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ABSTRACT

Currently, wireless communication technology becomes greatly popular especially
Ultra wideband (UWB) since its bandwidth is extremely wide and UWB consumes
tremendously low power. This technology can be applied properly with Wireless body
area network (WBAN) which aims to monitor patients’ status. The information of
human’s body will be transferred to electronic equipments in a doctor room by real-
time. In realistic, however, the performance of this technology may be distorted due to
the fact that many factors possibly affect the signal of UWB communication channel. As
a result, this research studies on measurement of ultra wideband channel at low
bandwidth for WBAN where suitable frequency is available for operating on human body
using Friis” transmission formula and also consider the posture of antenna between
vertical-vertical and horizontal-horizontal at transmitter and receiver in order to evaluate
transfer function and path loss of UWB. The result of this thesis can be applied to
develop the medical equipments on UWB for WBAN for both male and female in the

future.
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C  fAeanuggsgnvesiosdaqindmiedudndeiund
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(Signal to Noise Ratio : SNR)

Fannaunsi 2.1 fwLﬁulﬁ’jwmmmqsuaﬂ‘dmé’fgfyﬂm%LﬁuLﬁuL%aLﬁuLﬁaLﬁumm
namaumud uiasiinduaon3rudiernsdialuduvessnsidiunesindsddyyin
nodgusunIulutosdyyiu %iaqa’ﬁymgmmmLLmUﬂ”iN?jQﬁguﬁﬂ’s’mn%fNLLaUﬂamﬁﬁ
annsaldalfedsauysaluazluanudusisamnsauandguusdruesanuniisuay
Al Wlevinisanfdsdawesdugnas dugusUunIuan nuLras Ll Fauanaunis
VDI UUDY %ﬂa"nlﬁdﬁzuwmLmﬁIuIaQ'LLaUﬂ”iNSﬁﬁguﬁmmgﬁuawimé’zyzyﬂmqamaLﬁa
Wisuidisuiumsdeansl3ameguuuudug lulagiuguuuunisdeansldaadanaiisnissuds
Syaitugiuiiduedusdauuled iesanaduutindnliindidupdugUuuuledduiin
Juanadnunstnsodoaisdnenduing wimeluladnisdeansununisdeifuiugiu
voaMsiudsdayayadoyariedyauiad s?qufJuf\gmL‘%'w’fuﬁ’m%’umnﬂ?iauuﬂmmmsuu
ﬂ’ﬁﬁaaflﬁé’wé’aﬁgmgﬂLLUU@?{u”Lsz“LUL"ﬁluﬂWﬁﬁaaﬁé’aaé’%mﬁaéum Tounaluladinay
phadsldidandunumlunisasuivamasimunsdoasdoyaliamesserlndfifesnis
AmnSazaunsuauamAdmiuiudideyaigann lesannmeluladnisdoasuay
nhadafinsudsdaaludnvazvesiadigniudalulamunain nninssfugiuuuves
ﬁigmﬁmﬁLﬂuﬂﬁul%ﬁﬁgﬂﬁué’miuimLmummﬁ Hlesandyaraiadiivisiaiwauun
sgaufitniund lulawwnaiagdnisuiaunasudinirannlulawuanud dudnvue

'
[ A

duanamuueduleinugrundissiinisvenglulawuna uidesglulamuaududivzdu

A

v e

Wadnauun Tngauuwansnsvesnssudsdygruisaosgiuuuiuaunsouanilafsgui
2.2 waluladuauniedadumaluladnisdeansiiinisaseuasesuuwianida1uinnin 500
as N % a ! ¢ 2 X = g v
WAzdsn  veedauninelauaudnInnil 25 Wesiiuatuluvesaudnansnladau [6]
wazsyuudunsdeansuuuiaunuduavaliulngasiinisaseuasasmunINLaUAID



founin 10 Weslwudveanuinans LLazﬁm'ﬁdaé’zgzgméhaﬁwé’qa’qﬁqqmn 8NP
syuumMsasansuaunieBaiinisldanadarivunann 3.1 89 10.6 Annzldsn Fainasldaanu
AFeMaUANANINATY 100 Weswusvasrnuinans Fauanansan 802.11b Mduszuunis
doasfifinrwinansedil 245 Annpidde wazduuuinsildeu 80 wneiddn lagszuuns
doanshaziinisnseunseInUNILaUALELEs 1 Wedwuduasruanans

Narrowband system Ultra wideband system
~
3
£
=4 Time Time
g
<
=
=
=
=)
-
Bandwidth Bandwidth =
~ 30 kHz Several GHz
Frequency Frequency

JUN 2.2 Wisulsudnuwairdyaamsdeasseniiuvaluladuaun Medauasmalulagnly
LOUAUDLAUNI MR LI MALIALLIUAINND [7]
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AATIZRAULANANTDINANDUAUDIVD Ay U nsAguluntsasiudygIu vo9
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voadynnal teuwiinsinszdasiauilassigluszuululasion wazsunuuves
Fyanaildlunsdiiiu Tnenisiasizduasnsiadyana wadalunisindayaai
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wmeluladuaumnudniredeildsndudoddndunmey Tunsdsdyaranmilouagouay
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ynna Tagegmelfinnsgiu IEEE 802.15.3a uasisnzamiugliflsisesnislitianedya o
Jeureainiasesnsuiiamesludigunsalifeuss 1du tadesfias 99n1m Lundeninla s
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Caregiver
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Sensor Node ﬁ
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4
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Pulse Oximetry EMG - e —
Sensor Node Sensor Node M rk Healthcare

Sarver

-

Emergency Services

or
Medical Researcher

JUT 2.5 nsieuselasetnguus MLy Yy [15]
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WLAN (several 100 meters)

WMAN (100 km or larger)

JUN 2.6 Wisuiiguinmsdearsveanaluladlsany [15]
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= 1 1 o [ 1’4 a
2.5 VIQH{]ﬂ']SﬁQNﬂUﬂJENW%ﬁﬁ’]‘VﬁULLﬂ‘Uﬂ’J”I\iEN

Tuszuunisdeansldans dyaradiiatunnaadidiazdecildteulfasonia
Wiowlasdnyaalnilududyyaueduulminliid miuunsnssaeriutosdyainds
TngluAoeinia Wedyaraudunianiniaiufagdarsoniasudygiadeimedg
NAUAUIINNIAEY ﬁa‘v‘hmiLLﬂaﬂé’wJ@mﬂﬁuLLajmﬁﬂlvmﬁﬂé’ulmﬁué’ﬁuvzymlw%ﬁﬂﬂ%y’q Tu
nsEnwdanisunsnsranevesdyaalussuuanuiuaunineds Inslussuuuauanuiuay
(Narrowband) Tngtnfiduazgninnualagldansvesiia wiagliaunsatuldldlaensed
nsdsdaaluszuuwauniiads %qaﬂﬂqmiazﬁﬁﬁaaﬁ’wﬁ’mim‘%"aﬂﬁummmﬁ' uragalshnu
gﬂiwuaaﬁfgzgwmﬁummzﬁ@Lﬂuw Hesanqaantalunisnevaussmiuivesaiseinia
JalasinsUSuUgeaunIsveInsa \odnsednnuRaiteuvesdyaa

lnglvidayaaBunaununie v (t) L.Lazﬁwmiﬂaui’;q%’ué’zyzyw@uwmﬁaEJ”zyggwmﬁ

[

THlun1snsesnnudiun h(t) feil [10, 11]

V(1) = ES()*h (1) (2.5)
3
[ @de= () df 4 (2.6)
msUfulgInsdsiuronBaiiafissgavs amlunisdsdoya agldsd
Heas (F) = Hy (F)H (F)-He(F) (2.7)
Ho s (£) = He (F)H, ()R (F)-Hi(F) (2.8)
Tnefi

Heris (F) Aonsussanaflendunisdeinudyyinvemsa
H (f) feilandunisdmudygiaduainia
Hi(f)  Aelsidunisdsinudyeiuveiansoiniaaiss

Hi(f)  Aeileidunisdwiudyaiuvssaigeiniadisy

oy
oy

H,(f)  Aeflsidunisdainudyyinduns

waransunsallelansan

He-Friis‘,Iso(f): Hf(f)H|(f) (29)
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2.6 szuvlunisnaaauYasdyyiu

2.6.1 nsnedauvasdyyInlulamuAuD

nMsnaaeuvesdyaialdulamuauiarldieiediondniilddmiunsinfonies
WATIALATIVIWLUUINLADS s’ﬁaLﬂuqﬂﬂ'ﬁﬂiﬁi‘i{%’mmsmimaauﬁwmimaé’ﬁgzgmﬁi{f
m'maauﬁ?uwLﬂuﬂzjmmﬁzgzyﬂmmuLmugﬂlﬂjﬁ (Sinusoid) FainsnIARaBALAUAITYE
fifoansfiansurdseneunisidarserniauuunauning laslunisesnuuusiasives
Fosdyanauaun’edaiy a'mﬁm‘ﬁ'a}zﬁwléﬂua";umaamiﬂizmama%’a;ga wazileldiznis
naaoudyyalulaumuanuivinavesdyyiu Mhnmmeasuamgnivualinaiiie
%’ﬂ‘mL‘gauimaaﬁziaﬁiyzyﬁmiwdaamammmmﬁimaﬁmqqqmmLammimmm’mﬁqqgﬂ
nalAeIanTutly (Coherence time) U999a3dYRIal H1L181A1TNIIAUIUNTINIAITINE
Yoesdynnands Yesdygiensanianisdsuslaiwiailunisninanuidiniunis
Wasuwlamwestesdyaaiiintulietimnditu Sndudeddinaiaiinisdug W
NNIASIRBULNY %ﬂﬂizﬁw%mmaﬂmﬁmaaﬂﬂmLuummﬁﬁgu%gﬂﬁ’mumimaﬁhqqqm
realseiesvedynia SueuaduuLTeaaUsEINiingiadeu aunsafiviunlag
7., SuugevasmaildlunisnausasasazuudIng B Fellemnuaunisd

2.10

VAY =
Trax = (Nony 1) (2.10)
B

Tned
A o a
ap_ ABITHAUAAND

B  AkuUUMIAN

Tunsiissrhnsnedeudyaialagldiniednseilasmwisuuuwmnnesiu wadils
MNMIMndeuRe NaneUAuaIANETENte iy Aivhinmageuantuarldnisudas
Y5105159Wnu (Inverse fast fourier transform: IFFT) msuUasdoyaannismaaeudilaiuy
anualvegluguuuunansuaussBuiaduesiawunasaansluguil 2.7
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| |

Tx-antenna i Iﬂ‘mm ! Rx-antenna
i : 1 i E
! |

JUN 2.7 ssuumaveaeudesdyaailulaiuanidlagnisdliaeiinsiiguuunnmes

A

wagn1sulasEiesisamndululawunan [13]

2.6.2 msneaduYasRyyIlulauLIal

1umimaauﬁaaﬁmzymluimmummﬁ'ﬁ?u anunsafiagyhnismaaeutesdymio
Tugnwaedlineiild (Non-stationary)  348n3sn swilaignihanlfieniinismaasuly
Tunarfiasaldusslevidmsunuuiaunineblda

msmaauﬁaﬁmmm%mme"m?}a’[,uimmuL'JmﬂfmvLﬁué’ﬂwmvmsﬁaﬁmmm
qummmmm Tnsagldnsdmuuiadnivuinuauanng duadessutiueeliseadalaalay
fimsdnAudeyauuuiinea Iﬂ&JqumﬂmaqmimﬁauumumuaaﬂmﬂﬁwLLawmwm’m
YosWadnLY szNwasuaqmmJasJuLLUaammmwwaaumama’lmﬂﬂmﬁLU deuuvasiuey
Wasuuasaiunasusae aai'mliﬁmumsﬁ%mwﬁamamauauaﬁuﬁaémmﬁmﬁﬁymﬁmﬁfu
fa3‘1/‘1’1m':?LLaﬂgﬂﬁmmwmﬁaﬁﬁlﬁdqaaﬂmﬂmamswmaa‘uiﬂEJmamsaﬁ’waaqsﬁaqé’agzmmﬁgﬂéfm

o

1 anunsavhlimngudygaiadildlunisnsnaevldnvasiluiuuifediugudygiud

AR}

gniunldauate Bdassaisdmiummeaeululasmuiaiiiu daanslusun 2.8

Amplitude

ﬂ‘"‘# T

Time
Impulse generator Probe Digital sampling
antenna oscllloscope
Trigger pulse

sUN 2.8 Msveaeutesdyaalulawuiia [13]
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2.6.3 W151AWasNIYIunNITIATIZN

Tuntsdeansuuulianetiu sududesiiansaniedadesiieg fvlnannisdouulas
syauresdgauliinasdussauvesidunu wazaUsEliiintudasomanildmante
”zyigﬂmﬁ%’ulﬁﬁgaémﬁaﬁwmsdaﬁﬁgimmmﬂmﬂdﬂﬂé’ﬂmﬂ%’ﬂmawaﬁlﬁmﬁumdwﬁ%ﬁmﬁw
nsmsavdeulesduieisnmImegeusniuna ildannsmagey tusndudesuihuile
Anszimutunousineg Welinsudmanseny uavnsasunlasisildnanluudalaely
Funeuilinudrdyneq fusuneunisnageuddanusniugosininudilaly
msfimesingg fifedenfenansiiesesifigniewuaietiold lnsluvdatazndnis
wsinesiandnn sl

2.6.3.1 duusrAnanisdeirudasdyyin

dmsutuneuresn g UTuan dudnumynIsAdNUsEANE NSy
(Transmission - coefficient: S,,) dyanmainwesaivislumasniiaosainioinme
Tassenuunnmes lnemsmAduusyavosenan @unsamlannusnnisvesmsdmes
N13N324ANTZ7Y (Scattering parameter) #58L38071 S-parameter Falfeumuuning
MM3N3EAANTZAY (Scattering matrix) VaSIATIUIBUUY 2 Wa3a faaun1sil 2.11 uasuandly
U7 2.9

b=Sa (2.11)
Taen
a fennmasnisasiu
b AanNMasNIsaLYIaU
S ﬁ‘ﬂL"JﬂLﬁ]@%ﬂ’]ﬁ‘ﬂi‘z@qﬂ
L Y,
4 P — S o dis 2
& ) ., Two-port vV &
¥ QN © Network o e 5
>~ —

JUN 2.9 vdenlaezunsulasadienuy 2 wesn [13]

Feanansauanslviegluzureuunindaaunsn 2.12 uag 2.13

E:P} (2.12)
a2
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grafdeinudluTinesands
QIUNEENDUNAUINEIND AN
e luGnesnans

DdtUUIUNFETPUNAUNTINE SR
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b1 = alsll + azslz

bz = a1821 + azszz
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(2.13)

(2.14n)

(2.14%)

(2.14m)

(2.144)

(2.15)

INANNITN 2.12, 2,13, 2.14 uaz 2.15 annsalieulreglusuauninszdn
NeRENNISH 2.16 way 2.17

(2.16)

(2.17)
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Uszanonisaswu (Forward)

o))
ﬁﬂ

12 2

S
S YI2@ANTNNTABUNNAY (Reverse)

o)y
EE

21 2

ANMSUNIS LM DIVDINITNSTLIANTLINYVDILAIDIIATIEN LATIVIUUUED S
NOSHUUSIENUTONLINUA L LM EUVBIAA LA ULAL AR UAE DU AR 9 T]

s, - (2.180)
S -

S, = 22 (2.18%)
a1 a,=0

S =23 (2.180)
a2 a,=0

D= s (2.189)
a, a,=0

2.6.3.2 WANDUAUBIAIINAVDIVIA YUY

v

denedeutesdunialasldinsoriinseilasanenuunmaes ssdoudile
GLUL%‘IEN“UBQTJUULLaSTgﬁ‘gQJ”mﬂﬂ8§3UUﬁaﬂﬁmﬁ@§:iﬁmﬁu Faavdosanunsaiauiiududiol
Anenud§anugesjamneidoms Taodgainfeuinammenmuisegisiignieuldi
dsvuuisenit dyanandmsedyaaduns (nput signal) U833 YU uagdyIUINNID
dyaauedma (Qutput signal) FudulTinamunignmioaninInsyuy visiSunuaney
dous (Response) 90435V lagaunsnnansuienlanozuniuyein1siaszin1saelou
spuUReUR 2.8 amansuaussiananldiansinuantivessEuy uaranmmageuNa
iéfﬁﬁaﬂ"1é’imizﬁw%‘midqmuﬁ@mmﬁ?m3LLUiﬁumqﬁ’uﬁaﬁ%’umaimumwmmﬁ
(Frequency transfer function: H(@)) 783tasdanalaeilsitudielounisauifna
fuazuanddidiuiwansvaussmuivesesdygaiinisiasan avUsyneusisauia
Funy1uitdarny uagnanauaeIINaWa (Phase response) vesdwyayiailneaiudusius
sewinAduUsyansnsduinudyaaiuiiidudelonvestesdyauanunsaimuaniy
NS 219 uazuansazuil 2.10

Signal Response

»
|

A 4

System

JUN 2.10 vdenlnezinsuveansinsieinisaieleussuy [13]
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S, (@)aH (w) = —;((Z)) (2.19)

JGRL
Y (@) Feevinnvasszutlulauuaud
X (@) Pedunnvesszuululawuaud

X (@) Y ()
H () >

A 4

Ul 2.11 pwidifusvesdygradunauaziovmavesszutlulaumanud [13]

2.6.3.3 HNANBUAUBIDUNAFVDIVDIAUIN

v v

nsuansfanandRvestedy M aunsalevane i Snevilududiten
Ao NsuanssIeANanauauDIBuNadeIssUY IneagiSudievenaafem da1uyes
flefduBuadead

Haidudunadarldmiloutuileidumily Ineflsstuduwadniamegndoy
unumedanwal S(t) Lmzﬁ@mauﬁﬁﬁaﬁﬁa

i f(O)S(t—t,)dt =

a

{ f(t,),a<t,<b (2.20)

0 ,otherwise

]
a1 |

Tagludll f (t) dosdufleidundiameLiios (Continuous) fidaan t=t,

naunsi 2.21 wazidormuald () =1 asld
[ot-t)dt=1 (2.21)

MnamsUTTuS e tulag du Srawihfuiuilidulddivansrileddu
Sunndasesunely 2.21 sznanldiuilédiduldedian 1 wie Tnemildanmsyuimg
azdonindndn (Weight) vesflerduiadiug dufuasnuirdninvesiledfudiavii
wiheflertuiadfifimin 1 wihe feiduduiaduiioniag (Unit impulse function) usiin
Waﬂﬁzjuauwaauul:ummmmwlmaﬁumaﬂgum LL(?]IHV]’NWE]N{]R]‘”MUV]U’WII‘L!?]’]YJLﬂﬁ’]‘”ﬁ
azumml,avsvwimamevmwaﬂﬂmauumawwaﬂmammmauwmwLﬂuﬂmwauwaa
‘mummsuuaugﬂummaLiafmmamauauaaamwaamaﬁuuﬂﬁuamaﬂwm WNUNANDUAUBDY
Fanan Fanansuauesduiaduesszuvansolfidufunuresszuuld isivanunsaven
auautivesszuutiug warlasanizdessuuneldnsfinsuidussuudadulien
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f11LIa1 (Linear time invariance system) ﬁﬂLmﬁwm‘UaﬁwUﬁLﬁﬂmﬂ ”fgzgflmﬁuwmim W
anunsalsududuiuslazun 2.12

X(t) y(®)
h(t) g

A 4

5UN 2.12 anuduiusvesdyaudunanaziomnavesssuululamunan [13]

2.7 Sy rsunuuaundess

AuuILLLYeaUna Uy suls wded Uzmzuﬁ%’uléﬂuimuummﬁ'ﬁ?u
muﬁmmevﬁlmmﬂmimmwwmuuumﬂﬂmmm ydsnuiuilandunisatelou
AuAvestosdnyey el SZNWQﬂsuumimEJT,auﬁuawaqammmﬁummimﬂmmﬂmimaEmm
Ferumunuluanaduvesdunadisuld szuandldmiauntsi 2.22 [10]

Vi (1) =V, (F)H.(T) (2.22)

lng
V(f)  Aemnumuiuiuanasuvesdngnads

H.(f) Aeilsddunisansloudasdayeno

uagiiloinrsiarsandygiaunsulalulamunan @awisainsiassilaenisilas
WawsiSmnAuvesmumuwiuaUne Suvesdyaiainsuld lnedyaunsulalulawma
v (t) wanslagisaunisn 2.23

v, (t) = j V. (f)e % df (2.23)

2.8 N15971a99N15aULEILTNND

ETREY

N5EEULAELTTD (Path loss) Junisaaneuvesdaya afiulsmusseenasening
mMedaaznasy tnefiriademdmesdyguavanamiua d " Taed feszeznassning
medmazniasua n Wudasfidmildlvwauandetuluauaninvesudnaiidyain
GNARY IﬂEJﬁ’lm'iQﬁgL?iEJL%ﬁaﬁ?umﬂ%Lﬁﬂ%ULﬁ@ﬂﬂﬂﬂﬂﬂﬁﬂ@iﬂﬂ g

Tuszuudeansl¥ane Fyaradiidetunnmeddiavdeniluteudrasoinmeiie
wUasdya o luidudygraendusdindnluill (Electromagnetic  wave)  d1wsu
wnsnseneH Ty addaeialUAReene Wedyyrandunsnianiasuieed
awenasudygIuduimindndutuainainds Aevhniswlasdyyiandundngnlni
ﬂﬁUlULﬁuﬁmmwmIWﬁﬂﬁﬂﬂ%gq Tun1sfnudein1sunsnszaedyy I uazisufiansanan
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WRIWNS ey UUNAANg (Isotropic radiator) Ima‘tumidaﬂﬁué’mmmummmwﬁgu
finagdenlirinsgaydedaiilueiniadng (Free space path loss) dAndudnsndiu
ismwﬁﬂé’qmmaaﬁmmmﬁ%’uléf@iaﬁwé’amuﬁuaqé’mﬁgmﬁgﬂﬁ'qaaﬂm [12] Fefinanudusiug
auannsi 2.24 Tagaunisanuduiusildazdontuinluinaunisninsdsesia

2
R g6, {L} (2.20)
P 4rd

Tagn

[ [y a

Aamasnuvesdanunsule

v o
'
o w o I

ADMEIUVDIA U AIDDNUN

T o

L+ ARPRTIVENUVRIAIUDINIARN

59 U

R APENIIVELIBVDIANEDINIATY

> O ®

A A= C
ABATIAINNYTINAUYY lz?

AoANULTANES (3x10° mY/s)
ARALDUBIAY U (HZ)

2 O

d  ARTEYLNINTEININNIAEILAZAIASTU (WIAT)

Ansadeiaanuvesdgaialueimeindagmiludesfnanlunievesnd-
wa (dB) FsliAunfiv

L,z =10log(P;)—10log(F;)
=32.44+20log(f)+20log(d)—10log(G;) —10log(Gy) (2.25)

F1 d Ivdelukm waz f Ivdiedu MHz aanaunstazmuldindinisagde
VaadnyaIATLiUMNTE Y g arANANRYeIRaUd M o1 Pp gaiidafiideny (Point

source) LaAMUAUILUUATR UV Tunsudieeenly d azdaindu

Pr

m (2.26)
JT

p(d) =

1aen

[ 1w

47d? AaNURIVRMSINANNTSATNAY d
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Tuszuunisdeansidaneiu Wimnendnnisuean1ssiasinisuninszaenauie
N15A1ANTSUAIAIAINAYLHS NG UV IT gy 10 PLLi099100154 13N 18R Y
Foadyanailnefinnsanandnaiussninseiumdnuiilddmasserumanuisuld 8
Tnehlusinazuanditeglumieveandiua (dB) [14] fauansluaunisil 2.27

PL[dB]=20log

SINISTE

<
Db
©
an
Qe
c
€
2
&

A % Ao [
v, Ao szfudyeunsula

a

o

o

Masgegavesdyyuilidasdyqyinm

WeuaUNITELEY YDA

o

PL[dB]

v, ()]

— (2.27)

v, (t)]

lnglunsinsizvinisgaidevesiasnuluszuuiauninegs PLYW 9gfiansuni
[ W Wl 4 ¢
Suls Faduilaiduresszeems (d) wazanunse
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ABSTRACT

Fhis paper demonstrates the difference between mnale
and female body resulty on Wireless Body Area Network
{WBAN}L Main purpose is to investigate UWEB prtk fosy
wmodel between male and female as well as vemnpare the
measurement deviation, The experiment i focusing on
pender comparisen in WEAN,  This research operates
on Eltra Widehoand (UWEB ot frequeniy 3 GHz 0 5 GHz
approximately. Method of measuresnent devived from
Jree space trasmixvion modef, root vaived  cosine
transmission siynal and path loss model. The results
explain thar the varfation of wmeasuremment in mafe Iy
sliphtly lexs than that in female on the fdentical
ervironment setup. From pesult of this expertment, the
wost suitable embedded devices and transceiver system
for two fupnan subjects could be designed for further
study Ire the future.

Keywords: (7WE, BAN, WBAN, Friis's formula, Path
feixs

1L INTRODUCTION

The human body will be a part of information network
rapidly. That inteBigent system is Body Avea Network
{BAN) which data can be trunsmitted to other people or
electronic devices by way of touching. A nmumber of
researchers are now concenirating on  developing
clectronic devices for human body to measare the
oxygen saturation, electrocardiogram, glucose level and
blood pressure. Those sensors consist of wearable and
tmplantable.

With the advent of Tow-power and Iow-cost
wirgless connectivity technologies, BANs can now be
tmplemented  and  deployed  uwsing  avsilable
complementary lechnologies.  Each of the sensors
transmits  collected  information  wirelessly  to
external processing unit, focated on the patient or at the
patient’s bedside. This system called Wireless Body
Area Network {(WBAN} {1}, The processing unit can
then wuse traditional data networks, such as Bthernet,
Wi-Fi or GEM, to transmit &l information in real-time
to a doctor's device or a specific server. The sensors
nsed in a BAN genenlly require accuracy for their
physiological parameter of interest and a certain level

Higl

of low-power signal proeessing as well as wireless
capabilify,

Ultra wideband {UWB} communication systen is a
wireless communication technology in the frequency
band tfrom 3 GHz fo 5 GHz 2L In principle LIWR
technology 15 the vse of short pulses instead of
continuous waves o transmit information. The pulse
directly generates a very wide instantanecus bandwidth
signal according fo the fime scaling properties of the
Fourier transformn relationship between time, i and
frequency, (3, 4]

In this paper, we study UWB path loss model for
BAN transfer function using UWB operated at 3GHz (o
5 GHz on WBAN by messuring two sets of data
mcluding men and women and each of them comprise
6 models. The next section provides Ultra wideband
theory. Then, Section 3 introduces related parameters
and measuremert of male and female path loss. In
section 4 present the result of simwlation. Lastly,
conclusions are given i Section 5.

2. ULTRA WIDEBAND THEORY

2.1 Tree space transmission modsl

Inpue signal w.(f) ar the ransmitter port is expressad
as the convolution of an impulse inpu {5, 6, 7] and the
pulse shaping filter /1 {f) as

v (£} = ES5(0OFhir), (1
where

| wede={" |H Y df =1, )

Friis” formula is extended taking into account the
transmission waveform as

Vi
E

H_ (=l = ORI B o)

where
I"E:; = Iil (Q: . qut " <f)
- gaHaE{gu ?wa’k f) + {paHag:({ga

a=yor |

20, 11 )
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is a complex transfer function vector of the antenna
relative to the isotropic antenna,

A
H. = exp(—ijkd), (5)
Y drd P
is the free space transfer function where
L 27 )
=—, 6
A

is the propagation constant. The unit vectors @, and
q’f’u signifies the polarizations and they have relations

as follows

6,=6,. g
P = 8)
2.2 Root raised cosine waveform
The root raised cosine pass band waveform is the

waveform with root raised cosine spectrum and its
spectral density [&] is defined as

: (-4
1; M ey
-l
a-2) {1+ £) {9
% — A <l fl-fil<—=
) el A e AP
0; otherwise
where
A= \/%{1 +c0s(£“ [F i+, \—%D}
7 .o
T = — is the reciprocal of the symbol-rate and
Jv
£ =0.3 is the roll-off factor.
1
LR <
0.6 4
0.4 N
=
= 0.2 -
-
g ]
=S u
E 02 —
<
0.4 4
0.6 4
0.8 4
R
Time (ns)

Figure 1 The transmitted waveform ot UWB system
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Magnitude (dBm/MHz)

Frequency (GHz}

Figure 2 The spectrum signal of UWB system
2.3 Path loss model

The path loss is the difference {in dB) between the
transmitted power and the received power [9]. The path
loss model is used to predict the radio coverage area
between the transmitter and the receiver [10]. The path
loss exponent n, is a measure of decay in signal power
with distance d. The path loss for any T-R separation
distance is defined as [11]

PL(d)= PLdB(dU)Jrl()nlog(di} dz=d,, a1

)

where  PL.(d)is the average path loss at the

reference distance, do denotes the reference, d(} =1.n

is the path loss exponent and d represents the T-R
separation distance. The path loss increases as the
distance increases.

There are two detfinitions of path losses based on
average and peak powers. The peak power loss and
average power loss from transmitter and receiver are
equal for the distortionless condition. However, the
distortion of UWB-IR wavetorm due to frequency and
time dispersion of channel causes the difference.
Therefore, both path losses based on average and peak
power losses are necessary be modeled. This section,
both path losses are mathematically modeled in the
closed form formulas.

UWB-IR free space path loss based on average
power loss in dB is defined as the ratio between the
average power of transmitted and received waveform in
frequency domain and it can be written as

v or
PL, =10log| =—— |, (12)

[ o
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UWRB-IR free space path loss based on peak power
loss in dB is defined as the ratio between Lhe peak
power af transmitied and received waveforms in time
dornain and it can be written as

| max[vf(r )} ‘]‘

Pl. =10log:| ———m——= '
p X [1";.1'(1)} JI

3. MEASUREMENT MODEL AND
ENVIRONMENTAL SETUP

A1 Measurement model

The vector network analvzer (VNA) was operated in
the response measurenent mode, where Port-1 was the
transmitter port (Ty), and Port-2 was the receiver porr
{R,). respectively. In the experiment we cvaluate the
resull {rom various positivns on the hunan body as
shown in Fig. 3.

AtLeft hand

S3:Lefl upper atn

O Leftear

Diheat

=rLefr waisr

- Riglt thagh
ankle

o

Porio Portl

Figure 3 Measurement setup
A2 Experimental setup

The significant paramerers for the experiments are
listed in Table 1. We simnlate the experiment in the
frequeney band from 3 GHz to 5 GHz and use 201
frequency points. The antenna is a commercial,
small-size, Tow profile antenna developed by meander
line |12]. "This experimeni is imvestigating on 6 men
and © womerL.

Table 1 Parameters of experiment

Value
3 (GHz 10 5 GHz7

Parameters

Frequency range

Number of frequency

. 201
poiits

Antemas tvpe NMeander line

Number of saniples 12
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4. RESULTS AND DISCUSSION

This seciion describes experiment of the results from
the linear regression simulation in order to calculate the
values ol path Toss that we measure ul any poinls on
human hody. This experiment can be divided into two
categories by gender which consists of 6 men and 6
women. The result conlains peak power loss and
average power loss of male as shown in Fig. 4 and path
loss and average power loss of female as shown in Fig.
5. Then, the result analysis is described as follows.

20

% Wioasurcmant, aue rags power kas *
85H % Woaswcment, poa «power ksa u
v, Rz g agion r ode |, average power ks
gppL= = Regrassion mods, peak sower lass :ﬁ_ - _
&
75k . om
% ol [ #w
=7 - & B
a @ v TR .
gy = ‘
) 5 * T
= ol o B
B & - '*»%*“@*:% a®
& oL S % ]
ssh T &
P
e B
0] i £ -
E:) iﬁga‘fh' #
45} B & .
& %
40 . . i L,
107 10’

Distance (m}

Figure 4 Path Toss result of male

a0
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e ¢ e
70 % EY 2 /3&""‘"‘_
g i LEI S
ﬁ‘ V2 & Y e e g
- i 5 -
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7 N Be AT W By
E‘ 60| t gy .
. =
- et &
[ - w
" 55 » ﬁf&“& f% < -
o e i &
e L
50 B -
% E 8
. -
45 = % -
40
10" 1’

Distance (m}
Figure 5 Path loss result of female

Figs. 4 and 5 show the result of UWR path Toss
model for both male and female bodv. From the graph
above, there 1s a bil difference dislortion belween male
and female. Furthermore, the slope of the peak power
loss and average power loss in female has a higher
slope thun male. therelore the varialion ol measured
value at particular peints in female body is higher than
male body.
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3. CONCLUSION

This paper presents a study of UWBRB path loss model
for BAN transfer function ai various positions in
humuan body using Ulra Wideband at [requency 3 GHz
o 5 GiHz on Wireless Body Area Network. The results
from linear regression of path loss simulation describes
that values we moasure [rom 7 points on body
including left hand, left npper arm, left ear, chest, left
waist, right thigh and right ankle of women has fairly
higher measurement variation than men by using the
identical experiment.

According to the result from this esperiment, the
fulure work is (o improve e transmission signal and
receiver signal in order 1o obtain higher efficiency of
ransmission. Antenna altering is also another choice of
the experiment in the future. Afterward, the best uning
puranicters to design the cntire system on WBAN
offering the measured valie at any poinfs on male and
fernale body is similar without gender effect.
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