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ABSTRACT

This article investigates the optimum threshold bounds for the signal travelling through a body
surfacetoexternalnodesofabodyareanetwork.Anultra-widebandsystemrangingfrom3.1-10.6
GHzisusedfortheobservationsofthesignaltransmittingthroughdifferentbodydirectionsusing
NICT’sstatisticalmodel.Throughsimulative investigation, the linkperformance isevaluatedby
calculatingoutageprobabilityusingsub-optimumRakereceivers,whicharebasedoneitherpartial
combining(P-Rake)orselectivecombining(S-Rake).TheoptimumnumbersofRaketapsarealso
identified.Theobtainedresultsgiveanassessmenttobetterunderstandtheeffectofbodydirection
andRakestructureontheselectionofoptimumthresholdboundsforachannelmodelCM4ofbody
areacommunication.
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INTROdUCTION

According to the reportpresentedbyDepartmentofEconomicandSocialAffairsof theUnited
Nations(2015),theestimatedaverageannualrateofpopulationchangeis1.18%fortheyear2010-
15.Thisincreasingworldpopulationimposemuchrestrictioninthewayofthemedicalexpertsto
provideeffectivehealthcarefacilitiestoall.Moreover,theever-increasinginvolvementofadvance
technologyinthedailylifeofpeoplereducestheirphysicalactivitiesandmadethemlazyandmore
pronetoharmfuldisease.So,tocountertheseproblems,thereisaneedtoestablishanetworkthat
canallowadoctortolookafterthepatientfromthefarlocationandthat’sevencontinuously.And
thiscannotbepossiblewithoutemployingthewirelesstechnologyinthehealthcarefield.Moreover,
applyingthewirelesstechnologywillprovidegreatermobilityandhencemorecomfortleveltothe
patient.Thegrowingusesoftheportabledeviceslikesmartphones,tabletsetc.aroundthehuman
bodycanhelpindevelopingtheend-to-endlinkestablishmentfromthepatienttothedoctor.

Theemployingof theWirelessBodyAreaNetwork (WBAN) in themedical fieldcanhelp in
continuousandremotelymonitoringofthepatient.TheWBANnetworkincludesnumberofsensorsthat
areeitherimplantedinthebodyorareplacedonthesurfaceofthebody.Thesesensorsworkincoordinated
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mannerandsendthemeasuredinformationaboutthephysiologicalsignofthebodytothemostpowerful
sensorcalledcontrolunit(CU)placedonthesurfaceofthebody.Theinformationfromthecontrolunit
isthentransfertothepersonaldevicelikesmartphoneofthepatientfromwhereitisdirectedtowardthe
medicalteamviainternet.Themedicalteamcanthentriggerthetreatmentproceduresinreturn.

Zimmerman(1996)isthefirstpersontopronouncetheterm,PersonalAreaNetwork(PAN).
LaterthetermPANhasbeenmodifiedtoBodyareaNetworktorepresentallcommunicationaround
thehumanbody.InApril2009,IEEEP802.15workinggroupestablishedforwirelessPersonalarea
networks(WPAN)hasdevelopeda taskgroupIEEE802.15.6forWBAN.Andthedevelopment
of thisTaskgroupopensanewareaof research toeliminate the issues related to thebodyarea
communicationandtoestablishanetworkthatcanallowthereliablecommunicationaroundthe
body.ThedevelopmentofacompetentandaffordablesystemforWBANisnotpossiblewithout
developingthesimpleandgenericmodelforitschannelmodels.TheIEEEP802.15.6forWBAN
includesfourchannelmodelsi.e.CM1(implant-to-implantlink),CM2(implant-to-on-bodylink),
CM3(on-body-to-on-bodylink)andCM4(on-body-to-off-bodylink).Inthispaper,thefocusisto
contributeforthechannelmodelCM4ofWBANsystemforultra-wideband(UWB).

The Ultra-wideband transmission employed here is widely used for short range wireless
communication.ThepotentialofUWBsystemincludesextremelywidetransmissionbandwidthand
limitedpowerspectraldensitywhichresultsinaccuratepositionlocationandranging,highmultipath
accessability,immunitytofading,highmultipathresolvabilityandcovertcommunication(Qui,Lui,
&Shen,2005;Proakis,2001).TheadditionalbenefitofUWBsystemistonotprovideanyEMI
(electromagneticinterference)risktoothernarrowbandsystemsandmedicalequipmentbecauseof
itslimitedtransmittedpoweranduncongestedfrequency.Thelistofadvantagesprovidedbyultra-
widebandenforcesitsuseforbodyareacommunication.

Kaur&Malhotra(2016)studiedtheimportantstatisticalattributessuchascomplementaryCDF
ofRMSandmeandelayspreadofPDPofbodysurfacetoexternallinkwithdifferentbodydirections
inUWBfrequencyrange.ThePDFandCDFofoutputSNRdistributionhasbeeninvestigatedfor2
and16taprakereceiverstructure.

The work related to WBAN is mostly focused on proposing solutions for the issues of the
networksothatitspracticalapplicationbecamepossible.Thisstudycontinuestheworkpresented
inKaur&Malhotra(2016).ThefocusofthispaperistocontributefortheselectionofOptimum
thresholdboundfornormalizedpowertobeusedforchannelCM4ofwirelessbodyareanetwork
inultra-wideband.Therakereceiverstructurefordifferentraketapsarecomparedforbettersignal
receptioninbodysurfacetoexternallink.

Theorganisationofpaperisdoneasfollow:Inthenextsection,briefdescriptionofWBAN
systemandchannelmodelisfollowedbythesimulationmethodologyandenvironment.Subsequently,
thesimulationresultsandDiscussionaregiveninnextsection.Thepaperisfinallyconcludedin
thelastsection.

WBAN SySTEM ANd CHANNEL MOdEL

Overview
Yazdandoost andSayrafian (2009)present the finaldocumentof the IEEE802.15TG6channel
modellingsubcommitteeandprovidethelistofchannelmodeltobeusedforBodyareanetwork.
Thesechannelmodelsareusedasacommonplatformforevaluatingtheperformanceofphysical
layerofbodyareanetwork.Alistofthechannelmodelcanbedrawnfromthreetypesofnodes:

• Implant nodesthatareplacedbelowtheskinordeeperinsidethehumanbody;
• Body surface nodesthatareplacedonthesurfaceoratthe2cmawayfromthehumanbody;
• External nodesthatareplacedbetweenfewcentimeterstoatmost5mawayfromhumanbody.
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