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ABSTRACT

Short-range wireless communications and wireless networks on the human
body have garnered significant interest, particularly in the context of Wireless Body
Area Networks (WBANSs). This thesis presents a performance evaluation scheme for
the Ultra-Wideband Human Body (UWB-HB) transfer function in WBANSs. Experimental
measurements were conducted within the frequency range of 3 to 11 GHz,
incorporating the human body as an integral part of the receiving antenna. Using a
vector network analyzer, the measurements captured the UWB-HB transfer function
by employing two wideband antennas, a biconical antenna for the transmitter
antenna and a meander line antenna for the receiver antenna. The obtained results
were analyzed using the Friis' transmission formula and matched filter for optimizing
the waveform, carefully considering both magnitude and phase transfer function
parameters compared with a human body and without human body cases. The
evaluation encompassed power delay profile and transmission gain characteristics in
the ultra-wideband, providing insights into the influence of the human body on the
transmission waveform. Additionally, the study revealed that wideband transmission
introduced waveform distortion. The proposed research scheme offers a valuable

tool for designing, developing, and evaluating UWB-HB.
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Personal Device

Commiunication Distance

gl — Wireless communscation link
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Receiver & processor
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nsdinvestenmuatunIstdmugianuvesnalulagiauninegwinng e UsRuRnues
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G99 oglsfinnuAanuvunuivaUnefuidsnuuuiletenisidnosninsesuaelueinis
0¢ 10 dB zaglutaenud 1.61 Inzidsnd fs 3.1 InziBsed LAzt AN 10.6 3
nzgsngd

ngdedsfuresszuunaunirsdsluanizeuiniligniusanedlu diudesves Part
15 wpenvuneguIanans (Code of Federal Regulations) LLaquﬂsa}uaaazummum”ﬁwéq
Tanunsaldluszuunisdoans wazszuunueng 9 WWuwauamuddesialunisidanuuy

P3090U TULSD LaYIEUUAINIUAIAL
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A15999 2.1 UaiAluNITLNINIEEMENIULgANENITUIBNITNISTRATWIANANSTOLENT

dgmsunstaaulunisaeasnanielutaznneusnaians [8]

ﬂ’]’]%l?ll [Lunzl,%smsﬁ] neluainng AMYUNBIAG
EIRP in dBm EIRP in dBm
960 - 1,610 753 753
1,610 - 1,990 -53.3 -63.3
1,990 - 3,100 -51.3 -61.3
3,100 - 10,600 413 -41.3
49171 10,600 513 -61.3

2.4.2 ngdiateiuvasszuunauniredsluglsy

Tuglsuiinmsimusngdedafuresnisdearsuussnieey 3 1msgu Aevesanniw
Eﬂjﬂ European Union: EU) mmgmmiﬁﬁﬁmmﬂmm‘ﬂuqliﬂ (Conference of European
Posts and Telecommunications Administration: CEPT) kag 84AN15A31941MT§14UB4
qmm‘wmﬁmms?%amssummjwsst,wﬂqiw (European Telecommunication Standard
institute: ETSI) Inldadursianzludinvesaiedoidsdseenemimauyauuylolamseln

=y Yy o a ~ v i o = Y a
Lua\‘i"ﬂqﬂiﬂU‘ULL@Uﬂ?’]QENIuEﬂiﬂiJﬂ’]{LsUﬂqiﬂaaﬂwaﬂ\i"]u%ﬂﬂfﬁ!@LW@J@UGU@\TizU‘ULLﬂUﬂ'J'NENIu

anigewisn
= 413
Z |33
MR Y
= '
E g -61.31 -63.3 -61.3
z Sy, =— Tndoor :
Z o R == Outdoor i
r\_- ] v =753 |
o _— (.I_I_l |
m | | |

'3.%] (11'99 3.1 Frequency (GHzy ~ 10.6
D

sUN 2.7 mihnmnanasuvesssuuwaunedeimualag FCC [21]

sruukaunIedaluglsulvantienuveswuuainnuand1eiussuuiauninegelu
ansgowsni lnefidszuukauningsluanigeusmilauuuninvidngnagi 50 wWnzidsnd

WULAEINUTEUURIUN B UanS FaIN Ik UUAIANTldnaaay o d1unuaiaIndnsesu
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AIEAYBINITUNINTEATAW 10 dB AledAuviuLUUaUneSumasudmsunislida
aelueaslagnimualisagy 2.8 wasNTeuuwauninegyinude AdIgaveanias
devonanimauyawuulelanseUn did1 -41.3 dBm sslunzidsnd laganunsaldaulalugig

ANA 3.1 - 4.8 Fnuidnd Taedvaanisldausi (Low duty cycle :1LDC) %38 Detect-and-

o w 1

avoid (DAA) usimnlailaly LDC w3e DAA uiAniasdseananimauyauuulelansetnay

'
I

ol -70 dBm solnziFIRg (-80 dBm sewinzidsnd luraand 3.4 Inzidsnd e 3.8
Inzd5n% ) aeslsfiniue -41.3 dBm dewnzidsnd arunsaldaulugseud 4.2 3ny
F509 59 4.8 3nziBsed Wioldfinasle LDC wio DAA audsdud 2010 Aszuunauninedsd
Awdige Arindsdseanenaauyanvulelenselngegn Ao -41.3 dBm selunzLBsnd
Tug9aud 6 InziBsed a9 8.5 3Inzudnd wazluriemand 8.5-93nz1d50d ailA1ids

dsoenenirauyauuulelevselngsdn 1 -65 dBm siawuneidsnd N13v1 LDC vise DAA 1T

A

FN5aANITUNILIINgUNIRIvBsTEULULAUN TN fiussuulSaneiiley
—_ -3I]| FCC Indoor
= wiLDC or DAA wiDAR
E S aans S —
m
z 5l]| : !
% -ﬁl]l /: I
oy - R wio DAA - E § Bl mlialial
il Ty
|

L . et R

-9|]| I wio LDC or DAA

.1uu|

1 3 5 7 9 11

Frequency (GHz)

5UN 2.8 mihnnanesuvesseuuuaunIdimualag EU [21]

a A < Ave Y a Aa Y
nalnlunisnsiaaevnaznanidendunidnuazgnlilussuuwaunineganisedunis
wnsnsEeNuanaeiutuegiunisaniunsiusdaznindin a13799 2.2 uanslidiuieen
vosmdsdseanameaauyakuulolevseUnlunsasssuy

Fadldanusmundulesidudvesnudygavesgunsalssuusauninedlugina

A o

finvun w1s13wes LDC tnglagnienuasausnluannimglsy dall

- ANE9ARYRY Tx on Haenimzewiriu 5 ms

' '
o

- ANadgRNanves Tx off WINNIMTBINU 38 ms (ANadena1auInndT 1 Jund)

WgAAzaNYes Tx off unnImisewindiu 950 ms Tu 1 Jui

3.

- ANENARALANYBY Tx on 18 Funiity 1 Halus
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N15AIUANNIEIAS (Transmit power control: TPC) 1u3BN158ANITTUNIUVBY
annnglsy dmsugunsalszuuuauniieiifassuunuuniesalwanunsoldonsuaifids
dsenenaauyauvulelanselngsgail -41.3 dBm sewnzidsnd Turaaannud 3.1 3ne
\snd 4 4.8 IneidInd 6 InvidInd 4 8.5 IneLFINT uar8.5 IneLFINTG D1 9TnzBING
wazase 2.3 Ifaguisildlunisannssunuithluldfuaidsdsoononmauyauuule
Tonsetngean 71-41.3 dBm dewnzidsnd

dagtudorimunszuunaunidslunivglsveglutissedeyamanaiafiieadu
KANsENUYRITEULLNUN B suussuuRLATldfueglaemeglsuduusdunesdofmunay
Sanuniwesmianszewin mmemeiuglsuiuludureanalulaflnidesuandiifiui
dsmansznutiesviobidwadomodeszuuiiudiled Inededifanisunsnszaeideanuy
dmsumsldnutamelusazaisuenoiasiidisualae ITU v3e ETSI wandliiiulunnssd
2.4

M13199 2.2 MasdseenenieauyawuulelenseUnluudazsyuu [21]

. Max. EIRP | Threshold Max. EIRP | Threshold | Max. EIRP in
ISUULLASUIN
ael in Zonel |1 dBm in Zone2 | 2 dBm Zone3 dBm
A2Ua [ang .,
W= dBm ¢ dBm 6id ADLUNZLT TN
G W iy
LUNSLIINY LUNSLIINY
Radiolocation -70 -38 -41.3 - -
S-band: 3.1-
3.4
BWA -80 -38 -65 -61 -41.3
3.4-3.8
Radiolocation -65 -61 -41.3 - -
X-band: 8.5 -
9

MINN 2.3 Msaanssumuimasdsesnainiakuulelavsetngegan -41.3 dBm e

Wnedseg [21]

d' a a .4
AdUn (ANLLFTNY)

3.1-48 6-8.5 8.5-9
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M39A 2.3 nsaanssunIufmasdsesnainiaLuulelensetlngsedl -41.3 dBm e

Wwnedsed [21] (si9)

M5t unelu LDC or DAA Taigndu DAA

[PRIGNP]

ANSITUUUAUY | LDC %158 DAA+TPC | LDC 38 TPC | DAA+LDC 30 DAA
39501 +TPC

AN 2.4 ToINNAlUNISHENINSEANEMaIUlag ETSI dwsunistaaulunis@aansna

Meluwazneuane1ms [8]

¥29AU8 [In1BIAD]
< 31 3.1< £<106 f >10.6
-51.3 + 87log(f / 3.1) -41.3 -51.3 + 87log (10.6 / )
aeluanans
-61.3 + 87l0g(f/ 3 -41.3 -61.3 + 87log (106 / £)
ANBUBNDIAS

lngluun 2.9 uay 2.10 nisiSguiiigudedfnawnnsuniuvesgunsainisdoans

LOUNI9Ae FCC

40 AR

= Indoor limit
-0 - - s — wew  Part 15 limit

UWB EIRP emission level in dBm

i |
o 1
10° Frequency in GHz 10

3UN 2.9 ihnmnawnesuvesszuukaunieganglueiaisivualag FCC [9]



20

40

|
o
T

=550

—60 -

|
N
n
T

== Outdoor limit

UWE EIRP emission level in dBm

—=m  Part 15 limit

10° ‘ I"ruquluncl\ Iin {illly ‘ 10!
5UM 2.10 nihnnawnnsuuedsyuvkaunIngimeuenainsivualag FCC (9]

2.4.3 ngdeteduvasszuunaundredsludssmadiy

nptetifuresszuuuaunindegnieduldludeudanan 2006 uazluguil 2.11 16
vmsilisuifisumanumnuduaianduidsnuvesszuusauniisdsluanisewsni fu
vosUszmAdiiu Anaafianansolinulaegludag 3.4 Inzidsed fe 4.8 Fnuidsnd lutas
ANLAd way 7.25 Angidand B9 10.25 Inzidaed Turinandnudgs Tugemudsiisnisan
mssumulsigniunld dasenudil 4.2 Invidsed fe 4.8 InzBand anwnsaldonlilagls]
FesliiBnnsannissuniusudadiousuinay 2010 wivssmadUuldRarsandanateenly
aufaieusunen 2013 Tnsiluisdertmuaanslulssmadduded

- Tumsddiunsnelueiasgunsaiszuunnunhadeanunsnifessedull AC uay
gunsaiszuuuaunidelallfderulnl AC azdeslisuaunrlvilaesnauingudsanildsy
Fyaangunsalingdu q Mdeuderiuln AC

o

- dn3IN15dedayanINndT 50 Mbps enIUNsHivedy1MsUNIUAIMNEUNTAIINg

DU

- AMUAKUUAINYIBYTENTNAIUAUURALAINAES Iagazdnedindd 10 dB A1nAN
AU LA ARTNANR 9 UTOId Y Y IunTeln1slYauAILRLINAIUTBWINAY 450

WNELEINS
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3.4 4.8
-40 - -
DAA is
Foc required.
s~ i i Butlmm i
- H dEVICE TS lossmssssssnnsnnnnnsans]
I — allowed
g H to
£ operate
4+—— Japan

2 60 without ?
[l O&A until-
= Dec 2010
w

-T0

T.29 10.2%
-80
-90
1 3 5 T L] 11

1.61 2.7
Frequency (GHz)

5UN 2.11 JeipaunaiuvesszuunauninegavesUsemagdu [21]

2.4.4 ngdiatiefuvasszuuuaundrsdlulszimainma

agdetisfuuesszunun eBsiinadeduldludiangFeul 2006 Tneiiay
yuuaUansuMauadoadaiulsemagiu willdaanuddeiudsndnes ung
y5inesivu LDC fianlndidssiuananmglsy Muandlugy 2.12 Grsanudiiannsaldau
Tudismnudenldfe 3.1 3nzBsnd fs 4.8 Inzidsnd uarsenuigsde 7.2 Snzidsnd e

10.2 Ineigsnd Iomsandgyarasuniugnitlugiteruim laeilnnsiwesnliwaziisnis

¥
v A

Fadl

- guUnsalvesszuuLaunaBegniialaludinauvuieiosiu Be aniien ing
AIUANNTTUU

- AnuduuuRInviegsEminsanuivulazaniians Tagagadsiingy 10 dB 9106
anuLduaanfuiduesdygia niedinislduauauiuinniviemiadu 450
WnzL8Ing

- Mﬁﬂuﬁ‘%miamé’ﬁymﬂmuﬂ’augﬂli’fﬂmmmmﬁ 3.1 Inuidsnd 09 4.8 InzdInd

1.Anadsrmuivaanfuidanuliniy -70 dBm dewinzidsng

2 franamsdiegnsialioslaiiin 5 ms uaztrsnailunisvgamsnand 1 Jund

3 ndnuilaegeanuangunsalvessruukaUN B REdoanatlufsssiutlon -

' '
=) U =

70dBm sawngldsnd a1ty 23Ul Wedyyaunsulatvuiauinnil -80dBm me

WINELEIAY
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4.9UN30ivBIsrUULIUNINNBRADImANAsdy g uSulauInnd1 -80dBm sie

wnetdseg Anelu 2 3w

i DAAis

i required.

i But UwB

el odericeis |

1 allowed to
i operate
without

DAA until

M T
sharme -2

FCC
-a0

+—— HKorea
-60

EIRP{dBmMHz)

-T

-90

1.61 27 31 4.8 .2 10.2

Frequency (GHz)

JUT 2.12 dednfpaiUnasuvessruulaunINBwesseimamnma [21]

2.4.5 ngYavsAurassruuuaunIeBslulsemey
ngUevsRuvatTEuULaunINBgnUsRuldiaweus ALl A.A. 2008 lnunseNTie

gavnssuLazimaluladasaumaresymadu pufuuudiaviogszninganuivuuas
audans neayrTassinda 10 dB nAiauwinaans g esdyain vied
nslduauaudninnin 500 winzdsed Faeeuiiaiunsaldnudianumuutuaansu
189970 -41 dBm AewineiBng Aefl 6 Sneidsnd 59 9 InziBsed uagd.2 Inuidsed fe 4.8
Ineidend InegldiBnnsannissuniu aufafousuanan 2010 AadsaurukiuaUansy
damiluussmauuandusuil 2.13 Taefingdotsusugdndsd

- gunsalvesszuuwnuninsBaudsiosiulunisldnuuueiody

- gunsaivesszuukoun e adudsiesinulunisldeiudisveuinn 1 Alawnses
anniingasmans

- gUnsalvesszuULAUNT9BadeeldUN1T UTe99INNTENTIQAAIMNTIHLAY
welulafasaumeneuinsaiioldusns

- gUnInlNIAdBITEUULAUN TSR liad e dyyasunuiuaniineg
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DAA is required.But UWEB device is allowed
to operate without DAA until Dec 2010
10 I
FCC
-50 e
g o
E < China
Z 60
=
=
w
-f0
4.2 4.8
-§0
-90
1 3 5 T ] 11
161 36 6.0 10§

Frequency (GHz)

v

5U# 2.13 dednfnaUneSuvesssuuiaunedsvesseinaiu (21]

2.5 maUszgnduaznisdszuuiauniredsluldau
ssuukaunsBsiuananlulssendldnuldvarssuuuudel
2.5.1 msUszandldeuniadienigluainsditngy
msmaluladuuunisdanuszgndldenlunisidendeseninsgunsainnely
p1msdtine Ssvuunisdeasuuliassrerduienudosnissnmnisdeteyags e

seafuszuuaatinenlyluoimsdidnanudegun 2.14

JUN 2.14 waluladuauniedsmivlaseelimeseninsagudiuasinsdniiletio [10]



24

2.5.2 MaUszenaldaulasainenelunnnande

Gumahwalladuvunsdandsegndldamlunisidensesswinagunsalniglud

2V

finede 1Wu AewTlmesduyARa IATBAALAIA 717 ndesfdvia Wusu figud 2.15

Central
computer

= x.&_anmm‘“ T swncephase

sUN 2.15 nsuszendldmalulaguauningadmsulasseduinetde [11]

2.5.3 msUszenamaluladiuauninededmsulassieliaeuusianieuyud
msimalulaguuuninganyssyndldanulunisveudenue ioiem1evessnnig
wywd Weliodengvesininieaiuisadeansiulannisuanla lnelivsslovdlnonsase

a & o o LY [d ¥ [ n:l'
’JGU’]ﬂ']i‘VI’]\‘ILLW‘V]EJﬂ']%ﬁ‘U@LLa?fUﬂ’]W A32INANITONN L UUAY ﬂ\iz‘ﬂ‘ﬂ 2.16

Remote monitorin
Sensor node o E
a Medical radar
ECG =
sEMG (8)

©

(2]

0 Bioimpedance

o Body temperature
e Blood pressure

@ Inertial motion units )
? ________

Body characteristics

§) Implanted sensor

------- UWB
Remote data
BC Local data -
. . services
- Central device aggregator

Communication channel

High-data rate wireless communication interface

© oB20B
(Wi-Fi, Bluetooth, 802.15.4)

© Orr208B
©® 208
©

IB2IB

Internet connection

JUT 2.16 walulaguuuwauningassgndlddmiulasselsanguusismenysd [20]



25

2.5.4 nM3UszanaldaulunisAumaiiums

weluladnsdeasuuuuaunisdavngauiunniluvszondlflussuuisans
wszdumeluladidsaduue idesnszuusmiiduszuuiidsdirudesnmsvesman
Tuewan  anunsathluvszsgndldlunisnyaaeunsindouiivesing, asiaaouiiondniass
37U, NMIAFITUANNSIVLUY, Tlussuushwanulasndediuyamralunisnsivdeu
nawndeuiluiuiifisdesnseuaenfogmieiuiiifomsanudusnalunsasaasy
as, USSQﬂGﬂ“ﬂUﬂ’]’iGﬁ’Jﬁ]ﬁ@UV}%Qﬁhufﬁﬂmﬁgﬁ’la’]ﬂﬁlﬂiu 141, 85, Bgudon, lwes, warafn

LAZABUNTA FlaguN 2.17

5UN 2.17 walulaguuuuaunidsdmiunismeiunis [21]

2.6 @3l

unidldndnianalulaglassieldamsuuiienisnyued uasmelulauouniiaan
aAnaudadagiusIuiomMmuANTSYMIUTTUU LY WAUAIIE FAsuES sUlUUAR Y0
d1 uagnmsUszgnaliarunudetadudng o vosudazUseima 1wy ansgodng glsu gy
i wazdu lhesdurasenudildmdasduistusuudinivessuy seduidsanu
funsnszaresenisluaznisueneinis finivualagesdinsiininfiieade e iy
ARIENTTINENNINTADASWIENIFOIEN LaganTufvuaIAsHIUNNEITALUIANILIAY
annnglsy vise aviusinsauwiauseniyseina nsussenduaznsiiluldaulusueiig
1 YBINTARANTLULLAUNI19E %ﬂﬂzwmmﬁL*ﬂumﬁmmilﬁaaﬁwaﬁzwmiLL‘U‘ULmUmﬁq

saioulUlglunsfnunifeuagiiessinunguiuasnannisilauwansluuni 3
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NANN1SUTZLAUNAYDITYUIMUNITAINTULAUNI9E S

3.1 N&a171n

Tusyuumsaeansuuuliansiuinanelademenuindanudnduazinsiansanis
AN TaIuYeRId I N1sgayidelueInIAINg wazANURANENAINAIDINA
3 v P A a o Y a a [ YY) 1 =
Wudu Fadudsiivilmiinnisilasunlasvesszaudy o laglunsinsnszaunauyes
doyrnuuvuwauniedduanziindeuniglusinisuaznatsusnensiiudndanileni
AMNEIALY IHBIINHANTENUTLABAIAUTIAVS TaunTaadunIatazUadedu o aaulsidina
Tunisuszidiunruszansninaesszvumalulaguauninegsinaliluung 2 waznns
WATEAUTEENEN NV ITE UV LALAgn1TUIHaN LAAINAITIANIYINANTAINITIRLA DA ¢

& o = 1 A a = a sl o o A a ¢

VUNUFIULASNENNIINU N T 1UYeTa BansTwasidAgynlalunisiessinig
dsunaunedsluuni 3 4

3.2 Wentun1saelauvaIvoduuIn

v v

3.2.1 HARBUANDIANNUN YDA YA

(Y] 1 [

WeRasanmsindesdyaulaaldiaioinssiaiedie dsfinewihanudilady

LY

JUAULINAD TrUULAZHYIN tAUTEUUABNENYRIINg NTINAUTIEN TV U IR LN A
dSanugaymuneiisiensuazdanufeUsituminMennuieggnleudngssuy
S9N 71 dyanaivsedy i uaunn (Input signal) ¥8ITEUULATITAUIUIANIINIEAIN
U19981998N119INTLVUTUTENIT Fyayrieanniedaaiaiaidns (Output signal) %39
3 o = =t
HANBUALBY (Response) 1043 UU laga1NNTauaAnIUaRALADE N TUVBITEUUAITUT 3.1 DT
[ { :’/ I A ay v = wva (% AV va e |
Hanauanes Amnanuusludmlduanidnuantfvesseuuwazannisiananlanaaad
duUszdnonivdeniuvesdy gradalsiunssnuilsnduatslounisarud (Frequency
transfer function : H(f)) v9sesdgygialaeilendunislousinantuasuansdiiiui
HANBUALBIANNAVBIYRIT Y 1UNIINTRATURETeU TN UM TEAUR Y QYU AN
(Magnitude) HharNandUaUDINILWE (Phase) v03dy 1 lneAUdUNUSTEWI19AN
dulszdnsnsdwudygraduilendunslouvesiesdygiutunivuanuaunisi 3.1 [7]

WAzuARIRIgUN 3.2

Signal Response
—_— System —

UM 3.1 MTIATIeRsEUUALEY
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Y(f)

(f)_X(f)

Tnen

Y(f) Ao ednavesszuululamuniug

a

X(f) fe du maaiuwiuimuumma

X(f) Y(f)

- H(f) —

Ul 3.2 muduiusveadyudunsuaziewimavessrutlulamuaud

o

3.2.2 HANBUAUBIBUNAFYaA Y I0

nssaninuauURvaesdIvaINsavinlanatsds lnenisduisnieyldfe n1s

A7)

LAAIALAINANDUALBIDNWAT (Impulse response) VBITEUY IABLINAULUIZVDNE1IDIA

Hewesilantuduiad (mpulse function) fiadl

'
=

Hendudunadazliwmisuiuilsndunilulsefendudunadniamuiedndeuunusie

v o

anuwal 5(7) wavllnandisilae

jbf(t)5(t—t0)dt= ey g (3.2)

4 0, otherwise

Tneludid £ (¢) azdoaduilsiduiifidnseides (Continuous) fidnan 7 =7, 3
(3.2) Worvuald f(£) =1 ld

fo §(t—1,)dt=1 (3.3)

[
v A

nnaeIm T USTusTeitulag du fnawifuiuilsdulddinansaniladduiu

a0

untheedurgluaunis 3.3 nanldifuildiduldwes §(r—-7) a1 1 mie Taandild

(%
a | LYY |

MnnsvUsRusHeuEen dndn (weight) vesitsdduduwadiy fufuaznuinimin

(%
0 a 1

LR RGREY A5(t fA1ify 4 nuhe Heduduiadaiiimidn 1 nuletuSend
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[

flerduduiaduilantae (Unit impulse function) usiinflsdduduiadeyliiansoasialdas
Tumufuaualumanguasiunumlunisiiasiesndyginuagssuulagianiznisuan
Qmauﬂ’ﬁﬁuaqszw%ﬂﬁ’ﬁmmm%uwmﬁLfﬂu‘Wqﬁ%’u@mﬁaéwﬁwmafuﬁqgﬂﬁmuL‘%em:if] KA
novauasduiadvesssuulddaydnual A(r) WNUNAROUALOITINAMBRAND UaLBIBUWAS
yasszuuasalfidufunuvesssvuimazannsavenauaniivesssuuiuliuas
Tnglangilossuumelinsiinsuidussuundaduliasununaidnoidng () veq

szuuiiinandaanadune x(¢) o o duaunsadewduanuduiiuslisun 3.3

x(t) »(t)

—_0) =

JUN 3.3 anuduiusvesdaudunalaziomnavasszuUlulamuna

3.3 WUULNUNITUTZEUNAYDIT Y IMNITH SN IUAIRTUTTUULAUN 3198

3.3.1 nanmsgasdeeinuvena

o

nsdsrudygaluszuunaun 1989z iiANLRNR199 AN TEIE Y Y 16U

oo

mawInglaeinluilosnndunsasdgygialulawunisauazdyarantdlunisdeiuiu
Lifnsuaganfudy e anve feuIn15ad 10NN UAIDINANIIATUANL TN
AUTBNMUALPEANNITUITNIINISHEETWIaNSTaENN Ianrualildainudlugiu 3.1

InzIdI0G 89 10.6 InzidIag FLLaUANNNIININ TUNTTUIUAITNITAF Y QU 1ad T 15U

v o = a

nnsasedayaaitdlunsdmwdudygradunnniiedy dwuludaneeiniaiiues

<

[

FUY 98 N UG8 DINIANINAIUSU LIDE N A UNIIUNI DA EINIANIIPTUS UKD

T o T U

o

NUUAU UL NIUNTZUIUNTAN USRI UINIP I US U991 TDILUULUATD

[
[ 1 =

(Match filter receiver) 6ia3u#n 3.4 ivelviFndnsidrumasdyaiarodayyiasuniu (SNR) i

[ o

ANgIUINTIgA 31NUUTINITTURBUVBINITNTIIUA Y YAz A NLalUTiAT1e9

g

=l = ¥ I a a wa |1
Wiguigunuaenadasseninglunimeulwasnisfimsely

Tx-ant ~ Rx-ant
- >
d MF MF MF MF
’— Rx- [ free — Tx- ——|wave —‘
input ant space ant form peak
waveform H - detector
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H i (fod)=H (f.d)H,(f)H, ()H,(f) (3.7)
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PL[dB]=201 _maxy o) (3.15)
= (0] .
s maxvr(t,dx
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PLyys (d)fdB] = —2010g[max|v, (¢, )] (3.16)
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RMS (RMS delay spread)
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The body area network (BAN) working on IEEE 802.15.6 is a wireless short-range
communication system that is smaller in coverage than the personal area network (PAN)
IEEE802.15.3a. A wireless body area network (WBAN) is a wireless technology with a human
body that is becoming a key part of short-range radio wave systems and wireless medical
technology. The transfer function characteristics of the human body and the transmission loss
due to the human body should be studied. Short-range radio wave applications with a human
body are more complicated than additional uses. Therefore, realizing the distribution channel
characteristics of the human body with ultra-wideband (UWB) technology is important. UWB
technology has a very large bandwidth, low power, and low cost, which can be used in short-
range systems. In this paper, we present the characterization measurement data of the UWB-
HB channel transfer function based on the human body effect with and without human body in
WBAN gystem. In this study, we maximize the signal-to-noise ratio (SNR) and contemplate
the matched filter at the recciver. The outcomes are analyzed and evaluated on the basis of
Friis’ formula. The proposed method achieves very precise results and is convenient for the
evaluation and design of the waveform of WBAN transmission in wircless medical applications
and BAN systems, mainly focusing on the input waveform cffect.

1. Introduction

Wireless body area network (WBAN) communication based on the wireless ultra-wideband
(WUWB) technology has become a major topic for short-range communication systems with
low-power and low-cost systems.’*? The WUWB is dissimilar from additional impulse radio
technologies. Instead of using the narrowband like other RF technologics, WUWB transmits
low power spectral density (PSD) and tiny pulses in the range of its operating spectrum. The
WUWRB is an exclusive and new operation of a recently licensed frequency spectrum. The
Federal Communication Committec (FCC) has regulated the occupied bandwidth equal to or
more than 500 MHz or a bandwidth fractional frequency equal to or more than 0.2 working and
frequency spectrum for ultra-wideband (UWB) signal equal to 7.5 GHz, which varies from 3.1-10.6

*Corresponding author: e-mail: sathaporn.pr@kmitl.ac.th
https://doi.org/10.18494/SAM.2018.1853

[SSN 0914-4935 © MYU K.K.
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GHz® The bandwidth of UWB can be written as

- (fm-11)

The low f7 is the lowest frequency and fz is the highest frequency at —10 dB. The FCC stated
that the PSD of the UWB signal should not be over —=41.3 dBm/MHz or aver the FCC part 135
limits, which made the UWB signal to be considered as noise for other radio communication
systems. Moreover, the UWB communication system can coexist without involvement with
other wireless communication technologies. Therefore, the UWB impulse radio technology is
a promising contender that may be used for commercial uses owing to its low budget and low
power transmission within an indoor network such as wireless personal area networks (WPANg) @

In wireless communication in a narrowband, Friis' formula is expansively used to analyze
the path loss in free space™ Afterward, for WUWB communication, the complex form of
Friss' formula has emerged to analyze the transmission waveform.“®) The optimum WUWB
receiver is used as the matched filter. ®™Y To derive the signal-to-noise ratio (SNR) gain, the
restangular waveform is used in a WUWB free space channel:'? however, the discussion about
the transmission channel measurement and WUWB antennas is insufficient.

WBAN has become the main short-range radio wave communication system. WBAN helps
in the development of the health care industry and biological and information technologics.
In the ideal term of WBAN, the wircless networks should have a working range away from
the human body between 1-4 m. WBAN is categorized for applications such as medical and
nonmedical uses. Factors such as reliability and power consumption are essential for WBAN
uses in medical treatment. In the casc of nonmedical uses, sound and image transmissions
require a high-speed data transfer rate. Becausc it relies on the location of a device, the
application of WBAN should be grouped as an implant and wearable device. For most medical
treatments that can be categorized as an implant case, wircless amusement and entertainment
applications can be categorized as a wearable device. (P15

In IEEE 802.15.6 TG, the standard of BAN has been deseribed, including details about the
OSI layer for BAN. To develop a communication link, the channel modeling is essential. The
WBAN channel models are sorted as in-body, on-body, and off-body. Even so, a right model
explains the WBAN channel characteristics but is still not available. In this point, it 1s not easy
to design and evaluate the proper WUWB network.

In this research, we evaluated the UWB-HB transmission waveform for WBAN with Friis'
formula that can be adapted for UWB impulse radio systems. However, in the evaluation of
waveform distortion, the UWB-HB transfer function and a brief conclusion on the experimental
study of the UWB-HB transmission model are considered in this paper. Besides, in this paper,
we also use an extended formula of Friis, which is applied to the UWB-HB system model to
evalvate the transfer function and measure the transmission transfer function with the vector
network analyzer (VNA). The UWB-HB transmission waveform model is acceptable to be
used in wireless medical research.
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2. UWB-HB Transmission Model

In this research, we consider the UWB-HB system link budget in free space evaluation. In
a narrowband system, to calculate the link budget of the propagation loss in free space, Friig’
formula usually is used as a suitable technique.® Therefore, for the WUWB transmission
gystem, it cannot be directly relevant to the formula that is represented in terms of the frequency
function. Furthermore, because of the antenna frequency characteristics and the distortion of
waveform,”” we had discussed and recommended the time-domain antenna effective length.
One may treat the special cases of the steady UWB-HB gain and the steady aperture. In a
narrowband line-of-sight (LOS) channel in the communication system, Friig' formula had been
applied as

Gore )= 4 (1 ~GH(1)6. ()G ®

where G(f) and G,(f) are the Tx and Rx gains, respectively.

2
L)~ (ara) ®
Here, GA(f) is the propagation gain in fiee space, ¢ is the velocity of light, A:% ig the

wavelength, and fis frequency, and the separate distance between Tx and Rx antennas is shown

=

in Fig. 1.

However, note that Eq. (2) is satisfied only at some precise frequency, and cannot
immediately be applied to wireless UWB communication. Friig' formula is maodified to analyze
the waveform transfer function ag well.

The impulse input is convolution and the pulse shaping at the transmitter side can express
the input signal waveform vi(#). It is 2 as

vi(t)=8(rp<h(f) €]
Tx-ant Rx-ant
d MF MF MF
free T~ —wave
input space ant formn peak
\\'i'lV!‘.‘fOl'lI) detector
o ')I:

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

0

[ ri(ryae= [, ( £ =1. 5)

—o0

The UWB-HB channel transfer function of the receiver introduces the matched filter /7,:(f) to
maximize the SNR, as shown in Eq. (6).

H i
Ry () 2l ) .
j ‘H:-Frii5|2 5?7‘

—D

In the 1sotropic case,

Hy s ()
T ‘H:—Friif|2 qar @

—0

HMF,Isa (f) S

which fulfills the condition of the output noise power:

[ lEyw () dr =1 ®)

—0

In this illustration, the channel transfer functions of the received signal waveform are /7,_g,;(f)
and s, g0, and ;= 1, the waveform output. The output waveform by using a filter with
matched vyz(f) 1s

Vagr (8) = Po-praig ()% Pagg ()
By s () g (1)

a—— ; &)
J j he?-Frﬁ.r (t)dt
and in the isotropic case,
Yaar 150 (F) = P prits 150 (D) % Pagpr 150 (1)
A priis 1o (D)% Pagp 150(—1)
- ; (10)

\/ I 1 priis 150 (D)l
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in the matched filter output wavetform vazs(f),

VMF(f):He-Fn'is,Iso(f)HMF(f)

2
- ‘He—FriiJ (f)‘ ’ (11)

\/J. ‘He-Frii.r(f)|2af

and the maximum SNR as

mf‘XVMF(f): IVMF(f)df

=0

(12)

JT ‘He—Frii:(f)‘ldf'

Equation (12) is Friis’ formula in the UWB-HB complex. This includes the antenna
characteristics, frece space propagation loss, and input signal waveform. From Eq. (12), it is
clear that the antenna gain in free space cannot be explained in terms of UWB-HB gain in Eq. (2).
Alternatively, the waveform effect that includes the transmission gain can be acquired from Eq. (12).
The normalization with Hye(f) = 1 18 evaluated for the reference isotropic antenna. The gain of
UWB-HB transmission is defined as

max vz (t)

G, = > ¥~ 4 13
- mtax ViF Jso (t) ( )

3. [FExperimental Evaluation Scheme
3.1 Experimental system

In this paper, the VNA was used to measure and record the result of transfer function. 1 In
addition, this transfer function is a product of UWB antenna gains that are measured from the
antenna transmitter (Tx) and the antenna receiver (Rx) in cases without and with a human body,
which is work done in an anechoic chamber room.

3.2 UWB-HB transmission experimental setup
The experiments conduced in this research are separated into two models, i1.e., with and

without a human body. According to Fig. 2, the antenna with Tx is placed on the front of the
human body and the body front of the Rx antenna. The Tx and the Rx antennas arc facing away
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from the human body. The model of measurement with the Tx and Rx antennas is placed on the
human body. The Tx antenna is fixed and then the Rx antenna is rotated from 0 to 360 degree
parts of the human body.

3.3 Transmitted signal waveform of UWB-HB system

In this study, the transmitted signal waveform communicates with FCC regulation UWB®
from 3.1-10.6 GHz. The bandwidth and middle frequency bandwidth are f;, = 7.5 GHz and f; = 6.85
GHz, respectively. The transmission waveform is assumed by using an ASK single pulse with
the frequency carrier f5. To satisfy the required bandwidth of f3, the pulse length was set to be
2/fs. Then, the Nyquist roll-off filter was used to limit the signal with the roll-off filter ¢ = 0

in the distribution with the Gaussian model ( e %, 1o +%j. Figure 3 shows the waveform

of the transmitted impulse of the UWB-HB system. The antenna transfer function was used to
simulate the pulse waveform transmission.

Fig. 2. (Color online) Expetiment setup and UWB-HB antenna orientation.
8 T
. b Y 1
/ / \ 0.8
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Fig.3. Transmitted signal waveform of UWB-HB communication: (a) spectrum and (b) waveform.
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3.4 Parameters of experiments

Table 1 shows the list of important parameters for the experiments. Note that the cable
connectors that are connected to the antennas had been calibrated. Hence, the measured results
include all the characteristics of the antennas.

4. Results and Discussion

The experimental result of graphical compilation is deseribed in this section. Figures 4
and 5 show the magnitude and phase of the UWB-HB channel transfer function in the case

Table 1

Parameters of experiments.

Parameters Value
Operating frequency span 3-11 GHz
Point of frequency 1601 points
Type of Tx antenna Biconical
Type of Rx antenna Meander line
Rx antenna orientation 0 to 360 degrees
Rotate step 5 degrees
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i
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Fig. 4.  UWB-HB transfer function without human body case: (&) magnitude and (b) phase.
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Fig. 5. UWB-HB transfer function with human body case: (a) magnitude and (b) phase.
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without and with a human body, respectively. In particular, at each pointing angle, the channel
characteristic of the waveform transfer function is presented. In Fig. 4(a), the magnitude
changes owing to the effect of the antenna characteristic. The phase 1s linear for the UWB-
HB transfer function in Fig. 4(b). In Fig. 5(a), the magnitude is affected by the human body
shadowing around 180 degrees. The phase is mostly linear except the angle affected by the
human body shadowing, as shown in Fig. 5(b).

Figure 6 shows the result of power delay profiles, which are measured in the cases without
and with a human body. The power delay particularly explains the frequency characteristics of
the delay spread and transfer functions, the shadowing effects due to the human body into the
UWB-HB antenna transfer function, and the waveform level at all pointing angles due to the
distance from the antenna. In Fig. 6 (a), there are null and small power delay profiles at 90 and
270 degrees, respectively, because it is the edge of the antenna at these angles. For Fig. 6(b),
the power delay profile is small and null from 135 to 225 degrees, which have the human body
shadowing effect.

Figure 7 shows the UWB-HB transmission gain in the case without and with a human
body. In the case without a human body, the delay characteristic value is slightly changed.
The signal is higher, because multipath fading occurs in the case with a human body. In

w =
y Bro1| Ig

)

-

Power delay profile
N

o

Power dela

o

5
Delay (ns)

Pointing Angle [Deg.] Pointing Angle [Deg.]
(a) (b)
Fig. 6. Delay characteristic of the UWB-HB waveform (a) without body and (b) with body.
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Fig. 7 UWB-HB transmission gain: (a) without body and (b) with body.



66

Sensors and Materials, Vol. 30, No. 10 (2018} 2219

Fig. 7(a), the transmission in the case without a human body is null at 90 and 270 degrees
because of the antenna characteristic. In Fig. 7(b), the transmission gain is null at 180 degrees
due to the shadowing effect from the human body. In this research, the optimum matched
filter is introduced as the receiver and the result in Fig. 7 shows the comparison between the
optimum matched filter and the isotropic matched filter, in which the difference in the average
transmission gain is legs than 2 dB, meaning that the optimum matched filter can be used to
evaluate the UWB-HB waveform transfer function.

5. Conclusion

In this work, we evaluated the UWB-HB waveform transfer function model for WBAN
based on measurement data and the analysis using the complex form with the extended formula
of Friis to consider the antenna performance and transmitted waveform. The matched filter is
introduced to maximize the gain of SNR at the receiver side to obtain the best performance in
WBAN communication, because the characteristic of the matched filter can increase the gain
and there is no delay.

In the experimental system, we consider to use VNA to measure and record with a biconical
antenna as Tx-antenna and a meander line as Rx-antenna. In the results, we evaluate the UWB-
HB channel transfer function and the UWB-HB transmission gain under two conditions:
without a human body and with a human body. The result is good to be based on the modified
Friis” formula and the matched filter. The UWB-HB transmission gain and waveform distortion
due to the human body effect at 0, 180, 270, and 360 degrees are known. The characteristics
of UWB transmigsion impulse radio with the human body effect with this definition may be
useful. In the waveform transmission, the performance is evaluated in terms of the UWB-
HB channel transfer function and transmission gain for wireless BAN. In this research, it is
a special case to study the theory for evaluating the UWB-HB at the best scenario. In future
work, since the matched filter is difficult to implement in real practice, other receiver templates
such as correlators can be considered.
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Body Area Network Transfer Function Measurement
with Frequency Band From 3 GHz to 9 GHz
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Ladkrabang, Bangkok 10520, THAILAND.
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Abstract— Wireless technology for body area network
(BAN) is significant interesting in the modern development
of short range wireless communication network. Impulse
characterization of ultra-wideband is important parameter
that used to study in order to understand a signal
propagation of BAN channel. Since the complexity of
wireless human body applications are higher than another
application. Anyway, it is important to understand the
channel distribution characteristics due to human body
effect. In this research report, transfer function of BAN
channel at frequency 3 - 9 GHz have been presented as the
characteristics of waveform transmission in case of with
and without human body for apply to the development of
short range wireless applications based on the
measurement data of this report. To obtain the maximum
value of signal to noise ratio (SNR), the matched filter was
used as the optimum receiver for better signal quality and
well evaluation of BAN system. The transmission equation
of Friis was introduce to evaluate the measurement results
in this report. The proposed method provides a higher
precision and useful for the analysis and design of BAN
channel to apply with the system of wireless medical
system which focusing on the distortion of transmission
signal.

Keywords: BAN, UWB, WBAN, path loss, delay time

L INTRODUCTION

BAN is become an important issue for the application in
short range wireless technology due to the absorption rate and
power consumption require [1.,2]. BAN will able to apply by
ultra-wideband (UWB) technology which have different
benefits from other wireless communication technologies. The
power spectrum density of UWB communication is lower than
other narrowband communication and wvsed impulse to
transmit the signal. The federal communications commission
of united states of America (FCC) had regulate a unique band
of frequency which have wider bandwidth than other
traditional RF communication systems. The bandwidth of
UWB in USA is ranging from 3.1 GHz to 10.6 GHz [3]. The
occupied bandwidth and fractional bandwidth of UWB had set

978-1-5386-8072-8/19/$31.00 ©2019 IEEE

to equal or greater than 500 MHz and 0.2, respectively. The
fractional bandwidth can be given by

B =eldnl)sg, 1

H+L

when the lowest and higher operation frequency at -10 dB
are fi and fiy respectively.

According to the regulation of FCC part 15, the UWB
power spectrum should not exceed than -41.3 dBm/MHz.
Hence, the other wireless technology will take UWB
waveform as the neise of its system. Thus, the benefits of
WUB allow other wireless system to coexist with UWB
system without the interference. Furthermore, wireless
personal area network (WPAN) which commonly used in an
indoor wireless system is convenient to apply with UWB
technology due to its can vse in commercial, low transmission
power, and low cost [4].

We apply the equation of Friis because this equation is
commonly used to evaluate the free space transfer function for
narrowband communication systems [5]. To apply the
equation of Friis to UWB technology, the equation of Friis is
needed to modify to the complex form of the equation of Friis
[6-8]. The optimum receiver has been introducing by matched
filter to evaluate the maximum performance of UWB
transmission system, [9-11]. However, the rectangular
waveform has been derive to use with UWB propagation
channel for achieve a suitable with theory waveform [12]. The
transfer function and antenna for UWB are not consider as in
Ref. 12.

BAN technology is become a key technology of wireless
technology for short range systems. The biclogy technology
engineering and information technology engineering are used
in the development of the BAN technology. The coverage of
BAN technology is consider used within 3 m from human
body and able to apply the concept of short range
communication networks. As state in the application of BAN,
non-medical used applications and medical used applications
are classified. The wireless BAN will be used in medical
technology. The power consumption, absorption rate, and
reliability are key factor requirement for BAN technology.
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Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downlcaded on June 08,2023 at 19:44:17 UTC from |EEE Xplore. Restrictions apply.



71

‘The 4th Intemational Conference on Digital Arts, Media and Technology
and 2nd ECTT Northern Sectien Conference on Electrical, Electronics, Computer and Telecommunications Engineering

He—Friis (0 HMF (f)
e m o e e e e S
H; (f) H, Friis (f)
e T e Moo >
Pulse L Tx Propagation L Rx L Rx Peak
generator ant channel ant filter detector
Fig. 1: Block diagram of BAN transmission model for WB AN system.
High-speed data rate is the basic requirement for a media and
data fransmission in the case of non-medical used of BAN 1V
technology. Furthermore, BAN can be group into wearable Gi{f)= [m) P (3)
T

and implant devices. The wearable device is mestly use in
wireless entertainment applications, while the implant device
is use in medical health care service and wireless medical
applications [13].

IEEE 802.15.6 is given the definition of BAN in the
regulation. The general information of BAN such the physical
layer, application layer, and protocol are defend in the
regulatien. In the development of wireless communication
networks, the design of channel modeling is very necessary
and important. The type of channel model in BAN can divide
inte 3 types which is on bedy, in body, and off body.
Nevertheless, it is hard to find and design an appropriate
channel model for wireless BAN due fo the characteristics of
the correct model is still under investigate.

The effect of human bedy in UWN communication have
been evaluate in this research. The proposed method is present
in the medify form of the equation of Friis for apply in UWB.
Thus, this research is focus on the UWB signal and channel
evaluation based on the measurement in BAN. And used the
modification of the equation of Friis to analyze the BAN
transfer function in UWB. In addition, The UWB fransfer
function is measure by vector network analyzer (VINA). The
merits of this research will provide a suitable UWB channel
model for wireless medical industrial.

II. THEORY OF BAN TRANSFER FUNCTION

This research present the evaluation of BAN waveform
transfer function with human body in free space.

Friis equafion of transmissicn in free space is commonly
used in the analysis of link budget in narrowband
communication systems. However, for UWB impulse radic
communication systems, the equation of Friis cannct directly
apply due to the equation is explain in the frequency domain.
Therefore, the distortion frem the antenna characteristics may
affect the pulse shape of the waveform [7] which may treat by
the gain and coenstant aperture, but there is ne clear discussion
had been made. The equation of Friis can be given by.

_BUY
Bif)

G () G (GG (r)y. @

where transmit antenna is Gy and receive antenna is G and
free space propagation is express by

where the wavelength is A, the velocity of light is ¢, the
operating frequency is f, and the separate length between
fransmit antenna and receive anfenna.

It is noted that the UWB communication cannoct directly
apply the equation of Friis due fe the limitation of the equation
that applicable at narrowband or some certain frequency.
Hence, in order to consider the waveform distortion of UWB
signal, the equation of Friis shall be modify.

To moedify the equation of Frifs, input signal v{f) is
describe as the convelution is the input impulse and impulse
filter /; (r) i

v (1) =8()*h (D), “h

With
[ 1 (#)de= (B (Hfdr =1 )

The receiver, the matched filter H, .(f) is introduced to
maximize the SNR of the receiver cutput, as shown in Fig. 1.

H .
B =D ®

ar

%
j ‘He—Fn‘is

—n

and in the isctropic case

H, g (f)

B )= . o
T 1H e ar
to satisfies by fellow power neise output power constant
[ ar =1 )
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In case E; = 1, the waveforim output is he_griis () and receiver
output spectrum is Ho_pio(f) . The matched filter output
waveform Vs (f) is expressed as

Ve () = A, gy (1) * I (7)
. h, Fii.s‘ (2) * Iy (1) : ()
[ 7w (3t

and for the isotropic case

Ve () = 7, gy (0 P, €0

— he FriisJso (i) i hMF,Iso (73) (1 O)

‘] T O )

and The maximum of matched filter output waveform v, (f)

is taking as

1|}MIF(f):I{e Frus,lso(f)HMF(f)

oz |He Fms(f)| . (11)

E

[1H. P &7

=

to taking its maximum as

méx Ve ()= [ Vi (F)lf

:1“ |H e (£ 7 (12)

It notes that, Eq. 12 is the modification form of the equation of
Friis for UWB system. The propagation characterization in
free space, the antenna frequency characteristics, and transmit
spectruim input are including in the modify version of the
equation. From Eq. 12 the UWB transfer function cannot
explain as the product of free space transmission gain and
antennas gain as describe in Eq. 2. However, the effect of
transmission waveform and tetal transfer function can be
obtaining by the modify of the equation of Friis. For the

normalization, the reference isotropic antenna
with H,_(f)=1 is considered. The gain of UWB
comimunication systems can be given as
max v, (1)
Gg=——— (13)
mtax Vi1 ()

165 em @
gu

|30rmr:3;, antenna
125 e (§)
20 om &)
115emi@

@ ™

N
#
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T
—

(

= S

Fig. 2 : Bxperimental model withont human body and with human body

m. BANEXPERIMENT SYSTEM

A, Experiment scheme

The transfer function of an indoor environment can be find
by the complex product of fransmitted antenna fransfer
function and receiver antenna transfer function. The channel
transfer function is measure and record by VINA [16].

B. Measurement and Modeling setup

The proposed experimental model I this research is divided
into two parts which is with and without human body,
respectivel v. In the experimental setup, both transinit antenna

and receive antenna are attach at 7 assigned position on human
body which spread in different position of human body. The
antznnas are placed on the front of the human body as shown
in figure 2

C. BAN signal model

According to FCC regulation, UWB transmit waveform in
this research is set to be 3 GHz to 9 GHz with the bandwidth
fo and center frequency f; is & GHz. A single pulse of
amplitode shifts keying (ASK) with carrier frequency fp is
assume in the simulation as the input {ransmission waveform.
The Nyquist roll-off filier in Gaussian distribution
(fs —f/2. o + fu/2) and roll-off factor @ equal to O is
used to limit pulse shape as shown in Fig. 3. And the length of
pulse is set to be 2/ f; in order to achieve the FCC bandwidth
regulation.
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Fig. 3: The transmitied waveform of BAN sysiem.

Table 1: Parameter of the Experimental

Parameter Value
Measurement Bandwidth 30 GHz- 90 GHz
frequency point §01 points
Amntenna Type iniddle line
Receive Antenna of points 7 points

D. The Experiment Model

The key parameter of this experimental model are listed in
Table. 1. Noted that, all antenna impairment is included in the
results. Therefore, before start the measurement procedure, the
calibration of coaxial cable and coaxial cable connector is
done.

IV. MEASUREMENT RESULTS

The transfer fumction of BAN which measure in this
rescarch will present in graphical form and will provide the
comparison of path loss and delay characteristics between
with and without human body case.

The comparison path loss is shown in Fig. 4. Particularly
that in the most of with homan body case, the path loss is
higher than without human body case due to the position of
the receive antenna on human body.

The power delay profile of BAN channel for with and
without case are shown in Fig. 5 and Fig. 6, respectively. The
measurement results prove that human body can cause the
different delay characteristic in BAN system. The lowest value
of the signal is related to the shadowing effect and the
separation length between the antennas.

The multipath fading can observe in Fig. 7. The root mean
square (RMS) delay spread have higher change in with huiman
body case

V. CONCLUSION

The BAN measurement model and evaluation scheme
based on the modification of the equation of Friis is present in
the research pare. The single ASK pulse of Gaussian
distribution and matched filter are introduced as the input
transmission waveform and suitable receiver, in order to
modify the equation.

The meander line antennas are used as the transmit antenna
and receive antenna. The results are explaining in term of path
loss and delay characteristic of BAN transfer function. It
presents the particular different between with human body
case and without human body case. This proposed model is
give a good evaluation resolts of the human body
characterization in wireless BAN channel with UWB
technology.
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Abstract— The modern technology of wireless
communications is rapidly developed and apply with short
range communication networks around human body. The
related research in these application has been investigating. In
order to study the effect of human body in the high speed data
rate technology, the patterns of ultra wideband for body area
network has been studied. The measurement results have been
measure and collected by vector network analyzer and analyze
by using the equation of Friis. The proposed model is design for
test and measure with human body in an indoor environment.
The results show the usefulness information for a wireless
communication for human body area network with ultra
wideband.
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I, INTRODUCTION

The requirement in the wireless connection between
electronics devices has been incresed whether the device 1s in
the office buliding or within the house. There are many well-
known technology for wireless communications which used
to connect the device such as Bluetooth, Wi-Fi, and ultra
wideband (UWR). The UWB is expected as the promising
technology to improve the effeciency of shorg range data
transmission and become the standard for ndoor wireless
communication. In this paper, the essential requirement of
UWB technology has been studied and considered for apply
in body area network (BAN). The effect of human body that
impact the UWB transmission channel with human body has
been studied.. This will bring the results into guidelines for the
development of technology for broad band communications to
maximize efficiency or to evaluate other frequency of the
spectrum in broad band technology in the future.

II. MEASUREMENT SETUP

In this study tested in meeting room size a 5x6 meters by
mstalled antenna at position on the body such as Head, upper
torso, lower torso, left arm and right arm. The distance from
the antenna to receive and transmit antenna to the point of the
room, as shown in Figures 2 and 3. The position 1 and 4
position is the distance to the nearest and farthest respectively.
rotation of the body at that position by a rotate step of 5
degrees from O degrees to 360 degrees. To measure channel
uses a vector network analyzer to measurement and
records.when tested on the human body. The system analysis
we consider used modify of Friis's formula and introduce the
match filter at the receiver side, as shown block diagram in
Figure 1 and considered in the time domain using IFT (Inverse
Fourier Transform). The signals used to transmit, consider the
time domain is used to determine the value of the signal
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TABLEL PARAMETERS OF EXPERIMENTS
Parameters Value
Frequency range 3 GHzto 11 GHz
Number of frequency points 801
Transmit antenna Bicomical
Receive antenna Meander line
Tx Antenna height 12m.

Rx Antenna height 11m 12m,1.5m, and1.7 m..

Distance beween Tx and Rx 15t042m.

obtained by considering the signal to get through the filter is
matched And not through the filter is matched in order to
consider both the delay and the level of the signal receiver,
and this research also considers the bit error rate (BER) to
demonstrate the effectiveness of data on the human body, the
various parameters used in the experiment as shown in table
1. the antenna used in the experiment will be mstalled on
human body by Rx antenna using meander line antenna and
the transmission antenna using conical antenna and the
direction of the antenna both vertically.

11T. BAN-HB-UWB IMPULSE RADIO RESULTS

A. Received Waveform

In considering the domain of time, It consider the level of
the signal and delay the signal from the receiver in this
research will consider the time of arrival of signals at the
receiver by observing the graph, as shown in Figures 5 and 7.
The form shows that the signal sent to the receiver in the
picture shows a graph of the time of the signal from the
receiver in distance of the antenna and the antenna
transmission nearest (position 1) and distance of Rx antenna
and Tx antenna farthest (position 4). The result is shown in
Figures 5 and 7 shows that at a distance near the (position 1)
the delay of the signal that arrives at time 6.7 ns and the signal
atthe far end of the signal received that arrives at time 15.2 ns
and through match filter shown in the equation.

Tl

Hy ()= (1)

which satisfies the following constant noise output power
condition
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Fig. 1. The block diagram of transmission waveform for BAN-UWB sytem.
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As shown in Figures 6 and 8 is the received waveform through
ermemsnren ) the match filter which will be seen that the position of the
[T antenna near to the antenna transmission (Figure 6) shows that
- the position of the chest will have the maximum signal level
at 1.406 mV. And the worst of the body below will have signal
level 0.752 mV in a position far from the antenna to get the
most (position 4) is where the receiver has the best position
right arm, the signal level at 0.816 mV and the worst body
sides and the size of the signal 0.635 mV.

Fig. 3. The measurement model and positions orentation in meeting room.

J1H (Hf df =1 6)

B. Path Loss

The spectrum of the receiver output are A._g.ic(t) and The demonstrates of effectiveness in the (ransmit

He_giis (f)respectively. The waveform of the output from the
matched filter vyp(t) and the spectrum of the output from the
matched filter Vyye(f) are.

Vg (8) = g () % e (2) (3)

VMF (t) = he—Fnis (t) * hM:F (t) (4)

— heanis (t) * hMF (_t)
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information on the human body will be compared with the
signals through match filter in Figures 8 and 9 shows the
comparison of position between position 1 and position 4. For
antenna is used transmitting and receiving antennas are near
together will eventually notice that the best position of the
chest. In contrast, Figure 9 show the antenna of the antenna to
receive and transmit farthest distances will have a value of
path loss equal to the value of the path loss and the best
position of the left arm.

IV. EXPERIMENTAL RESULTS

In this research, the effect of human body in HB-UWB
system within the indoor environment has been measured and
analyzed. The measurement has been done with human body
inside a closed room by varying distance between transmit
antenna and human body position from position 1 to position
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Fig. 4. Example the power delay profile at position 1.
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Fig. 5. Example the power delay profile at position 4.

4. The meander line antenna is attach on human body to
investigate the attenuation due to the human body. The
proposed model also consider the different angle of human
body to measure the attenuation from the shadowing of human
body by rotating body from 0 degree to 360 degree with the
increase by 5 degree. The obtained results show the obvious
different result from position 1 and position 4, the receive
signal power at the farthest position will affect by path loss
and delay time. To summarize the best HB-UWB at the human
body, the parameter had to measure and analyze for installed oy ey
the HB-UWB device and able to minimum the shadowing
effect of the result. The position at the nearest position will
operate very good especially at the chest position because the
impulse radio propagation of HB-UWB will not good at the
distance more than 3 m. This problem can be solved by
consider the corner of the human body that affect the receiver
antenna and add more repeater in the system. Moreover, the
HB-UWB should be avoid to use in high population place, but
its good to use in home office, work shop, patient room, and
short term communications. However, to create the HB-UWB
on human body for BAN applications, the installed position
must be carefully consider with the less human body
shadowing effect such as arm and chest.

Fig. 8. Example result of the path loss at position 1.
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Fig. 9. Example result of the path loss at position 4.
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	กฎข้อบังคับของระบบแถบกว้างยิ่งถูกบังคับใช้ในเดือนสิงหาคม 2006 และในรูปที่ 2.11 ได้ทำการเปรียบเทียบค่าความหนาแน่นสเปคตรัมกำลังงานของระบบแถบกว้างยิ่งในสหรัฐอเมริกา กับของประเทศญี่ปุ่น ความถี่ที่สามารถใช้งานได้อยู่ในช่วง 3.4 จิกะเฮิรตซ์ ถึง 4.8 จิกะเฮิรต...
	- ในการดำเนินการภายในอาคารอุปกรณ์ระบบแถบกว้างยิ่งสามารถเชื่อมต่อกับไฟ AC และอุปกรณ์ระบบแถบกว้างยิ่งที่ไม่ได้ต่อกับไฟ AC จะต้องได้รับอนุญาตให้ปล่อยคลื่นวิทยุหลังจากที่ได้รับสัญญาณจากอุปกรณ์วิทยุอื่น ๆ ที่เชื่อมต่อกับไฟ AC
	- อัตราการส่งข้อมูลมากกว่า 50 Mbps ยกเว้นกรณีของสัญญาณรบกวนจากอุปกรณ์วิทยุอื่นๆ
	- ความถี่แบนด์วิดท์อยู่ระหว่างความถี่บนและความถี่ล่าง โดยจะวัดค่าต่ำกว่า 10 dB จากค่าความหนาแน่นสเปคตรัมกำลังงานของสัญญาณหรือมีการใช้แถบความถี่มากกว่าหรือเท่ากับ 450 เมกะเฮิรตซ์
	2.4.4 กฎข้อบังคับของระบบแถบกว้างยิ่งในประเทศเกาหลี
	กฎข้อบังคับของระบบแถบกว้างยิ่งมีผลบังคับใช้ในช่วงฤดูร้อนปี 2006 โดยมีค่าความหนาแน่นสเปคตรัมกำลังงานคล้ายคลึงกับประเทศญี่ปุ่น แต่มีช่วงความถี่ต่างกันเพียงเล็กน้อย บางพารามิเตอร์เช่น LDC มีค่าใกล้เคียงกับสหภาพยุโรป ดังแสดงในรูป 2.12 ช่วงความถี่ที่สามารถ...
	- อุปกรณ์ของระบบแถบกว้างยิ่งถูกห้ามใช่ในส่วนงานบนเครื่องบิน เรือ ดาวเทียม วิทยุควบคุมการบิน
	- ความถี่แบนด์วิดท์อยู่ระหว่างความถี่บนและความถี่ล่าง โดยจะวัดค่าต่ำกว่า 10 dB จากค่าความหนาแน่นสเปคตรัมกำลังงานของสัญญาณ หรือมีการใช้แถบความถี่มากกว่าหรือเท่ากับ 450 เมกะเฮิรตซ์
	- หนึ่งในวิธีการลดสัญญาณรบกวนถูกใช้เในช่วงความถี่ 3.1 จิกะเฮิรตซ์ ถึง 4.8 จิกะเฮิรตซ์
	1.ค่าเฉลี่ยความหนาแน่นสเปคตรัมกำลังงานไม่เเกิน -70 dBm ต่อเมกะเฮิรตซ์
	2.ช่วงเวลาการส่งอย่างต่อเนื่องไม่เกิน 5 ms และช่วงเวลาในการหยุดควรมากกว่า 1 วินาที
	3.พลังงานที่ปล่อยออกมาจากอุปกรณ์ของระบบแถบกว้างยิ่งจะต้องลดลงไปถึงระดับน้อย -70dBm ต่อเมกะเฮิรตซ์ ภายใน 2วินาที เมื่อสัญญาณที่รับได้มีขนาดมากกว่า  -80dBm ต่อเมกะเฮิรตซ์
	4.อุปกรณ์ของระบบแถบกว้างยิ่งจะต้องหลีกเลี่ยงสัญญาณที่รับได้มากกว่า  -80dBm ต่อเมกะเฮิรตซ์ ภายใน 2 วินาที
	2.4.5 กฎข้อบังคับของระบบแถบกว้างยิ่งในประเทศจีน
	กฎข้อบังคับของระบบแถบกว้างยิ่งถูกบังคับใช้เมื่อเดือนธันวาคมปี ค.ศ. 2008 โดยกระทรวงอุตสาหกรรมและเทคโนโลยีสารสนเทศของประเทศจีน ความถี่แบนด์วิดท์อยู่ระหว่างความถี่บนและความถี่ล่าง โดยจะวัดค่าต่ำกว่า 10 dB จากค่าความหนาแน่นสเปคตรัมกำลังงานของสัญญาณ หรือมี...
	- อุปกรณ์ของระบบแถบกว้างยิ่งเป็นสิ่งต้องห้ามในการใช้งานบนเครื่องบิน
	- อุปกรณ์ของระบบแถบกว้างยิ่งเป็นสิ่งต้องห้ามในการใช้งานในช่วงขอบเขต 1 กิโลเมตรของสถานีวิทยุดาราศาสตร์
	- อุปกรณ์ของระบบแถบกว้างยิ่งต้องได้รับการรับรองจากกระทรวงอุตสาหกรรมและเทคโนโลยีสารสนเทศก่อนติดตั้งเพื่อใช้บริการ
	- อุปกรณ์ภาคส่งของระบบแถบกว้างยิ่งจะต้องไม่สร้างสัญญาณรบกวนกับสถานีวิทยุ
	2.5 การประยุกต์และการนำระบบแถบกว้างยิ่งไปใช้งาน
	2.5.1 การประยุกต์ใช้งานเครือข่ายภายในอาคารสำนักงาน
	2.5.2 การประยุกต์ใช้งานโครงข่ายภายในที่พักอาศัย
	2.5.3 การประยุกต์เทคโนโลยีแถบกว้างยิ่งสำหรับโครงข่ายไร้สายบนร่างกายมนุษย์
	2.5.4 การประยุกต์ใช้งานในการค้นหาตำแหน่ง
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