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Abstract.
AwirelessBodyAreaNetwork(WBAN)isexpectedto
beaveryusefultechnologywithpotentialtoofferawide
rangeofbenefitstopatients, medicalpersonnelandsociety
throughcontinuousmonitoringandearlydetectionofpossible
problems. Anenergy-efficientMediumAccess
Control(MAC)
protocolisrequiredtosatisfythestringent WBAN
requirements.Itisstillinprogressingstageand
implementationofthestandardisnotyetfinalized.Inthis
study,IdiscussedvariousMACprotocolsproposedby
researchpeersspecificallyaddressedtheneedsofWBANand
finallyconsideredthatbyadoptingthecognitiveapproach
throughtrafficconsiderationtheMACProtocolinWBANcan
reducetheenergywastagesin WBANsensors.Ihave
consideredheresinglehopmasterslavestartopologyforthe
network. ThelEEES802. 15.4standardprovidesthe widely
acceptedsolutionforlow-costandlow-powerwireless
communications.Despiteitsdesign, thefixedsuperframesize
inBeacon-enabledmodelimitsitscapabilitiesduetotwo
contrastinggoals, energyefficiencyandhigherdata
throughput.Inthispaper,loutlinedthatanenhancementof
IEEES802.15.4 Beacon-enabledmode
whichadaptivelyadjusts theactiveperiodbasedonthetraffic-
loadresultinginenergy savingofdevices.
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L INTRODUCTION

AWirelessBodyAreaNetwork( WBAN)[ 1]consistsofsmal
L,intelligentdevicesattachedonorimplantedinthebodywhic
harecapableofestablishingawirelesscommunicationlink.T
hesedevicesprovidecontinuoushealthmonitoringandreal-
timefeedbacktotheuserormedicalpersonnel.Oneofthecruci
alareasinimplantingsensorsisthebatterylifetime.Batteriesc
annotbereplacedorrechargedwithoutemployingaseriousm
edicalproceduresoitisexpectedthatbatterypoweredmedical
devicesplacedinsidethebodyshouldlastfortentofifteenyear
saccordingtospecificapplication.Networkingplacesanextr
ademandonthetransceiver andprocessing
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operationsofthesensor
resultinginincreasedpowerconsumption. Anetworkplaced
underahardenergyconstraint
mustthereforeensurethatallsensorsarepowereddownorins
leepmodewhennotinactiveuse,yetstillprovidecommunica
tionswithout
significantlatencywhenrequired.Usingwirelesscommuni
cation,insteadoftraditionalwired
connections,inhealthcaresystemsnotonlyreducesthemain
tenancecost,andgivesthepatientsmorefreedomand
comfort,butalsomakespervasiveandmobilehealthcarepos
sible.Itcanhelpphysicianstoperformearlydiagnosisandtre
atment,
anddevelopandverifynewtherapiesthroughcontinuously
monitoringandanalyzinghumanvitalsigns. AsshowninFig
.1,aBSNusuallyconsistsofimplantableorwearablebiosens
ors,andmeasurethetemperature,bloodpressure,heart

rate, ECG,EEG, respirationrate, SpO2-
levelsetc.Itincludeseveningestible

camerapills. Thesesensorscontinuouslymonitorvitalsigns
andreportdatatoa powerfulexternaldevice,such
asapersonaldigitalassistant(PDA),acellphone,or awrist-
wornsmartwatch.
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Fig.1.BSN consistingofvariouswirelessbiosensors.
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Oureraiswitnessinganincreasingpres
sureonqualityandquantityofhealthcareduetotheincreaseofagi
ngpopulation,chronicdiseases,andhealthconsciousnessofpeo
ple. BANsoonwillbeingreatdemand.

ThenumberofMAC-
protocolsspecificallydevelopedforWB ANsislimited. Twomaj
orcategoriesof MA C-protocolsarecontention-
basedandschedule-based.Fortheformer, CSMA/CAisa
typicalexample,whileTDM Aisatypicalschemeforthelatter. Th
eadvantagesofcontention-
basedapproachesarethesimplicity,itsinfrastructure-
freeadhocfeatureandgoodadaptabilitytotrafficfluctuation,esp
eciallyforlowload.Schedule-basedapproachesontheother
handarefree
ofidlelistening,overhearingandpacketcollisionsbecauseofthe
lackofmediumcompetition,butrequiretight
timesynchronization.

InspecifyingthisM ACProtocol,thefollowingattributescanbei
nferredaboutthewirelessbodyareasensornetwork.

1. Allwirelesssensor nodesareattachedtothe body.

2. Thedatabeingmonitored isoflowfrequency.

3. Sensorsmonitorarangeofvitalsignswhicharetypicallyatal

owdatarate(<1kB).

4. Sensornodesareresourceconstrained,i.e.,theyhavelowproc
essingpowerandlimitedmemory.

5. Datafromthewirelesssensornodesisforwardedtoacentral

masternode forprocessing;thiscentral node
issignificantlylessresourceandpowerconstrainedrelativetoth

ewirelesssensornodes.

II. RELATEDWORK

ThistermwasfirstcoinedbyVanDamin2001[ 1]Jandreceivedthe
interestofseveralresearchers. Someimplementationsof WBAN
suseBluetooth(IEEE802.15.1). Thiswasdevelopedasacablere
placementanddoesnotsupportmulti-
hopcommunication.lthasacomplexprotocolstackandahighen
ergyconsumptioncomparedto[EEE802.15.4.Itisthereforenots
uitedtobeusedinaWB AN.MostcurrentimplementationsofWB
ANs uselEEE802.15.40rZigBee
asenablingtechnology. AsmostoftheradiosusedinaWB ANare
basedonanlEEE802.15.4compliantchipset,someresearchersh
aveadaptedtheIEEE802.15.4MAC-protocoltomakeitmore
suitableforWBANS.

Forthefirsttime,NicholasF.TimmonsandWilliamG.Scanlo
n[2]presentedan analysisofthe
performanceofthe[EEE802.15.4lowpower,lowdataratewirele
ssstandardinrelationto medicalsensorbodyarea
networks.Themainconsiderationinthisworkwasthelong-
termpowerconsumptionof
devices,sinceforpracticalreasons,implantedmedicaldevicesa
ndsensorsmustfunctionforatleast1 Oto 1 Syearswithoutbattery
replacement. Theresults
showthatwhenproperlyconfigured,802.15.4can

beusedfor medicalsensor
networkingwhenconfiguredinnon-

beaconmodewithlowdatarateasymmetrictraffic.

e  Thispaperfocusedonananalysisofthe802.15.4standa
rdconfiguredasastarnetworkwherethecoordinatingd
eviceisexternaltothebody,e.g.,incorporatedinaPDA
,mobiletelephoneorinbedsidemonitoringstation.

e  Descriptionofthenetworkwas starnetwork
consistedofthecoordinatorand 1 0bodyimp
lantedsensors.

In IEEE802.15.4,each nodecan employa
CSMA/CAprotocol to avoid power-consuming collisions
whenmultiple simultaneous transmissions may occur.
TheCSMA/C Aprotocol usedin
802.15.4canbeslottedorunslotted.Ifabeaconisbeingusedthesl
ottedCSMA/CAisemployedintheCAPpartofthesuperframe.I
fanon-
beaconnetworkisused,orifthebeaconisnotdetected,then
unslotted CSMA/CA is employed. In
slottedCSMA/C Athestartofthefirstback-
offperiodofeachnodeisalignedwiththestartofthebeacon.Inuns
lotted CSMA/C Athereisnolinkintimebetweenthebackoffperi
odsofanynode. Therearethreevariablesmaintainedbyeachnod
eforeachtransmissionattempt: NB,CWandBE.

Inthefirststudyofitskind,thelowpowerperformanc
eofthreemodesofthe[EEE802. 15.4standardwereevaluatedinr
elationtoabodyareanetworkofimplantedmedicalsensors.

Themodesevaluatedwerebeacon,beaconplusguaranteedtimes
lotsandnon-beacon,allat2.4GHz.Inanon-
beaconenablednetworkdataframesaretransmittedusingunslo
ttedCSMA/CA.

e  Whencommunicationisfromthenodeto
thecoordinator,thecoordinatoracknowled gessucces
sfulreceptionofthedataframeby sendingbackan
acknowledgementframe.

e  Whenthecoordinatorwishestosenda
dataframetoanode,itmustwaituntilitreceivesadatare
questfromthesensor.

InaBeaconenablednetworkwithGTS

e  Whencommunicationisfromthenodeto
thecoordinator,ifGTSwasassigned,itwillsendthedat

a framewithinappropriatetime slot.Ifno
GTSisassignedthesensortransmitsitsdatainCAPusi
ngCSMA/CA.

e Whenthecoordinatorwishestosenda
dataframetoanode,itsendsaflagin
thebeaconframeindicatingthata message is
pendingforaparticularsensor.Onreceiptofthistheapp
ropriatesensorwilltransmit,usingCSMA/CA ,adatar
equestMAC
commandframe,indicatingtothecoordinatorthatitma
ytransmitthedata. Thecoordinatorwillsendanackno
wledgmentframefollowedbythedataframe.Ifithasa
GTSassigneditwillsendthedataframewithintheappr
opriatetimeslot.IfnoGTSisassignedthesensortrans
mitsits data
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frameinthe CAP,usingtheCSMA/CAprotocol,ifen

abled.
Itwasshownthatbeaconoperationwasonlypossibleasasolution
tothechallengeofthebodyareanetwork. TheIEEE802.15.4stan
dardwouldprovidealimitedanswerinitsnon-
beaconform.Sensorsthatdonothavelargeamountsofdatatotran
sfercouldbeused,i.e.,smallpacketsofdataseveraltimes per
hour.

AnotheranUltra-low-

powerMediumA ccessControlProtocolforBodySensorNetwo
rkproposedbyHuamingLiandJindongTan[3].BSN-

MA Cisanadaptive,feedback-basedandIEEE802.15.4-
compatibleMACprotocol.BSN-
MACexploitsthefeedbackinformationfromthedeployedsenso
rstoformaclosed-

loopcontroloftheM A Cparameters. Thispaperproposed BSN-
MAC(BodysensornetworkMAC),whichisadedicatedultra-
low-power MAC protocoldesignedforstar
topologyBSNs.BSN-
MAChasgoodcompatibilitywithIEEE802.15.4aswellasacco
mmodatesuniquerequirementsofthebiosensorsinBSNss.

BSN-

MACisdesignedtobeanadaptiveM ACprotocol.Byexploitingf
eedbackinformationfromdistributedsensorsinthenetwork,BS
N-

MACadjustsprotocolparametersdynamicall ytoachievebesten
ergyconservationonenergycriticalsensors. Theyintroducedtw
otradeoffs in BSN-
MACdesign. Thefirstisbetweentheenergyofcoordinator(unco
nstrained)andthelifeofenergy-

criticalsensorsnodes. Thesecondisbetweenthesensordatarepo
rtdelayandthelifetimeofenergy-
criticalsensorsnodes.Oncethenodepowersupitsradioandgetss
ynchronized,
dependingonthebeaconinformationandbuffereddatasize, iteit
hersendsoutadatatransmissionrequest(REQ)packetfollowed
bypartofthesensorydataorsendsoutthesensorydatadirectly. Af
terthenodesynchronizeswiththecoordinator,bydecodingtheb
eaconframe,the nodelearnsthe
lengthofthebeaconintervalandunderstandswhetheritcantrans
mititsdataduringasinglebeaconinterval.Ifyes,itwillstarttrans
mittingitsdatadirectly.Otherwise,thenodesendsoutaREQpac
ketfirsttoaskthecoordinatortochangethebeaconinterval. TheR
EQpacketincludesthePMA Cofthesensor,whichisusedbythen
etworkcoordinatortodeterminetheprioritywhenmultipleREQ
sarereceived.

_.}.F.n'-l X_T:

AAc
Eﬁ‘ o E."!

Here EListheenergyconstraintlevel.0
to3areassignedtoenergyunconstrained,constrained,highconst
rained
andextremelyconstrainedsensorsrespectively. TCisthecritical
ityindexofthesensorydata. ERrepresentstheenergyremainingl

evelandischosenfrom1to3.BRrepresentstheremainingbufferlevelof
asensorandisassignedfrom1to3.Thesensorcannotalwayschangethe
MA CparametersastheirwillsincewhentheM A Cparametersarechan
gedto favoracertain
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node,othernodes

maysufferfromit. PMAC(mediumaccesspriority)isdete
rminedbytheenergyconstraintlevel,datatimecriticalitya
ndtheremainingenergyandbufferlevel. Wenoticethatall
theinformationneededtocalculatePM A Cisavailableont
hesensors’side.

Categoryof
sensorinBSNbasedonenergycriticallevel

Unconstrained
Constrained

(PDA)  (WearableSensors)

Therefore,onl ythenodeswiththehighestmediumaccess
prioritycanrequestthecoordinatortochangethebeaconin
tervalfreely. Alltheothersensorsmaychangethebeaconin
tervals,butnotthatsignificantly. RBN is
usedbythesensorstodescribehowmanysuchrequestedbe
aconintervalstheyneedtotransmitthecurrentdata.

Acrosslayer designstrategyis adoptedinBSN-
MAC.Thenetworkcoordinatorandthesensors
interacttoachieveefficientpowermanagement. Thecoor
dinatorcontrolsthecommunicationbyvaryingthesuperfr
amestructure. Thesensorsprovidereal-
timefeedbacktoBSNcoordinatorwithapplication-
specificandsensor-
specificinformation.Hence,theBSNcoordinatorcanmak
edynamicadjustmentbasedonthefeedbacktoachievebett
erperformanceinenergyefficiencyandlatency.

OneofthefewMAC-

protocolsforWB ANswasproposedbyL.amprinos[4].Iti
ncorporatesmaster-
slavearchitecture,withallmedicalsensornodesbeingdesi
gnatedasslaves,whiletheadministratingnodeactsasthe
masterofthepatientPAN.Theapplicationsoftwareofthe
masternodenormallyinitiatesdataexchange,bytransmitt
ingsetupinformationtotheslavenodes.Eachsensorisassi
gnedauniqueaddress,andthesystemhasagloballyunique
address.

e  Transmissionfromslavestomasterisbasedona

Requesttosend—Allow

tosendscheme. Theexchangeofdataissupporte
dbyoptionalacknowledgement,retransmissio
nsandmaybesubjectedtoerrorcorrection,using
ForwardErrorControl(FEC)toensurenodatalo
ss.Inordertoavoidcollisionsandchanneloverhe
aringandadministratetheexchangeofdatainthe
communicationchannel, thetimelinewasbreak
infourtypesoftimeslots,namelyZransmit Slot

Available online:http://internationaljournalofresearch.org/

(TXSlot),ReceiveSlot(RXSlot),ReceivetoSynchroniz
eSlot(RXSSlot)andStand BySlot(SBSlof).
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e Inparticular,ifanodehasdatatotransmit,itcanexecuteth
erespectiveprocedureonlyatthefade-inofaTXSlot.

e  Accordingly,receptionofdatacanoccuronlyduringRXS
lotorRXSSlot.

e TheRXSSlotisatypeofRXSlotimplementedonlyinthes
lavenodes.Itdiffersinthesensethatitendureslongerandi
susedforthesynchronizationoftheslavewiththemaster.

¢ Finally,bothmasterandslavenodesswitchofftheirtransc

eiver duringStandBy
Slot.Duringthisperiod,notransmissionorreceptionacti
vitytakesplace.

Themaindrawbackofthisprotocolisthatsomeslav
eswillhavealowdutycyclewhereasthenodesthat
areservicedlater have ahigher dutycycle.

MASTER

’ss ‘rx ‘RX ‘sa |1x i

B 000 o0

SENSOR
8 ‘RXS ‘TX ‘SB |RX ‘H ‘sa |rm3'l[,( ‘SB

5 |‘rx lax ‘ss “m ‘R}; ‘ss [m ‘

>

0100 0

rxm‘TX ‘SB ‘RX ‘

3

SENSOR
B

’ws ‘w ‘sa ’nx ‘M ‘sa ’mﬂﬁ

*

Fig.2. Timeslotalterationanddataexchangebetweenmaster
andslavenodes

According tothe author of this proposed scheme,
thesequenceanddurationoftimeslotsispredefined. Initially,thesla
venodealternatesbetweenSBSlotandR XSSlot. DuringRXSSlot,i
tlistenstothecommunicationchannelandifittracks downa
packetdesignatedforit,itcalculatesanoffsettime,combiningthe
lengthofthe
receivedpacket,thepredefineddurationoftimeslotsandthetransm
issionbitrateinordertoaccommodateitstransitionfromRXSSlott
oTX Slottothemaster’stransitionfromTXSlottoRXSlot.

Thegeneralideaoftheproposedsynchronizationprocedureisthata
fterthereceptionofthefirstpacket,theslaveadaptsanalterationofti
meslots

whichresultsinbeinginTXSlotwheneverthemasterisinRXSlotan
dinversely.AllthenodesofthenetworkareinSBSlotsimultaneousl
y.ThesefeaturesaredepictedinFig.2,wheretimeslotalterationand
dataexchangebetweenthemasterandtwoslavenodesarepresented

The maindrawbackofthis protocolisthatsomeslaves
willhavealowdutycyclewhereasthenodesthatareservicedlater
have ahigher dutycycle.
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1.C.0 meni,0.Eljamaly,A.J.Burdett[5]proposeaMACprotocolfo
rastar-

networked WB ANthatsupportsTDM Atoreducetheprobabilityofcoll
isionandidlelistening. Eachslavenodeisassignedaslotbythecentralno
de.Whenanalarmoccursatoneofthe nodes,the node
canbeassignedanextraslotfordirectcommunication. Theprotocolhasb
eenevaluatedonaSensiumplatform. TheproposedMACprotocoloper

ationsarebasedon threemaincommunicationprocesses.

e  Thefirstiswhenawirelesssensornodewantstojoinacluster. T
hisiscalledtheLinkestablishmentprocess.

e Thesecondiswhenaslaveandmasterwake-
upafteranassignedsleepperiod. Thisiscalledthewakeupserv
iceprocess.

e Thelastprocessisanexceptionprocesswhichoccurswhenasl
aveurgentlywantstosend
informationtotheclustermaster. ThisiscalledanAlarmproce
ss.

Inall3processes,communicationcanonlybeinitiatedbythemaster.Ina

dditiononlyoneslavecanjointhenetworkatatimeasthenetworkisnon-
adhoc.

TheH-MAC protocol[6]uses the
humanheartbeatrhythminformationtoperformtimesynchronizationf
orTDMA. Thebiosensorscanthusachievetimesynchronizationwitho
uthavingtoturnontheirradio. Thealgorithmisverifiedwithrealworldd
atabutassumesacertainbuffer.Asa TDMAprotocol,H-MAC assigns
dedicatedtime slotstoeachbiosensortoguaranteecollision-
freetransmission.Onthe other hand,bytakingadvantage
ofheartbeatrhythmthatisinherentineveryhumanbody,H-
MACachievesTDMAtimesynchronizationwithoutdistributingperio
dictiminginformation,whichreducestheenergycost.InH-
MAC,biosensorsextractthenecessarysynchronizationinformationfr
omtheirownsensorybiosignals,whicharecorrelatedwithordirectlydr
ivenbytheheartbeatpulsation, inadistributed way.

H-
MACconsiderstimeslotschedulingforonehopstartopologyBSNs.Sin
cethetrafficpatterninBSNsisdataloggingandthenetworkcoordinator
isthecommonreceiverofthetransmissions,onlyonesensornodeisallo
wedtotransmitinatimeslottoavoidcollisions.InH-
MAC,weusethepeaksassynchronizationbeaconsandusepeakinterval
sastimeslotsfordatatransmission.Byintroducingapeakcounterineac
hbiosensor,wecanassigndedicatedtimeslotstoeachbiosensorforcolli
sion-free networktransmission.

M. Standardof WBANMACProtocol

Mostcurrentimplementationsof WBANsuseI[EEE802.15.4orZigBee
asenablingtechnology.Asmostoftheradios used in aWBANare

1%)31526(150“&1“ IEEIE tchipset. IEEEst: d802.15.4[7]intendstoofft
FhetindatientlloweHRSvoriayerssia > AL lintendstooffe

typeofwireless
personalareanetwork(WPAN)whichfocusesonlow-cost,low-
speedubiquitouscommunicationbetweendevices,intendingtoexp
loitthistolowerpowerconsumptionevenmore.

Thebasicframeworkconceivesal0-
metercommunicationsrangewithatransferrateof250kbit/s.Lower
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transferratesof20and40kbit/swereinitiallydefined, withthe 10
Okbit/sratebeingaddedinthecurrentrevision. Asalreadymentio
ned,themainidentifyingfeatureofIEEE802.15.4amongWPA
Ns isthe
importanceofachievingextremelylowmanufacturingandoper
ationcostsandtechnologicalsimplicity,withoutsacrificingflexi
bilityorgenerality.Importantfeaturesincludereal-
timesuitabilitybyreservationofguaranteedtimeslots,collision
avoidancethroughCSMA/CAandintegratedsupportforsecure
communications.Devicesalsoincludepowermanagementfunc
tionssuchaslinkqualityandenergydetection.IEEE802.15.4-
conformantdevicesmayuseoneofthreepossible
frequencybands foroperation.

Beacon g{ﬁ
T : GTS : Beacon ) |
Active Inactive I
LTI
| 16 timeslots |

|
SD= aBaseSr{pe?ﬁnmaDumrjon x 2% symbols

|
BI = ABaseSuperframeDuration x 2 symbols

Fig. 3.IEEE 802.15.4Superframestructure

IV. PROTOCOLARCHITECTURE

Upper layers

IEEE BOZ.15.4

| Medium access control |

¥
| Physical layers |

IEEE 202.15.4 protocol stack o

Fig.4.IEEE802.15.4protocolstack
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A. Thephysicallayer

Therearetwophysicallayervariantsin802.15.4:868/915MH

zand2.4GHz(TABLEI).Thestandarddefinesthe 868MHz
bandasasinglechannelwitha datarateof20  kbps,the915
MHzbandasasingle40kbpschannel, whilethe2.4GHzbandis
dividedinto16channels eachwitha datarate
of250kbps.Forconvenience,thisworkconsidersonly2.4GH

Z.

TABLEI

802.15.4PHYSICALPARAMETERS

Svmbol | DSSS Spreading Parameters

Fr -Band | Bit Rat
refquency Ban AR Rt Modulation Clhip rate

§68-868.6MHz | 20kbs | 20ks’s | BPSK 300 ke/s
902-928MHz | 40kbs | 40kss | BPSK 600 ke/s

623

24-24835GHz | 250kbls ks

0-QPSK 2 Mcls

B.TheMAClayer

Themediumaccesscontrol(MAC)[ 1]enablesthetransmission
ofMACframesthroughtheuseofthephysicalchannel. Twotopo
logiesaresupportedby802.15.4:starandpeer-

topeer,buthereonlystarnetworksisconsidered. Themainadvan
tageofusingastarnetworkformedicalsensorapplicationsisthat
anexternalcoordinatorcanbeusedwithaccesstorechargeablep
owersupply. Withthestartopologytherearetwocommunicatio
nmethods:beaconmodeandnonbeaconmode.

Inbeaconmode,communicationiscontrolledbythenetwork
coordinator,whichtransmitsregularbeaconsfordevicesynchro
nizationandnetworkassociation
control. Thenetworkcoordinatordefinesthestartandendofasup
erframebytransmittingaperiodicbeacon. Thelengthofthebeac
onperiodandhencethe  duty cycleofthesystemcanbe
definedbytheuserbetweencertainlimits
asspecifiedinthestandard. Theadvantageofthismodeisthatthec
oordinatorcancommunicateatwillwiththenodes. Thedisadvan
tage isthatthenodesmustwakeuptoreceivethebeacon.

Innon-
beaconmode,anetworknodecansenddatatothecoordinatorat
willusingCSMA/CAifrequired. However,toreceivedatafromt
hecoordinatorthenodemustpowerupandpollthecoordinator. T
oachievetherequirednodelifetimethepollingfrequencymustb
epre-
determinedbypowerreservesandexpecteddataquantity. Thead
vantageofnon-
beaconmodeisthatthenode’sreceiverdoesnothavetoregularly
power-uptoreceive thebeacon.Thedisad vantage
isthatthecoordinatorcannot
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communicateatwillwiththenodebutmustwaittobeinvitedbyth
enodetocommunicate.
Inbeaconmode,thesuperframemayconsistofbothanactiveandi
nactiveperiod(Figure3).Theactiveportionofthesuperframe,w
hichcontains16equallyspacedslots,iscomposedofthreeparts:a
beacon,acontentionaccessperiod(CAP),anda contentionfree
period(CFP).Thebeaconistransmittedwithouttheuseof CSMA
atthestartofslotOandtheCAPcommencesimmediatelyafterthe
beacon.Thecoordinatoronlyinteractswithnodesduringtheacti
veperiodandmaysleepduringtheinactiveperiod. There
isaguaranteedtimeslot(GTS)optionin802.15.4toallowlowerl
atencyoperation. Thereareamaximumof7ofthel6available
timeslotsthatcanbeallocatedtonodes,singl yorcombined.

Whenanodeisallocatedatimeslotitmayonlytransmitdatadurin
gthattimeslot. GTSnodesmustlistentothebeacontosynchroniz
epriortocommunicationwithinitsallocatedtimeslot(s). Therela
tivesizeofeachoftheactiveandinactiveperiodsisdeterminedby
the
valuesofthemacBeaconOrder(BO)andthemacSuperframeOr
der(SO)andtheoverallsuperframelength(orBeaconlInterval ,B
Dandactivesuperframeduration(4SD)arecalculatedasfollows

BI=(aBaseSlotDurationXaNumSuperframeSlotsXZBOQymb-
ols
where0<BO<14,aBaseSlotDuration=60symbols
andaNumSuperframeSlots(slotsinaframe)=16

ASD=(aBaseSlotDurationXaNumSuperframeSlots><2$09y-
mbols
where0<SO<BO<l14

C. Higherlayers

Otherhigher-levellayersandinteroperabilitysublayersarenot
definedinthe standard.There
existspecifications,suchas6 LoWPANandZigBee,whichbuild
onthisstandardtoproposeintegralsolutions. TinyOS,UnisonR
TOS,DSPnano RTOSandContikistacksalsouseafew
itemsofIEEE802.15.4hardware.

V. ADAPTINGOFDATA
TRAFFICINIEEE 802.15.4

IEEE02.15.4WPAN(WirelessPersonal AreaNetworks)stan
dard[8]supportsforlow-costandlow-
powerwirelessconnectivityamongresource-
limiteddevices.Especially,IEEE802.15.4MACachievesalow-
dutycycleoperationbymeansofitsBeacon-
enabledmode.Inthis
mode,aPANcoordinatorperiodicallydisseminatesasuperfram
estructureboundedbyabeaconframeintothenetworkandmana
gesitsactive/inactiveperiod. Anyassociateddevicesareallowed
tocommunicateintheactiveperiodandconserveenergybyturni
ngofftheir transceiversduringtheinactiveperiod.However,a
fixeddurationoftheactive

Available online:http://internationaljournalofresearch.org/

periodlimitsitsoverallperformancebytwomeans:idlelistening
andlower data
throughput.Inthispaper,Istudiedanovelschemeformitigatingt
heidlelisteningproblemand improvingdata throughput in the
current [IEEE
802.15.4Beaconenabledmode.Inthisscheme,acoordinatorcan
adaptivelyadjusttheactiveperiodbasedonthedata
trafficinformationofassociateddevices. Whenadatatrafficloa
dislow,theactiveperiodisreducedtoconserveenergyconsumpt
ionregardlessofasuperframeduration. However,withahighert
rafficloadtheactiveperiodbecomeslengthenuptoatotalbeaconi
ntervaltoimprovedatathroughput.

VI. TheSchemeStudied

Toreduceenergyconsumptionbutstillimprovedatathroughput

,thepresentedschemeadaptivelyadjuststheactiveperiodbased

onthedatatrafficinformation. Thisdescription,usesthetermsen

tineldurationtorefertoaspecialepochfordetectingthetrafficinf
ormation.

[Beacan Beacon
Frame Beacon Interval Frame

Y

Tet 2nd 3rd
Figs®iRerformingsentineldurationgentinel ina
bedcBfiinterval ~ Puraton Duration

A. AdaptiveActiveDuration

Inthisscheme,deviceshavingnodatatrafficarenotrequiredtoco
ntinuouslymaintainanactivestateevenwhentheyareintheirsup
erframedurationpart. Thesentineldurationisperiodicallyperfo
rmedwithalengthequivalentto

asuperframedurationinasingle
beaconintervalasshowninFig.5.Inthisscheme,thevalueforSup
erframeOrder(SO)
issettobesmallerthantheBeaconOrder(BO).Therefore,severa
loccurrencesofsentineldurationcanbeperformedinonebeaconi
nterval. Atthestartofasentinelduration,ifanodefindspendingd
atatraffic initsqueue
buffer,ittriestoconveythetrafficinformationtoitscoordinator.
Ondetectingtrafficpresencefromdevicesatsomesentinel
duration,the coordinatormaintains  anactiveRFstateto
receivedataframes
untilthenextsentinelduration.Ifthereisnodatatrafficatanysenti
nelduration,thecoordinatoranddevicescanenterorcontinuousl
ymaintainthesleepstateaccordingly.Devicescancontinuously
carryoutthesentineldurationsothatthependingdatatrafficscan
betransmittedtothecoordinatorevenafterthe
superframedurationis ~ over.Inthis ~ way,datathroughput
canbeincreasedwhiledecreasinglatencywhenthedata
trafficloadis high.

B. TrafficIndicationTechnique
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ThistrafficindicationtechniqueutilizestheIEEE802.15.4CCA
function. Atthestartofasentinelduration,nodeshavingdatatraff
icstarttotransmititbasedontheslottedCSMA/C Asimilartothe
original802.15.4.Inordertochecktheexistencesofdatatraffic,o
urtrafficindicationtechniquejustwaitsforgeneralpacketframe’
ssignalduringthemaximumcontentionperiod. Thesentineldur
ation(7'SD)oftrafficindicationtechniquecanbecalculatedas

TSD=(2BE—1)*aUintBackoffPeriod(1)

whereBEmeansaback-
offexponentvalueanditsmaximumvalueisSintheI[EEE802.15.
4standard,

TABLEI

therefore7SDiscalculatedas620symbols. Asatransmittedpack
etshouldappearwithinthemaximum620symbols,trafficindica
tiontechniquecandetectexistenceofthetrafficinformationwith
inthisduration.foneoftheCCA

becomesbusyduring7SD, traffic
indicationtechniquedecidesthatthereisdatatraffic. However,if
nodata is generatedduringZ7SD,nodes decidethatthere is
notrafficinthisactiveperiodandenterintothesleepmode.Since
ourtrafficindicationtechniquetransmitnoadditionaltrafficindi
catorframes,itisconsistentwiththeoriginal[EEE§02.15.4MA
Cwithoutanyconflictandcontrolpackettransmissionoverhead
s.

SCHEM ATIC OVERVIEWOF MAC PROTOCOLSIN AWBAN.

MAC- IEEE802.15.4 | TDMA CSMA Startopo | Timesynchroniz | Factorimproved
Protocol based based based logy ation
Timmons v v v Power
consumption
BSN-MAC v mixed v Energyefficiency
,lowlatency
Lamprinos v v v Energyefficiency
Omeni v v Energy
consumption
H-MAC v v v NetworkLifetime
Traffica v v v v Reducingenergy
daptive wastage

VI. CurrentProgressTowardsIEEE802.15.6

Recently,researchersfromacademiaandindustryhavefocused
theirinterest on the development of the IEEE

802.15.6 [9]specificationasthefuturestandardforB ANsforbot
hmedicalandnon-
medicalapplications,withprioritygiventomedicalapplicationd
ata.Oneofthemaintechnicalissuesin BAN:isthereliable
andefficienttransferofvitallifesignsusingwirelesscommunica
tionnearthehumanbody,whichisaverylossymedium. Akeytec
hnicalrequirementistomeetthereliabilityrequirementas
setoutbythe
IEEE802.15.6draftstandard,whichstatesthat“‘thepacketerrorr
ate(PER)shallbelessthanorequalto10%fora256octetpayload
withalinksuccessprobabilityof95%overallchannelconditions
” MostresearchadoptsaStarTopology(S T)asthedefaulttopolo
gyforBANsforsimplicityofthecommunicationprotocolsandto
reducethepowerconsumptionassociatedwithmulti-
hoporTreeTopologies.ProjectAuthorizationRequest(PAR)
presentsan extendeddescriptionof thetaskgroup.ltstresses
thefactthat currentWPANSs do notmeet

Available online:http://internationaljournalofresearch.org/

medicalcommunicationguidelines,becauseofthepro
ximitytohumantissue.

e  Thecombinedeffectothighpropagationloss,thelimit
ed energysource,andtheissueoftissue
overheating,justifythedeploymentof
morethanonetransmissionhopforBANSs.

StartedasaStudyGroupin2006andmotivatedbytheincreasingr
esearchandindustryinterestin WBANSs,theI[EEE
StandardsAssociation decided to form the IEEE
802.15TaskGroup6inNovember2007.Itdescribes itself
asfollows: TheIEEE802.15TaskGroup6(BAN)isdevelopinga
communicationstandardoptimizedforlowpowerdevicesando
perationon,inoraroundthehumanbody(butnotlimited
tohumans)toserveavarietyofapplicationsincludingmedical,c
onsumerelectronicsandIn2008,aCallforProposalsonphysicall
ayerandMAClayerprotocolswasissued. Thelarge
numberofresponses,64intotal,confirmedtheindustryinterest.
Currently,theresponsesarebeingevaluatedat
monthlymeetings, while
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some proposalsare merged. The creationof the IEEE
802.15TaskGroup6andtheworkonan[EEE802.15.6
standardstressestheimportanceoftheresearch with

respecttoWBANS.
VIL CONCLUSION

AWBAN:isexpectedtobeaveryusefultechnologywithpotentia
Itoofferawiderangeofbenefitstopatients,medicalpersonnelan
dsocietythroughcontinuousmonitoringandearlydetectionof
possibleproblems.Inthispaperithasbeenshownthatbyadopting
theTrafficAdaptiveMACProtocolinWBANcanresultinthered
uctionoftheenergyconsumptionof WBAN sensors

.Withthis protocolconsiderationthe wastage
ofenergycanbereduced.Futureworkcanbeextendedtomultiho
pnetworkscenario.
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