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~ and large scales’ use to analyze: wireless body ‘area network ‘channel. Friis’
transmission formula to analyze the; data from measurements.. The root raise cosine
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functions are “measured by.- using . vector » network analyzer. (VNA) a standard
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parameters. The results' can be useful to develop and design the UWB system on
body area network. These are useful as the basis for the design of the embedded
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Ingrinusatuiliiinanisssfiunanisneaesiavesguaiudeiuuaunieg
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wansnsannsldauiulaeyiily 91nudde [10-13] AfnnsAnwinguiegianazrinnis
yaansdaiinguitedieiitios fufuinerdnusatiutvinimaaestauuusiaesdildinualy
iefnwnuudasinisgydedad wudaedinsatudadu uuudiassnisanamenans
3 warnsusziana Weflausaannsanansaliideada Ingldnsudaienuuudassee
Safnaneiiineiu uarannsnnuusaeananiluuszgndldfussuvdeasuounib
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1.4 noufviseuufanldlun1sive
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WUUTIADINITINVIERALTD LAZLUUINAaDUTIATR VoIPosd ey 1anIsaINIuULI19NY
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angULsINEnEdoTTeIdnaE NannsaRatsanlutisnnudfinfedmsunisdeans
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g ndumansgapdadeld JnsaduBudy nsnianenasifuazamisada e
AgRuUUaeiThnsAne
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89 BeUsznoulusmsnanth dygpafunuuiildlunsdansed wwudassnsgrydedan
WUUTIADITNTATUDAHY LUUTIRBINITINMENAIETD KUUTIRDWTIEDA wazunagy
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walulagnisdedanslianeuunauninedataslasauing
WunlFaneuusianeuywd

2.1 nanu

nsdeansuuukauniBadussuuiifinsdeduanaludnuasduiaddug ddana
vosaduaunnuarldsesuidsnulunisdeduniadiaism ﬁﬁ]ﬁ;ﬁ’uﬁmdﬂa&mmﬁw?jq
suauaulasgraunivans annsahludszsgndldsusuiunisdeansliaeiiesosiu
AnudeInsvesEfidann weluladununhadadumaluladifianuazdonmalammunaigs
Faduangilimaluladdfinnufismsgennisuiu deanndudesnanuuudio
(Bandwidth) wesszuuununiBentiann Snisdsdinuantilunismyaueaiidaiarndda
onshogat fund Ieegefiusyansnm Fawsnaniduidedaly dyginvesyuuay
nhaddlagnienuliidesiude fuvudiniinnniwiewiaiu 500 MHz vafiuuudiniids
\AuAILNIAAT NI BLIIAU0.2 9INgATNIINIAIAIN YR ITB I I UMIN T U T UL DY
(Shannon) lénanld uanslifiudn ssuuiouninede ienuudinvinirsagvinliiflaninug
vosesdynasnn liddoyaldluuiinaiuntu sunsasessudldmulddumsnnmy
lusne mﬂﬁlé’ﬂdnmsﬁwﬁumsﬁqé@zyﬂmﬁuaqsz‘uuLmufﬁw5@5ua3ﬁ1ﬂﬁdaé’a;apwhu
Yoadnynanauingludnuusiluduiad Inglufinsduondygrndeyalduagiandiy
Fyaramy axdumeiavessyuuiseddsidudoddinmes ildadeszuuldie &
MNBAIAN anNINas T UITanIAd ez AUl Agn dunusi Waisuiiisudy
szuumsdeasuuudaiuilindunuiding (Radio Frequency: RF) faedefviansUsnis
Aenduwaluladuuuiouniiebs ilvignfinsanldfulassineiuildasuusemenywd
Falafuasgulmiiiesessunislduduiie uinsgy 1EEE802.15.6 Tuuniazifunns
nanfaalulaBvisassuasdnvazmilifeanansoosueldfelui

2.2 Uszananuduinuaswmalulagiauninegs

walwladnisdeansidaewauniredalilameluladilug dudnidavesszuvdoans
waunebs funfufesluuddenanldinmseasmadmdninihdusudunndeusu
nsdearsuaunineds luvateadadanissuil 18 387eiigadmiunisadredygia
wlmdnlndhfdenisadaiaddus Tuunlnensldunasinidauuvatiiauiy fegaugy
ﬁé’faa%laﬁl,flmmmé‘ﬂlWﬂm%u’aLLsﬂTuﬂﬁmaawaﬂ Hertz sauwen1sMAaBIvewsladl
(Marconi) Tngnnsdssitanea (Morse Code) salilesthumvagnsuonuauinieiniosinie
Fryarasauriauiv (Spark Gap Generator) Sead19tulaes (Righ) Tneldwannisnisvinly
AnkIIRugITEningerintwesiitndgyyinviealisawiy (Spark Gap) Wuwalieinie
Whatudanisuand nszualiiidsaunsadumsiuendls seurldinnsiiasingn



VTwsLﬁLﬁmﬁiyimmﬂﬁuimgﬂﬁaé Lﬁ@%’ﬂumiﬁﬁagmﬂuﬁaé’ﬂm wagdliltinnguiiddnyau
wileTe1 Sommerfield l83ns1zinsiaenuuresitadauiiinaInAswruszuIy (Half-
Plane) %ﬂé’mLﬂwé’ﬂmsﬁugmmaqmiLLWi’ﬂizmaﬂ?{umaﬁwuLLaUﬂ”i’]@'q[ltl]
ag9lsfnundnainy aa. 1910 1Wudunn auaulediulngazyaduludanis
WauIN13dea1suuUTAnNauAY (Narrowband) ifesninnisdeanstanuiniieasl
UsganSamaunm3u (Spectral Efficiency) ?JaﬂﬁﬁyiyﬂmﬁlLﬁﬂﬁ]’lﬂ(;h?iﬂLLUUﬂUW%ﬂLLﬁU‘Iﬁ’uﬁ’l
wazdaisnsndn (Bit Rate) ivndndmeviontaasnaliindyaiaunaiiifussneunisud
n3z9199N (Spreading Factor) in%1s Fslunadudliflasiisfazinsusinszaieen
voadaainldauegials silvgumileuinaglimeanedmsunisldonu Tunenduiunis
doansuuutieanuduauwavdsldiununldlunstafndnduwuuntaninud (Frequency
Division Multiplex: FOM) I§uanslifiiiuindudosieingdsdyaamaedayainmndou
Tugsmnudfidegodrsinindsinlvnsdnuiduainferiumaluladuauninsda Lid
AUNIULININN
il e, 1960 WdnsAnuisemaluladuauniisdeegninseddnnds Tngld
ﬁmﬂ%ﬁ’m%’uLﬁm%mqﬂflswmﬁe?fa‘[,uﬂ%u’qﬁﬂizLﬁuﬁwﬁwiﬁlﬁagﬁﬂﬁzﬁw%ﬂﬂwaLﬂﬂm%’u LAY
gadfuimuiniuaziBoanisiuiiumis (Spatial Resolution) #3enanadnienilslain
Feanaifinanusiugwesaiildau dmiunsdsdyaainisanifmddudingiissy
uazaEINAULNSIISY Tumiﬁﬂmﬁ?uL'%'mnﬂmiﬂm‘smaqﬁﬂsznawwﬁ%w% NUIADIEN
é’zyzyﬂmLim%LLUUﬁaéﬁé’?uﬂiﬂLau d1UU5ENIVVBITLTUUIATT RUURAUNTI989 Aonis
DONUUUAAINLAY uazirdesridiafaddu (Short-Pulse Generator)
A1sAeaTUUMAUNS19E BuldSunuaulatnasalul A, 1970 LanduaiSeniy
nsAeEnsiuakuLs (Baseband) WiouuuUsRANARLUNIN (Carrier-Free) warUseanasd a.a.
1973 Ifdmssensuiundyaauuuiadauiiuivesdyrmnaonannsuiinredulills
SUHANSENUANNISUNSNdONUBId R TMANAL ULATLAY LT NS UNsNdoRd Ry NT
AudLAUmAIT A uailynludesnisunsnaenuuy Multiple-Access (Multiple
Access Interference: MAI) ¥8an15bhai@slaslud (Unsynchronized) vaddld vinlvlud a.e.
1970 597 A.A. 1980 n1sdearsuaunineds emsldsunis@nuduainedissdeidodlud
masunsnms uaglul aa. 1990 doywniFes MAI Aldfumsudlalaedizuanvdnnsing
SuWaduuu Time-Hopping (Time Hopping Impulse Radio: TH-IR) [15] 1At Win way
Scholtz Ananslifiuindygraingduiiadarusosossugldduiuunnlilalagldnig
fvuaainisasiuuuguiien (Pseudorandom) Tugaadanngléiiunnsradu 91n
nsenwfsnanuaniuauiiuntilunisesnuuutudndidnnsedndiliAneuauled
azthszuuuauneds aldludondse
guassafidfydmiumsihszuusaunneddulfludandvdfifenuiniegly
sssumpfidnasslildogialaniuazdmualifuuvutienuiuouuaudmiunsldoy
agnslnegnmils wissuuwauniieds Wiiudermuadainaruiiesainiinisuninszanendy
paoaTNANEfin 981 EATIUAGUY AT s TmualFrueddudae Faduded
nseugwlamsaldnuszuuuauniddldlnefinnsldauduliluumsnaeatunisldo



9198 lunanlul a.A. 2002 N9AUENTTUNITNITNITHRAITHINENTTRLNFNN (Federal
Communications Commission: FCC) laayay1sliinsly ssuuwauningsanunsalglaneiu
AUATENIN 3.1 GHz D9 10.6 GHz wenanddalin1sAmunuinsg Iy IEEE 802.15.3a ¥09
FUNENNEMTUNHeaNstfaneiliA1 Throughput geUNNUgIUYBITEUUKAUAINNEUULN
FIUYIUINTFIU IEEE 802.15.4a d1mFunisiauntenvuallenudnyuenlgsiuiuiy
guNInlLaUNIaEY

o = < v av A ) d' Yy a v o £ =

AaeU A.A. 2000 LTUAUL UITELNEINUNNSADEITHWAUNINEILATAILIULNTUT
Hdeniinsidenuanaieiueenly 1wy n1suseiliudesdygiunarnisdlasludg
(Synchronization) [16] n1sAnssiatnlulgauaTwesssuUIngdunaduazn1sAnadun
2794 [17-19] nslgaumalulagiauaiiuiniegssaudu MIMO (Multiple-Input
Multiple-Output) [20] 4on21nHIUITeN19R1UEIBRINIALAUNI19ES Alasuanaula
wudgfuitenzausathluldauldnssiuaunesansvesgldem

a819l5AnNU 2 e¥ Y0NS LU UATANTNII AL AINEINITATUNIT T UL U
waneldlaensdaiadudmantaihfdldifatuluneuiu anntudszaa 15 Yseunis
A A Y @ s | o Yo o W A o ¢ s
deansnlivadlunisdedygralasunisudndulildlunisnisnislusyvesduiadisnns
(Impulse Radars) anuulud) 1960 - 1990 waluladildgniranislidaulunesinnms
wazbHUNN1TUNATOIMTNAINAUN1951TNT3 WY N1sERAINARINIsAINUARRBTIdY
sgdlsfinulunautinnuimdwesdulasinsaesuaraindrinioninusgdumalulad
ansnesnilavinlimaluladuauninsBansendinsunisussanaleludandied Feau
< ' =~ Y A P [y A
Juanlagdoveanaluladuaun B lauansnegui 2.1

Spark Gap Military Radar and FCC Approved the use of
Transmission Hertz Convert unlicensed UWB for UWB for WBAN follow
Marconi Communications Commercial propose IEEE802.15.6 standard
A1
\e oo
fixag
| | | | )
1900 1960-1990 2002 2010

UM 2.1 aruiunlaggeveanaluladuauninegs [21]

2.3 vanMsinugIuvasnalulaguauninegs

ANA0EITLUUKAUAIIND LAY (Narrow Band Communication) foaldlunisdoans
1588 19y szuulnsdnviindeuiidioady (Global System for Mobile Communication:
GsM) szuulassneiuiivesdunuylfane 6?5&1%1,1/1ﬂﬁﬂmsmaué’zgfym%mqﬁﬁmmsiaLﬁm
manafudaunduniisiauafsmvuaieldlunsduasSudyaa vlindanuves
Fynugnrweglutisuauanufudeuuudiniuayg F9a111309nTUNILLALYNATIATY
dyanaliins 3T 2.2 uansdyyranauuaululasunaiuaslamuaisd



BW = KHz

Amplitude
Power

Time (b) Frequency

;J‘Uffi 2.2 dyaaumaunau (@) Tawuan (b) Tawuaud [22]

walulagnisdearsuaunineds iWunisdearsiuulduauniudniig (Wideband
3 . & Yo aa Y a ) A @ o eaa
Communication) Wuaglddyaaniisuadudyarnusngiiesiavasvieluiadninig
nIsvesdygyralunianaiwavuin Ingeglussauunluiuii (Nano Second: ns) w30
SEAUNLIATUY (Pico Second: ps) HanwaenlndiAusiududyqyialugauaiiisendn
dyauduad (Impulse Signal) Tneszuukaunindelinsdsiassudygraiulaldaauniv
(Carrierless) Tun1swaudeyanauniisuluszuunisdeansuuunauandnay waagidunsas
dyanauniisunauveiadnizurdudilideiliedumsiainiegnsnisdaiadlusedudiuiu
A fosauiaddenidui lunsdaazsudyyin Fahlindsuvesdyanugnnszany
i | da v o d' =~ & a d' Y a
g luYIUOUATHANINTININ AagUT 2.3 Fadununvestiouauninegs
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L= =

= @

= g

E o

< BW = GHz
(a) Time (b) Frequency

JUN 2.3 dysyauunundnade () Iaumaiaiuas (b) lamuainud (23]
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anunsauaninIsUSeuiisudyaiausuusaunieddadunisdeasuuuiauninud
ﬂ”m:ﬁﬂwsmzmEJﬁwé’mmaqé’zgaunzuaeﬂmﬁ"mLmummﬁﬂ%ﬂmd’lussé’uﬁﬂm%smeﬁﬁu
Fyanaililunsdomsuvuiauamnuiuay insnszaeidanuresdygaoglutiouny
mmﬁumléfﬁqgﬂﬁ 2.4 FrzmuldiuauanuduagimesssuukaunBdmsudeutu
STULLULAU Beluganuidenainnisunsnaenvesdygyinls Sududmiiags
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A1 N%uﬂ:L‘UU © /Bllletm‘rth, ~~ 802.11a
grdnmaau O] 802.11b
A1A 99Uy
(PSD)

“Part 15 Limit”
-41.3 dBm/MH=z

UWB

1.6 2.4 35 10.6
2140 (GHz)

sUN 2.4 Wisuwigusgruanamuidulauidenulussuusaun Mediussuuaug [24]

2.4 ANYAZUDIAYYIUKAUNINNES

o o o

PNANNAAIILTEY FCC Tanmunl T indyaauauninedeasisdliluuainyiannnii
500 MHz %#30JuUUAIANTSLAYEIUNINNINUTBWINAY 20 LUBSITURA [24] LUURIATLTS
wwduuosrusenounlddmsuuuslseinndnyey1ad 1y Narrowband Wideband %3e

Ultra-Wideband @1n159 2.1 kansmuadunusy o U un InvisaameuyaI L

A ><100%_( i) 100%_2(f f')><100% (2.1)

B ooy W
ek el A =1
c ( ) W+

g f, uay f WDumnudgegauaznimimanvesnnuidvee #issiu -10 dB)

SnuazanzlneThluresdaaiauauniiabs ﬁaﬁmumiﬁagjﬁlwﬁwﬂ’nmﬁ@?aLm' 3.1
GHz. @1 10.6 GHz muwmsgiulagfuninsyatsaautaun edstudesinsoonuuuiay
pdeuiiafuseritnisuninsratsadulugaauundinvideus 20 dB awansedugegn
yesanmiufifvualifesoganglunounuivessruuuaunineds uagAuvudinifidos
figplneiafiseiumain 10 dB 91nIAUZIRAYEINIUNINTEIBINTU 500 MHZ Tnesesiu
qqq91‘17fayzg'1@”Lﬁﬂ’13LLW'ﬁ'mzmaﬁwé’amuﬁm%’Ué’mz:g’mzLLUULmun%’m%fugﬂﬁmu@ﬁﬁ
~41.3 dBm/MHz fagufi 2.5

‘?Jfﬂﬂﬂ’ué’ﬂajﬁmmgmﬁmumiﬁ’ﬁgﬂLLuumaaﬁfg@wmiuizuuLLaUﬂ%’mE‘Jﬁﬂﬁumaq

3
1Y

andunidednuidedeyaluisewesdyyrunaglddduszvunauningsduouian 3
Tneyaludygrnuauninagaldnuasnindfosguiuuvesdyginenuainsenindyayiu

oo

[

duad Inedyaunianvusiiuseuinen (Monocycle) Heuldlunisasranazinass

[ Rg ]

[

dynanauninegs lngmludygratauniduuunadazlddygrautadivuindidou
(Gaussian) dyayauiaduuu@sy (Chirp) vise dyauiaduuuanian (Wavelet) Wusiu 3U

1 2.6 wansfegdyrauiadivuinddsululamunaiiazaiud Inddsuseuneai
Dusyiugdusuusnvasdyaaiaduuuindideusandlanaunisi 2.2
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___________ o

PSD mask i
—41.3dBm/MHz |

20 dB

_______ 4—1 PSD mask corner ]

fi fc f

SUN 2.5 ndnmsiansandaya1adauningds [24]

P(t) LI (22)

We  t ABKAY KAY T AB ANAINIAISULI9UB9LIAN

Center Frequency, f

1 a
2
[ -
| 3 l
] |I \ 5 !
S [ 3 I
@ 0 | p = I
A - |
a o
=2 I
E L 3 |
I
| ; |
-14 / g |
o I
0 05 1 15 0 11 2 43 3 5 6
Time (ns) Frequency (GHz)
a b

L3 [

5UN 2.6 dnvauzvesdyarauiaduuuinmd@dey a lawwnan b lawuaiud [24]

U 2.6 wansdygruiadineinvuind@euluniaiainiianuniteiad
Uzl @oo WU waglulauanudndanunnaisi 2 GHz InglinnudAneansiign
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a

WArgeandl -10 dB Useay 1.2 GHz uar 2.8 GHz Awa16iu Fuinlvlluuuminiidaeyaiu

q
& @ 6

80 wWasiud gailmunnnitAanvesuumiaviduasdunimualag FCC

_,, (28-12)

B, = x100% = 80% (2.3)
2.8+12

v
Y o

FeanansawusUssnnvesdumuLULmIa L AyaIu Al

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

dmiudiagne malulad 802.11 wazugys duvudinvidadwdiu 0.8 1Wesidud
waz 0.04 Wasidus auaau

2.5 ALFUVIITTUUNITFDAITUUULAUNINGEY

ANVYULVDINAFNLY 18 AUN L I umAlulaghaunI1989asivafralgusenisiile
WgURUSEUUNISADANTWAULAU TUiTataznaninlseleviivaunaluladuauninegenay
Jrunlglunisdeanslsans [24]

2.5.1 §AUVBIYBIAYIUUN
AAUTAIARYTBINTHLUUAIAYIIN IsdmSUTadLaunIeEefan s iauques

£
[ =<

Yoy NNy lngaugueste iy IurIesnINsdileyalzuaniaruInveitioya

At
(%
v

WUANE W INFARUT I Y Y IUNTFRANTHON TN FIVUINAIUINUINVBITTUUNT
9ANTHOUNTNEEINNIONTUAIINGRTVOIUTUUBY (Hartley-Shannon) faaunisn 2.4

i
a

C = Blog, (1+ SNR) (2.4)
e C AeA1ANqYesdya1aEaEn
B fewuudiinn
NR  AsndyIURd Y YIUTUNIUY

mﬂaums%Lﬁudwmmwq;suaasziaﬁﬁyfgm%ﬁﬁhLﬁuﬁuLﬁaquﬁ%ﬁﬁmmﬁu
szaztudygrasaunidaiiivuusdaviuinia 7.5 GHz o lddnsinisdetoyaly
sesunanefosiunsDadeIunit (Mbps) wiegndlsfniu 1iesain FCC lddinidsdeas
waluladununinedsld Fevilfanmnsafivsdstoyamennuiigdlussozdun windu vl
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weluladuauniedadusudeniiunduauesdmsussuunisaoans|saneseosduiidninusa
g9 wulasseliangduunna (WPANS)

2.5.2 Tgiraslunisdeen
91NUAIMUALAEAMZNITUITN1INITERATHIIansFawS N lanmualrna Uiy
nsdsdyaavevaluladuaunidaiulidgegalidiiu -41.3 dBm/MHz inlvidyaaves

oo

walulaguaunindaduiinisunsnszareidenulussduilaveglussauvesdyayimssuy

MU (Noise Floor) Fsvinliszuudunesidyaamesuaunitdediludyaiasuniuasgn
mManoanly yinlidyaruvesaunindslifinansenuiussuudug

2.5.3 flanaiazgndnilavsansaaduldenn

\flosniifdunadelunisdsiis vilimaluladnisdoasuauniredafianuanane
Tumsgnanilawazasaaduldenn msdsdyanaseidsdsiinniligfnileazdosedindiui
dsdyannunnn (Usgana 1 wes) diefiavanansansiadutiansiiadls uenINTuiadves
é’igzgml,mm”m?hLﬁuﬂWima@Lamwquaaw (Time Modulation) e siaLanIzd1msunIAgs
uaznAFutyY AINDQLAANNINA1YBILAUNTIBNTNadIuAULINY axdieifiuadm
Uaeadelunsasdayaia iesnnisiingamasduiadluseduiilniui (Pico Second) Tnedi
lLi¥infuasandadlolvsdududdumussdululilfias asdumaliuladuouniredsdady
waluladiifaudaendeunn endenisdnilaagasiadu mdeansidenisaaduluded
Aemsdeansvesnawinuarnisunases

2.5.4 §AUAIUNILIINNIIANTUNIUH Y0

WNWIBUT U UMAUANEATBINITABAIT LA ULAULET KAUAINAYeINSFRaNS
wounfrestfunaevaaugiswesanudfuinndilusedunanefnedsn n1sdaiudd
MmﬂwmmaqﬁfyiywmLLmJﬂ%ﬂqﬁqﬁﬂﬁﬁmmé]’mmummigﬂiumué’wjymhj’mzL“fﬁJumi
sumulnedslavioliladds szl iviinssuniudyaaaulvuiainsasuniu
é’zyzywmiuv;ﬂmmﬁlmammummﬁﬂ%aéﬂéﬂuﬂ%u’qLﬁm azﬁuﬁwmmﬁmqmmﬁgmumu
uaunhudsfdamdatainnuidnunmneidslignld

2.5.5 Alassadrnlidudounaziisnaign

waluladuaundnsdudumalulagnlifosnisadaunayi (Carrier Less) HuningaIy
Mlddesdinisuengandygyrudevamileudulumaluladuauiauuas L‘VIﬂI‘uIﬁEJLLOUﬂ’JN
NMsdeansiusIAaInAaUNIT AL RN TA YTy NOUAILY To8n11n15d0a15RaN"S
UanRLaATUAY Y IUNA WJEJL‘VWJNauL@ﬂ‘\]QV]ﬂﬁIﬂNﬂi’lwaﬂL‘VlﬂIuIaEJLLE]‘Uﬂ”JNENiJﬂ’J’]ﬂJ
o v v | P v | a P ] = a
Fudautiosniaziisailunisadrsgnadmalulaguavuay sUn 2.7 WumswSeuiiey
vaonlaazunsuniads-nmasursanaluladuautaudumalulaguauniiegs
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usngaadoyn
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. Awanmsy
Hawni v #nuneming

HAawmnd
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unundiaia
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Ul 2.7 Wisudisulassaieszuuiaunhadsiussuusauuay [24]
a) vaenlaezunsuniads-niasuraanalulaguauuay
b) vBenlnasunsunnas-nmAsuvenalulaBuaunies

mﬂiﬂw 27 peds-masuveanaluladuaunieddilasiadisiidienissuunausay
LuaamﬂmsaamﬂmumNmw%waammmmmavlumLﬂummmm‘umamaﬂ (Power
Amplifier: PA) lunimds wazarnnisiinisdeansuouniredaldfinnslddayaamiviviilaly
Fududeddfinmes (Mixer) wazosadaamas (Oscillators) lun1suUasaiuamildiuuay
AATiEeIsTsluAAsULAZNAEd

256 finaudunudendunaleis

Wuiidfuimsifndesdynuvatoitidudsinandelllilunisdoansliae 3
Junawninnisasieuvesdygmnisdeaisainvais ﬁﬂmaﬁi’aﬂmm 1T 91A75 16ig
Ay 3egunIaldtinau Wudu dunennaiseniddlugiaesaininsulaensasend
\d@useiuansm (Line of Sight: LOS) ﬁaué’ﬁgmmﬁLﬁmWﬂmiazﬁaumﬂﬁuﬁﬁaﬂmq6] OF
Lifudusziuatont (Non Line of Sight: NLOS) Inggufl 2.8 uansvesnsiinadunaneia
TusruuuaULALLAZUAUNT1IB]
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NLOS
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=
£ NLOS
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{b)

MNLOS

c)

]
=

JUN 2.8 NaUBRIAE ) IVA1E DL USEUURAULAUKAZ AUNINAEY [23]

o

(a) MsuinvesdganuraedInlunisaeanstsans

DAY

[y

(b) NAVBIVDIFULIUVAIYID bUSTUULDULAU

A

(C) NAYDIVDIFULNUVIANLID bUTEUULAUN 9D

T

[
= 1 ¥

mﬂgﬂﬁ 2.8 NAYDIVOIAYYIUNAWINANTUA Y YIULOULAUILLANTUADUTN
WnnIndyanawaunined esminmssuiusuusiiama (Out of Phase) vasdayaiaifiun
910 LOS uag NLOS vilisesiureueundgnanaaiin wilunealuladuaunireanisdaiad
fiflgranatwavuing dldmealuladilaunansenuaindesdyyranaeddtesnin
lasmndranainsdsihurestaduesauniieddicandunituiluiund (Nano Second:
ns) WliiadfiAnannisagieuiilenatosmniiar ludmdeuiuiadidu LOS

2.5.7 fanuazideagelulawuind

frewadnfidnvaugnnelauunafivauaing wieeananlddnlenivinduradid
Anunswesdyg aiosnne dunneds ssuunauinguuuiaunidedanudululiioy

AgY]
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411130AIVANTIMITLATATLILIAT I ag19gnAB Ll ugINATITEUUATITIBNUDNTIAR
(Global Positioning System: GPS) uazszuuAAUINLULBNY BnviadieamanTiluns
unsnszaerianldd Suilidyyrauaunineds Afnsuegasmianaigniaildaly
svuusmsszerdy wWulunsthomdedinuarufoinmsdestuevgnssy Wwudedunmsld
Turudsanaslugeamnssunisviimiows s

M15197 2.1 yaaunasUssleviuainsdeasuauninegs [24]

LAY Uszlavil

YOI QY IUIAINNIN Yosdnyanadifinnugaannaiinsnsesiuns
wandlyldInlenTnuazidongs

Téidadain TlUsunaufuszuudue

flomafiazgninilaviensadulsionn | Wuanuuaends wanziunsldlunesinuas
NuFuALuAS

HAUFIUNIUIINATTYNTUN IR0 fienuindedeldfioiluldluannywinden
fisinguitlaindsd

flaseadeiilisdudou bisivwaan a$1alde waslisrgn

HANFUNIURDTOSde 1A D Indayayasnzingsands luanizuandeauid
NANIIAETDUNIN

2.6 UIMRUAVDITZTUUNITADEITUUULAUN IS

Tusgvunauniedeldiderinunresseuunisdearsuuuuauninegy Aensdnass
anwalumisldau Taglulssmaanigeusnazgnimunlag FCC wuieaiuduluglsudls
finsvdennasnisinassaiuninud uaynnsunIndenvesALivglauniads Tngan1tuy
AMuALIRIFIUNIMTANLIANWsEAelsU (European Telecommunications Standard
Institute: ETSI) %130 @nnuslnsanuaNseniInalszwa (International Telecommunication
Union: ITU) dmivludssimaguuldiinisiinundaassaiudlunisldan Tnensznas
widlwe warnsdeansnielulssina (Ministry of Internal Affairs and Communications:
MIO) Fsluineninusilalidormunmamuures FCC TneiuseiRnnuluinuasdaimun
il

FCC lsoanusznalul a.a.1998 WRefunisasiaaaunie (Notice of Inquiry: NOI)
Tnefawsiarldnanisalfsesumdanuildlunsasihudyyaidssausung udfiam
fainguifiavayuluszvuiy Al¥autuegldvihnssedunnissuuwauniedsanld
udmiunsdeasvemaiiou Sulundedesunaniiortestunisaanisaliansiindy
vesszdunMsaeaunsnlulauanudiflogegadidn 1wy uauanudlunisnssanedayny o
Insiatinaumnudfidrzesly dwiuaduingniannaimans wazszuu GPS lnofleadns
U3113n150ULIaNS§oII3N 150 (Federal Aviation Administration: FAA) lauanaaiuiu
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WeRenIswnsnaenvesdygniifidessuuanudasndeluianisnistusasienislunis
Fuaiiienfundesddlusyuuwaunabeieuiu

FCC lepanngdmiumaluladuauninsdade 14 nuarius a.m.2002 Fadunis
FIVUATDUATOINITLNINTEABTBIAURLILLNAUNA S uatufinds dmsu
wialuladuounads wagounalidumaluladildludnuagmanisddnde Tagimun
alnaduansa (Spectral Mask) d1115Un15919AN1TUNTNTEANAMNAUIMULAUNASUANES
sudmiunisdearsatslunazatsueneinns daandusud 2.9 uazn1sdidanis
WHINIEaNEANURLILLYaUna A& udImTun1sieansuuusauniedanielunay
meveneIAsiinmualag FCC wanadiamnsnedi 2.2

'40 L Ll L) L I L T L] L) L) L] L L] I

__-45|- -
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E 50~ -

e =1y

E-ss — -

@

c

% -80 .

g O

T -85 -1

@

o

"]

= .70} ~

=

=

a -5l — Part 15 noise limit |
—— FCC spectral mask for indoor limit
-— FCC spectral mask for outdoor limit

_80 L1 1 1 J_o | T I T T | —— — 3
10 10

Frequency (GHz)

JUN 2.9 aUnesunnsadmiunsinianIsunsnTEaeANUMUIMIL UM& Y
dmsunisdeansnglukaznneuanaiasinivualae FCC [24]
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AI5199 2.2 N1FTINANITENINTLANYAUAULUUALUNASUAIAIUFINTUNITEBATWUU
Y a A o
waUNINBINelukazNBUBNeIANSAINUALAY FCC [24]

o meluans AMYUINBIATT
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
Qﬂmﬁ 10.6 GHz -51.3 dBm -51.3 dBm

2.7 ANIFIUVDITLUUNITROEITUUURAUNINGES
UINTPIUTBITTUVLAUNITNEEIRY 3 UImsg1u Ae IEEE 802.15.3a Tddmiulasee

Nufidauyanaliane (Wireless Personal Area Network: WPAN) T58gn19lnddnsinisds
Uoyags IEEE 802.15.4a 1ddmsu WPAN seagnalnadnsndeoyas uae IEEE 802.15.6 14

dmsuszuulasenenuiisanel$ane (Wireless Body Area Network: WBAN)

2.7.1 1 mM3§7U IEEE 802.15.3a

1195514 IEEE 802.15.3a lane muSuusednsinnsdevesuinggu IEEE 802.15.3 i
avtulasnsiiemalulabuauntieds anld Feiqauszasdazainanldfu weaN Tnedisves
nanslfaudis 10 m A8nsinnsdsdoya 110 Mbps uasiiszezmslnddeuszana 2 m
anansnilsamasoyaléaeiia 480 Mops [25] wilAntlaymiilesanliannsannasiuliinae
Fonlfinaluladlvusgninsnisifafimanduuunlaniudneainvaisuay (Multi-Band
Orthogonal Frequency Division Multiplexing: MB-OFDM) fuauni198d1sunse (Direct
Sequence Ultra Wideband: DS-UWB) @slsi3unisatuayuainassuiesniusing wazly
Fouunseu U am. 2006 snmsgiudlidgnenanly

2.7.2 4M3§7U IEEE 802.15.4a

11A5§IU IEEE 802.15.4a ldfin1suneumaluladuaunineds unszgndlddmsiu
WPAN Tneusudsilifiszazmenisldauiilnatiuldeszanm 100 wes Tnsandadsdoya
as fognisldeurenunmeifiutu sauvisiisiangn anunsaduusegnaldfussuy
Tssnenisarnduldans warssuumansumisiiiainiismssgs nmsdsdyaaiifiugiu
sguumaiiansdaiadnianunirwesiaduauannyszanaldduduiad Saduiinvesde
uauniede [25)

2.7.3 4M3§7U |IEEE 802.15.6

11955 [EEE 802.15.6 Wusnsgiufisadusnlmidmiviandssandldiu wean
Tnefnsldnuddgfonsaguamsnenisvesitas ddadelsn savisauauidolsn WBAN
auusnalnaiu Anegiv nienelusenievewyed lneiinsldnudadayasenidun
melusnenie uazdsdeyaininniglusgunsal msussgndldiamefunsunmduiedy
du [26]
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2.8 nsUszgnaldauveanalulaguauninegs

sruuwaunIedatuausaidn il ssendldaulanate suwuunainisyssendlyly
dineu Tuninende Asil

2.8.1 msUszendldauniavianieluaimsaninu

nsiumaluladuuuninsdanuszgndldaulunisifendessnitagunsniniely
p1msdtineu Ssssuunisdeansuuuliasszerduianudionissnanisdideyags il
sesfuszuuiariifelilueasdinny

2.8.2 msuszgnaldaunsadneneluninande
DunsihmealuladuuuniaBandssgndldaulunisideuseszningunsalniglud
WNedy LU AELTIRESAIUUAAR LATOUAURTA 713 ndpandnea Wudu

2.8.3 msUszanaldauiulasetnguusisnieuyed

JunsinaluladuuvuniisdandssgndldalunsidensoiueToaganeg ves
$anouyed elietuavresisnmeansnsndoaistulanaeuenld Sefivselovdang
nswnduaznsioasluinuszdriu fagui 2.10

A Y WUSB i Laptop
Localization F Host
Input-sensor

& §=
iPod Localizatio . . / Localization @

Input-sensor Input-sensor Printer
node node
N s VUSB/WBAN
Host
(=
Localization W wWusB Device
Input-sensor
node SN WBAN Device
G Humidifier

5U# 2.10 Mmathwelulaguuuiaunindalssgndldnulasanglsansuusisnmenysd [26]
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2.8.4 msuszgnaldarulunisdumdiumis

waluladnisdearsuuuuauninsdanunzauiunniliusegndldlusysuuisans
wsziduneluladfifisiasunui Wesnszuuisaiifussuuiidilanudesnmsveman
Tuownan anunsnihlduszndlilunisasaaeunsindeuiivesing nsaaeuiiievdniass
139U NMIrsaRduasivuauy Idussuuinwanudasadediuyanalunisnsivaey
naidoufiluiuiifisdesnisarunasafoguiefuiifidesnisaudunelunimmaey
a¢ Uszgndldlumsnsavaounsqrnuianilévinerasitu lsf 85 guden Twiues wanadn
LAEABUNTA

2.9 Tassrenunliaisuusinisuyed

Hagtumaluladvesmsdeasuuul¥meldinmegunaiuasldidunivnmlu
TAnUseariuuindu feanudnutimanaluladlunimanglnsaididnnsodndvinli
annsanangUnsaideasitvuiaidn sesuifuinsgiunmsdeansuuulmife lassinelane
Uu319n183YwE (Wireless Body Area Network: WBAN) tieLiisnnudazmingiatislunis
Rnsodoansitunisdoasdiuyana msfiomssyrdussuingunaninisluaasdinny
wazthuiinende Tassdnguusunieuywd Iignnanindusnluduvesdasensduyana
(Personal Area Network: PAN) Ing Prof. Zimmermann lasun1sungaslunisadneassa
wuaAnideslassdisuudnieuyed lnedifiugiuainsiuvesaifian dumaluladuvs
usamyind (Massachusetts Institute of Technology: MIT) uausevleTidu 1lémads
nIsufuresgUnsaireufamesiidauindn uasnisideudenisdeanslSaneszosdu ns
Foudedugnaraturunisindodearstugunsailndidsstioondn 3 was lul 2004
Trsstnglfansuusnaniouyud Ieesungannindousieusinudlndigadeffediunis
Y933aNBNyEd 3UA 2.1 azuaninifeuselasaieliasuuieneuysdiulassig
AeUBN

Sensors |  Tier-1-Comm ! Tier-2-Comm Tier-3-Comm (( )) Emergency
| it O i S ) S
BEG o I @ ML oo
Ear sensor |-~ — 7] - | "-.‘ i _Immediate
Blood [ *,«':-' 1k, D @t family
pressura | /@) . @ \&T— 1+ — '@ o Wireless &
ey, e .~ Wired Network Facility
ece— & k . ?(f ) . — .
bl T clow, ¥
i y JC Medical database
e | - zl A;:cess Gateway
oint
Motion ____| /V
sensor
L Doctor
—— =L e, —_— reern  eamnn
Sensors Intra=BAN Inter-BAN Beyond-BAN
Design Communication Communication Communication

5U# 2.11 msiweudelasaglianguusamenywdiulaswinenieguen [27]
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YULIAYBITTUUNMSADaNs| anedug uansisgui 3.2 lneasiiiuinlaseinelfansuy
Sumeayuslifiauenimenisieasssrduiiodoudetugunsaifiegsaus $19ne
uyudlaomilsisanuasadovesieniedne lnsannsadanldfunisdoasmanisunme
nIguagun uargunsaiBdnnselindniglusnnieuyed

DVB -
_ WAN | — = T
P LLAN
PAN = awsif= |
- et -
( \ 'd
L D)
'." L I 7
— \_\;\‘ 'a N
-~
| f - | 2\
4 10m 1
- at
L. _J‘IOOm l
8 J 1OOOOm
JI = VWil )/ & \[ a/aailio ..

sUN 2.12 Wisuileusseznisdeansveanalulagliany (28]

sruumsdeaslimeuusuneuyeduassruvdeaslimediuyana finaluladuas
wunAndilndiAsaiu udedialsfnudinadiduiunndeiuy gunsaivesdeansliaguu
SMeuyEd ansnsguusnnensenglusnmenyudldlaeiinnulaendeiveioisuay
Judruvesinnouyed luduvesdesdyanunisdenslimeuuiemeuyud WWgniiaue
Fenndnunsfiuanastumsioansliaeduyana ieibovesismeuyweiidusinasds
Usgnaulugnelutu 11 ilinisundnszategnanviewsanitluiuueaniaing wasguiuy
YesageINIAeNREiinan sy AU NMENYyEd mnsuietnesniuudeandnyfuauivh
meaNuaNsalunsasimsssenuuugunsal 1y aeseglungseideudededu suuuy
Pesdyanas msldmdanudion WANTZNUTBIGUNYI @1801NALANIEYEBULIINE
uywd Msdeasfiiiuszansam shsmsdsdoyaiivanzay uazfienuvndedogs 1Wudu

2.10 fgruuazdanvuavadiasetigliarauusianienysd

% o < 1 12 1 .
s NUsvauanudniavensgiulaseigliatediuynna (Wireless Personal
Area Network: WPAN) WG 15 984 IEEE 802 Falasuanuddelui wsizasty WNG SC 39ka
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andasetunlud 2006 g WNG SC léidansioninmaluladfifosnisidoarn WG 15
Member [29] il
1. Adsusnuaglindsnduingegeiiuszansam
lasetnguuseneuysd (Body Area Network: BAN)
wialulad MIMO dmsu WPAN
Software-Defined Radio
Mobile, Nomadic Mesh Network
Heterogeneous WPAN Interoperability and Internet Working

N R LN

Wireless System Coexistence and Dynamic Mitigation Techniques

walulaBivandl BAN Idsuauaulaninandnidusiuaumn ngulumaisunures
BAN {i#a31 an Interest Group of BAN (IG-BAN) léananaslutl 2006 dslngunfindlasu
n139YsiAa1n IEEE 802 Executive Committee (EC) dmsuillungunisfinunide seuilul
2007 leisunsoygfdungueu (Task Group: TG)

2.10.1 fguveslaseviglianeuusianieayed

Aflowdtauysaivedlassinsuusianieuyudlileeg T6 (307 Wusnasgiudmiunis
doansl¥aessezduluuiinsous viedulusumenyss uilisidasiuiuan) awsald
suldfuaduanuiasisuzdimiugaivnssy Ineimans uazn1sunng (ndustrial
Sciences Medicine: ISM) @ls5un15ousRaInmiaBaum e Tunng I Auas ey
AnnugLa SIUM9T8I5UANAMNNTUINTS (Quality of Survice: QoS) fr&ssusNIN Fas7
M3sudstaya 10 Mbps Wuteisensesdmsunmuandfives BAN lagazdethiinisunsnaen
TRy 0BT mmgmﬁﬂﬁmfmmaﬂiwwaqmaamwm‘?‘iamagjjuuiwﬂwwwé (a8
Ve AUNEN AUSIU “a7) LUUFUNNTUNINTEAILAAY BRTINTTYANAUNSINUT WL
(Specific Absorption Rate: SAR) Youiiedaseneilasy LATNATANAMANYULHATINNTT
\ABUTIvesINY

n153881A0170 WBAN 1Wunisinuifisnadnwazuesnisunsnszaenay
wimdnlihangunsaifleglndfunieniglusenteunud arududeuveslasasaiede
wazgUIwesywd viliernsdenisaisuvudiansnisgyeidaifdmsu BAN luvaed
avomadmiulalu BAN dusznseguuiiufiavianielusenisuysslneasdeadiad
NANTENUVBITNNYADNTUNINTEAIBAAUINY T9a150uUsUTEIN NI TR VDY
WUURBRIFYUE MU BAN 19 3 Usziam il

1. Implant Node: nunagisagaulusianeuyue

2. Body Surface Node: Tnupagaguuiiufinvesuywduioviianiniiuianingns 2
\URALNAT

3. External Node: Tnunfinisidewdeainaeuonundsiufinvesyud @sseyliifu
5 WATIINTNNENY YY)

dmdunisdeansuuiiuiingnenie (Body Surface Communication) 82321314
TnundsuazTnunduamsfiansanszozneseuintenieme dmdunisaeanslunsdlilnunds
m%a%“uﬁignpmiwumimimwﬁaaEujifmaaﬂlﬂmﬂi'wma (External Node) 528311938131
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aweniAdazatgaINATUdyIuATegluuiTeauY viomelusanedisvey 3 wes
waluueNIAlTEeEgeand U Unsain 1M sLNndaninsarield 5 wns
si'faﬁi"]ﬁ’mﬁwé’muqqqmﬁm%’uQ‘Uﬂiai‘uui'wm&flumqmmwmémiﬂmsmfmﬂﬁuﬁ
wazdatmunsenieUssme [30] drudedifnfdanugagadmiu MICS (31 32] WHudsil
1. European Telecommunications Standards Institute: ETSI AMuualiiIa 911
mmwémzmmﬁuqaqm 25 uW ERP (Effective Radiation Power)
2. FCC & ITU-R Amusliindsnunisunsnseanenaugaan 25 uw EIRP (Effective
Isotropic Radiation Power) @fid1Uszang 2.2 dB sninsesu ERP
Fosinmdsunisunsnszaeaiu 25 uw ﬁﬁwiﬂi&i’fﬁmzé’uﬁmﬁmﬁaeﬂimauam

¥

$1eMeuywd (Sruun1swnsnszenaan) wiiisegnelusanelaeugmliseduiide
¢ I

NuUgRUNeYAwen1IaatisaInIanie tneldremnunvesgunsalniegnielusienieg
402-405 MHz laszuseazidentily [33]

2.10.2 fdarmunvadiassigliansuusisnieuyud [34]

166 Iffunvauiaiinfiaturesnisldeu lildudiftsmsmaunmduag nnsgua
aunmeeufeaviiiy uianansailuussendlisugunsaididnmsedndlududun n
Wnuy Toimuannanatadiniulaseiguusineysdisiegratnvaty liaunsainun
el ﬁx‘]ﬁ?ﬂ%%ﬂﬁ’]’]LQWW%}@ﬁ’MUWW’NLi/lﬂﬁﬂﬁﬁ’]ﬁ/ﬂﬂ@ﬂ TG6 el

1. Snnuvesgunsaiilidmsumemsunmdd 6 Tnun udaansodléfa 256 Tuue
Snsi5adayarious 10 kbps ¢ 10 Mbps
e saa Il 3 wng
anansnviey vusente meldidedi wieuuiiamils
é’ﬂwmzﬁiaqe"ﬁyjmﬂmwﬁuagﬁuaﬂﬁwmaqiwaﬂﬂEJ W NIRRT MTONAINFUVAIN
seiundsnuesgunsaiuatuaglusedus 0.1 - 1 mw
Tdndenudey
5895URANNINAITUIAIINTE Quality of Service (QoS)

O g gss a1 PLID

ANUUaBANEYDIUBYA WU Authentication, Data Integrity and Encryption

2.11 ngdedsdudmsulassvrgliarguusimnieuyed

o v A

nsdnassvamnuiidunisludsid dyanvengtetiu Tasialuwdanudly
sudmiulassdelfaguusniouyedidudedmuslaegeanngnisdears deiinu
wansafuluusazUseme UR 213 uansnnuduiadaeiildaudiniu WeaN Tuusaz
Ussine Bafinmsdnassdaeniuiised
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402 405 @ H o950 858 2400 24835 65060 o250
5 gy (e 2 DI-?‘I I
HBC S o BM ISE MBAN  ISH —UE -
Frequancy {hiHz)

JUN 2.13 Yamnuddmsulasselimeuusiamenyed [35]

2.11.1 Medical Implanted Communication Service (MICS)

Tl 1998 nguaudeasienaAngYesanAMINIALIANUILYR (International
Telecommunication Union’s Radio Sector: ITU-R) Amundaeaa1ud 402-405 MHz 14
dwdumsdearsniglusene TaenaneUssmaliiamanuiifedtu [36] gunsaliililudig
Aruditiansnsnsessunstdauuundingild 300 kHz wilisesiuludessnsnisdidayage

2.11.2 Industrial Scientific and Medical (ISM)

msléeunaunnuiadnasuusnoulildgrdludandes agalsfnutagsuign
Tidunssludandudlaotsmisfsmnanngnimualag MU-R [37] Desemesineg az
fidoruuanslfnuiiunndisiu gunsaiifldaulutsmuiitdsesusnmnssudsdoyage
wazenansalilevialan

2.11.3 Wireless Medical Telemetry Services (WMTS)
FCC lamnungasanudldanuluy USA [38] dwmsuingusyasalglumsauaunislng
dmsunissawiguan egrslsimusaunnudildanunsaldnulaluelsy

2.11.4 Ultra Wide-Band (UWB)

Jusruunisdearsiiléanudninnia 500 MHz lumsfieansuauanuiniisddld
sumduWaduauinlunisasdoyatnnans vinlidsnsansdstoyaiigs FCC loimuntas
auBlFudaud 3.1 8 10.6 GHz Tnsisuusnduannsaldouldianvansgonisnuayisd
U windsaniulud 2007 Ussnelvananseldnunalulatuauniredldlusingy

szuumsdeansliaeannsolinuldlaeddimuoygn eglsfinunsinassndu
audiliflueynnaglimieutunnussma Tunsed 2.3 uansisanuifoygialdeu
dwdulasaneliaeuusinieuyed (WBANsaslasaelsaediuyaaa (WPANS)
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M19197 2.3 Anudlgaudmsu WBAN uag WPAN 7dsliiiluayaie

Name Band [MHZ] 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 Us, UK and
Singapore

o U

2.12 wuvdnassvesdynindmsulasstigliasuusinienyed

Iuﬁﬁaﬁﬁ]za%ma5qmif§7aaqﬁaaé’zyzgwmmaammgm IEEE802.15.6 (Body Area
Network: BAN) TG6 i BAN dansugunsainisnisunnduagladlanienisunng e
G‘hmeagmaium%auuﬁuﬂwaa%wmawwa‘ Luuiiansaznaninudnuazlneialuves
nMsgadadtvesgunsaivusienie Tneddafanisundsuiomnanisnieuyudviods
AavTsuTanlnde Suneuywduayyiinievesiyud dedidrenuiuazdnuaynisind
uannatufanIed 2.4

dl 1 d‘ o U 1 ¥ 1 6
M990 2.4 ‘U’Nﬂ’)’]@JﬂﬁWMiUIQNGU’WEJvLiﬁ’WEJUUT]\'iﬂ']EJNHUEJ

Description Frequency Band
Implant 402-405
On-Body 13.5MHz
On-Body 5-50 MHz (HBC)
On-Body 400 MHz
On-Body 600 MHz
On-Body 900 MHz
On-Body 2.4 GHz
On-Body 3.1-10.6 GHz
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1AS98519909bUUINAB9EN NS UNISAREISUUNURIT1Nekas e Tus1an e dulyl
wilouiu anunisalsingg laseulilu IEEE802.15.6 [39] Fallsgazidenuasdisniudas

AN 2.5

] = 14 ! &
f19719N 2.5 E‘U wuuN1sdeansiSaeuusng NENYBY

Scenario Description Frequency Band Channel Model
S1 Implant to Implant 402-405 MHz CM1
S2 Implant to Body Surface 402-405 MHz CM2
S3 Implant to External 402-405 MHz CM2
sS4 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

T28r11931N9UNTAIANEUBNI NN ULEINT0 9811993198 lAsNEaR 5 LunT
dnwarNIsWeNsNITaeansansagliaIngUN 2.14

© Non-Implant device
@ |mplant device

JUN 2.14 gUuvunsieansdmsulasenglFanguusanieuyed [39]
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2.14 @3
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3.3.1 Uiuumﬂiuiﬂﬂﬁlmmwi’mamgﬂu (Rectangular Passband Waveform) [40-

Y

43]
Ty auguaduuauiuAmhsuaziisUluuvesrduluveulwaveIan il
A, . .
W(t)= T[st1nc(2th)— frsine(2,1)] (3.1)
b
gl 4 A AweuUAgandAInTgn

£, AD LUUMAYIneATeY
£, Aeenwdnan f, =f.—f,/2 waz f, =f.+f,/2 Ao
AIPNIUDNANER UAZANATININGR ANUEIFU
. sin(mx)
sinc A ——=
7tX

TnglunuidellannuawaunIUaAINN1ASFIVIEEES02.15.6 H33uauA1udA1 lnewkou

UAA 4=1VYNANUDAIEA £, =325GHz. kasINAMUDEEA [, =4.75 GHz. LUUATSA

fo=fuy—f; AU f, =4.75-3.25=1.5GHz.
sUkvurauiadifivuinuesanuukiuanasuas 4/2(f, ) udwanud - £,

fe — f, wazlugae f, Qe f, INuieduvuiluuvesaunasuiniu 4 Weguuuuves

AAN A Tt ¢ =0 Taganunsawandugvannistansl

i /i
2 -rlsE

V,(f)= (3.2)
O\ A= 7 z%

3.3.2 dgyeyrassuaaunaunNIuIINNaadvaslsglagnell (Root Raised Cosine

v v

Waveform) [44]
deynauguaauiaurusnaeweslsdlagiglisvuuuvesniulureaulunvedia

fail
1-4
1 _rl<=£
| /|Lf| e T
- +
Vo) =14 =< A= 1<~ (33)
0 otherwise
Tnofl 4 fo Auewddgedisidnanniian

fo Arudinan £, =f.—f,/2 uae f, =f.+f,/2 fa

=
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ATAIUAVIANER LAZAINAVIUINGR AU

B AoAusznoulsasew (roll-off factor) dA1 0.3
lngiieuUdgn 4 awnsaminain

1 xT 1-
A =\/E{1+005(7D|f|—fC _Z_T[}D} (3.4)

Tned £, A8 LuuMIANDeATes

T=1/f, ABEIUNAUUDIBATIA AN
3.4 WUUINRRINTEEHELTSTD [45]

msgydedafidugudnvuensinsnssanenauwimaniiwazgniianltluns
penuuUsEUU lagUndnismAgadaidaitlunmguiiaznisiauanddiiiuiniduade
Yo FYAIAUITANAURYITUN TS UTBITE0EM s N3gayioindofiszaznia d aiunsa
vafuileiduvesssezmaldied

9 €
PL(d)o{d—] (3.5)

0

PL(d)[dB] = PL(d,)[dB]+10n log[diJ (3.6)

0

lagfl 7 9 @VENAITINTEFNLTIIN FINARIDITNTINTFYFTNNT
LAUAINTLEZN
d, P9 328TNO9B

! =

AALAANINaIMRAsvRId YN PL, @1X15ONLARINATTLNINTEINENIY

[y [ [y [

Yo3d ey 1alAUNANTUINDNTEIUTENINNTEAUASI U Td ez sEAumdsunsuls

o

LAAIAILUALNTT

[y ar
PL, =10log| = (3.7)

[7.(rY dar

—00
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Inglumsliasiginisgaydevasiaanulussuuwauniedeiy aiarsanniaany

<
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o N Yo o w U aa )
geanvesdyauniddaasidaanvasdyarainiulalnediouduluauaunis

U9 A

PL, =10log (3.8)
3.5 WUUINABIINTATULTLEY
ﬁmumsl,ﬁﬁ%a%aagjﬁu’mm M Wnm
(215 (X35 Y5 )seees (X415 Vi) (3.9)

4 ¥

wuudiaessinsatudadulunsmiandudunseruiiadeyaud fidfanatn
yosraaesosiian dinaumlunspdnmansaal

y=a+bx (3.10)

e a wag b fAa AR Fudunisfwasvoauuinasais lilARANAINVaIA1ada04
Weeian InerRANAIANEEeIanLn e Mnan

2

M (yj—a—bxj) (3.11)

M=

1

~.
{

nsitbvegluleulvratafinnainidsdetssiigauu vilalagnismeuiustay
YDIANANAIANIAIFDININUAALUAUNISITNDS @ way b HINAINU INUURIAUALA
Wi 0 agl@qn

a M
8—2 = _2;(371 i _bx_/): 0 (3.12)
%:—Zixj(yj—a—bxj):o (3.13)

[

JagUlmililussuvaunsaduaasiaudslassil

M M
an+b2xj22yj (3.14)
j=1 j=1
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M M M
aij+be]2. :ijyj (3.15)
j=1 j=1 j=1

JUAD ATNISIAWBT a WAy b VBILUUINABIINTATUTREUFINUITOMAINNITHA
AUNTTLUULTILAUADIAILUS

3.6 LUUINADINISANNUIEVagIn [45]

(%
Y

nsdeansiianetudygyrunsulasiuinnimiadluegivannisuindeu lagd

s
(%

Aamsvesdygainazittuasunnanenuly faduneunainnsiiuan ewndeuuaneng
fuibiauazwouuagasnsiuse daudygansuldmdunanuvesdyaiaunasiass
eiiua wouUdgauasiienenutaduuudy drudssneunmuaiassaududunannes uws
a aa da' = a 2 v Y Ao vy
RNANITINWIBTANYID Ao LleTzeniinsdsuLUadluidntes seaudygiansulaay
fin1saguiUasiug 899 lnglusauni1sanyeuvasseRudyy1nINIsEE NS
30 (PL) Tumie dB Feansnsaideueglumenvesnisguideinisuiniunisniivesnisans

WenaeAnlawail
PL(d)[dB] = PL(d)[dB]+ X (3.16)

Ing?l X, Ao wisadwesnisansmevaledd Julududsguiiianede.du o wasd

druleauunnnsgndy o FdununaeedideilivaninnauiAninizaneveInsname
aeInlnedLaualuUL LT MUUINRRIM9ERR
3.7 WUURNARLYHNRA [45]

3.7.1 WeAduaumnunduauunazilu (Probability density function: PDF)

ilafdupnuvuwiuaIthandu (PDF) Jenundusyiiusvesnnuiiasduisuds
du X fendesniwitewitnudiimue x awnsalisulusuinatneadamanslai

f.(x)=Plx <} (3.17)

Handuanuruwduauutazidu (PDF) Wuilsddusalilaaiiiaiuinniinsaminiy
0 wazdfiunlansRamuaWwingy 1 HenduanuruisuuaIuuaedy (PDF) asdusiusiusi
wlsguiiuneAedy 4 wazddeauuinggu o Sllanuduiusasl

U= T X)dx = — Zx (3.18)
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:\/%i( — ) (3.19)

3.7.2 Wengun1suanuasdsayd (Cumulative distribution function: CDF) [46]

Hardun1suanuasazay (Cumulative distribution function: CDF) fignanduaang
thasuifudsdy X darfeendmIominduaiiidmun x Fedlduiifunisdudiings
ilafduauruwiuaunezdu (PDF) anunsadeuluguiinainsadnmanslaon

X
F.(x)=P{x <x}= fo(‘[)d‘[ (3.20)
landun1suanuasazay (Cumulative distribution function: CDF) agtduilandu
sowliafidnuaniAluiladduiy azdandu 01l x TANd1g —o uaraslAndu 1 e
x AN oo

3.8 N15UTEI9MAUYDIYasdRysy I (Power delay profile) [46]

[ 1 [

AN TmesNSaNIINIsUsEIIidIuvestesdaaa Wumsiiiwesandinilen

o

L11U18INIATUNIAIANG 9

1
U [ o a
v

TentuniasizsiiionansliiuieseAunna s uvo sy ey 16
dnveduansliiutnansenuresdygruniinisarNeuvesdygrulunatsian1amsen

o o

@ [ d‘

Sendyyiuvaidn Ineazidunnduiusszninsseiuimdanuresdygruisulane
padundaruonandudiainisasildfiansandwanisnszatenianan (Time
dispersion) SulszneuluseAnadareiaiusyde (Mean excess delay) wazAnIsuwives
1181U5%39 (RMS dealy spread) dsaznaninsluiitasely

FeluAne Inus U dIUTUNDUYBINITATIVEDUNANIETNUIINTNNEUU 15110
farsaundangnideusenlvesdygrainidindiniasu warddwungnaaveouas gy
d1urpIn15UsEI a1 uveesdy 1 udsA s e stasidudiundanuansdiifiuis

a o w 1

HANIENUINTNAY TaeAINITUTEIARIUYesTesdygad talleulind
2
Py = (2, 7)| (3.21)

Tne? h(rz) A9 NaneUAUIdY1UBUad (Channel impulse response)
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3.9 N15LRARYRIAaNUTEIe (Mean excess delay: 1, ) wazn1suELIa1UsZ3e (RMS

delay spread: t,, ) [46]

rms

AdsrewiaiUsgiasanisuiianusyds Wusulslutesdyyawuuraisds
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NITUHLAIUTEI L"‘UuﬁhﬁLLamﬁqqmmwmaaﬂiaﬁfym@m TneAnadsreaiUsydaunse
mualldannaunisi 3.22

L — (3.22)

Toe@l h(r) o naneuausBuRadUDIYDIdy a0
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WV () de
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This paper presents characteristic of ultra wideband body area network (UWB-BAN) channel. The passband
rectangular waveform and passband root raised cosine (RRC) waveform are provided to transmit signal. In this
paper, an investigation channel measured by using a network analyzer and performed a frequency ranged with
3 GHz-5 GHz. The meander line miniature antennas were taken to obtain as a transmitter and receiver antenna
side, repectively. The 12 sample bodies with 10 positions of each body were considered. The linear regression
model of large-scale path loss and cumulative distribution function (PDF) of multipath fading factor based on
average and peak power loss are shown. Measurement data are useful to predict the performance of UWB-BAN

system.

Keywords: Ultra Wideband Body Area Network (UWB-BAN), Path Loss, Multipath Fading.

1. INTRODUCTION

Wireless BAN (WBAN)'! is a new feature challenging of short
range communications. This technology has an important role in
medical, and science applications. The IEEE 802.15.6 task group
is standard for WBAN application, this standard cover many
technology, e.g., ZigBee, Radio frequency identification (RFID),
Bluetooth, Ultra wideband (UWB),? etc., the type of BANs com-
munication could be identified in four communication scenarios
between device and as Ref. [3].

*CMI1: Implantable to Implant: the entire node is located in the
human body.

*CM2: Implantable to On The Body: at least one node is located
in the human body and it’s should communicate with outside
node, that place on the body or off-body.

*CM3: On Body to Body: all of the nodes involved in the com-
munication place in the human body, all devices directly on the
skin, integrated into textile or packed in deference wearable and
portable device.

*CM4: Off-Body to On-Body: at least one node of device placed
in the off-body, in the general area playing the role of the
gateway.

UWB communication is a promising for new application
responses to WBAN application, which UWB has low power
consumption and can be sent high data rate because large band-
width signal. UWB low transmit power is significant for using
with small devices and long life battery. This lead to UWB is
candidate for medical and health application.*

*Author to whom correspondence should be addressed.
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In this paper, characteristic of UWB-BAN channel is pre-
sented. First waveform, the RP waveform and RRCP waveform
are considered to transmitted signal waveform and which use as
performance evaluated. The CM3> were channel measured mod-
eling using a vector network analyzer (VNA) and operated at
a frequency ranged from 3 GHz to 5 GHz. The meander line
miniature antennas were applied as a Tx antenna and Rx antenna.
The 12 sample bodies with 10 positions of each body were con-
sidered. The linear regression model of large-scale path loss and
cumulative distribution function (PDF) of multipath fading fac-
tor is based on mean value and peak average power loss are
shown. The experimental results illustrate more waveform dis-
tortion when the distance is increased. The result of path loss
has been more distribution than that of average mean loss value.
These results are useful to predict the performance of UWB-BAN
system.

2. THEORY

This paper considered using RP waveform and RCCP wave-
form as transmitted signal satisfying low band of IEEE 802.15.4a
standard.” The expressions of the PSD of the passband rectangu-
lar waveform is

VAL
Vi) = ; (M
0 Ifl=fil>3

Where f. =3.95 GHz that denotes the center frequency, f, =
1.70 GHz is the bandwidth.

1936-6612/2015/21/3194/004 doi:10.1166/as1.2015.6461
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Fig. 1. Normalized spectral density functions of transmitted signal.

The spectral density function of RRC waveform is the wave-
form with RRC in the frequency domain. Its PSD is defined as

-8
L= 1 = ==
Mol = Vof R i< NI D)

0 otherwise

Where

A %[Hrcos(%[ﬂﬂ—ﬁ_ %])}

where 3 = 0.3 denotes the roll-off factor and 7" = 0.74 nanosec-
ond that represents the time of symbol-rate.

The transmitted waveform of time domain can be calculated
using IFFT as

w(=[ V(Perrldi (3)
The normalized spectral density functions and time domain
waveforms of the passband rectangular waveform and RRC
waveform are shown in Figures 1 and 2, respectively.
The PSD of receiving signal can be written as

V.(f) =H.(f)® H,.(f) 4)

where H,.(f) represents a channel transfer function in term of
measurement.

—— Rectangular
passband waveform

v
——- Root raised cosine 1
passband waveform -

-1 | | | | | | |
-0.5 0 0.5 1 15 2

Time (ns)

Normalized amplitude (V)

Fig. 2. Normalized time domain waveform of transmitted signal.
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Fig. 3. Meander line miniature antenna.

The received waveform in the time domain is evaluated from

v (0= [ Ve ar (5)

In this paper, two expressions of path loss formula, which are
average power loss and peak power loss (APL-PPL), are consid-
ered. The APL-PPL is determined by the ratio between the APL
of transmitted signal and APL of received signal:®

[P
(o IVr(f)Izdf} ©

The expression of PPL is determined by the ratio between the
maximum peak power (MPP) of the transmitted signal and MPP
of received signal:

PL, = lOlog[

PL, = 1010g{ max(V (/)] } (7)

max[V2(f)]

The path loss UWB-BAN channel consists of path loss and
small-scale multipath fading factor:

PL=PL+X (8)

Rx Antennas

A: Left hand
B:Left upper arm
C:Left Ear

D: Head

E: Right shoulder
F: Chest

G: Right rib

H: Left waist

I: Right thigh

J: Right ankle

Fig. 4. Measurement positions on the human body.
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Fig. 5. Large-scale path loss of rectangular passband waveform.

The linear regression model is used to model the large-scale
path loss. The expression of linear regression model is

PL =PL(d,)+ IOnlog(di> 9)

0
where d,, denotes a reference distance and n is a path loss
exponent.

The CDF of a random variable X is used to model the small-
scale fading factor, which is defined as

Fy(x) =P(X < x) (10)

where P is the probability.

3. MEASUREMENT SETUP

The channel transfer function of UWB-BAN technology was ver-
ified using VNA, frequency ranged was fixed from 3 to 5 GHz
and 801 frequency points. The meander line miniature antennas
(MLMA) were used as transmitter antenna and receiver antennas.
The MLMA is illustrated in Figure 3. Also, herein 12 sample of
bodies with 10 positions of each body were considered. Figure 4
shows the position on each body. The Tx antenna was changed
along point A to point J, while the Rx antenna is fixed at the
black circle point.

4. RESULTS

The path loss based on the two waveforms is evaluated to char-
acterize the large-scale path loss and multipath fading factor of

90 T T T T ——
85 |- © Measurement, average power ,

+ Measurement, peak power

Regression, average power . B —

80 -
75
70
65
60
55
50
45

40
107"

---- Regression, peak power *

Path loss (dB)

10°
Distance (m)

Fig. 6. Large-scale path loss of root raised cosine passband waveform.
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Table I. Path loss at reference distance.

Average (dB) Peak (dB)
Rectangular passband waveform 70.36 73.50
Root raised cosine waveform 70.33 73.44
Table Il. Path loss exponent.

Average Peak

Rectangular passband waveform 2.22 2.54
Root raised cosine waveform 2.18 2.52

UWB-BAN channel. Figures 5 and 6 shows the linear regression
model of passband rectangular waveform and RRC waveform,
respectively. The experiment between APL and PPL indicates as
a UWB waveform distortion. From these figures, the difference
between both path loss is larger when the distance is increased.
That means the distance is increased along the distance. The
linear regression model parameters, path loss between reference
distance and path loss exponent, are listed in Tables I and II,
respectively.

The CDF of the multipath fading factor of RP waveform and
RRCP waveform are shown in Figures 7 and 8, respectively. The
result of the experiment can be seen that the path loss of peak
power loss has more distribution than that of average power loss.
The standard deviation is listed in Table IIL

A== T
5 054 —— Average power ]
T 08| — — Peak power
£=
=3
s 0.7 - —
£ 06 [~ e
o
£ 05 -
2
T 04 -
o
2
B 0.3 |- —
g 02 -
3
O 04| .

0 ] ] ] ] | ] ] ]
-20 -15 -10 -5 0 5 10 15 20 25 30
Multipath fading factor (dB)
Fig. 7. CDF of multipath fading factor of rectangular passband waveform.

T=—=—"— 1
09 -
—— Average power

0.8 - — — Peak power

0.7 -
0.6 -
0.5
04
03
02

Cumulative distribution function

0 | | | | | | | |
-20 -10 -5 0 5 10 15 20 25 30

Multipath fading factor (dB)

Fig. 8. CDF of the multipath fading factor of RRCP waveform.
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Table lll. Standard deviation.

Average (dB) Peak (dB)
Rectangular passband waveform 6.41 7.88
Root raised cosine waveform 6.42 7.89

5. CONCLUSION

This paper presents characteristic of UWB-BAN channel. The
RP waveform and RRCP waveform are used to transmit sig-
nal. The large-scale path loss and multipath fading factor are
modeled. From the results, there is more waveform distortion
when the distance is increased. The path loss of peak value
has been more distribution than the PPL. The results obtained
from RP waveform are almost the same as RRCP waveform.
Therefore, the RP waveform, which is ideal signal and has a
simple formula can be used instead of causal RRCP waveform.
These results are useful to predict the performance of UWB-BAN
system.

RESEARCH ARTICLE
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Abstract—This paper a study of UWB human body channel.
The human body is more complex than other application.
Therefore, to understand human body channel is so important.
The analysis is based on the extension Friis’ transmission
formula that uses to characterize the WBAN channel transfer
function. The rectangular passband waveform is used as UWB
transmitted waveform. The channels of 5 positions on human
body are measured by using vector network analyzer (VNA). The
frequency channel transfer functions, power delay profile (PDP)
and path loss are shown. The results are discussed in conclusion.

Keywords— wireless body area network (WBAN), body area
network (BAN), ultra wideband (UWB), human body (HB), Friis’s
transmission formulal

1. INTRODUCTION

The UWB is wireless communication technology are
becoming very popular topic in daily life for short range
wireless communications. Moreover, wireless body area
network (WBAN) has been developed for monitoring soldiers
on the battlefield, managing patients in forward locations in
emergency management, elder care and rehabilitation purposes.
However, there is an increasing demand for effective
communication technologies to support emerging health care
delivery systems, wireless body area network for sensing and
monitoring of vital signs is the one of most rapid growing
wireless communication systems. The requirement have led to
increasing research and development activities and promote
new applications for the ambulatory health monitoring of
chronic patients and the elderly population, aiming to improve
their quality of life in the WBAN applications area for many
purposes. Especially, WBAN and the ultra-wideband
technology (UWB) are widely used for a variety of many
applications because its potential high data rates, low power
consumption and low cost [1], [2].

UWB communications systems can be viewed as spread
spectrum systems with an extremely large spreading factor.
Traditionally, UWB radio systems have referred to wireless
devices with -10 dB fractional bandwidths greater than 25%, or
absolute bandwidths greater than 1.5 GHz [3]. This large
bandwidth can be achieved by driving an appropriately
designed antenna with very short electrical pulses. More
recently the Federal Communications Commission (FCC) [4]

978-1-4673-9749-0/16/$31.00 ©2016 IEEE

has defined a UWB device as one that has a fractional
bandwidth greater than 20% or that occupies at least 500 MHz
of spectrum. Further, the FCC has regulated the spectral shape
and maximum power spectral density of a UWB radiation in
order to limit the interference with other systems. Also note in
this figure that part 15 (-41.3 dBm/MHz) still applies.

WBAN technology emerges as the natural byproduct of
existing body sensor network (BSN) technology and
biomedical engineering. BSN technology represents the lower
bound of power and bandwidth from the WBAN use case
scenarios. However, WBAN technology is quite flexible and
there are many potential uses for WBAN technology in
addition to BSNs. Some of the more common use cases for
WBAN technology are BSN, sports and fitness monitoring,
wireless audio, mobile device integration and personal video
devices each of these use cases have unique requirements in
terms of bandwidth, latency, power usage, and signal distance.
IEEE 802.15 is the working group for wireless personal area
networks (WPAN) [IEEE 802.15.3] [5]-[6].

The objective of this paper is to study the channel of UWB
-HB. The analysis is based on the extension of Friis’
transmission formula that uses to characterize the WBAN
channel transfer function. The rectangular passband waveform
is used as UWB transmitted waveform. The channels of
5 positions on human body are measured by using vector
network analyzer (VNA). The frequency channel transfer
functions, power delay profile (PDP) and path loss are shown.
The results are discussed in conclusion.

II.  ANALYSIS OF UWB HUMAN BoDY CHANNEL

A. Extension of Friss’ Transmission Formula

The Friis’ transmission formula has been widely used to
evaluated link budget for narrow band system [7] and can be
applied to the calculation of the line-of-sight (LOS) channels,
which is defined as

BN =[G (NGC(G(NIR O]

Where G, (f) and G.(f')are Rx and Tx antenna gain



G(f )=($T @

where P, and P, are transmitted and received signal power,

G, and G, are transmitted and received antenna gain and G,
is gain of channel

Friis’ formula is extended taking into account the
transmission waveform for UWB system and can be written as

v.(f)=H . )HHE (W) 3)

where V, and V. are spectral density of transmitted and

received signal, //, and H  are transmitted and received
antenna transfer functions, /7 is channel transfer function and

f is frequency.

B. Transmitted Signal

For UWB transmitted signal, the rectangular passband
waveform [8] is considered. The expression of UWB

transmitted signal Vv, in time domain and its spectrum density

V', can be written as

vt<t>=fimsmccfﬁf)—fLsinc<szf)1 )

b

Iy A
2%

S
2

A
N |71= 7.

“)
0 |7~

where f; and f| are highest and lowest frequencies, f, is

bandwidth, f, is center frequency, 4 is amplitude and ¢ is
time.

C. Receivd Signal

The spectral density of received signal V. is calculated by

using (2) where term H,(f)H_(f)H.(f) is obtained from
channel measurement. Then, the received waveform in time
domain Vv, is calculated by using inverse Fourier transform of
its spectral density, which can be written as

v,(t)= TVr(f Je > df (5)
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D. Path Loss

In this paper, path loss is defined based on average power
loss, which is the ratio between average power of transmitted
signal and received signal. The path loss PL in dB can be
expressed as

=3

[vi(e)ar

PL=10log| =—— (6)

I v (¢)dt

—oo

III. EXPERIMENTAL STUDY RESULTS

A. Measurement Setup

The frequency transfer function of UWB human body
channel was measured using VNA frequency ranged from 3 to
11 GHz with 801 frequency points. The meander line miniature
antennas [9] were used as transmitted and received antennas.
The meander line miniature antenna is shown in fig. 1. The 5
positions of human body were considered. Fig. 2 shows the
position on human body. The transmitted antenna was changed
along point 1 to point 5, while the received antenna is fixed at
the navel of human body.

Fig. 2 The measurement point on human body.

For signal parameters, the highest and lowest frequencies
are set to f, =10.6 GHz and f, =3.1 GHz, respectively.

Therefore, the bandwidth and center frequency are f, =7.5



GHz and f, =6.85 GHz, respectively. The spectral density

and signal waveform are shown in Figs 3 and 4, respectively.

Table I. Measurement Parameters
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B. Results

The example of magnitude of human body channel
frequency transfer function at points 1, 3 and 5 are shown in
Fig. 5. From the figure, it can see that the magnitude of point 1
is highest, while the magnitude of point 5 is lowest.

Parameter Value
Frequency range 3.1 GHz-10.6 GHz
Number of frequency points 801
Tx antenna 0.4m - 1.38m
Rx antenna Im g
Rx antenna type Meander line 3,
Number of position 5 point g’
20
D ™|
| | | | | | \
20! N 3 4 B 6 7 3 9 10 1
s Frequency (GHz)
F o) ]
w . . .
= G0j ] Fig. 5 Magnitude of UWB-HB channel transfer function.
£ E0f g
£ -100| 4 20 ‘
= —Point1
Mo20H i —Point 2
g 0 =--Point 3
S 1404 e Point4
= == Point §
1601 1 2000~
-180 ] 8
200 . . . : . . . 4000
3 4 5 B 7 8 9 10 11
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Fig. 3 The spectral density of transmitted signal.
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Fig. 4 The transmitted signal waveform of UWB-BAN system.
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Fig. 6 Phase of UWB-HB channel transfer function.

The example of phase of human body channel frequency
transfer function all point shown in Fig. 6. For the comparison,
the phase of point 1 is maximum linearity, while the phase of
point 5 is minimum linearity.

The results from the two are consistent. The magnitude and
phase base on the distance. The absorbing body has little effect
on phase

Fig. 7 shows PDP of human body channel. The excess
delay of all point are almost the same. The excess delay of
point 4 is slightly higher. The excess delay of point 5 is
highest. For the power, the power of point 1 is a maximum,
while the power of point 5 is a minimum.



Received Power [u\W]

Point number
Excess Delay [ns]

Fig. 7 Power delay profile (PDP) of human body channel.

Fig.8 shows path loss of human body channel. For the
results, we can see that path loss on point 1 is lowest and point
5 is highest when compared with other position. However, the
path loss is increased the effect may come from environment
and human body absorption.
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Fig. 8 Path loss of UWB-HB channel.

IV. CONCLUSION

This paper studies the channel of UWB human body. The
channels of 5 positions on human body, which are shoulder,
chest, elbow, wrist and knee, are considered. From the results,
the magnitude, phase, PDP and path loss of channel at shoulder
are best, while these of channel at knee are worse. These results
are useful to predict the performance of UWB-BAN system.
For the future work, we will evaluate the performance of UWB
transmission at each position in human body.
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Abstract—This paper presents experimental evaluation of
UWB human body transmission model for WBAN. The human
body is more complex and many side than other application.
Therefore, to understand human body channel is so important.
The root raise cosine passband waveform is used as UWB
transmitted waveform. The channels model is classified with
body mass index. The body channel transfer functions on human
body are measured by using vector network analyzer (VNA) at
frequency 3 GHz to 5 GHz. The path loss model is show
compared of average power loss and peak power loss. The results
are discussed in conclusion.

Keywords— wireless body area network (WBAN), body area
network (BAN), ultra wideband (UWB), human body (HB), Friis’s
transmission formulal

I. INTRODUCTION

Wireless body area network (WBAN) is new standard of
shot range communication. WBAN has been developed for
many application such as, military, health care, Tele-medicine
and multimedia. WBAN socialize with many wireless
technologies as Bluetooth, ZigBee, Wireless Local Area
network (WLAN), Wireless Personal Area Network (WPAN)
However, there is an increasing demand for -effective
communication technologies to support emerging health care
delivery systems, wireless body area network for sensing and
monitoring of vital signs is the one of most rapid growing
wireless communication systems. The requirement have led to
increasing research and development activities and promote
new applications for the patients and the elderly population,
aiming to improve their quality of life in the WBAN
applications area for many purposes.

UWB are widely used for many applications because its
potential high data rates, low power consumption and low cost
[1], [2]. UWB communications systems is different from other
radio frequency cause transmitted with short pulse and can be
viewed as spread spectrum systems with an extremely large
spreading factor. UWB radio systems have referred to wireless
devices with -10 dB fractional bandwidths greater than 25%, or
absolute bandwidths greater than 1.5 GHz [3]. More recently
the Federal Communications Commission (FCC) [4] has
defined a UWB device as one that has a fractional bandwidth
greater than 20% or that occupies at least 500 MHz of
spectrum. Further, the FCC has regulated the spectral shape
and maximum power spectral density of a UWB radiation in

978-1-4673-9749-0/16/$31.00 ©2016 IEEE

order to limit the interference with other systems. Also note in
this figure that part 15 (-41.3 dBm/MHz) still applies

In IEEE 802.15.6[4], WBAN are divide to 4 channel model
and 7 scenario part as Table I

Table I Scenario and Description of Channel Model in
IEEE802.15.6 [5]

Scenario Description Frequency Band Channel
Model
S1 Implant to | 402-405 MHz CM1
Implant
S2 Implant to Body | 402-405 MHz CM2
Surface
S3 Implant to | 402-405 MHz CM2
External
S4 Body Surface to | 13.5, 50, 400, 600, 900 CM3
Body Surface | MHz 2.4, 3.1-10.6 GHz
(NLOS)
S5 Body Surface to | 13.5, 50, 400, 600, 900 CM3
Body Surface | MHz 2.4, 3.1-10.6 GHz
(NLOS)
S6 Body Surface to | 13.5, 50, 400, 600, 900 CM4
External(LOS) MHz 2.4, 3.1-10.6 GHz
S7 Body Surface to | 13.5, 50, 400, 600, 900 CM4
External(NLOS) MHz 2.4, 3.1-10.6 GHz

The objective of this paper is to study the channel of UWB
on human body. The analysis is based on path loss model and
regression model that used show WBAN channel transfer
function. The root raise cosine passband waveform is used as
UWRB transmitted waveform.

The CM3 were channel measured modeling using a vector
network analyzer (VNA) and operated at a frequency ranged
from 3 GHz to 5 GHz. The meander line miniature antennas
were applied as a Tx antenna and Rx antenna. The 12 sample
bodies with 10 positions of each body, which classify by mass
body index, were considered. The linear regression model of
large-scale path loss, cumulative distribution function (CDF) of
multipath fading factor and peak average power loss are
shown. The experimental results illustrate more waveform
distortion when the distance is increased. The result of path




loss has been more distribution than that of average mean loss
value. These results are useful to predict the performance of
UWB-BAN system.

II.  ANALYSIS OF UWB HUMAN BoDY CHANNEL

A. Transmitted Signal
The root raised cosine passband waveform is the

waveform with root raise cosine spectrum. Its spectral
density function is defined as

_rl<l=8
1 1 J|>’f| h 2T1 B
- +
Viro(f)=14 7<||f|—fc <or (1)
0 otherwise

where

N T 1-p
A —\/E{l+cos[7|:“f|—fc _YD} 2)

T'=0.74 ns is the reciprocal of the symbol-rate and
B =0.3 is the roll-off factor.

B. Receivd Signal

The spectral density of received signal V, is calculated by
using multiplication in term H, ( FH (f)H(f ) is obtained
from channel measurement. Then, the received waveform in
time domain Vv, 1is calculated by using inverse Fourier

transform of its spectral density, which can be written as

n(0)= [V () ar G)

C. Path Loss

In this paper, path loss is defined based on average power
loss, which is the ratio between average power of transmitted
signal and received signal. The path loss PL in dB can be
expressed as

oo

Ivtz (t)dt
PL, =10log| =——— 4)

j v.2(t)dr

—oo

The path loss based on peak power loss PLpin dB is

defined as the ratio between the peak power of transmitted and
received signal waveform in time domain. It can be written as
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max vr2 ®)

2
PL, = IOlog{ maxly, (1) } ()

Linear regression is used to model path loss. The average path
loss PL in dB expressed as

PL(d)dB]= PL(d, )[dB]+1010g(diJ, (6)

The path loss UWB-BAN channel consists of path loss and
small-scale multipath fading factor:[6, 7, 8, 9]

PL=PL+X (7)
I1I. EXPERIMENTAL STUDY RESULTS

A. Measurement Setup

The frequency transfer function of UWB human body
channel was measured using VNA frequency ranged from 3 to
3 GHz with 801 frequency points. The meander line miniature
antennas [10] were used as transmitted and received antennas.
The 10 positions of human body and 12 samples were
considered. Fig. 1 shows the position on human body. The
transmitter antenna was fixed at height of 1 meter and varied
receiver antenna follow as model,

Rx Antennas
D A: Left hand
B:Left upper arm
C:Left Ear
D: Head
E: Right shoulder
F: Chest
G: Right rib
H: Left waist

I: Right thigh

J: Right ankle

Fig. 1 The measurement positions on human body.

For signal parameters, the highest and lowest frequencies
are set to fy =48 GHz and f; =3.1 GHz, respectively.

Therefore, the bandwidth and center frequency are f, =1.7
GHz and f.=3.95 GHz, respectively. The spectral density
and signal waveform are shown in Figs 3 and 4, respectively.



Table II. Measurement Parameters

Parameter Value
Frequency range 3 GHz-5GHz
Number of frequency points 801
Tx antenna I m
Rx antenna Vary on position
Rx antenna type Meander line
Number of position 10 point

Table IIT BMI Value of Sample

Model | Gender | Height(CM) | Weight(kg) BMI
female 164 49 18.2

| female 168 43 15.2
thin | male 173 53 17.7
male 179 58.5 18.3

female 156 46 18.9

2 female 167 58 20.8
normal "ale 175 65 212
male 170 68 22.8

female 155 50 27.7

3 female 149 58 24.1
fat male 165 80 29.4
male 170 80 27.7

T T T X T T

Root raised cosine passhand waveform

Magnitude (V/MHz)
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|
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Fig. 2 The power spectral density of transmitted signal.
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Fig. 3 The transmitted waveform of UWB-BAN system.

B. Results

From the result can be explained as two types. First, the
different between peak power loss and average power loss is
show distortion from transmission on human body. It can see
that the transmission on normal body is better than thin and fat
body. Second, when comparing the path loss exponent as table
4 and standard deviation as table 5. All of results are
correspond with path loss model. Which normal body is best
result and follow with fat body and thin body respectively. The
results of this research will see that significant from body mass
index, which affect to UWB-WBAN channel.

75— © DMeasurement, average power - * A/’_‘
+ DMeasurement, peak power P
= Regression, average power 2 ° //’ & 5
70— | ===Regression, peak power A /»:

=
i

Path loss (dB)

50

a5

10 10
Distance (m)

Fig. 4 Path loss model of thin model
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1
Table TV path exponent of measurement model
0.9
= Models Average Peak
Sosl-
= 1 2.5164 3.6176
Sor-
5 2 1.9521 2.1405
gosr-
&
Sl 3 2.1506 2.6574
=
o 04
2
= ..
S0 Table V Standard deviation
Soal
Lo Models Average Peak
0.1
1 8.3057 9.3063
| | | | | | | |
T a—TY 5 0 5 10 15 20 25 30 2 7.6059 7.9762
Multipath fading factor (dB)
3 8.4807 10.0814
Fig. 7 CDF of thin model




IV. CONCLUSION

This paper studies experimental evaluation of UWB human
body transmission. The channels model classifier with Body
Mass Index and base on measurement on human body. From
the results, the peak power loss and average power loss are
distortion form transmission. The thin model is worse normal
and fat body. In addition, CDF of normal is better than other
results. These results are useful to predict the performance of
UWB-BAN system. For the future work, we will evaluate the
performance of UWB transmission in human body.
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