{uLLw (Template Waveform) ifievinnismananuduiusssning
Foyayausia 2 Tagvinsgaiiuszninaguadudisuldfusuaausuiuy uazyiinisduditngm
lwmAveInsTUILNIERnInegluguesmasiiAnils lunszuiunspaiuwaznsBuiingm
LﬁmﬁuizﬁiﬂqsﬂmLaawmqﬂﬂ?{uﬁaﬁ Fusuiinszuiunistaefiansanainanuduiug
spysiumsnaivesUnauiisulfuas sURduduLuUInss iy uanwissui 4.4

Rx-antenna

D

v,(7) v ()

fa

Template
waveform

JUT 4.4 vhenlaezunsuvosaiessuanduiusdmsudeyayia UWB-R [36]

TuAanendnusdlaldiasossunuvandunus Inanrualinendunisatslounnuduas
m‘%aq%“uL“f]ulﬂmuL‘ﬁauvl,waqﬁ’]é’aé’mzymiummzwﬁw@uwmaumﬁwmmﬁ éfm%’ugﬂﬂﬁu
v A o va o N & A v o Ao Y . .
Auuuntunlefalsantulidewuy fAe JURAUAULUUAYaMNSULG (Received Signal
Template) wazgunduduwuvdygailalanseUn (sotropic Template)

iwsessusuvanduiuslunsdinldsuafuduL vy ansuliiuassiunnanuae
ANUDVDIANYDINIFLAENITUNT T8 TUDINAIWI I UAE TaedlaurubduaUnasy
vosdyanminuududgaledouves V, () duluilandunisaisleuninuivesniessy

wuvanduiuslunsainldsuaiususuudygransuld H,, () awsadeulidy

(4.11)
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drupsessusuvanduiuslunsalldsuadudunuudyynlelanseUntumunsay

o
[y

dunsuangeinalelanseln lnedianunuwivaiUnasuvesdygrauiuuuludeaddou

[y

V04 V, i, () feddunisarelenanutvesnsesuwuvanduiuslunsdinlddymyinuuy

lolamseUnidudyaramsivuy H, (f)aunsadeuliy

21V () (4.12)

_.!;’Vr-iso ( f )‘2 df

HWC(f):

4.2.6 dyarunsuliainiasassuandunus
APUNUIRUNALUNATUYBIF Y QYU INAVD AT BT ULV Uanduuslunsalld
sumdusuuuudyunsula Vo (f)awsemwnlalagiianuvuiiduaiunasuves

Y
£ QIIQJ ¥ U & v ! dl dll o % v QAQA‘ ¥
doyauaunsule V. () aufuilsidunisaelouanudvediasossunuuanduiuslunsalnly

gﬂﬁ?{ué’uLLUUé’zyzyﬂmﬁ%JUlﬁﬁqaumsﬁ (4.13)
A= APSPA N (4.13)

LazausamIAIgUAdue 1NAveATasTUaNANRUS v, (1) Tnenisudasysies

Foundu seaunnsi (4.1a)
v, (t) =V, (f)e*"df (4.14)

dhuanunwiuaUNATuYesdyy 1o InATeLAs as UL UUANANT S lun sAINLY
lﬂ‘l 2V U a o o ] U
surdusunuudynlelansetn V, , () awnsadualalagiinnuvuiwiuainndy

0-iso

vosdryaadlelanseln V., (f) saduilandunisargleunnudvesniassuiuvanduius

Tunsalildgundudunuudyanalelonsedn H,, () fsaunisi (4.15)
Voiso () =Visso (F)-Hue () (4.15)

wazganunsamUadululamunave sy s dnnnes s uanduiuslunsally
surdusuLuudaalelansetn v, (t) ladsaunis (4.16)

Voro (1)

(f)el?"df (4.16)

I
—
o<
1.
2]
o
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4.3 W1snasN1YTIuN15IATIZU

nanlaainnisinvgninluussutanaiulysunsunauiaines FaUsenaunie
WITADIANe Assioliil

4.3.1 NANBUAUBIAUDYDIT YR I
nmsinvesdugralasldiaiadinszilassneuuunamesadinesinnudilande
sruukavdgayas sl uTinamsnienmngnlewdngseuuisenidt dygiudunn (nput

]
I [ (3

Signal) wazazdiUTuIMMIINENIMUNBENI08NLNIINTEULUTUTENTY Ay niedne
(Output Signal) W3enanauaLed (Response) V035 UU Kaildann1sinailuduusyans
MsdsH vy uduUsiunssiuileddudialounteninud (Frequency Transfer
function) %39 H(w) vastesdaialaeilsidudislousinanduaruandiifiuie
NAMBUAUBIAINRIETEId I T9UsTNUMEsE Uy afidaniy (Magnitude) uas
NARBUAUDININIE (Phase) UIday 0l Fawamovauossanaituazifudiilduansis
AMAN WA YBIYD IR0 Tnganuduiusseninsnduuseansnsdsiuduilasdudielou
GUENGUIEN5@@?@U5ﬂﬁﬁﬁﬂ@@?uﬁuﬂﬁiﬁ (4.17)

S, (w)xc H(w)=———= (4.17)

g Y(w) Ao e1dnsvesszuululaiuualnug

a

X(w) fa Bunnvasszuululaumaiud

4.3.2 N3gRYLdAeLadn

Tussuunsdeansisatstuidmunendnuesnissiassnisuninszatenauionis
AIANIRIEANANLERALLEIT (Path Loss: PL) \HipsaInnisunsnsyanerutesdyanailaeg
firsanansnsdiusEninsseduidsnuiildduazseduidnuisuladlaeriluinee
wamdlvieglumigvoaa@iua (Decibel) fauansluaunisi (@.18)

L, =20log [%J (4.18)

AISGEE

&

v ')
Tunsule

&

v
v a

lnglunsiaseinisandeveemaanulussuuuauniegs Ply,, Huagiiansay
Mdsugeaavesdygaildduasidganvesdyaransulsgaduiliduresssesms
(d) Teefidenunduluauannisi (4.19) way (4.20) auaeu
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PL,,. (d)[dB]:ZOIog{%} (4.19)

'
[

Tagluaunis (4.19) lanmuslivuevesdygramlddsdaninu 1 1ad asduaiuisadn

1Y

aunstuulasadl

PLoys (d)[dB] =—20log| max

v, (t,d)] (4.20)

4.3.3 AWUTNAAT19NITUIZIINIANU

Funsuaesiiiudsssuidemussdyiaidundimaiuiinaiiieg snmads
wanslidtudmansenuvesdyaaifnisasiouluanefimmeseniSoninduyamaeia
1PBazITUN11 NINNEIAAT19N15UTET9118997U (Power Delay Profile: PDP) A79819783
PDP ¥uanssaguil 4.5 Tnedaunissaseluil

Zn:aizri Zn: P(7)z;

p= 1l o (4.21)
2
Zai ZP(Ti)
i=1 i=1
lnen  a AD TEAUVDIFYYILAUNNTA |
T, A9 AT NTIAATUVDIF Y LEUNNT i

P(r,) A9 AMaNUUDSA Y IMEUN19 i

A Power, P
B
RMS delay spread, 74,
a {— =
P,
| g
Mean excess delay, 7 P
-+ > 4

-l .

Total excess delay

Delay, 7
>

JUN 4.5 Magrnmniiiadienisusyimasu [42]
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v ¢

4.3.4 duUszAnNSandunus
ArpuAaieuesgUdygansulatuainisadnsgiuasuansliiiulaenis

(% (3

farsananeardudssansanduius (Correlation Coefficient) Fa.fusnsndiusening
AgaanvesAranduiudinn (Cross Correlation) Mduilsdiduvesdngrauuulelansaln
wazdnansulatuaigeanvesaduysalsniiaosvosnagasening adnandusius
(Autocorrelation) vasdauaadlelensednuasdyaaiisulilaeaunisitenuieifina
wansliifiuniuanntsi (4.22) Saaunisi 4.25) arudady nsanduiussEndnegy
AAUE I 2 é’agiyﬂmmmﬁaﬁmﬂ%mmmﬂmLﬁaumaﬁﬁy,zyﬂmﬁgﬂamléf lngag3in

dyaiigesdianuiaisulanaiuuIndesLalny G010z UNAANRALNEUYD

doyanagnilulddwiunaasuaigeiniawauninegs [43-44) lngnisanduiiussunauds

A

&

'
=

warsuAauNsule

Y

N ma:]aj%| (4.22)
Towaunsiitenuananduiusdiude
r,(7) = T V..o (T)V, (t+7)dt (4.23)
waraunsiteuesnanduiusie
)= Vo (e (L (420
r,(z) = T v, (7)v, (t+7)dt (4.25)
et v, (c) @ dyaailelanseln
v, (7) fio dunaiisuls

4.3.5 §n1versvesdyaunisduituiuunauniedsdmivlaseingliansuu
319neuyy [44]

Tuineinusil Sammsvensnsdeinuiuduseundyrgavonodinnaiasiu
anduiusifinsanasemaiiliiusiaosisaladiedasoinidlelsnselniisg 9anms
uosiualaduesdygrauudnuy AwaesnInIsvenedldiuansdnsnisuenevessnsIa
SNR fatusmsnsvensnisdmiuvesnsaifunuudyaafisuld G, wandldiy
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max j v (h, (t—7)dt
G, (t) =20log — (4.26)
max J‘ Vr-iso (t)hwc (t - T)dt

Tuvhueufrfudnsinisvensnisasiuvesnsanuluudygalelansetn G,

a [~
gunsaveudu

max j v (t)h,, (t—7)dt
G, (t) =20log — (4.27)
max| [ V., (O, (t=7)dt

ANULANANITEAINOATINITVLIUNTARIUTRINT AP UL ULy S Ul Anaz nsel
suwuulalenselnazliunsseyusuiuanuiniieuvesuaiu Jaziiiuitgnsiniseeiy
| 1 A a (% 1 [ a [y} 1 (%
nsdsuNmLIENgavesda i UWB - IR liguisaiduiieinisnniuseninegnsinis
VYIYUDIANIDINIA FIUUIIUANANIINGATN AU YY1 NT AU UA LAY

4.3.6 dNFIAIURANAINTN (Bit Error Rate: BER)

nsdnsAoanssruuuausden (Analog) W15 EilnesAid1AYAN1TRIN SRR
Sardnmearddyanarerdwesdyanasusu duldunsdinsieasvessuuiineany
fiansaundnsnaundsuadsdasepuruutuii el nasuuesdyninsuniy [45] 39
anusouanaldfraunsd (4.28)

=Y
NO

(4.28)

\2:)
N R,

- = ey, ¥4
do B Ao wuuMiniivedssuy
R, fio dns5a0n

1%
= 1

UsvanEnImuesseuunisieansivneatuluegiunnugniedvastayansula a

Y
sruUMIdeaswuukaunIBanilunisioansuuuidnea faunsizaiusaslainssuud

a

UsgAvisnmanniosifiedlaazdoaiiinsfimesfundundesduduirssuuiuiuedals 3
azuandlugy BER Suummeadandemmnanmaiiniesduiiisruiianainvestoya
7suldRailomdnsarundnuadsdedasernununutuidaunasuresdu usuniu
iutuagdilsl BER anas faguit 4.6 iuiedesddedona 1000000 T Uingindeyaiisuls
fifeyaiiaifios 1 On uansiisnsianuianaiaveadniianyindy 1/1000000 3o 10°°
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| [

Jusu Feenuduiusseninsnsidiuresiiasdygrunedyyiusuniu (Signal to Noise

g
'
=% o LY

Ratio: SNR) WaLdnsIANURNANAINYDIUNIAINUNNEUTIN LA AU

BER 4

10

JUN 4.6 puinazilunasdnsnnuianaiads

"“;mmﬁwuéﬁlé‘lsé’m,wLLmuﬂﬁma@Lame%wiNﬁu Fafunisuegianmanesmage
voadyraunadluuns (Bi-Phase Pulse  Amplitude: BPAM) [46] Tnaainsaiiansan
AnduRUS A uA U ST BVS andusius (C ) deaunsdl 4.29 fansisanuduiusves
Fyananiiaosldanaunissasoluil

BER =Q 2{%}: (4.29)

e E,  f9 waswadusade (J/bit)
N, fo anunuiwiuaidnasumasanuuesdygyiasuniy (dBm/MHz)

Q(x) e Meddurnunandupnuianatavesdadoya amnsamlaainaunis
fasaludl

Q(x) zﬁfe%dt, x>0 (4.30)
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4.4 a3l

dwsuluuniinaniuuuiasinsdeinuweunebdmiulaseelSaeuusiene
uyud Feusznevlusefunaneilsitufe dyauduuuwouniiedslaslddyyauausiu
Awden o auauniibs nsUszendldansnisdsiudyyinnesisa Fuaiisuls
w3nssuluszuunauneBe wardaraiisuldanaiesiuanduius nafildannnisine
ﬁmwmwwmﬁma%ﬁLﬁwﬁaaﬁ’mj'aaé’@mﬂmmum%wuﬁugmqmmsmshuﬁuaqw%a (ngla
finnsldnisussgnignavesia) [44) wazuenanildfinnsaniaueiniosfunuy
awé’mﬁuéﬁﬁmmmmzauﬁqmﬁiﬁmﬁmnmuﬁwé’aé’zgig']mﬁaﬁmmwmaumauﬁﬁwgqmwaﬁqm
u,azLﬂ%flaa%’mwuiaieuma%ﬂLﬁaﬂizLﬁuwammﬁmLﬁammgﬂﬂ?{uﬁieﬂumia'achu du
miwosiltlunsined 18ua fleidumsaelouvestesdyaia Msgadodaia am
widaden1sUsEAetadesy duussansanduius sUmAUAFUIINLAS B 9 TuanALTUS
Fasragnensdniy wazsnsiauianaindn wsadmesinarillduandiiiuionng
WasuuUateneg SuleniainnansznuaInTNnouywd uazaiusauseiduna
Uszdvsannisdsinule
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N13IAYDISYEYIUNTAIUKAUNINNES
1U92NaUAY3I1N18UYEEY

5.1 na1au

WUkRLUIINSkaztuneulumsnaaeidedadunmsasadeunanisivasunlas
vestosduanalussuunsieaslians Tnevllasiinisfinnsanlnensasnasuainnisia
Tneldindosilefiiondn wsedlaseilasansuuunnes dadunisnsvasuuulamy
arwid Tagluingdnustiasriinisinsgy famansgnuaninmenyusidmwansenusieo
@mé’ﬂwmwaaﬁmé’ﬁymmwuLLaUﬂ*EN?J'ﬂuamazané’am%ﬂ Tnglaooniuudiassnisin
Hu 2 wuy fle wuudiasanisiafdiuriaengg 1ees1ane uazuuudiassniafisusiieg
YDITNNY

5.2 33UUNITINYDINEY Y0

nvingesdygraluszuutauniwisazividlsussuunautay Taglaniznisines
Alglunimeass lussuunivinvesdyanuilazlseneulumeluuununin Luud1asenis
Tnvosdyaaauninegs waznisndwesuldlunisvaass el

5.2.1 BUUBAUNITIN

lunisvaaevintosdyamnisunsnszaerduingduiaduuuuaunindadunsie
ANveINInTunsasululauuaudlasldaTosdas srlasauieimmes (VNA) e
AnualvineululanIsInNanoUaUsILUUaRINaTA tlanasn 1 tdunasaeIaads (Tx)

I3 1< I3 A (%] i (% Q’qj £ ¥
warnese 2 WunasmAIndsu (Rx) @1ga1nantdlunisnanassindlaldaieanaAkuuLduan
1A (Meander Line) danauautfvesaisainiaiiaznantsluiitedall uazlitunaunis
NARDNITLAIFUN 5.1
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DONRUUTIABINTINRADIIRE

1 E =
A THEIULaUN 1483

s

wrndaUnsalnTImAaaTAY iy

o

nsdainulianeuusnannougwd

~

ATMURAITEIRE T TEAIN TIRARAIR

AIFEIHIUILAUATB VTSI EU Y e

0

Vi ineRasIndasd e M s

WOUATEIULIINIENYEdA1E VNA

.- =

N

-&L w wr - o
‘T,'I.JI'-IEWI AYTIATTNARDIIANTIATIZWRE

Tsunsupouninmnos

o

Wn1sUssdiunanTImAn DIy

[ "w L) 1 |
TaonslFoumeuidiumisnig o

o < ) a v
E‘U‘VI 5.1 UAoAlABLLNSUTUABUNISNAABIINY

5.2.2 WUUINABINITINYRIT I
Tunseenuuuiananisuaasdluinednusilanlwuudiassnisimdu 2 wuu fail

5.2.2.1 KUUSIABINITIATIRNLMLLENG9 VaI319n1e

wusiaesnsiniidunismaassianisundnszateaduuuinenisuyusly
Mumiaingg vuseneuyedlasfiangenniadudsdnfned fufiusnafnatmihen diu
apoINIESUALARlUALILNGY assenIeBnauvils Tauvtun 26 Funts wanadsgUT
5.2 Faszppvinssevinaiuwnisudulsulasdfazneinatu 10 wuRiueg dmuuinan
A Neiety 20 lwuRes Tnefiszozsenintsansenniadaazfueesinety 1 1uas dunns
ﬁ@(??ﬂmiﬁ’maqLLUUﬁwaaqﬁLLamﬁquﬁ 5.3
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5U#1 5.2 M1390NHUUTIARINTIANAIUALENY UD9319018

Tx antenna Rx antenna
( 1.25m Z

1.15m J
| 1.05m

0,95 m [

JUN 5.3 n1siinfansindesdyyinvesuudiasimsinfidiuniaiigg veasnanig
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5.2.2.2 wuUs1aeannsiadiynsing v8931eng

LLUU«’S'laaamﬁmﬁmﬂumﬁmmam’ﬂizmaﬂ?{uﬁgu@mﬂ FOUI NN WY
FaUssuiisuiulu 2 nsdlfe nsdlitlifisnamenywd uaznsdiiisreanieuywd Isuuunsia
fagUit 5.4 mafedsansoinimglfanseiniaiaileiuuarilsdsagiuniafeatugeainiiu
1.25 LuAskaseavinanu 1 wes 1neagiinisugu 10 93@1sien15in 1 nds NSNYUIL YU
faug 0 s 360 e

Antenna Gain l Path Loss

Antenna Gain

Receiver
Rx

Cable Loss Cable Loss

Tx antenna Rx antenna

< .
d = 1 meter

(v)
JUN 5.4 M3AnAINTInTauuLINaansinfiyueeg (n) nsallaidsnente (v) nsdliisnenie
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5.2.3 wndwasildlunmmeassia

Armnsfiweslusuusiasanisiatesdugias wandlidiulunisnsd 5.1 Taedvas
auddu 3 GHz - 11 GHz Lﬁ@lﬁﬂiamquﬁmmmﬁmaﬁzgzgmmm%a?ﬁ 1IN
auaRldluuuusianinsaaosindLdy 801 a;mﬁaqmﬂLflummazLﬁamqqqmaqm%q
ipswilaseeuuunnmesfiannsasmunld dnvaznisinsaisennialunuais esan
awmmﬂﬁiﬁé’fﬁqmﬂ%’uLLazmﬂdq’LﬁLngUmmmsLLWi’ﬂimqaﬂ?{mﬁuLLUUﬁauﬁﬁmﬂuLLm
STUULALN

s

9199 5.1 Aamnsiilmesandgnldlunimeassin

N1510MD3 AN
F19A0 3.0 - 11.0 Angi85m
f\i’wmuﬁ;mmmmﬁ 801 qA
AINNEIYRIANEDINIAR LAY 1.25 LuMs
ANUEIYRIANEDINIARTUTY 0.3 - 1.25 LUnS
YUAVDIENYDINANTUEN AHDINALUULEUARLAL"
YUAVDIFLDINIFAATUSU (meander line antenna)
N199LUIVBIENYDINFA WS
ANGIUDIFIAUY 168 way 170 LUALUAT
dhuiinaesiau 51 uag 53 Alansu

5.3 A3addananniylun1snaasg

LA309aNdAEIMTUNIINARDIINY TAlA LATBIILASIALATIVIBLUUINLADS LY
= = a o &
anwomantglunisvaaey felisnsazBeanelu

5.3.1 ipFasinzilaseinsuuuanned

Tusruumsiavesduanaunuukaunideinglfinte Diaseflasarouuunnaes
ﬁﬂgﬂﬁ 5.5 FaUsznevlusg auansHa (Monitor) YANAADUNITIALMBIN1INTEIANTEAY
(S-Parameter Test Set) 1A3aAT1RLATIUIBLUUINGBS (Network Analyzer) LaZLASDY
FuAs1e%Aud (Frequency Synthesized Sweeper) Anud1fuaINULALENS Jugunsaivan
Tumsvnans FsazgneuaNruneNiumesdyana (PC) MiTousrerurosdoasuuy GPIB
(General Purpose Interface Bus) Imaqﬂﬂiﬂi%ﬁmﬁazﬁ@mauﬁaﬁmmmmm’“meé’agqgmiu
Tnssenimednuazdemesa dvlunismaassiazyinisnsaiawuuaeses alnenednd
wilsfonesafildlunisdsdygias (Tx) drunednaaazldlunisfudyains (R Tnefivane
voweiniaasazgnriadsasInIa wagvinsialulaunnuiineufiasgnmitnanistaly

Aagnulusunsumaunnesaaly
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JUN 5.5 1ATCIATIELATIUIELUUIINLADT (VNA)

5.3.2 @eenanlylun1sneass
Tunsasatavesdgaramuuliameiudndudesdigunsalddydnegmianiionda

o

V&

aw01n (Antenna) Ssaelunisiudsudygailninaniadesdslidundunindnli
wnsnszaner el dransenianisiiusuudaldsundunndudyaralniniuda
Tngluinendnugilgldasenauuuiduaniaens (Meander Line Antenna: MLA) fragnu
aadinazsu Wuansanimdanidudfiesnwuulasussvnanionsea [47] Ussina
ansgeLsm @mamﬂ’amaamstmmﬂumstmm‘?imauaummmﬁlﬁﬂ%qmmmsaﬁums
T anilugnupuasaus 3.1 GHz 89 10.6 GHz audervunguauinisldiuvesssuy
LaUn319Bmes FCC Slaurnvasasaniadn wadanududadunaontieninud duuy
gﬂmiLst'ﬂizmsJﬂ?iusaUﬁmmLLmé?q‘uaqmammﬂ Imagﬂﬁ 5.6 5.7 LAY 5.8 wanaliLiiu
fednuazlassadavesagonia duUssavsnsasToundu wasdnsve1eveaIeeInIAi

LUANT ANUAAY
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JUN 5.6 lassaivetanga maluulduanLAe [43]

dB
&

30 40 50 60 70 80 90 100
Frequncy (GHz)

3UN 5.7 dulszavismsagvieundu | S,, | anautRAvesangoiniAkuuLduAaLAg) [47]
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120 | 80

<10

-15

w | A% s

3N

Gain at 5.25 GHz. Theta=0

Uil 5.8 90319818U09E89INARUULEUARLABITIAME 5.25 Anzidsn [47]

49
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5.4 N15NNAR9INYasFya1N1SEeHY B2B

N19NAABYINYOId Y YIUAITENINTEAIUAAULUULAUNTI9BY 98 nSIAURaTeY
Yoedya1ad 2 @ AB NANITIANAILYUIAIY VBTN KAZNANITIANYUAT9Y VB
5198 Inganuaien1snaaedlauanifsgui 5.9 uag 5.10 Auady

U9 5.9 M1y inuasdnvaiz s Iare Ui siafisumasneg
(N) ANUIVDIEIEDINATU
() ANUIVDIEYDINAES
(A) dnuansindosdunauauninegs
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5U#1 5.10 dnwagnisindesdyaanuudnasinsingeyusig o

Wendunrelaudasdnuin
(Channel TF)

AN LULLALINANGES

(UWB Signal)

N153LATITIANIY
Computer .
TaLnuAND
) A
A |
VNA
uilaansiasuneu
(IFFT)
Tx-port Rx-port

|

T T NM9ATITINITIRLADTANG 9)

Tulatuuiaan
Tx-Ant. Rx-Ant.
= o MARUIAATN o PN o . o a a
migtymﬂﬁa'm - o o ANUTRANEANAUNUE ANFTIVLNANITRINIY ARTIAINNHLANRIALIR
n15iszaenna%eu
(Path loss) (Correlation Coefficient) (Transmission Gain) (BER)
(Power delay profile)

JUT 5.11 UADNlADEUNTUVBILUULKNUNTIT B UNTANTLRAUNTNEIUNS 19N BNy Ed
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%umauﬂWi’g’mﬁlﬁﬂmﬂu%’wéfuLfJumimnaaU5@@mé’ﬂwmzﬁuaasﬁaaé’@mmmaw
anngdiimuetu Inslumsvasesifiesnmsfinsanaaeuiuanssnuainitinieuyudidse
FosdynauuLaunies Fedeildannnismeaesiudeilsifunisaelouvo e sdyaad
FMNavesaweINIAlUAY mmﬁuwﬁﬁayjaﬁlﬁaWﬂﬂqimam'ﬁlﬁLﬂiwﬁé"saiﬂsLmiu
ponfiamesite Ui manisildsuasiiiiniu Sennsdafivuazysanananisnaaes

FWIMTENeIAee Nldlunsiaseinalansiegui 5.11

5.5 a3

Tuunilldnanisuuurunsmaae selunisSatesdyyaduszuunaunedeuy
sumeayudlagliaeemeineuauestnenudouniisuszneufunislfiniesiiases
Tasstheuuunnnesifugunsnindnililunsiavulamuarmiifiensinasufonanszny
#inae fifisavesdyanaunisasnuuuuiaun et Suvuiiassmsiadesduaadidaety 2
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Abstract—Ultra wideband impulse radio (UWB-IR) signals
must be able to accomodate its common frequency band at 7.25
GHz to 8.5 GHz. Moreover, the signals 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. In free space transmission loss is usually
evaluated by using the Friis’ transmission formula. However,
it is not directly applicable to ultra wideband impulse radio
(UWB-IR) transmission systems. This paper presentation, the
characterization of UWB transmission in common frequency
band that takes into account the transmission signal waveform,
its distortion due to the antennas, and the receiver. Since the an-
tennas are significant pulse-shaping filters in UWB, various kinds
of antennas are experimentally examined, especially focusing on
the effect of template waveform receiver.

Index Terms—ultra wideband (UWB), impulse radio (IR),
Friis’ transmission formula, common frequency band, WWBAN.

Recently, the ultra wideband (UWB) radio draws much
attention due to its potential low cost and low power con-
sumption properties.

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 [1]. The UWB radio channel bandwidth
for handheld wireless communications is from 3.1 GHz to
10.6 GHz and commonband from 7.25 GHz to 8.5 GHz. The
UWB transmitter sends a pulse with a channel bandwidth of
this wide and the receiver collects the power of the 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 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 [2], [3].
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 UWB
signal radiation is one of the main challenges.

For narrowband wireless communication systems, Friis’
transmission formula is used for the line-of-sight (LOS) link
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budget evaluation [4]. 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. [5] treats the special cases of constant gain and constant
aperture antennas, but no general discussion had been made.
McLean et.al. [6] 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 discuss the UWB transmission evaluation
scheme with measurement data for wireless body area network
(WBAN). This scheme is based on the Friis’ transmission
formula, adapted to UWB, in the sense that we derive the
equivalent transmission gain of UWB radio systems. The
transmission and the receiver template waveforms are the
keys for the extension of the Friis” formula to UWB radio.
Experimental investigations are done for different types of
wideband antennas.

Il. THEORY OF UWB TRANSMISSION MODEL
A. UWB Impulse Radio Transmission

The Friis” transmission formula [4] has been widely used
to evaluate the link budget for the narrowband LOS channels.

Gruis(f) = Z Ejﬁ; —GHGHES, @)

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

()

is the free space propagation gain, A = € is the wavelength,

¢ is the velocity of light, f is the operating frequency, and d
is the separation between transmitter and receiver antennas.
The formula extended to take into account the transmission
signal waveform, its distortion due to the channel, and the
receiver [7], [8].
Free space channel response including antennas is obtained
by using Friis’ formula as

He(f,d) = Hi(f, d)H:(f, ) - Hi(f, ),

A
4rd

Gi(f) O]

®)



—
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input
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Fig. 1.

where H, (a = r or t) is a complex transfer function vector
of the antenna relative to the isotropic antenna towards the
Q, = (04, ¢,) direction, i.e.

Ha(fa Qa) = Ha(f; 90,7()0(1)
= 0,Hy (f: (5 ‘Pa) an ‘ﬁaHLup(fa 0., Soa),
(4)
where a = or t,
Hi(f,d) = — exp(—jkd) ()
4nd
is the free space transfer function where
27
== 6
k=3 (©)

is the propagation constant. Unit vectors 6,, @, express the
polarization and are defined with respect to the local polar
coordinates of the antennas. The following relations can be
easily derived.

6, = 6, ©)
B =~y )

The spectrum of the receiver input V;(f) is given as
Vi(f) = He(f, DV(S), ©9)

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

B. 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 ve(7) is therefore expressed
as

o0

/

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

ur(t) hw(t — 7)dt,

o

Vo(T) (10)

(11)

To = argmaxvo(T).
T

553

International Conference on Engineering, Applied Sciences, and Technology

November 21 — 24, 2012, Swissotel Le Concorde, Bangkok, Thailand

LMB Rx-antenna
e
!
|

Received/Isotropic
template

,(T)

»

Output

[ dt

Block diagram of UWB-IR transmission model for WBAN.

Hereafter hy(t) is normalized as
|hw(t)[>dt = 2B,

A

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

(12)

power is a constant as NgB, where % is the power spectral
density of AWGN.

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

i.e.
B \/Q_BUr(To —1)

I or)dt

where 7o is usually chosen so that hwm(t) = 0 for ¢ < 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. [8] when hwm(t) is used as the
receiver template.

Fam(t) (13)

C. Feasibility of the Optimum Correlation Receiver

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.

\Y 2B’Ur.i50(7—0 — t)
ffooo |vr.iso(t) [2dt

Poe(t) (14)

where

oo
weel®) = [ H(DVi(Pexplinfod;  (15)
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.
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I1l. EXPERIMENTAL EVALUATION OF UWB-IR
TRANSMISSION WITH VARIOUS WIDEBAND ANTENNAS

A. The Transmitted Waveforms of UWB-IR 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 [10]
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 [11].
In this paper, the rectangular passband and root raised cosine
passband 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

{1wwms%

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 f, are set to 7.875 and 1.250 GHz,
respectively.

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

Vire(f) (16)

{

1uywms%ﬂ
Viro(f) = A" BB | fl~fel< B2 (A7)
0 otherwise
where
A = yfg [ 1reosEI - Sl = D)
- D) B ¢ 2T ’

T = 1/ fy is the reciprocal of the symbol-rate and 5 = 0.3 is
the roll-off factor. For satisfying the FCC spectral masks, f.
is set to 6.85 GHz. The spectral bandwidth fy 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 f, is set to 7.877
and 0.975 GHz, respectively. In this research we consider at
common frequency band in UWB band.

The normalized spectral densities of these waveforms com-
pared with common frequency band spectral mask are shown
in Fig. 2.

B. Experimental Description

An UWB radio channel transfer function was measured as
S»1 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.
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Fig. 3. The instrument setup.

Both Tx and Rx antennas were fixed at the height of 1.75 m
and separated by 5 m. The setup is sketched in Fig. 3.

We used a biconical antenna as the Tx antenna. We have
chosen this antenna for ease of fabrication, as well as its low
distortion property. The geometry of the antenna is shown in
Fig. 4. 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. We changed only the Rx antennas to compare the
transmission properties.

The experimental parameters are listed in Table I. It is noted
that the calibration of VNA is done at the connectors of the
cables to be connected to the antennas. Therefore, all the
impairments of the antenna characteristics are included in the
measured results.
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EXPERIMENTAL SETUP PARAMETERS.

Parameter Value
Frequency range 7 GHz to 9 GHz
Number of frequency points 1601
Dynamic range 80 dB

Tx antenna height 1.75 m

Rx antenna height 1.75 m
Distance between Tx and Rx 5m

Rx rotation range 0° to 360°
Rx rotation step 5°

Rx rotation cut E- or H-plane

IV. RESULTS
A. Data Processing

The template waveforms, we considered the optimum tem-
plate waveform hwm(t) which was optimized for each trans-
mission channel setup, i.e. antennas and their pointing direc-
tions, as well as the canonical isotropic template waveform
hwe(t) designed for the isotropic antennas.

Although the absolute path gain can be derived by using the
proposed approach, the UWB transmission gain presented in
the next section was normalized by the path gain for isotropic
antennas at both Tx and Rx sides.

and a double-ridged guide horn for the frequency ranges of
30 — 200 MHz,

B. Biconical Antenna

First, the same biconical antennas were used both at Tx and
Rx sides. Figure 5 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.

C. 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 antennas, however, the dispersion characteristic
of LPDA is rather big, since the phase center changes with
frequency due to the resonance of the dipole elements [12].

We used a commercial LPDA, Watkins—Johnson’s AR7-
15A, shown in Fig. 6. The antenna has been designed to
operate in the range of 1 to 12.4 GHz. Figure 7 shows the nor-
malized UWB transmission gain pattern for biconical-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 [12].

The UWB antennas performance with transmission gain,
using both the received signal template and isotropic template
waveforms, gives us quantitative measure of the link budget.
Since we have chosen broadband antennas, the trend of the
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Fig. 4.

11— Received signal template

180" - - Isotropic template

Fig. 5. Transmission gain of common frequency band spectral mask for
biconical—biconical link.

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 its is similar.

V. CONCLUSION

This paper we presented how to evaluate the UWB-IR
transmission in common frequency band, which includes the
transmit waveform, antennas, free space transmission, and
correlator receiver. By using the definition, we have evaluated
three types of broadband antennas. The formulation presented
in the preceding paper [8] is a special case for the optimum
template waveform in this paper. Therefore, as is also pre-
sented in [8], IEEE 802.15.3a path loss model [9] 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.
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Fig. 6. Log-periodic dipole antenna (Watkins—Johnson AR7-15A).
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7.  Transmission gain of common frequency band spectral mask for

LPDA-LPDA link.
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