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ABSTRACT

This  thesis is proposed the measurement and modelling of HB-UWB
transmission waveform for WBAN system. The system optimization with correlator
receiver and CLEAN algorithm is evaluated. In this research are design and
measurement evaluation by using vector network analyzer for measured and
recorder the transmit antenna used biconical antenna and receive antenna used
minder line antenna. This result evaluated and comparison with the path loss and
power delay profile of HB-UWB transmission wave based on definition. The data of
research work are very important for design and evaluation of WBAN applications and

all show in thesis.
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Wadtwmaymswenuauintul a.a. 1901 desnlul a.a. 1962 lousehivgiasesdainguny

nieBalagldndnnisdauadusdmantuiilulawuniwnan waslignurluldlunisds

o

dyaaduesednglulasianlud A 1963-1966 Felin1suwimnslunisiaunindesdisuuy

Finsuazlidudou T,mEJ”L%’@mé’ﬂwmwaamimauauaammﬁ LU VUNAUDIF YU Lavina
FasrUUaLTUTATIZRAURANFIYRINanD VALt e niladdulunisdesing
deyayras h(D) Tudiuvesdygy 100e1MnnLQNuNuUaIY y(t) waziualvdyyiu Sunni
Joudndu xt) 675&wiﬂﬁa'mmaiusmzﬁ@mé’ﬂwmwaaﬂdmé’mmmﬁ Tnglgldindos vod
Flaalavlumsduavesdyaral ieninmsiiensiuasinunaiotisluszuulalasion
LLazg‘ULLUU%@QﬁmmﬂmﬁiﬁUﬂﬁﬁﬁmu
mﬂﬁﬂiumﬁ@mé’@wmﬁuLL'ﬁﬂL'%'mléfgﬂﬁwmﬂizqﬂﬁ%’ﬁmmummﬁﬂﬁﬁﬂuﬂ PLA.

i
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1968 FavinliiAnnsiaudygruniivuiasauliedissinid wagldgniiluldlunisds

[ a A

duuAnABEATRUY 15A1S TUl A.A. 1972 kasluTanunsosesddlaalal NL9nNS

a I3 dld‘ d’” @ v v :9{ =3 ) ya ) d‘ v Ql =
WAsIER ANuANgRuilagnadiely Jeiliinisivuauaumnuanieddul a.a.1973
soulud A.f1.1980 duAlsRn1saruali walulad wauanuaninegeilisndudedddaiy

[

wivg lumsdsdyanaimiieusgrsuauaudniedndely uasdugaiunndiaainnisds
pAuAMEIUUALATinoumity wezdeldTimsiauilulssmaansgowinmelul a e,
1989

Tugsnanioy 30 U naufvesuauainuindiedsldgnwauiiadiuinainuag
gUnsal Feae 1w T .¢.1989 awesd I¥anAnSTAsNINNY 50 Fu \RBafunisadng
dyanauauanuinedauarislunsuddyaa weznshuauanuaniedddgmily
Usggnaldaumainmaneguuuy W lunnsiasedeansluszuuisninsiesiunmsvuiuyes
nduilefie, szuuveniite uaz asraiaseiuveanan Taeldnadnunsvesiaumiuinieds

Tud a.a. 1994 wahlaBuouaudnadldgnifauieldlussuunisindedoans
sgnnndlaedguiaanigewin aul a.a. 1998 lfinsSuinnsanuinsgiusasterimun
Tuideunguaiaud A.m 2000 N9ANENTINIEN1TN1TADATURIANTTDIUTNN
(Federal Communications Commission; FCC) laaanuisd@a Notice of Proposed Rule
Making (NPRM) Faiigyyaulviniagaiusing q diausdedaiiusng q fagiutlduiuuge
wilungUateAuaas FCC LﬁammuLLaza]‘"]ﬁmﬁwé’adaé’zgzymﬁuaﬁwuLLaUﬂ"m@'a 1ng

Potsrulniilldgnusznimeenunldaulubieunun1iusy a.a 2002
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g
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radio) Tnatfuwadnflurnuavvuiauszuna 0.2 urluiud Jeihlalinnunuiniukay
A3 (Spectral density) it fefufsurkinszareaseunquirseudldnslusedu
GHz wazsvuuiduuudiasifinhennivhlfanseiinysessudnsnisdsoyaldasd 110
Mby/s TuszezmesUszann 10 was waziflosandyaiaiadiildivunfiuauanndailieg

19971 (Duty cycle) FAendsinbrszuuiinisldidansadluselugui 2.6 wansliiugs

STAUAMNRUILULLAUAA I Ul UsTUULaUN 9B natUSouL e Ui USE UUDY 9

2 WiFi 802.11b
© Bluetooth
E A
o GPS GSM WiFi 802.11a
o
(1]
o
(7]
Q
=
<)
o
~FGC Limit VT
-41.3 dBm/MHz 3
 NoseFioor | [

Frequency (GHz)
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W9En 581N Federal (Communications Commission: FCC) AgigN 35115015815
(European Commission: EC) nsen33sgna vnssukaginalulagansawna (Ministry of
Industry and Information Technology : MIIT) ¥09Us2lnATY NTEN51NITUNATEILAZATT

doansnelulssine (Ministry of Internal Affairs and Communications: MIC) ¥84USsLn#
Uy

2D

Y ¥

usnazdAMsUIMIAduAIINEILSITIguaiuaIEswosAAuLL AN AT
Naﬁiaqmmwmaqué 83Ansi38n97 The International Commission on Non-lonizing
Radiation Protection (ICNIRP) fin1simuainaudivansievsaTndnin (A1gegn) vaan1sus
aauluguAILang 9 IngldA1ansn1TganauNaIUTUNIE (Specific Absorption Rate:
SAR) naedla Sasrfindawrugngandulaeioidevesinenis Snaeduinddenlansy

<

(W/kg) BT untagInv0ITIUIUNFWIUAIUAINY N gadulaeT19n181ilo 1151

3
=Y

Insénviilene
seldaulurasidiavesiassgliasuussneuyudivinasoy 951908 uay
anudesnisveunaluladliansssedlng lnedinsldsziusidfuazinisldndanuiian
uazmaluladfiannsalivusindulaseigliasuuiemenyvafiuaulaised walulas
msdeastiansuounineda (UWB) lasstnglfasdiuyana (WPAN) Ailduauaanud Ism
(industrial, scientific and medical) Ingaa1mdAausoldarusauiulaseingliasuy
$1aneaywdlaglifmunlutouaad MICS (medical implant communication service)
wag Wireless Medical Telemetry Service (WTMS)
dotmuafiddeldgntmusiusnlilunisdomsuuupunindeie madnassaud
TumslésuiiieliliAnnssuniufufuszuuduildey Fslundazusamaldfinisimunng
Fotafulunsldnuvesssuuounedanuanumigauesianisinsauanvesszine
ﬁ'juq Lﬁu'uzjﬁu LNIYE U LLazﬁﬂ‘mmaqﬂszLwﬂﬁﬁﬁé’qﬁ@umizwmiﬁamﬁ %ﬂuaw%’gam%m
fingusihanuidedn “Ultra-Wideband Working Group (UWBWG)” Tdnenenuyinnisnennsy
msirdavesdermualunslfimgaanuiveanaluladuounirBaanngdetfuiiumes

ARENITUIBNITNITADANTUMIANITFOIITN L NDININISIRTIMITannasTIui U R iUl

a

glsuilatinandennainisdnassaaunuduaznisunsndenvesnnudingdslulagiuds
Ldfinsmvuauauanuddmsunisidanulussuuuauninedaluanidunivun anius

nsANUANSERINaUSENA (International telecommunication union; ITU)

2.4.1 nteadsAuvasszuunaundnedsluanigasn

T Ae. 1998 FCC Idanusemeaieafiunisasivasunie Notice of Inquiry (NOI)

Wesniianudurisinarinadensunsnaenvesdyyuiiinessuuiileginuiag sy uy

Y
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auvaendelunsiu ssutdearstude wasiiamslunsmmunilsdnessuuwauniebsls
LU

demaluladuounhadsldgniauedmiunsinnlilufsnisnisdeasvomaliou
Fagdlallgfinasmmunalag dmdudnuaesdygiafiesiiunld Sadinirenunifidedn
DARPA (Defense Advanced Research Project Agency) IFinisesntarivuaatufini
ﬁm%’ué@mmwuLmuﬁw?jﬁqaguuﬁugmé’mmumuﬁ%ﬁ B, vosdyaraulanagd
Annnindeay 20 vesuauaNiina1s wiednslduauanudiuinnimdewindu 500 MHz

TAga1LSMUUA LIAINANNTST 2.1 [8]

B —2n=e (2.1)

Jut /o

o £, fio maudigeuas £, Fommwiguanvesaumiudfilianulussuuuauniids
Tuiounuaiug ¥ A 2002 FCC I¢panngdmiussuuuaunitadstadunis
fvuaYouLIAveINTuNsnIzeid I uatundsd miussuukounieds uagisoygn
T dumaluladldludnuagmsnseanime lasseauaianvesdsznmaagszdoums
atuiivilslimesunddoasrsallufouumeu U ad 2002 Fdluenanslsndnfaniseuyn
THuluszuvununinsdauasnsimunvauiunnisunsnszargndsnudmiunigledlu
Uszanane q teeandeudisldinisanainssidn B, 1 alsisiingt 0.20 awaunns

Y o w 1

7 2.1 wazvosnnanisunsnsezangnidsnulas FCC lawanslimiulunisisn 2.1 dusuldlu

[
Y

nsaeansveyaninnglulazaguanang

A1519% 2.1 TR tuNITUNINIENeMaUlagAMENITINNBN1INNTARENTUNIENI TR

dusumsitaulunisaearsnanielutaznieusnainis [8]

ﬂ’]’]&l?]l [MHz] aelusiaig AMPYUNBIATT
EIRP in dBm EIRP in dBm
960 — 1,610 -75.3 -75.3
1,610 - 1,990 -53.3 -63.3
1,990 - 3,100 -51.3 -61.3
3,100 - 10,600 -41.3 -41.3
4131 10,600 -51.3 -61.3
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o w 1

maqaqaaﬂmmﬂauuual,wuiai%ma%ﬂ (Equivalent Isotropically Radiated Power:
ELRP) dvuiniesdsvasnisdeasuuuiauningeazgnimuadaamuiuuaaniu
M&su Tnonisdeansuuuuauninedeaziinsldamuntglueiaismievuilede Ui 2.7
Wisuifsuvesanadenrmuiiuadaniuiidsnuvesnsldaunglusasuazuuiiede
guiuldnAmmuvLiuaUna fuidsdavitilugaeead 3.1 GHz §3 10.6 GHz
ogslsAmuAanuvuuanefufidsnuuuliofiefifiddesnitsesuaneglueiased 10
dB azeeflutnemnud 1.61 GHz &3 3.1 GHz uaxYIAWANNNTY 10.6 GHz

npdetifuresszuunnuninsdsluanizeuiniligniusaneglu drudesves Part
15 waen)nueFguIanans (Code of Federal Regulations) LLazqﬂﬂizﬁsu'eszULmUﬂ%ﬁﬂ?jq
Tanunsaldluszuunisieans wazszuunueng 9 WWuwauauddesinulunisldauuy

LA5090U TULSD HagsyuUasinuafL e

=

= -41.3

=

=

N =51.3
=5

=,

=2 |

-8 NE -61.3
.

5= '

Z == Tndoor :

3] == Outdoor |

& 1

[l

= l

LLI i | |

04961 (111% 3.1 Frequency (GHz) -~ 10.6
A

UM 2.7 mihmnanasuvesssuuwaun eBeimualag FCC [21]

lnglusuil 2.8 uar 2.9 maUseuiiisutednfinaiunasunuveuninin1sdedans

wauUNINatag FCC
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—65
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o . ~~
10 Frequency in GHz

3UN 2.8 nihnnaiUnasuvesszuuiauningeniglueimsimualag FCC [9]

|
A

T

-

—65

=== Outdoor limit
e Part 15 limit

UWB EIRP emission level in dBm

10° Frequency in GHz 10!

5UN 2.9 mihmnawnesuvesseuukaunIBanguenemsmmualay FCC [9]

2.5 mMsuszgnduaznisiiszuuusaundnedeuldeanu

[

sruukaunIngaiuansatluussendldenlavane sunuudall
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2.5.1 msUszanaldanunsadienigluaiasditineuy
nsdmmalulaguuuningwndszendldnulunisiweusaseninagunsalnieluy
91ATdTineu Fassuunisdearsuuuliangsrerduiiaiudeanssnsinisdalayag Lile

sesfuszuuliaatipenldluerasdninnusiaguit 2.10

WM

Uwe. WA
o

5U# 2.10 waluladuaunindsdmsulasaelfaeseninsasuiuasinsdnsideto [10]

2.5.2 msussendldaulassirenielunnnande

Wunsihweluladuuunindundssgndldaulunisideunoszmingunsalniglui

a 1% £

Wnendey i AeufunasdIuuAAD W3ouAURIR 717 NAasRdvia s digui 2.11

UM 2.11 msuszgnaldmaluladuauningsdmivlasagtiuinendy [11]
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2.5.3 msuszanawmaluladuauninededmiulasednglianguusianieayud

nsunalulaguuunidanyssgndldanulunisweusdeduadeizaeguessiinie

& A v o ' = ) ') P & |
wywd Weliedeizvessnimuaiunsadearsivlannteuenls lnelivsslosilaunsase

Fnsnaunnddmiuguagunin asainaussanin usu dsgun 2.12

Sensor node

Remote monitoring

ECG

Medical radar
UWB

sEMG
Bioimpedance
Body temperature
Blood pressure

Inertial motion units
Body characteristics
Implanted sensor O

Communication link

0000000

*

’
\

1BC
- Central device
Communication channel

OB20B
OFF20B
1B20B
IB2IB

60600

Local data
aggregator

Remote data
services

High-data rate wireless communication interface

(Wi-Fi, Bluetooth, 802.15.4)

Internet connection

UM 2.12 welulaguuuskauninededseendlddmsulasanelsaeuuianmeuysd [20]

2.5.4 nsussenaldeulunisaumeums

walulagnisdearsuuukaunindaunansaununisinluyssendldlussuuisans

I3 aaa o 5 a{' ¢
LWinLUULWﬂIUIaEJVmT]ﬂWG]u‘l{!um'] LBIRINTLUULIATUUTEUU

L4

NYIUAITUABDINTITUDINAA

Tusuian aunsataluuszendldlunisnsiaaeunisiedeniuesing, nsivaouiiendndes

mMswy, MinTaduanudauuauy, Wdussuuinwiarulaendediuyanalunsnsiaey

44' Nt & Ad v o A A Addwy v
ﬂ'ﬁLﬂa@u‘Vl&LUW‘UVW]Li']m@ﬂﬂ'ﬁf’n']llﬂa@@lﬂUQ\TWsawu%wﬁaﬂﬂ']iﬂ'n&lLmﬂﬂ?@lu’ﬂ'ﬁ@ﬁ'ﬁ]ﬁ@‘U

g9, Uszandldlumsnsivaeunsauiuianiildvinenansiu 1, 8y, 8guden, tilwes, wanafin

WazABUNIA Fla3UN 2.13
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JU# 2.13 walulaguuuiaunigadmiumsmsiuna [21]

2.6 @3l

Y P = ' 1] | & a v a
uniilananiwnalulaglasswieliatouusnineuyed wazmalulaguauninegs

Qe

a =

awsioAnufiagiusiudadaMnuan1svinaus U WY koAUl Mdwnuds suuuy

[
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= = 1 @) 1 aag v = ¥ v W fa & %
fUUU NIV eI U 11]'3’]’03L‘U‘WU’JQﬂ’)’]iJﬂVlI‘N’]U‘(NQ%ﬁiJWUﬁﬂULLUUWJ(’W‘VI‘UENiB'UU PEADY
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dsrufiundnszanetantslunazneuoneias invualasesdnsidvinfiAeadesend
U ANZNITNIBNINTARANTUEVSTOLEN Wazan TufvuaA s IunalnsANLIAL
wisarnnglsl vse anfusinsauuiausenInssema nsuseynauaznisiiluldanuly
Fusing 1 gesn1sdeasiuukaunitebs Setanuaiifuesdaudidowurasszuumaiuy
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n153ATzilasanglTaneuusnneuyuduaundnegs

3.1 na1un

nsdearsingduiaduuuuounidaudunisearsliaeisuiudosfiansun
nansenuludadonnge ﬁa'awam'amiuJ?isJuLLUaaﬁumé’iy,iy,mhj’h%Lﬂugmwwaqﬁmmmﬁ
wansnsllaniiy seRuresiiday winssiaanlseiaiinty %aﬁiflmd’nﬁﬁm’mé’wﬁmﬁ
sefahuninseivesdyginvesssuunisioans Ineilieszuurinisdsdygyinain

nMaallgin1asu daanaoulng o UM DYDY MATAINANTENUA DRI IUN DA 39

aaa o/

Idueg1vBafazdediznisinsieiszuu elsellunanuanvazveosdyy i N3
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a =

derinuesdan wasdllgnsusuleussavaannuesssuunisdeansiing i

3.2 LWUUINAd9NISaSNIUEISUSTUU UWB-IR

o

Tunsaasrudygraluszuuwauninsgaluazdanwalshnnsa19annisasdy giu

[ e
(%

adwInglagmluidosnnitunsddyaalulauumaauazdyginildlunisdwuiu
Lidnsuenqraduivdyayiamavuzneuiinisdsdya1a0ons1ua1881n AN 1A 1UES
W nautemnualagAnsnssuIsN1INIdeaskiansgewsnT tafvualildainudly

91U 3.1 Anzldse 09 10.6 Anzldie Fetinauanunnitenn lunseurunisnisesdyyiatu

9 i

Buannsaddyarantdlunisdsnndudyaiasuynnvnesa danuludangeinie

o }7

Aue WruRsdy Il US e EeIN AN ALY DR IUAUNIUNINAIEDINIANIIAIU

(% s

Sundranntiudyaiailasiiunseuiunisaenulnefarsaanienusuduiuvanduius

o
o

(Correlation Receiver)

Tx-ant \ / \ / Rx-ant

Input

I
|
I
N Clean 1| | Template
Waveform Algorithm | | | Waveform

Peak
JT.L Detector

7 77

JUN 3.1 S3UUYeINTIATIEAiN s INEmuTEUY UWB-R [36]
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v o IS a

WelvAdnsdiunidsdyyrunedyyiusuniu (SNR) dA1gaunign 91nuuss

Y

o

1D URDUVDINITNTINTUF I uazdAT A LU 1eiUT s Ui UAINEDAAR DITE NI
Tumangufuaznsjudnely Fanseuirunisdaiuwuuiauningadinanansaglanegy
3.1

o/ 1

3.2.1 dueunaudeuuunaunInggs

[ )

o 1

sunAudygadamnsaldlunseaeuaufiniisuressundudyyiunisiures
sruuNsdsiuLUURaUN 9B gl LwimasuaqmmﬂmLﬁausuaﬁzgzgmgﬂﬂ?{uﬂ?u%Lﬁuléf
Fauuindloanunirswesuauameituniniu duafuasfiansuinaontisnnuives
wmaluladdaniladuuudiimuuaiulae FCC [13] Insldsunduunuiudnde
(Rectangular Pass Band Waveform) fauauAuARaLe 3.1 AnZEdn 9 10.6 AnziBin 3
ANUAAUGNAIUATUULAINATIIINAY 6.85 GHz wag 7.5 GHz JURAULAUsLAmA LY
sl dondsaunisi (3.1) uagilaidunitumuintua nnuve 13U ARULU UL UKL

Andsukanaleraauni1sn (3.2)

W)= fi[fmax SN2 fl)  fo SN2 f )] (3.1)
T A

Vf)=1"7" (3.2)
o -2

d' = a = fa ¢ a a ¢
LB A AD LLOUNAINTIEN fb AR LLUUNINNTIIUN f A AINUNFAULNAI
Y YU 9 c Y

f o PO AWAIER £ FD AUDFIER

a

a4 Ao 1 U [ = cA' < ¥ a
Eﬂﬁau‘UNﬁ’J’]ﬂJWW}LL‘Ll‘L!ﬁL‘UﬂG]ilIL‘U‘ngﬂﬁLﬂaEJZWNGLUW]UWNlIOU’JﬂLLﬁSﬂ’J’]&Iﬁa‘U g

=

ANUMUILUAUNATUAETVINAITWINAY 4/2f, ogludiemnudaes —f 89 —f.

waz fo, 09 £, wazasiiadugud suaduiliduguaauwuunauninedslugaund faliuds

]

ldRarsaunmveuiningegailululiveswuudiaviuingn woundgaungn waziawngn

9

'
a

YaeguAfuLUULAUNINNEe JUaRuTlazdauanuiaswuuilandue waziidiudsznay

Y Y

6 ]

nszuanss (0C) Wugud JUN 3.2 wansdagurdudygranldlulamunailagunuy X wanads

Y
a v [

A1TBINAAZUNY Y uansievunvawaundafldlunisdaiiussuuingduiaduuuuay

9

niagadlanndu 1 Taad JU7 3.3 uanstannuruiwiuannsumdanuresguaiunldly
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nsaeusruUIngBuiaduuuiauneddulamuaiud Ineliunu X wansderininuiuaz

AU Y bansdsAanuukuaUnasuluniieves dBm/MHz

0.5

Amplitude []

Spectal density [dBrmihiHz]

-100
-110
-120
-130
-140
-150
-160
-170
-180
-180

-200
3

Time [ng]

5UN 3.2 sUnGuAy N 15ARIUVBITTUULUULAUN 1198 [11]

4 5 G 7 8 9 10 "
Frequency [GHz]

5UN 3.3 alnasudyaansasinuuesseuuLaundnegs [11]
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3.2.2 nmsussenaldgnsnisdanudyyinvesmEadmiussuusauninegs
luszuudeansiiavdygraideinisevdasgndeulidiatseniaiienszulas

Syaalniidurduisimanliin WesdudygruriueiniauntniasuaigeniAnazyin

v o

nihfnlasmaundmvantninduiludyralaidiguiy dedu desdyyiuainnisinass

YBNINNDINIAINILAL NI UAIUVDIANEDINAAILALAI8DINIAS U LUAIY @UN1SAIS

daruveeN3a (Friis” Transmission Equation) [1] lagnihunftarsanldlussuuiuuuaunay

=

Faflandudnsrduseninamdinuresdygraisuldseidanuresdygraigndeenn

Keaunsi (3.3)

£()

GFriis(f) X P(f)

=G (NG (NG.(S) (3.3)

o i3 |

Toedl P(f) uae P(f) Ao mdmwesduanaiudiuazidwedyanaduiu G.(f) uae
G.(f) Dudnsvensvesdyanamudiasdygiaiuiulugiresadiva dmw G,(f) e
Snswenevastosdyalueiniaine Tamldnaunis (3.3) ik

MNaNnsT (3.4) annsausudeannsnsasiuve ialvimunzauAussuudeans

waundauAeivaunsi (3.3) lnedeueglugvesilsidunisaeloudl

v.(f)
(f)

A DA =H,(f.d)H,(f)H,.(f) (3.4)

-~

eV way Vo lunsenuvesdeygiaidaaysu
H, tay H_ luilsidunsaelounnudvesaisonnieditassu

d 1DUszegn1ITEnINagINAdA U Y DINNASY

3.2.3 Syaruiiiuld

sosnfinsiamnaumsnldduinguadunsdsing Tnsnsifisdleitumsdsiuves
Toyunauas [35-36] e ldlumsmAnauRaieuvesdyanameinuiy dygaisulsly
Tnueruinsemmumuntuanasuvesdyadsuliiu aunsainszimldannis
Hadduanunuiiuuanauvesdayyrads V,(f) @mﬁ’uﬂqﬁﬁi’i’umimaiaummﬁmm
oy H, (f) Fuarafsuldlulawuanuivdeanunuiwiuvesannsunes

T o

Fyaunsule V() awnsadeuluguaunisliansd



uagnsflnsasIuYesdy g IMeINIAIsaRsanIIN AR UL U UlelanseUn (sotropic) @

AN11saLanalaeIaNN1SHa kUL

Viiso () =V (f)-H: (f) (3.6)

[ a

dmsudygyransulalulawunaiidy awsanlalagldnisudasiSiesdeundu

o

(Inverse Fourier Transform) Yasaaunutiuaunnsuvesdyyiunsuls dyarunsulaly

A7}

¥
v A

Towuanves v, (1) wez v, (¢) asnsadeuluguaunislasil
Y

v (1) = [Vi(f)e* " df (3.7)

Veaso (£) = [Visoo (1) 37 (3.8)

Tuiveinusdlalaasessuluuandunus lasnvualiieigunisaigleuninuives
wisossululumuieulvvesidsdyausuniuszninBunatasiodnn A dmsusuaiu
AukuURdu lNsanuiidau Ao JURRURULUUAIMNSULA (Received Signal
Template) wazsunausuLuudyaalelanseln (Isotropic Template)

w3BssukuUandNiusiunsainldsUaduauwuURyunsuldtuIs T aud Ny
AUDYRIABINALAZNITENINIEANElUINIAT LN UM TnadaaruinuuaEiUnasy

(% [l < (% ar o (% 5 & o 1 a A [
vosdyaaduvuiudigadedauves ¥ () deduilaidunisaeleuniuivesaiesiu

wuvanduiuslunsdiilfsundudunuudyaansuld H, (f) aansadouldidu

(3.9)

= 24V (f)
[ v.(f) df

J

—0

H,, (f

drunsessunuvanduiuslunsalldsundudunuudyagralelanseUntumunvay

Fusvansanialelansaln Ineilanunuiwduanasuvesdyaiasdwuududeaddou

g7 q

v

(/) Mafdunisargloumnuiveaniesiunvuanduiuslunsanlddymyauwuy

o

N4

r-iso

lolemseUniludyayrausivuy B, (f)anansadouldidy
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2j;) I/r:so (f)
Ve () df

(3.10)

J

—00

H,.(f)=—F
|

3.2.4 FyaifuldanieTosfuandunus

AnuvuLLuane fuYesdy Y e winavoLaIsafuLuuanduiusunsdld
gﬂﬂéuﬁuLLUUé’zyzywmﬁ%’Ulﬁ v, (f)awnsaanalalagiianuvuiiuaiuna Suves
dyanaisuld 7, (f) gufvilsidunisaslouanuivenadesunuvandusiuslunsdily

o

sunfusuwuUdyaamsuldfaun1si (3.11)

V() =V (f)HomlS) (3.11)

I3

waraIuTaMIAIgUAGUL IR NAYB ATETUAdUIIS v, (1) Tnan1sudasysies

Foundu Faunsi (3.12)
v (6)= [V, (f)e " df (3.12)

dauA UL UUANNATUYRIF IR NAVBUATRIT UL U UAnFLTLS lun ST

surdusukuUdyalelansetn

0-iso

(f) anssarwaildlagdinnunuuiuaunady

vosdyanalelanseln 1, (f) aaiuilsddumsaielouamnutvesnsesiunuuanduiug

1-1S0

Tunsdifildgurdusunuudyanalelenseln H,, (/) faumsi (3.13)
Voisa (F) = Voo (f)-H (f) (3.13)

wazannsamsuedululammnavesdygaednnniaTessuanduiuslunsalld

surdusuwuudyaalelenseln v, (¢) ladsaunis (3.14)

Vo-iso (t) = J. Voiso (f)eﬂ”ﬁdf (3.14)

3.3 WISIALASN LY IUN5IASIEA

Hanlaannisinaggninlussutananulusunsuneuiinmed Jausznausie

WITRaIA19Y Aralull
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[

3.3.1 NANDUAUDIANUN YDA EYREY

v v

'
a

msTadesdaaraldesldiniodiimszilasienuunamesdidewhaudilaiie
$UULALEY Y10 f\]zﬁﬂ%m7mmqmﬂmwﬁgﬂﬂauﬁwﬁizwL’%Emdﬂ dryey1audunm (Input
Signal) wazasdU3uIUNIINILAINUINBEM0BNNIIINTZULTNTENT GRIRIGREAE)
(Output Signal) viSeranauaLed (Response) Vo35¥UU Nafildannsinasdudulsyans
n15darIueIdy g wusiunsetuilsiduaielounisainud (Frequency Transfer
function) %130 H () vouvoidyaiulaeflisdudieloudinandusruansddifiuds
NaneUANBIAILATe BT M BeUTEnauieseiuduaaiideiu (Magnitude) was
NanaUauaIE (Phase) vesduaes Semanauausssinantuasidudsilduansd

[

AMAN Bz IEY I TnoAuduiusszninaddssansnisawiuduileiduanslou

q
(%
o v o

YDIVDIF YN UUUNAUARNANNITNA (3.15)

e ]

Szl(a))ocH(a))zM (3.15)

X(w)

Db

g Y(o) Ao leidnavesszuululamuanud

X (o) fo Bunavesszuululaumaug

3.3.2 MsgeLABeID
Tuszuun1sasanslsatedud 1 MU18nanYRINISINABINISLININTLAUAAUADNT
AIANTSERSAIANLARESLTNIE (Path Loss: PL) HBI9INMSUNINTE AR U 0sd sy eulag

NINTUIINNDATIAIUTLRINNTEAUN I UT T A sEaunasnunsulagadaeiiluinag

wanslvieglumiigveaagiua (Decibel) Aauandluaunisi (3.16)

v, (1
L, =20log (1) (3.16)
v, (1)
el v, Ao szaudgyeguildds
v, Ao seaudeyunsule

[
&Y a

Inglunsiesgrinisgadsvesmasnulussuuwauninegs PL, Wuagiia1sui
Masugegavesdyqrauilddmasmdsgeanvesdyaransulisaduilsiduvassseenig

(@) Tnedfemdulumuaunsii (3.17) uaz (3.18) muddu
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_maxp (1) ] (3.17)

max|vr (t,d)|

PLy (d)[dB] = 2010g{

a1 [

Tneluaunsd (3.19) lanmualivuiavesdygraildddianyingu 1 Tad fsduannsadn

(%
v A

aunsivallaeadl

PLyy, (d)[dB] = ~20log| max

v, (t.d)] (3.18)

3.3.3 AMWNUNIANT19N15UTEAINIA9TU

'
= o o w [ a o

Wunmsuanslifiuiessaumasnuresdyaufiimndiniasunnaiag o aneds

o

wanslifiufiianansenuvesdygraiiinisavieulunatefirn1ansonsenindyauraneia

A7)

a o v Y 1

183831 ANUUIAATI9A15UTEIIN18997U (Power Delay Profile: PDP) 9819984

POP lauanenagui 3.4 Inedaunisisioludl

i Zn:aizfi Zn:P(Ti)Ti
. 4 _ i
al QP)
= XY

(3.19)

A % o v =

neh  a A9 SLAUVDIFULEUNIIN i

1 D)

v '
= U E 74 a

T, A9 aUTENAN UV Y YIELEUNIIN

A

P(z)) A9 MANIUVOIA QY IULEUNN i

T o

A Power, P
P
RMS delay spread, 75,
—
P,
| g
Mean excess delay, 7 p
<+ > 4

i

“ } >
Total excess delay

| | Delay, 7
>

Y 1

UM 3.4 fegunmminandien1susyismasnu [42]
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3.3.4 FUUSLANTANTUNUS

ArAuAaLisuvesUdy gIansulituaunsalmseiiazuandimulaenis

7]

(3 = L% 1

fnsananAduUseansanduniug (Correlation coefficient) Fulugnadrusenineegean

YIA1@aNFUNUST1Y (Cross correlation) Muiledduvesdurunuulalanselnuay

e ]

dyarunsulanuaigeanvesAtduysalsiniaotvomagusening Adnanduius

9 =

(Autocorrelation) vesdyaadlelanseVnuasdyprunsulalavaunisiieudemifngn

wansliiunInannIs (3.20) f9aun1si (3.21) MIUE1AU N1saRduRNUSIZNI19gY

[

AaUF I 2 Fyyraarnnsadnunldmianuiaiieuvesdyaiunsaadla lngagiin

1%
£ =

e NsdassiauRaLisusanaNiuLIndeswalry Fen15UszuNaAINRALNEUTDY

€

v s = 1

FyaaugninlulddmiunagevalueiniAwauninggs [43-44] lnensanduiussunauds

Y

wazgUadunsula

VA maxm\axr!gi:'m (3.20)
Tnsaunsfineueanduiusiufe
rp(7) = T Vouso (F)V, (8 +7)dt (3.21)
LazaUnsTine LA avdUusAe
r(7)= ]2 Voo TV oo (t + 7)dt (3.22)
1 (1) = ]Z v, (T)v, (t+7)dt (3.23)
Toedt v, (r) @ dygrallelemsedn
v (1) fio dyanaiisuly

3.3.5 dn31venevasdyyralunisdesinuluunaundnegs [44]

TuAneinusil dnsinisveremsdsinuieunduseundgaganvenoisnmesossu

[%
L

anduiusniasanagenanldnuasuesuualadmedaiveinialelansetniisg 21013

Y
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uasuualaduesdyy1auluuy AN998ATINITVEIENLALLENISNTINITVINBVDIOATIEIY

SNR fatiusnsINsvenensassuvessnstifuluudygansuls G, wansladu

o0

max j v.(0h,, (t—7)dt
G, (1)=20log = (3.24)

max I Voo O, (t—1)dt

—00

Tuyhuesfeiusnsn1sre18n1saRIuTeInsalnuuuudyalelansetn G

wce

a I~
gusaeudu

[ee]

max J v, (h, (t—7)dt
G,.(t)=20log — (3.25)

max| [ v, (h. (¢ = 7)de

—00

AUUANANTENINONTINTVYIINNTAH UV INSEAUBU VA Y eunsUlALaz NSl
susuulelenseUnagilunisszsyusunnnnuiiniiie ureguaau Fa9gdiuindnsnisveny
eIz Ngnvesdeyyia UWB - IR anuisaiduiisanisnaiussninednsinis

VYIYUDIAWDINA AILUTILANANIINGRTNTAENUF Y IUBINTAUU LAY

3.4 9aN9NUKUUAAY
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Start

Create Cross-correlation (C,.) and Auta-correlation (Cgy,)

Synthesis beam (a,,) define by maximum of Cross-correlation (Ce.)

each position of CIR

i Determination of threshold result
CLEAN processing
to delay time In processing

Decision switching
E—— o—n—————— 1 @y < Threshold

“Clean dirty map processing” and

create “CLEAN map”
Yes No

CANOARTA (ah_to * 8(f— ro))

o g — (akHo % Cau)

Competing “CLEAN map”

from each position in CIR
v

Ce = hetean(t)

Y

End

UM 3.5 vdenlaevunsupdiudanasiiu

v, = IFFT{V;} (3.26)

o 1

2) ¥NN1991 auto-correlation (Cgy,) T2WINedY RIS (v,) Tulauuan waziin

N1 Cross-correlation (C,.) S¥INsduaas (v,) wasdyuiniu (v,)
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Cau(t) = v¢(1) @ ve(8) (3.27)

Cec(1) = v () ® vp-(1) (3.28)
3) N5asNTNFUATIEN ay WENTMAENERYRY C,,
ay = max|Cec(7)| (3.29)

3.4.2 N15N19IUVDIAFUDANDINY
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1 [ o 1
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J =

2) Avesludaunsivviuoeninnusasdulunuaunis
de = de—e, — (A =ty * Cau) (3.30)
o ay, fie Tuduargrideduneniaedeniinis “CLEAN Dirty map”
Ct = Cepy T (Apyeey *0(t — ) (3.31)
Faagld ¢, Toeidundn “CLEAN map” wie “CLEAN Component”

3.4.3 N5a5198RYRYIMTUNIRIUAR U AN ITIN

1) vinswdasizes ¢, Wiilawuannad
C=FFT{c} (3.32)
2) myadredayaasululamuuniud

Vr(clean) =VexC (3.33)
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44 mm.

UM 4.5 awemianuunseanldlunismeassin [20]
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Abstract

The short-range wireless multimedia is consider used a ultra wideband
(UWB) technology for human body mobile and multimedia applications
shows promise for wireless multi-media systems. Based on IEEE 802.15.6,
wireless body area networks (BAN) require understanding the human body’s
effects on channel characteristics. This paper presents how to evaluation
of human body ulra-wideband (HB-UWB) transmission with line-of-sight
and non-line-of-sight scenario. Our research aims to enhance HB-UWB
channel propagation on the body media by employing with CLEAN algo-
rithm to eliminate noise. This research leverage findings from previous
studies to facilitate performance comparison. Furthermore, for analyze sys-
tem performance using the CLEAN algorithm at different body positions.
The measurement setup covers band the FCC regulated from 3.0 GHz to
11 GHz. It includes the tested with wideband antenna and vector network
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analyzer (VNA). HB-UWB characteristics are shows in the path loss and
power delay profile are discussed as relevant parameters. This research very
useful for design and evaluation of human body mobile network and wireless
multimedia systems.

Keywords: UWB, HB-UWB, WBAN, wircless multimedia system,
CLEAN algorithm.

1 Introduction

Ultra-wideband (UWB) is wireless multimedia technology has gained sig-
nificant recognition in modern short range wireless multimedia systems due
to its advantages, including low energy consumption, big data transmission
multimedia system, low transmitted power, and anti-multipath capability
[1-5]. UWB is big bandwidth particularly suitable for in an indoor media
environment such as wireless personal multimedia and body arca multime-
dia, as it helps minimize noise interference from other coexisting wireless
systems. UWB communication utilizes a unique pulse-based approach with
low power spectrum density and compact pulse shapes, enabling transmission
over a wide bandwidth instead of a narrow frequency band typically used in
other wireless multimedia technologies. The UWB big frequency spectrum,
regulated by the FCC, spans from 3.1 GHz to 10.6 GHz, with a minimum
bandwidth of 500 MHz, the best for multimedia technology.

Wireless body area networks (WB ANs) have emerged as a prominent and
dynamic area of research within short-range wireless multimedia systems.
These networks are designed to facilitate seamless and unobtrusive communi-
cation within a limited range of 1-5 meters around the human body, opening
various applications and possibilities [6].

WBANs encompass various domains, with healthcare and non-healthcare
applications being the primary focus. Healthcare applications of WBANSs
prioritize reliability and accuracy in monitoring and diagnostic capabili-
ties. These applications play a crucial role in medical settings, enabling
continuous monitering of vital signs, remote patient monitoring, and early
detection of health issues. To meet the stringent requirements of healthcare
applications, WBANSs in this domain emphasize factors such as emitted
power contrel, power consumption optimization, and robustness in wireless
transmission [7].

On the other hand, non-healthcare applications of WBANs are geared
towards providing high-speed data transfer, primarily for entertainment.
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These applications cater to augmented reality gaming, virtual reality
experiences, and multimedia streaming. WBANs aim to deliver maximum
data rates in these scenarios, ensuring a seamless and immersive user expe-
rience. Achieving high throughput and low latency becomes a priority,
allowing users to enjoy real-time interactions and multimedia content without
any perceivable delay [8].

Another aspect that distinguishes WBANSs is the mode of application
deployment, which can be categorized as wearable or implantable. Wearable
WBANSs consist of devices that are externally worn by individuals, such as
smartwatches, fitness trackers, or sensor-equipped clothing. These devices
provide continuous monitoring, activity tracking, and personalized health
feedback. On the other hand, implantable WBANSs involve the insertion of
tiny sensors or devices within the human body, enabling real-time monitoring
of wvital signs, drug delivery, and localized treatment. Both wearable and
implantable WBANs come with their challenges and considerations, such as
device miniaturization, power management, data transmission efficiency, and
ensuring compatibility with human body [9].

The research landscape of WBANS is expansive and encompasses various
areas of investigation. These include signal propagation within the body,
interference mitigation techniques, energy-efficient communication proto-
cols, security and privacy measures, and data reliability. Researchers strive
to address these challenges and develop innovative solutions to enhance the
performance and capabilities of WBANs multimedia [10-13].

This paper presents an HB-UWB transmission waveform for WBAN
systems, considering both line-of-sight (LOS) and non-line-of-sight (NLOS)
scenarios. In the LOS case, a biconical antenna serves as the transmitter. In
contrast, a microstrip patch antenna is placed before the human body to act
as the receiver. Conversely, in the NLOS scenario, the receiver is positioned
behind the human body with LOS and NLOS are employed to examine
the impact of the human body on BAN communication. The transmission
channel utilizes an extended version of Friis’ formula for UWRB signals.
It operates within the frequency range of 3.1 GHz to 10.6 GHz, as the FCC
regulates. This study demonstrates the practicality of HB-UWB transmission
measurement and its implications in the presence of a WBAN multimedia
systems.

Initially developed for radio astronomy and microwave communication,
the CLEAN algorithm has found extensive application in both narrow-
band and UWB communication, including localization and UWB biomed-
ical imaging [14]. It involves cancelling similarities between a dirty map
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{measurement) and a template (a priori information) to reconstruct a clean
map (CIR}. However, CLEAN assumes a non-dispersive channel, where
the resulting CIR is a sum of amplitude-scaled and time-shifted versions
of the a priori information. This assumption must be carefully considered
when probing the channel with sub-nanosecond impulses in UWB time-
domain channel sounding [15]. Due to the wide spectral occupancy of UWB
pulses and numerous objects in the channel, the received signal is severely
distorted, primarily in frequency-selective propagation phenomena caused
by object materials, orientations, and shapes. This distortion is particularly
pronounced in non-line-of-sight (NLOS) and long-range line-of-sight (LOS)
measurements [16].

This paper aims to improve UWB channel propagation on the human
body using the CLEAN algorithm and compare it with the case with-
out using it. The CLLEAN algorithm is applied to TTWB localization and
HB-UWB, enhancing the performance of channel propagation for com-
munication systems and medical applications. By reducing noise in UWB
channel propagation, the CLLEAN algorithm helps estimate the directional
signal and channel propagation more effectively. Tn this paper, we build a
new channel impulse response (CIR) or CLEAN map based on the original
data.

The subsequent sections of this paper are organized as follows: Section 2
explains the HB-UWB transmission loss. Setup of measurement setup and
parameters are described in Section 3. Section 4 discussion and results of
research. Finally, the concludes of research with key findings.

2 Waveform Transmission Analysis

In conventional wireless short-range system, when examining the propaga-
tion of signals in unobstructed, free space, it is customary to utilize the
widely adopted Friis’ transmission equation. This equation is valuable for
analyzing the link budget, particularly in line-of-sight scenarios. To shed light
on the specifics of the transmission process in the context of our research, we
present a comprehensive illustration of the waveform transmission analysis in
Figure 1. This model encapsulates the key elements and parameters involved
in the transmission, allowing for a better understanding and evaluation of the
system’s performance.

Griis(f) = = Ge(f)GL(F)Gu(f) (1

60



Measurement and Investigation of HB-UWB Transmission Link 1467

Txeant \ / \ / e Y
— d

i
|
! 1

Input { | Peak

ool N Clean ||| Template i e
e Algorithm | | | Waveform |"flk" Detector
l e e e ll
i %/

Figure 1 The waveform transmission analysis for HB-UWB multimedia system.

In this study, it is essential to explore the intricacies of the antenna
system and the associated parameters. The transmitted antenna input power
is represented as P, (f), symbolizing the magnitude of the signal being
transmitted. On the receiving end, we have the received antenna output
power denoted as P.(f). which captures the strength of the received signal.
Furthermore, we consider the received antenna gain, denoted as G (f). and
the transmitted antenna gain, denoted as G ( ), both of which play significant
roles in shaping the overall signal characteristics.

_B(p
RU)

In the examining of propagation dynamic of free space loss, to deter-
mining the propagation channel gain, denoted as G¢(f). This gain represents
the amplification or attenuation experienced by the signal as it propagates
through space. It can be mathematically expressed as the ratio of the received
antenna output power F;{f) to the transmitter antenna power input FPy(f).
Considering factors such as wavelength (\), the veloeity of light (¢), the
working frequency (f), and the distance maximum (d) between the transmitter
and receiver antennas, the free space transmission gain can be calculated.

Expanding upon the classical Friis transmission equation, in the extend
to analysis to incorporate the system transfer function [7]. This extension
allows us to gain deeper insights into the behaviour and characteristics of the
transmission system under consideration. By considering the system transfer
function, it can be more comprehensively understand the signal propagation
and its impact on the overall system performance.

VIE@ = H:(/)H(/)H:(f) - Hi(f) 3)

G(f) @)

He miis(f) =
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where B
He(f,d) = | exp(—jkd) )
is the free space transfer function of wireless communications, when
2m
E=— 5
. 5)

is the constant of free space propagation, H;{f) is transmitted signal filter,
Hi(f) and H.(f) are transfer function of transmitted antenna and transfer
function of received antenna, respectively.

The profile of power delay model means the relative power of the taps
for the wireless propagation loss. It provides the characteristic delay as the
variant value of mean power as expressed as

(©)

with 7 is mean excess delay, «; is signal level of path i, P{r;) is power level
of signal path i and 7; is time delay of signal path 1.

The HB-UWB transmission loss given the relationship between of the
peak maximum value of waveform transmitted and waveform received.

K max |vi(t)]
w(t) = foo Ho(f)ef2m et gy (®)
) < Hl e ©

with the transmitted waveform is v (f) and the received waveform is v.(¢).

2.1 CLEAN Algorithm

In this paper, to explore an innovative application of the CLEAN algorithm
to address the unique challenges and intricacies for the HB-UWB (Human
Body Ultra-Wideband) characterization. While the CLEAN algorithm has
previously found success in localization tasks [14], our primary objective
lies in harnessing its potential within the domain of HB-UWB, where the
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aim is to enhance signal quality by effectively mitigating noise and reducing
signal distortion. By leveraging the inherent capabilities of the CLEAN
algorithm, we endeavour to refine and optimize the performance of HB-UWB
multimedia communication systems, opening new frontiers for advancements
in wireless multimedia.

Although the basic framework of the CLEAN algorithm for narrow-
band channel processing was initially introduced in [15], catering to the
precise estimation of time of arrival (ToA) details through the ingenious
application of image processing techniques, our research takes a bold step
forward by expanding its functionality to cater specifically to the demands
and intricacies of HB-UWB scenarios. By adapting and tailoring the CLEAN
algorithm to the unique characteristics of HB-UWB multimedia signals,
we aim to unlock its full potential for noise reduction and signal enhance-
ment, ultimately ensuring seamless and reliable communication in complex
propagation environments.

Implementing the CLEAN algorithm for HB-UWB entails a sophisticated
and meticulous series of computations, with a critical focus on the corre-
lation coefficient function. This pivotal component serves as the backbone
of the algorithm, enabling the identification and isolation of unwanted noise
components, which can severely hamper signal quality. By adeptly removing
these undesirable noise elements and reconstructing the underlying signals,
the CLEAN algorithm showcases its prowess in restoring clarity and fidelity
to the received signals [16].

To provide a visual representation of the efficacy of our proposed
approach, we present Figure 2, which elucidates the intricate process of signal
cleanup and restoration. This illustrative depiction shows the algorithm’s
ability to enhance signal quality, fostering reliable and robust communication
in HB-UWB scenarios.

However, it is imperative to emphasize that while these algorithms
demonstrate remarkable accuracy in estimating channel characteristics, a
cautious approach is warranted when interpreting their outputs, particularly
the channel impulse response (CIR). As with any modeling-based approach,
it is crucial to acknowledge and consider the inherent limitations and potential
disparities between the modeled assumptions and the real-world conditions.
By maintaining a keen awareness of these factors, researchers and practition-
ers can make well-informed decisions and extract meaningful insights from
the generated CIR data, ensuring the effective deployment and optimization
of HB-UWB multimedia systems.
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Figure 2 Flowchart of HB-UWB transmission analysis with CLEAN algorithm.

3 HB-UWB Measurement Preparations
3.1 The Transmitted Waveform of HB-UWB System

To comply with the FCC standard for wireless UWB multimedia systems in
WBAN multimedia applications, the transmitted waveforms for HB-UWB
are designed using rectangular passbands. This choice ensures compliance
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with the required bandwidth from 3.1 GHz to 10.6 GHz. In the time
domain, the waveform’s impulse response is characterized by Equation (10).
In contrast, its power spectral density in the frequency domain is deter-
mined by Equation (11). By utilizing these equations, we can effectively
shape and define the HB-UWB waveforms, enabling reliable and efficient
communication within designated bandwidth.

nit)= %[ NI LAt st (27 D) (10)
L

W)= ; (11)
00\ =l > 5

The bandwidth of frequency is fi, center of frequency is f., frequency
high is fiux, and frequency low is frin, and amplitude is A. These param-
sters represent the ideal scenario in which HB-UWB transfer function are
emploved, maximizing the available bandwidth, power, and average ampli-
tude of the waveform transmitted. The waveform of the transmitted of system
model is illustrated in Figures 3 and 4, providing a visual representation of
the signal characteristics in the research.

Amplitude %]

-1 08 06 -04 02 1] 0z 04 06 08 1
Tirne [ns]

Figure 3 The tranzsmitted waveform for HE-UWE multimedia systems.
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3.2 HB-UWB Measurement Setup

Utilizing a vector network analyzer is pivotal in facilitating the measurement
and collection of valuable data for this research endeavour. In the sophis-
ticated capabilities, the vector network analyzer is a fundamental tool for
capturing and analyzing the complex characteristics of the channel transfer
function. This transfer function emerges as a product of the transmitted
and received antenna transfer functions, providing insights into the miricate
dynamics of the communication system.

To ensure the accuracy and reliability of the measurements, a well-defined
and meticulously designed measurement model and setup have been devised.
These models, presented in the illustrative Figures 5 and 6, encompass both
line-of-sight (LOS) and non-line-of-sight (NLOS ) scenarios, offering a com-
prehensive understanding of the channel behaviour in diverse propagation
conditions.

The experimental setup entails strategically placing the received antenna
on the human body in ten locations. This deliberate positioning enables
a thorough exammation of the impact of different body parts on wireless
communication performance. By systematically varying the placement of the
received antenna, the research aims to discern the intricate interplay between
the human body and the wireless fransmission system.
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Figure 5 The measurement configuration for HB-UWB multimedia system.
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Figure 6 The received antenna orientation with human body of LOS and NLOS.

Furthermore, the transmitted and received antennas are meticulously
oriented toward each other, ensuring optimal signal reception and transmis-
sion. This configuration fosters a controlled and well-defined experimental
environment, allowing for precise measurements and accurate analysis of the
channel characteristies.

It is worth noting that the separation distance between the transmitted
and received antennas has been intentionally set to 2 meters. This distance
is chosen to balance capturing the near-field effects, which are prominent
in short-range wireless multimedia systems and maintaining an adequate
distance to minimize interference and maintain signal integrity.

Through this comprehensive measurement model and setup, this research
seeks to unravel the intricate nuances of wireless communication in the
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Table 1 Parameters of HB-UWB measurements

Parameters Values
Frequency Range (GHz) 3-11
Number of Frequency Points 801
Transmitier Antenna Type Bicomnical
Receiver Antenna Type Minder line
Transmitter Height (cm) 145
Receiver Height Range (cm) 15-165
Body height (cm) 165
Separate of Tx and Rx antennas (cm) 200

context of the human body. By meticulously investigating the effects of
different body locations and propagation scenarios, valuable insights will be
gained, paving the way for improved wireless system designs and efficient
utilization of the electromagnetic spectrum.

Table 1 in this research manuscript contains important parameters for
HB-UWB measurement. It includes the calibration kit components (connec-
tors, cables, and antennas) used with the vector network analyzer (VNA).
Additionally, the table lists the characteristics of the transmitted and received
antennas based on their respective structures.

4 The Measurement Results

Figure 7 comprehensively analyzes the path loss characteristics in HB-UWB
multimedia channels under various conditions, namely free space, line-of-
sight (LOS), and non-line-of-sight (NLOS). The results obtained from this
study reveal interesting insights into the behaviours of path loss as a distance
function. Notably, it is observed that path loss increases consistently with the
increase in distance across all scenarios.

A similar path loss trend is observed in free space and LOS, indicating
a proportional relationship between distance and signal attenuation. How-
ever, the NLLOS scenario exhibits significantly higher path loss compared
to free space and L.OS. This can be attributed to the additional obstacles
and propagation challenges encountered by the signal in NLOS conditions,
such as reflections, diffractions, and obstructions caused by buildings or other
objects.

Power delay profiles are analyzed and presented in Figures 8, 9, and 10
further to understand the impact of these different channel conditions. These
profiles provide valuable insights into the distribution of power received as
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Figure 8 HB-UWB transmission delay with free space case.

a function of time and position. The analysis reveals distinct characteristics
for each scenario. In the case of free space, the power delay profile exhibits
a relatively uniform distribution, indicating consistent signal propagation
without significant distortions or delays. On the other hand, the LOS power
delay profile shows some variations and fluctuations, suggesting the influence
of direct signal paths and potential multipath components due to reflections.
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Power delay profile

Power delay profile
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Figure 9 HB-UWB transmission delay with LOS case.
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In contrast, the NLOS power delay profile exhibits a noticeable reduc-
tion in the magnitude of the power distribution. This can be attributed to
the increased path loss and additional signal attenuation mechanisms intro-
duced by obstacles and environmental factors in the NLOS propagation
environment.

It is important to note that the human body and shadowing effects play
crucial roles in HB-UWB channel characteristics. These factors introduce
additional complexities and signal distortions that must be carefully consid-
ered. Understanding the transmission behavior, antenna radiation patterns,
and signal levels in HB-UWB systems is essential for accurate channel
characterization and effective multimedia system design.

5 Conclusions

This research holds significant value in a wireless multimedia commu-
nication technology and has several notable contributions. By evaluating
the HB-UWB transmission waveform in both LOS and NLOS scenarios
within WBAN multimedia systems, to have gained valuable insights into
the effects of the human body on wireless multimedia communications. One
of the key benefits of this research is the improved understanding of the
multimedia channel characteristics and performance limitations associated
with HB-UWB multimedia communication in the presence of the human
body media. By analyzing the channel transfer function, path loss, and
power delay profile, to provided valuable data and measurements that can
be used to optimize the design and deployment of HB-UWB multimedia
communication systems. The findings from this research also emphasize the
importance of considering the selective channel and shadowing effects caused
by the human body. By incorporating this knowledge into the development of
HB-UWRB receivers and communication protocols, it is possible to enhance
the reliability and performance of wireless multimedia communication in
WBAN systems, particularly in NLOS scenarios.

Furthermore, this research highlights the need for specialized deployment
strategies for HB-UWB transmission in WBAN multimedia systems. By con-
sidering the unique channel characteristics influenced by the human body,
system designers and engineers can develop tailored approaches that mitigate
the impact of shadowing and ensure strong communication links. The con-
tributions of this research extend beyond theoretical knowledge and provide
practical insights that can be applied in real-world scenarios. By address-
ing the challenges and limitations associated with HB-UWB multimedia,
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have a way for advancements in wireless healthcare monitoring, wearable
technologies, and other applications where WBAN multimedia systems play
a crucial role.
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Abstract— The combination of ultra-wideband and
wireless human body application is a promising
communication system for future wireless system in short
range. In particular, wireless body area network is based
on IEEE 802.15.6. Therefore, the effect with human body
is very important to know a channel characterization. In
this paper, the ling of sight and nen-line of sight scenario
have been presented. The measurement is coverage as a
full-band of FCC regulation which is 3.1 GHz to 10.6 GHz
and include the under test antenna and vector network
analyzer is provided. In order to investigate some of
parameter, path loss and power delay profile are
discussion.

Keywords—HB, UWB, WBAN, Friis®
transmission formula

impulse radio,

[. INTRODUCTION

Ultra-wideband (UWB) technology gam majority of the
recognition in meodern wireless technology because of the
merits of UWB in term of low energy consumption, low
transmitted power, and anti-multipath capability [1]-[3]. To
avoid and reduce the noise from coexist wireless system, the
UWB is foresee to be mostly vsed in an in-building
environment such as wireless personal area network and
wireless body area network. The UWB impulse is a unique
from other wireless communication. Low power spectrum
density and tiny pulse shape are used to communication signal
in very big bandwidth rather than a narrow band like other
wireless technologies. The frequency spectrtum of UWB that
regulated by FCC is ranging from 3.1 GHz to 10.6 GHz and
have bandwidth and fractional bandwidth at greater or equal to
500 MHz and 0.2, respectively.

WBAN has become a prime topic of wireless system in
short range communication. It targets to operate within 1-3 m.
around human body. As state by the application type, WBAN
can divide to health care application and nen-health care
application. The requirement for health care will concern about
reliability, emitting power, and power consumption. For non-
health car application, the data transfer in high speed rate is an
important factor, because it will commonly use for
entertainment purpose which require data rate as high as
possible. However, the type of WBAN also able to categorize
by the working position of the application which is implant and
wearable [9]-[11].

978-1-5386-8072-8/19/331.00 ©2019 IEEE

In this paper, we present a HB-UWB transmission
waveform with LLOS and NLOS models for WBAN system. In
LOS case, transmission channel is measured by using a
biconical antenna provides the transmitter and microstrip patch
antenna composes in front of human body of the receiver. In
contrast, the receiver is moved to behind of human body.

The model of LOS and NLOS helps to distinguish. The
effect of HB is considered for WBAN communication.
Moreover, our transmission channel is based on an extension
Friis” formula of UWB signal and covered 3.1 GHz to 10.6
GHz by FCC regulation. However, this paper shows usefully of
UWB channel measurement and gracefully in an impact of a
human body.

The following part of this paper will construct as follow.
HB-UWB transmission waveform will explain in section II,
Measurement setup and modeling are describing in section II1.
Section IV the results are show and discussions. Finally, some
concludes will be shown.

II. HB- UWB TRANSMISSION WAVEFORM

The traditional wireless communication is typically use the
transmission equation of Friis to analyze the link budget of line
of sight propagation in free space communication.

= ()= % —G(NGNG) O

while transmitted antenna input power is Pt ( f ) , received

antenna output power is P (f) , G, (f) and G, (f) are

received antenna gain and transmitted antenna gain,
respectively. Propagation gain in free space can be given by

G.(F) =(ﬁ] @

when wavelength is A, the velocity of light is ¢, the
working frequency is f , and the maximum distance between

transmitted antenna and received antenna is o .
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In this research we extend the transmission equation of
Friis to consider the system transfer function as

v.(H
Ei

Hop (f) = =H (HH,(NHH(H-H () O

where

Hf (f,d) =

— jkd 4
T k) )

is the transfer function in free space communication, when

2z
A
is the propagation constant, H;(f) is transmitted signal transfer

function, Hy(f) and Ho(f) are tansfer function of transmitted
antenna and transfer function of received antenna, respectively.

k (5)

Power delay profile is the meaning of relative power of the
taps for wireless transmission channel. It provides the channel
delay characteristic as the variant value of mean power as
expressed as

Zn: P(r )z,
el
2P

©)

with 7 is mean excess delay, a, is signal level of path i,
P(z,) is power level of signal path i and 7, is time delay of
signal path i.

The path loss of HB-UWB is given by the relationship

between of the maximum peak value of transmitted signal
waveform and received signal waveform.

P (@B) = 2010g {%} )
v ()= T H, (/e dr 8)
V(1) = j H_( ) dr (9}

with the transmitted signal waveform is vy (£) and the received
signal waveform is 1;(t)

[II. HB MEASUREMENT WITHLOS AND NLOS MODEL

A. Measurement setup

Vector network analyzer is used to measure and collect the
measurement result. The results will be in the complex form of
the channel transfer function which is the prodoct of
transmitted antenna transfer function and received antenna
transfer function.

The proposed measurement model is present in Fig. 2.
From the model, the received antenna is attach on 10 different
locations on human body in order to study the effect of human
body from different part of human body. Both transmitted
antenna and received antenna are facing to each other. The
separation distance between transmitted antenna and received
antenna is set to be 1 m.

B. HB-UWB Transmitted Waveform

For HB-UWB transmitted signal waveforms, consider
used the rectangular passband to follow FCC of UWB standard
for WBAN in frequency domain of the power spectral density

Rx antenna
Fx antenna

1.65m

Fig 1. The measurement setupl for LOS and NLOS.
a . 4
5 6

l\wsm

Los NLOS

Fig 2. The measurement made] with positions on human body.

and the time domain of impulse response with 3.1 GHz to 10.6
GHz by Eq. 10 and Eq. 11
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The amplitude 15 A, the frequency bandwidth is £, . the
frequency of center is £, , the high of frequencyis f;,and the
low of frequency is f]_ . The magnitude constant in signal
waveform has A/ ., of the power spectrum density of — f;;
to —f, and f, to f; are range of frequency. Then the

waveform has the A maximum amplitude at ¢ =0 . This is the
1deal case of research m HB-UWB chamnels are used for the
maximum bandwidth, power and average amplitude of HB-
UWB transmitted signal waveform. The transmitted signal of
HB-UWB system show in Fig. 3

Table of parameters in our experiments are important for
this research. In the first of all we have to calibration with cal-
kit with the connector, cable and antenna to VINA. However,
the characteristics of antenna based on anfenna structure of
transmitted and received antenna are listed m the Table. 1.

We can see the in the figures 5, 6 and 7 shows the power
delay profiles of free space, LOS and NLOS. Which that shows
about Recerve signal power is a position and time. We can see
that is a significant solution with NLOS has power delay
profile less than free space and NLOS. In the case of effect due
to human body and shadowing are important parameters for
HB-UWN transfer function. Therefore, HB-UWER chammels,
antenna rachate and signal level shall be known. The waveform
distortion due to the human body, distances, antennas in HB-
UWB fransmission for WBAN applications should be study
and evaluate.

Table 1: MEASUREMENT SETUP PARAMETER

Parameters Values
Range of Frequency (GHz) 311
Frequency sweep points 801
Type of Transmitter BA
antenna
Type of Reciever antenna MLA
Tx height (cm) 165
Rx height (cm) 15- 163
Body height (cm) 165
Distance Ty to Body (cm) 100
Measurement number 10
{point)

08| i

0.4} i

Amplitude (V)
o
[ %]
T
‘

04} 4

=t 08 06 04 02 0 02 04 08 08 1
Time (ns)

Fig 3. Waveform transmitted of HB-UWB system...

IV. EXPERIMENTAL RESULT

From Fig. 4 show the path loss to comparison between the
free space, LOS and NLOS of HB-UWB chamnels. In this
results we can see that the path loss in all case with free space
and LOS are similarly by increase of distance. In order for
NLOS has the path loss more than free space and LOS.

Path Loss [dB]
=

2

w
i)

- fewr T ETau BT STWAS e

point

Fig 4. The path loss between free space, LOS and NLOS.

V. CONCLUSIONS

In this report, we evaluated the HB-UWB fransmission
waveform with LOS and NLOS models for WBAN system. In
order to investigate some of effects on the human body, which
become significantly for HB-UWB transmission waveform.
The effect of human body can be known by the measurement
results as the chanmel tramsfer function, path loss, and PDP
successfully. These results shown that the side effect from
human body has been shadowed, it can be leaded to the
selective channel for UWB-BAN commmmications. Therefore,
deployment to provide of UWB receiver in NLOS has to
consider mn WBAN.
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Abstract— The body area network (BAN) is a wireless
technology, which play an important role in very short range
wireless communications and find a wide wvariety of
applications such as WiMedia for relaying information
gathered by biological sensors on body. The ultra wideband
(UWB) technology is suitable for BAN system because of
transmission by impulse radio and low power. However,
signal distortion due to human body effect in human
body-ultrawide band (HB-UWB) channel must be study.
In this study, we evaluate HB-UWB channel which
serious disturbed by the distortion. The distortion can
cause extremely poor signal quality to wireless
transmission channel even in free space because of the
antenna characteristics and waveform distortion. Thus,
the understanding of the effect from characterization of
antenna and waveform effect is important. The
measurement data of distortion analysis due the antenna
and human body of HB-UWB for WBAN were
presented in this research report. The receiver waveform
template was present to maximize system signal to noise
ration. The equation of Friis had been used to evaluate
the results. The proposed method is practical for the
HB-UWB evaluation, UWB antenna design, and provide
more precision to identify the waveform distortion. The
results can apply for the design of wireless medical
devices which focus on the effect of human body

Keywords— BAN, GWB, HB-UWB, WBAN, WUWB

I. INTRODUCTION

The antenna transfer function should be known and
evaluate the antenna characteristics before pass to the
impulse filter which can cause exceedingly waveform
distortion [1]. The general wireless communication systems
still require for low cost, small device dimension such as
UWB technology. Therefore, the knowledge in distortion of
waveform m UWB due to human ody and antenna is
important to improve the development of HB-UWB
communication systems.

In line of sight of free space scenario, Friis” formula is
considered. This research knows the Friis’ formula cannot
directly apply to mpulse radio system of UWB due to the
extremely wide pulse bandwidth. Moreover, the waveform
from transmit antenna and receive antenna cannot simply
compare because the waveform distortion cause by antenna
frequency response.

The main objective of this research report is to present a
novel transmission analysis scheme to investigate the
waveform distortion due to free space channel with
human

PohGa o IR GGt salots 1 Te B ocicars

body in HB-UWB communication systems. HEvaluation
scheme for link budget, impulse antenna distortion, and
correlation receiver were presented m term of frequency
transfer function of UWB-IR communication systems which
consider as the transmit waveform had developed. The
proposed HB-UWB model is a modify from equation of
Friis, to adapt the transmit waveform of HB-UWB, we had
derived the HB-UWB transfer function [2,3]. Transmission
gain, phase, magnitude, and waveform distortion were used
to explain the qualitied of distortion. The optimize system
design procedure with usable description are provide with
the comprised of antenna. In addition, qualities of channel
distortion were useful to the evaluation and analysis of HB-
UWB communication loss.

In this report, the consideration of the waveform
distortion due to human body in HB-UWB communication
systems had present. This proposed model is based on the
formula of Friis, the formula of Friis had been modufy by
consider the input transmit waveform and optimum receiver
template. The experimental was done by using wideband
antenna and operate in an anechoic chamber.

II. THOERY OF HB-UWB COMMUNICATION

A. Analysis of HB-UWB Transmission

The evaluation of experiment results of HB-UWB
transmission waveform with correlation template at receive
side are main objective in this research to use the evaluation
result for apply m the development of wireless medical
communication systems.

Narrow band communication systems and free space loss
channel can be calculating by the formula of Friis [4]
Therefore, HB-UWB communication systems cannot apply it
directly as the general form of the formula of Friis is in
frequency. Furthermore, the antenna characteristics can be
the cause of the distortion in the systems. The explanation of
constant gain and aperture were present in [5], but no
discussion had been made, although the time-domain antenna
effective length has been suggested.

The formula of Friis which commonly used in wireless
transmission channel and apply to calculate link budget in
line of sight channel is given by.

Gl )= 505 -GGG @

where G.(f) and G,(f) are the antenna gain of Rx and Tx,

1
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UWB Tx-antenna

nput vy ( { )

waveform

UWB Rx-antenna

Vo(T)
R [dt
W ( t ) T Output
|
Received/Tsotropic
template

Fig. 1. HB-UWB transmission model for WBAN system

G,(f)= {ﬁj @

is propagation in free space, wavelength is A = ¢/f, the
working frequency is f, the light of velocity is ¢, and the
separation distance between transmit antenna and receive
antenna

However, Eq. 1 can achieve only some working
frequency and unable to apply directly to UWB system. The
formula of Friis need to modify to consider the signal
waveform and its distortion [2]. The input waveform v;(t) at
input port is a convolution of an waveform input and the
impulse filter h;(t) as

v(0)= Es{r)<h (1), 3)

where

[Cwfa={"|n (rfar=1 @)
Friis* formula is modify to consider the transmit signal
waveform as given by

v(f)

i

He-Friis (f) =

where

= H (P (OH(F)H, (£)us)

Ha(f): Ha (ga:v@a:f)
= éaHaS (9a5¢a’f)+¢3aHa¢; (Ea,@a,f), (6)

a =rtort,

is a transfer function complex vector of relative antenna to
the isotropic antenna,

A 3
Hf(f):@exp(ﬂkd), )

is the free space transfer function where

k== 8
- ®)

B. The Waveform Correlation Received

Figure 1 present the correlation receiver for WBAN
system. The output SNR is dependent on the choice of the
template waveform. The receive correlator v,(t) can be
EXpPress as

v, ()= j:vr(t)hw(tfr)dt, (9)

where the output waveform at the receiver side which can
calculate by use inverse Fourier transform, the waveform
template is h,,,(t), the time of template waveform is T,
while the optimum time can found by

7, = argmaxv, (7). (10)
here after h,, (€) is normalize as
IH@@W&:Z& (11)

where the system bandwidth is B, the noise power output is
given asiNy B, when the spectral density of AWGN is Ny/2.

Under the constraint of Eq. (11), Rym(f) maximize
v,(T,) when hy,m(€) is a time-reversed and scaled version
of v, (t),1.c.

half) ==
vaitﬂdr

where 1, is chosen when A, (t) =0 for ¢t < 0 to satisfy
() is call received signal waveform transfer hereafter.
The link budget can evaluate identically when h,,(t) is
chosen as receiver waveform template.

(12)

C. Waveform Correlation of Isotropic

Eq. 12 obvious prove that the receive waveform is not the
normal time-reversed of the transmit waveform, but the
characteristics of antenna and propagation channel in free
space. Moreover, the waveform template is angular
dependent characteristics, the doak rate of the waveform
shall be generating at 10 GHz. Moreover, a canonical
waveform template b, (t) is considered to use in this
research.

17
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(S, yof the proposed measurement model. Peort-1 and port-2
of VINA were assign to be the transmit port (Tx) and the
receive port, respectively. Both of the VA port were
connected to transmit antenna and receive antenna with the
height fixed at 1.74 m. and separated distance was setat 1 m.
as shown m Fig. 2. The rotator was used to rotate the
pointing angle of the receive antenna from 0 degree to 360
degree with 5 degree per each step, while the transmit
antenna was fixed at 0 degree

Tx-antenna

This research considers the impulse waveform to operate
in TI'WE. Hence, a wideband antenna for TTWE was suitable
Figure 3 show the transrmut antenna and receive antenna
Biconical antenna with the masimum diameter equal to 65.3
mm. [6] and length equal to 37 mm. was used as the transmit
antentia and Bkycross Lnc s meander line antenna was used
as the receive antenna due to its cover TTWE band, small
size, and cn-the-shelf [7].

Fig 2. The experimental sstupinancehoic chamber room
C. The Parameter of Experimental Mode!

Table I was present the list of experiment paratneter.
Woted that, the cable and connector which connected with
the antenna was calibrated before initiate the experimental
process. Moreower, the results were including with all
inpairtnent of the characteristic of antenna.

TAELEL PARAMETERS SETUP OF EXPERIMENT AL 3YSTEM
Biconical antenna Meandex line antenna Parameters Value
Range of frequency 3 GHzto 11 GHz
Fig. 3. Thewideband antennas. Fribhed cbpbidia 1601
The optimum template waveform Ji,{t }was chosen for Range of power 0 dB
5ol ReasRas given by Height of Tx anterma 174 m
Height Bxantenna 174 m
d"‘)"B'.l"'r-izn [To B I)
hm: [f) e (13) Distance between TxandRax 1m
A 2
I W (i‘)‘ dt Range of Rx rotate 0° to 360°
3 Step of Rx rotate 54
where
v (1) = [ B (PR (i) 1) { ]
o8l { \ |
; ; ; ; i , ; | ]
1s voltage mput at receiver side m isotropic case. Optimurm 04 ,ﬂl || [
ternplate waveform and isotropic template waveform will 045 [ ll 1
present the difference between two waveform template as g L3 .'Ir 'i [ /\_,\_/
waveform distortion. 3 n"ﬂ’\j | | || =1
< 0.2 | ]l | o
II. HE-UWE EXPERIMENTAL 04 ‘1 (| }
-08- || IU, 1
A. The scheme of Experimental —osl §
The vector network analyzer (VNA) used to measure the -1 g
product of complex transfer function between transmit P T T T TR L T
antenna and receive antenna as well as transfer function in : & " Time (ns) : ;

free space.
Fig. 4. Theinput waveformn of HE 1JWE trars ssion.

R. Experimert Mode! Used

The experiment was done in an anechoic chamber and
used VMNA to record and measure signal transfer function

1
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D. HB-UWB Propagation Mode!

UWB propagation will effected by the distortion of the
signal which more particular ag wider as the operate
bandwidth. In this paper, the full band of FCC (3.1 - 10.6
GHz) is used to transmit the impulse for HB-UWB
propagation. Hence the half of operate frequency was set at
6.85 GHz and the operate bandwidth was set at 7.5 GHz. A
single pulse of ASK wag used to assume I the simulation as
the transmit waveform at camier frequency f;. The length of
transmit pulse was set at 2/, to achieve the requirement of
the operate bandwidth. Subsequently, a Nyquist roll-off filter
was use as band-limited filter with passband equal to f; —
fu/2,fs + £,/2 and factor of roll-off & equal to 0. The
impulse of transmitted waveform was simulate based on the
antenna transfer function and the impulse is shown in Fig. 4.

IV. RESULTS AND DISCUSSION OF THE EXPERIMENT

The explanation in graphical form of the experimental
results are describe in this section.

The body area network signal of the channel transmission
ig show in Fig. 5 and its phasge is show in Fig. 6. The
characterization of the frequency is display very clearly at
each particular degree. Ag the output of AUT, the antenna

20,

agnitude (dB)
L
o
f

! ! "\'-F

< ot

Frequency (GHz)

Angle (degree)

Fig. 5. The HB-UWB transfer function in magnitude.
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Fig. 6. The HB-UWB transfer function in phase.
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Fig. 7. The delay characteristics of the HB-UWB transmission.
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Fig. 8. The comparizon of HB-UWB distortion between free space and
with human body.
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Fig. 9. The comparison of HB-UWB transmission gain between optimum
and isotropic.

transmission characteristic in term of delay with human
body effect is show in Fig. 7. The antenna channel transfer
and delay characteristic can be cdearly observing the
frequency characteristic which effected by human body at
each pointing angle. The shadowing effects from the human

19
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body on the HB-UWB channel propagation are null at 90
degrees and 270 degrees of pointing angle.

The comparison of HB-UWB distortion with free space
and human body is show in Fig. 8. The distortion is higher at
0 degree to 80 degree and 330 degree to 360 degree, while
the distortion is small at 90 degree to 300 degree.

Figure 9 present the relationship between HB-UWB
signal gain and pointing angle in case of optimum receiver
and isotropic receiver in human body. The peaks are observe
at 90 degree to 270 degree and 360 degree which effect from
the structure of the antenna, while the null can observe at 180
degree.

V. CONCLUSION

The waveform distortion due to human body in UWB
transmission for WBAN communication been evaluated by
modify the wireless transmission equation of Friis. The
waveform of transmit signal and waveform model had been
considered in the proposed system, the biconical antenna and
meander line antenna are using in the experimental as the
transmitted antenna and received antenna, respectively. The
proposed method can be operating well when apply to
evaluate the wearable antenna with negative value of
reflection coefficient, characterization of frequency, antenna
directivity, and overall HB-UWB transter function
performance can evaluate by using transmission gamn. The

presented formula in this paper are present as the special case
of HB-UWB communication.
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