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ABSTRACT

This research aims to develop a communication protocol for decentralized
medium access for Wireless Body Area Networks (WBANs). WBANs is a collection of
vital signs and electrical signals measured from body parts to assist the analysis of
treatment for patients using wireless data transmission. In this work, experiments have
been built to study many parameters which affect to the network performance, the
effects of data communication in the real environment and the development of
wireless network to be more efficient in terms of saving energy. In this research, the
actual experiments are performed using the TelosB motes, a wireless communication
node based on the IEEE 802.15.4 standard, to study the effects of an attaching node
on the body and improve the communication protocol in the MAC Layer. The
combination of two communication protocols which are CSMA/CA and TDMA protocol
to provide the network with the better communication capability. The experimental
results showed that the Packet inter-arrival time over 15 milliseconds can get the high
effective communication and our proposed method can save energy over a wireless

communication standard 1.82 times.
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AD-MAC [7] uaz HyMAC [8] gavheudadsiinalnnsindedeasteyauuudugiifiedu 3 unanufe TBCD-

TDM [9], Cooperative-MAC [10] itag HUA-MAC [11]

1.6.1 Energy-Efficent TDMA-based MAC Protocol for Wireless Body Area Networks. (LD-TDMA)

Body Area Networks (BANs) lulassadnsnisandedeasienizlngaznseangluimfiuivunndn

wagldnasanuan Tuunanuidiauslusinaealudu MAC layer IUszndandssudinsunisdeansnnelu
BANs Ingldnalnnishnsedoarsfoyaunuy TOMA Wudiugiulunmseenwuulusinaealudu MAC layer uaz
Wslameaiigniluldauasaludigunsal Analog Devices ADF7020 RF lagluninysenaudl 1.2 uans

lassaiaasevignsindedeansineaziinisdstoyaann Sensor Node 317 Master Node Wag Master Node

delayasionil Monitoring Station lnsinisadsidauazieniialvingaiu
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MnUsenaud 1.2 sUkuulassaineaIeYie Wireless Body Area Networks.
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act.
| | power-down
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Sensor 2

|
RF link packet Ack Hl  Transmit
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Tg NC — Network Control packet

AmUsENaufl 1.3 TDMA timing

Tunmusznauyt 1.3 1Wunsuananiseaniuy TDMA frame Tnefiidmnedeyinlinainisaoansi

2 | I3 v A o I3 s ' A '
yadnfigavinnazilululaieieuiu power down mode vaafulwessEninaneglugie power down
mode 9z8ikA internal time counter ag periodical ADC sampling #1%11911 Time slots S1-Sn 9g3A&TS
Tifuiduiwesunazia Extra slots (RS) gniiutenlidmsuds packet drnsdiiiindoiiananlunisdeans lu
sEnimnNsaIdeNasEnIneiulziinisld qurad time (Tg) wiedasiunisdouriuiuvesteya lunouduuay

AOUVIYUDY Trame 3¥HANT1589 Network Control (NC) packet @1%5Un1S timer synchronisation (SYNC



message) WazA1doue) lnafuesazusutisalinssiuiuiudaanlasu SYNC message Taglun1sinanu

9A98n13 resynchronisation (Ng) @fuaailgainaunisi (1.1)

1 Ty
Np < -(—— (1.1)
2 Tframe'e
Bytes : 2 2 1 n
Data Sync | Frame
Link Preamble V
bits Len.
Layer
|« MPDU »|
Bytes : 3 n-5 2
MG Addr e Other Payload CRC
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Frame Control
E
DATA packet Addr | paTa PaICDREt s sampled data | CRC
D
Transfer Control Addr ACK | Packet iz | ene ACK or NACK
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Network Control kddr | v FRE SYNC
NC packet i message

AUTENeUR 1.4 Packet formats

Tuandsznauit 1.4 Wunsuanansdauiininalu Data Link layer wag MAC layer lagluduves
MAC layer An13uus 3 ludiusmiu overhead Uznauludae sensor address (Addr) wfinvesdoyafiazds
(Frame type) dauduudanduininafivsnds dauivdeiludeyafiisnseds anvheiunisasisaeuniy

[%

gniesvesdeyasniey CRC
1.6.2 Contention-Free MAC protocols for Wireless Sensor Networks. (CF-MAQC) [3]

Tuunanuillddnauslusianealudu MAC layer fianunsalddiniseuaunisluiaiedne WsNs 1¢
TUsTnmoaludu MAC layer #ildazfoia1115080N154n378 slot time 71 sensor node usiazfazinITas
Toyauazdesiunisvuiuresteyadidemfuvesusias sensor node Tnefiléiniaues MAC protocol Uy
distributed, contention-free, uaself-stabilizing 341361484 global time TUslnroausynaufeiy 2 diu
38 Loose phase Tnunazsarilosiuvedduslanea MAC Tnudruiazrhauneuiidedlnunluaiodeld

wn deluesetnedlnuadnunuiniuiazdig tight phase 39 tight phase ldeanuuulusinnealiuss@nsam
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1.6.3 An Adaptive Energy Efficient MAC Protocol for Wireless Sensor Networks.(T-MAC) [4]

A1sdea1slu WSNs a1asawtslaidunane layers nilslusiufe MAC layer Tu layer Ha5une
Wslaaealudu MAC Favilimtulalddnaglifimswuiuvesdeya Wewihe Wuweslnuninlduunmesluns
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AUseEnoudl 1.6 Tassadeiugmu T-MAC protocol

MNUsENOUN 1.6 kandlAseseiugIuves T-MAC protocol Nnlunasiudu e deansivlnundu

v a
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1391 virtual clustering Sen3eadlyl nupaiangumenisananieiiulaglideruldasuiaiiiu Inue

P9I UASDYY

delsifinnsdedyanas TnunaziFuTansmmsdedyanalaeviluudisuuvy back-off Saanay
ihaziduresmsvuilelvangduvaisiiananumihauslailelvansiinisds RTS Tu T-MAC SaBudusnenisse
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wililedu cTs ndunilduaudaintu 1Tnnsulilddu RTS Wesmnnisvuiu vie 2. Tnuasuldlésunis
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919111 sleep mode oeslsfimutiuervazialunsd 1 uaz 2: 1519zfianiumsaifl nundeindadng sleep
mode Iummzﬁimm%é’ﬂmﬁwmagL‘i‘iaqmﬂamumizﬁﬁmmﬁm‘ﬁmﬁﬁ%@mmLLimJaq frame U3110091U9Y
anasegun doilvuamsassdnadilasds RTS vl mndeadlifinsmeundundenniiunisassivilaes
ﬂ%u’aﬁumsastﬁml,asﬁwaj sleep mode Tun1simuad TA msiiszezinal TA > C + R + T laed C Aoy

8717909939187 contention interval R AoAuevaawiiniie RTS waz T Aanadaniag

msneassnsiasslosrunuindidgmiu T-MAC protocol Wemsaeansaiuinievisaiulvaiidu
famadengulugluuunsdealsuuu node-to-sink Jgymilidudesiglunmuszneud 7 nua A fin1sds

doyaus ua D lilaSudyaaeslsmileuiu nundue lnendornulraanuuasais dsiuluun A deluin

v
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B, B witiugla C wag C winllufie D ilassfiansan nua C nnastinesnsdetaniude D Siuszdsssiogiiie
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I 1
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«  TA

amuszneudl 1.7 Janil node D 141g sleep mode Aouiilnua C axds RTS Ul

Fuibgwusnfeguuuuiisnienia future request-to-send wwiRnfAewiiol nupduiingdadl

:
Jonnuey wisldlasueygnlidadeniu Tnevhanlesaiignualéidu control packet (CTS) fifuunls
dmsuTnunduiuenvds future-request-to-send (FRTS) packet 1iulvua C luninusznaufi 1.8 FRTS
packet fAuenIv83n15d0a15 blocking data (%a;gaﬁagﬂu CTS packet) lnuniiléf3u FRTS packet $3nsfuay
Dudhuuneluswinnes RTS packet wazazdosiutulunajuiiodostuldlfivunsuldvedyaaly
Faaaanifivuaiids RTS Budu (nun A lunmuszneuit 1.8 ) azds Data-Send (DS) packet FUAENNSIN
DS packet suazdasds normal data packet viufidm3u FRTS solution Tunsineiu TA azfeafinduny

AN1IVRY CTS deralull 3namdsenaudl 1.8 msldamaud® FRTS iuuTinuugegalugiuuuns

v
=

Foansianiaufeaussana 75% oe19lsin1uiilesan overhead NasTuves DS wag FRTS packets n1514

U

WAL AN TRe

Al contend RTS CTS DS DATA  ACK
|
1
B
5 , ~
l : ”’\\ ,I’ \\\ ,/ﬂ
,
C | contend a1’ N ’,'
|
i | active active
: FRTS RTS
P TA -
o L

nmUsenaudl 1.8 Future-request-to-send packet
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N '

FfiaosAegUnuUiTFonin full-buffer priority Tnuald$u RTS packet fismunlilnuntuard
RTS packet vasnuiaslldalnunduiufiunuiiovnoundudaeg CTS wuund Tunmuszneudl 1.9 Tuuans 2
NAGNS UismiLLiﬂIwumﬁIamaﬁg_jq%ﬂumiﬁq%mwmm@mm idesnsfuruglumsdsteyaiilolsdunms
wtedu RTS Tunmuszneudl 1.9 Tuua C o19dsdeluds Tnua D ndsngapdenisudsduluil Tnua B dedy
mmﬂwmﬂuﬁﬂmmmﬁuauwé’m%a%Lﬁmﬁﬁuﬁaaﬂd’l Usensitaeslaseadne full-buffer priority wugiin
suwuuiihAnvesmsmugumsiainginietne Jaduteldiuseulugunuumsioamsuuy nodes-to-sink Tu

nmUsenaudl 1.9 nun B gniesiuliilidsaundt nua C dwuil buffer iieane

A , contend
!
B : contend
|
1
C 1 contend
l |
!
D 1
i RTS CTS DATA ACK
« A

AwUsnaudl 1.9 Taking priority Wielésu RTS

n1391aesdeyalulusunsunanddifiiudl T-MAC protocol ¥tauedsnisannisldndaaulu
annnnaeuinnuiunIuTe s UenutuRuluna s eluaaunsld T-MAC protocol lauanslaiiu
Tlusgnieiilvangs node Ixdeansinglidosuoundy wilugiilvandannlvunszlinisinsedeasifies

2.5% Ya43a1978Usendnlaunnta 96%.

1.6.4 X-MAC: A Short Preamble MAC Protocol for Duty-Cycled Wireless Sensor Networks.(X-
MAQ) [5]

Tuunaauiilddiaus X-MAC protocol Fadulusianeaniinsldndsaumidrniy WSNs lng

¥ '
= =

TUslapoaludu MAC layer tufiugruiiimuidmiu duty-cycled WSNs 1ty BMAC Faidu MAC protocol
BUAUAIUSU TinyOS Tuvauzf “low power listening” Uuill3aUd1E, asynchronous, wazUseREIANEIULAL
madaaiessesutdunarunwihliliiivseansnmlunsviinu Xx-MAC thiaueismsuilgymivaiillagly

short preamble Fauanslunmuszneudl 1.10
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Target address in data header

LPL
Sender (S) .
e time
extended wait time
LPL
Receiver (R '
(R) | . .
R wakes up Listen for queued packets
Short preambles with Receive early ACK
target address information
X-MAC
Sender (S) " —
X-MAC
Receiver (R) | .
y — »time
Time&energy
R wakes up Send early ACK Saved at S&R

AMwUsznaudl 1.10 Wisuiieussezinatsening LPL’s extended preamble ffu X-MAC’s short preamble

X-MAC 1935 strot preamble approach Imada‘qmaﬂ short preamble packets LLﬁiaz‘quizﬂaUﬁ’JﬁJ
ID 9839 node Lﬁ’mqumsuad short preamble packets Huflruadrendsiu continuous preamble NIUEN
#251751174 preamble packets 92819 nunLiinmuneds acknowledgment Avgad iU preamble
packets N15a preamble avtnaUsyrdandnuiaaieduasinieciu uardielianailunsnovaues
Tnuaiildlowmunedaladdu preamble arunsandulvueuldiuiiunufiaziugdidimsu full preamble
Wuieaifu LPL Wy uneuinansliifiuie lishtweight algorithm dmdumsusu X-MAC ieidendasiaan

AMFUBUNS UMM aLwaE NSz Al Fanunsavinaulaanin LPL wialy

1.6.5 CA-MAC: A Hybrid Context-aware MAC Protocol for Wireless Body Area Networks.(CA-
MAQC) [6]

@

mAdendavesluuuNsinsefoasiiatenuu CA-MAC Bewausenine TDMA-based MAC and
contention-based MAC Tngl@ioanuuu frame structure munmusenauit 1.11 lnglunowiusdu master
unazds beacon packet ludugasinunnaqluszuuiiednassdrsarlunmsdsdoyarosusiasdi e

AMUHBINTIUASIEU bandwidth AasulUssuvaunsasulasulamuninusenaun 1.12
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Il pownlink beacon  [] uplink

Sched for Polling

Contention others slots
Sched for Sched for
node A node B

AmUsEnaUR 1.11 TAseadna CA-MAC frame

- Beacon D Contention
- Node A D Node B - Node €

Inactive
polling

Scheduled slots for node A, B, C... slots

Scheduled slots for node Inactive polling
A, B... slots

Scheduled slots for node Node
A, B... A

polling
slots

Inactive
polling
slots

Poll

AmUsznaudl 1.12 mMsdams Traffic-aware adjustment of TDMA slots

1.6.6 An All Dynamic MAC Protocol for Wireless Body Area Network (AD-MAC) [7]

@

I

o '

waueguwuumshndeliaefidsiaindaudugesinunsiegfiinausisneuyudlagld

AD-MAD protocol tusdanisnisfndedoaisineazuisdnuanudifguesinazlnunlagagiissssiu

' '
o o

Audfyeandu 3 szaufl level 0 fianudidguiniign waz level 2 Tanudrfesniign 1umumisned

q

o o a

1.1 InglvunniinaudAgyaeasil Contention Window (CW) Bounds ideedian
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miwﬁ 1.1 Contention Window Bounds for AD-MAC.

AD-MAC
User Priority
CWmin CWmax
2 4 8
1 2 8
0 1 4

TunseenLUY Super-frame structure aguUIeanLdu 2 1429 Contention Access Phase (CAP) Lag
Contention Free Phase (CFP) muawdszneudi 1.13 Inglugag CAP azld CSMA/CA Tunnsdanisdstoya
waz CFA 9¢14 TDMA Tunsdnassdasnanlunisdedeyaainluuninegilsild central node lnodniFes

AINAIRUANEFRY

Beacon CAP CFP Beacon

nmUsznaudl 1.13 Tasead1eves Super-frame i AD-MAC

UszAnBa1nves AD-MAC ilethlusraedlulusunss OMNET++ Wisuiiouiu IEEEB02.15.6 MAC
war CA-MAC Wesidumsagdeuiininaveudazivun aziiuin AD-MAC Siesidunsgadaufininmpacket

loss Afgatunnivualunsldndinuvesusasiuuasiiuiiwuy AD-MAC ldwdanusfianluynelvun

1.6.7 Wireless Body Area Networks MAC Protocol for Energy Efficiency and Extending Lifetime.
(HyMAQ) [8]

o w

Wireless body area networks (WBANs) Fe1Judrudfyveoq Intemet of things wag sensor
networks iasnaneidudsdrdglunisasisaeuguainuazuinisanuduii Wugesluualuieundindy
wianildnludiesdadeyaluds personal station (PS) uazsudoyamuauain PS iieusulmansinuegnsls
@ ' ! [y I3 A a :i Y v = I3 d'
ANUALLANAIITZNIN PS Augumesinuame PS Lifilgyuniosnslandinu deinsannduresinuniiay
nsysaludlaenn vlidugesinunszUszaudymnisviauaaundanuddiaseatgnmsldauaes
Wuwesluue Wesuidgmilisldesnuuulusinaealudu MAC layer InslifioiiuUss@nsnmnnsidndsau
LLa%gﬂaﬂﬁgﬂﬁii%ﬂ’]u%aﬂ body sensor nodes (BSNs) Tu WBAN protocol ﬁﬁ%ﬁual%’gmmu hybrid &ql4

Uselemiannia CSMA/CA uag TDOMARLATWUSENnauft 1.14
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Tumseeoniuu WBAN system Tianwauznsfnsenuiuy star-topology Tumshnsedeansiunius 3
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fia 9 BSNs Inedl PS 1udsiusandeyasin BSN anndudedoyaluduniotnsuwaziuddaniniasediaiiie

=
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Y
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BSN3

PS

0-ACK
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0-ACK
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0-ACK

Data3

Dat:
T-ACK
eacor
R
eacor
0-ACK
eacor
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Data2 Datal Data3

AwUsTneudl 1.14 feghs sending period vasanu nodes T BANS

TudauiisnazeSurelaseadne CSMA/CA-TDMA hybrid 184 protocol fitauslnsazidend1nsu
sending period 84 BSNs Frananifdeldindy receiving period 194 PS lumauusnlutag CSMA/CA thu PS
rasdayayiay ready to receive (RTR) L8 BSNs wavmaiiowdsliusias BSNs nsuPansniuteyalasa
wanslun museneud 1.14 13114 3 BSN 1usa081s 90ty BSNs Manuaawi3udu CSMA/CA wazds
information data (i-Data) g4 PS muwuin CW vas CSMA/CA i-Data v8d BSN ddauavedsiiiessiuds ID
number LiioUsEndAndsy PS xiHEung total acknowledgment (T-ACK) iiefiugnsoussazmanauyes
CSMA/CA titaudslk BSN vamunlésu i-Data unulazds ACK v!ﬂﬂ%gmé’wmlé’%’u i-Data a1AuUn1TaIdRe U

¥94 BSN 1aueglu T-ACK sl BSN ynaudzifnsdsdyaaluiiaian TOMA imdeazanii

Tu¥i9i7a7 TOMA v893ULuU hybrid Suduusnisnveukuzdianiue awaiting orders (AO) U3
protocol aueduuamusiliilflFnuanzasintulugasnaines TOMA wirdu mn BSNs agluaniug
AO synchronous clock agélanaiauey nsdiiumsduvesluuaazngaiiiossndandaany g active
beacon fiszymneiavvesivuawhduiianansaldonu BSNs faonndosfuainaniug AO 1USs active states
fashegneiuandunmusznaul 1.14 BSN 2 1upuusniidstoyaniusg BSN 1 uag BSN 3 Wuaugavinelu

mouvneeIuAaz data packet auildeysy1as beacon liiuds PS uazndnidesnisagdeuinia Tunounsnfie

a1 1%

BSN 2 @4 Data2 1U8s PS lnefl beacon duanfidiuvinewas data packet, PS 13U Data2 d115auda uag

q
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WELNS order acknowledgment (O-ACK) 1U8s node dnlunieon active beacon way node’s ID 993 BSN 1
283 node Tudinsdedalunuiognavesnnuseneudl 1.14 910ty BSN1 avSunisdaiufiilésu O-ACK
\isesunetisaaiivinnsdslngisn fed1 BSN 1 é’umaﬂumiéﬁagaﬂ%ﬁuiﬂ wathu BSN 1 lailé%u O-ACK
n&191nda beacon Augn Junali BSN 1 d9 retransmission beacon (ReT) titoudslst PS ns1udinisds
é’iyzywmimi%ﬁu%u PS &4 O-ACK lvinnluun n&391nlA5U beacon éuqmmﬂ BSN 1 Tugnsszegiiainisas
wazdnaiiviinisddlvsions BSN 1 tu BSN 3 avaglu AO iiteussndandsnu gavinemsvhauiuayes
I‘Uﬂmaa%équﬁwm BSN3 dedoyaluda PS nan153iAs121iuarnsAnwkuudnasy wanslimiuii

HYMAC SiUszansnmnslandsaufindn QS-PS 7 6-10% uaziliuszansamnislandsanuiinin CPMAC 7 10-

15%

1.6.8 TBCD-TDM: Novel Ultra-low Energy Protocol for Implantable Wireless Body Sensor
Networks.(TBCD-TDM) [9]

¥
o

Tuunenuiiinaueisnisdeansly implantable wireless body sensor networks (IWBSNs) fifeanis
mmndede wuedidnunn msldnuuunmeiienuuuarsiusudoyaUssmnananazdsdyanauuulfane
ogilUszAvEnn Asarheiaunauamiinvesiiouaranaudswesmsindoidesnanmsariin
var lumsdivesteysluuiarseudeyaszgnitrsfauasdynutoyavuafiduinnuiduiiazgnasluds
base station (BS) iloaztasBaengmsldaunumneives sensor node Tus1sme Tasdaudsagiivasnains

aunm@adu sleep mode Lisunaaniian

Sending Sends instantly
Primary Signals Time-Stamps

BS
Delay

i i
A 1 1
1 1
BS ; : ; >
i \ i
Sy I !] N
1 1 v
S ; | k N
1 1 =
S5 | k P
1 1 L3
1 1
1 1
1 1

Sensors read Sensors read Synchronizing
Primary signal Time-Stamp Instant

AmUsEnou?l 1.15 laseadne Time Synchronization
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. . . a o @ ' a A v o v & s
Time synchronization Ty WSNs Hunuind1aglagianizog19891iloa095895uiutdulgasiuy

'
= = a

nsgegudvuninglulaseaiieves WSNs audnuugd1AgyNigniansiiasanlu time synchronization

q

¥
P o

dmsu WSNs laun e1gn1stdau anuuduguagysyansain Tuunanuiliinsiiaue time synchronization
algorithm wuulndildeuiulustnreansioarsiaued gy IWBSN lunwusynouft 1.15 uanensineu
SEWINEAM sensor node (S1, S2 wag S3) waz BS Tu algorithm 5@@1@5@1’131‘17{ BS A5I9NUANNLANAINUVD
nannndusesiuanisluustulusiurvgasudoyanindusesinun wagidng synchronization mode

P §%

ntuazasdyIudue (Pr Signal) egnsseiilosnislunilsseu sensor cycle URnsudslidugoslnun

v . . | < a @ 5 & |
ManuALd1g synchronization mode Tu sensor cycle #ialy sensor cycle Lwaduiwe slnuaiavunds

Jeanuasudealunnusenaudl 1.15 Time-Stamps Mduwaaseu S1, S2 uag S3 wansmuaaudu Ti, Tj

v '
= ° £

wae Tk Time-Stamps wianiignauwiadly BS el Sync_Counters fianasvianualy Wugesinuavianunaia
Audluianferiudadunis synchronization 351 Wwweslnunazegly listening mode duitgawinfiag

Wululdauninaglasu PrSignal ntumssuimandu Sync Cycle Liiosu Time-Stamp

1.6.9 A Cooperative Medium Access Control Protocol for Mobile Clusters in Wireless Body Area

Networks. (Cooperative-MAC) [10]

euinantilumalulagues wireless sensor network (WSN) vilimswaunsunisquaguaimdu
nalikeundiedudunsguaaunmuuulsaedunuinnddsintulunate 9 aaunisalfiuduEesssuni
wnluuaianuaiunsalunisindounaiegnaty wualy body area networks iaasufilunsouiunis

wanulmvesld Wslnmealutu MAC layer Tuweundndusiinaninsmisfannundesivenguie

Tuunaruiinaueds hybrd protocol 521319 TDMA based and FDMA based 1iladnn1sfiu
mobile clusters Ty WSNs luneuusndonisuvaaiatienomnesniduassiaietisdesfinensaniiu
environmental network wae wireless body area network (WBAN) luusazia3orneldanudfiuanseiuaes
wuulunsdeanssewinafusiednsdanistusiaaeauuu hybrid Janunsavanideanisvuly mobile cluster
IFognafiuseansnn iosnniadetnefidvmnudnlianudfunndesulunmsdedyaaanuneneslunis
Falasluduazanusauflossinaedetnedesaasindudesndu ludwidunanuauslusianealudu MAC
layer va37ifldru environmental sub-network @31 body area sub network Wudhuiisuilefuveisaes

\ASevIeNTvUALEN

Wuwaslu environmental sub-network U dRnnunalnnisidndsdosdyaramusivuaiayn

TDMA frame uuseaniiu active part uag inactive part wenanil active part szgnuuansatusenduvaiy
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FoensvuaAgtulnuadininauegly active part warUadgyayruingly inactive part nwdsznaui

1.16 \Jugunmiiuanslaseai1aves TDMA frame dw5U environmental nodes lngaziden

T1 T2 T3 T4

»

A

< » <«
< » <

A
A

Active Inactive

m‘wﬂi:ﬂauﬁ 1.16 TDMA frame @ %5U environmental network

o N A

Body area network sinazUsznausmeidugesiiaiulduazivegnateduiieotndyaadnfivsuenia

¥
= P '

amwiwmaﬁLL%@LLiwaﬂ;ﬂ%’Luﬁmmﬁmﬁu Fuwesimunmaiazdoindusiuds Sy afen wewan
wnannsadsuiurenduesdauanden Tnglu subnetwork wuufifl 1 hop 33uuu star-based lsuavin
wihiiidu cluster head (CH) wag Tnuadu 9 meleutemmisuilugs cH lifimsdeanssenindlnualndifss
fulnsead1eves TOMA frame wos WBANs thunilouiulasesnswes environmental network amusznaud

1.17 Wugunmifiouanslnssairsves TOMA frame 189 WBANS

T1 T2 T3 T4 T5 Té T7

\ 4
A
A
A
A 4
A

A
A

Active Inactive

AMUTENBUR 1.17 TDMA frame d1wsu WBAN

1.6.10 Hybrid Unified-Slot Access Protocol for Wireless Body Area Networks. (HUA-MAQC) [11]

v '

Wireless body area network (WBANs) solution 1{uwmaluladlmifiiindulmifiendladyninis
Foudedtuiivuiaidnseu 1 sunisuyudlasianizediadsdmivnsldaunisnisunndaiulasaing
superframe 534984 IEEE 802.15.4 modified medium access control (MAC) protocol fo Hybrid Unified-
slot Access (HUA) protocol 4%y WBANs taufiuiinanuiievuine anudniedevazdssansamnnsld
WA ijaﬁﬁ]’lﬁmﬁamsaﬁuayumﬂiuiaﬁumﬂ‘waw physical layer (PHY), ultra-wide band (UWB), the
slotted ALOHA gnléluzasmsidiis contention (CAP) tife3aswensdnassaenian Mini-slot method 165y
nsepnuUULeLinUsEans amussnsuedudenindunisinass slot Aieanslutdas contention-free
period (CFP) ¥l# HUA anunsausulndnfunmsiudsdoyaiumndnafusinfaenndiadunisnisunnduas

Tailonsunneg
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slot

mini-slot

Cmd. Cmd. Cmd.

Tack IFS

AwUsEnaudl 1.18 Mini-slot concept

Weiinusyansnmuesnsudestuliiuufnues minislot uldfuanddunmysznoud 1.18 slot
CAP vilidulsznouseadenvunnidn 4 aden nmsdoansuazmsneuiuasaieauysainieluadesvunmdn 4
aden afenvuimdndiuunniiusreznaveadend el ine nsaudesdniunisds CFP s
ildUsslomiannszasnanienfudmsuCEP slot uaz CAP slot satiu HUA MAC protocol 3eanuuuleid

I3 < <
FADAVUIALAN 4 FaDA

Han131aemansdt Wslareaannuiasiluveansyuvesdeyalu CAP liegnsdiuss@nSainuas

2818 slots T CFP iiasessuUsunumslgdauninniumenisiulsziu quality of service (QoS)
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1.2 WSguiegunsnunIuIsIaUnssY

%p MAC Protocol | nalnnsienu JULUUN1S | JUnUUNsAIUAN | 118 5§ U | gasuddalumsiededenns dsitenilafin MIVAGEY Fulnue | Arwdild
deidon nsdeans nansHeans ldanu
LD-TDMA TDMA Star Centralized - Tndaudunardnasldauly Analog Devices | energy efficiency and | naaoulufi guns al | 20 Tnup 433 MHz
Y-2009 ADF7020 RF transceivers duty cycle ADF7020 RF, ISM Band,
FSK/ASK Transceiver IC

CF-MAC TDMA Mesh Decentralized - myiibiatesludiewaslisniudesd global | - finvdeyanimnug - -
Y-2005 time reference.

protocolaz il Fiadessnludfidedngs

Wasuuauedetela 4
T-MAC CSMA/CA Tree Decentralized IEEE 802.11 sesfunisisuulasmediuanlunaiwavdaiuil | energy efficiency -Praesteyalulusunsy | 4 Tnun 868.35 MHz
Y-2003 TaeUu duty-cycle ludnwmziindaning an OMNeT++

Usinaamdauiigapdeluielaildlda -naaeuluivaunsal EYES

hardware

X-MAC CSMA/CA Star Centralized IEEE 802.15.4 | misdeanswdsensiild3s strobed preamble fids | enerey efficiency and | naaeuluda gunsal | 9lnua 2.4 GHz
Y-2006 4nved short preamble packets Wgasumune | lightweight algorithm | Chipcon CC2420
CA-MAC CSMA/CA+TDMA | Star Centralized IEEE 802.15.4 | n1511La@u® dynamic control mechanism \ile | transmission ﬁﬂaad’ﬁaga a4 Tnup 2.4 GHz
Y-2011 IEEE 802.15.6 | uflvdmunivesdygas fading Insuiuidsy | reliability and

Trs9a$1a MAC frame efficiency
AD-MAC CSMA/CA+TDMA | Star Centralized |EEE 802.15.6 | Protocol Haue dynamic priority control, | energy efficiency, ﬁﬂaaﬂ”ﬂm&aluiﬂnm su | 5 Tvun 2.4 GHz
Y-2016 dynamic timeslot allocation mechanism wag | delay and reliability OMNET++

dynamic length allocation mechanism %11% 16

msdedryanafideeliuaraudomdrnus
HyMAC CSMA/CA+TDMA | Star Centralized IEEE 802.15.6 | AO state amn1sldmdaaudmiu BSN iladsenda | energy efficiency Transteyalulusunsy | 9 Tnun 2.4 GHz
Y-2018 nRauuazEnegnisldauues BSN NS-3.26
Proposed method | CSMA/CA+TDMA | Mesh Decentralized IEEE 802.15.4 | 19 CSMA/CA Tugnausnlun1sdanns time slot a9 | energy efficiency and | naaeulusiigunsalase 3 Tviun 2.4 GHz

usiaz nodes Udsaz nodes delayauuu TOMA

yilididasan sleep Mnuvlildauldenuuau

reliability

61




1.7 Yszhuide

myianulaesmvesissyuuiitiawelunuided aulumsesnuuuiinisieasioyalutuves

MAC Protocol Inefildeanuwuutunssiuiuveddisnsdeansiuy CSMA/CA wagdsnsaeanswuy TDMA
v o oA v A o a a a o ) vaa &

Whanswduiieliasevieduseans anlunsdeasuasusendanadaaiy lnesld3snnsdeansuuy

CSMA/CA 1ndnassyrsialunsdadiainveausazlvualussuy wazldisnsdeaswuu TDMA Tunns

dauinfalviiiuszansnmlunisdeansuazyssndandsny lnevuilnualildegludinnaiiavdazdng

Y

sleep mode vilildnasaulsogafiuse@nsnin

AMUsENDUN 1.19 MIINUYDITEUU

N MUTENOUN 1.19 uanstdanzianlunsliisnisdearsuuy CSMA/CA uagisnsdeans
wuu TOMAlaeglutsusnilaesluawhiulueievis Wenaruluiivuaaudesnisidianegluniotig

Tnednesalenetaanisyin CSMA/CA Tuineu Deazaunsangedetisnantunsaswuy TOMA Tusauluils
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uni 2
NQUUATUANNNT

2.1 Wireless Body Area Networks (WBANSs)

Wireless body area networks (WBANs) udrunilaves Wireless sensor networks (WSNs) Tag

=

71 WBAN fimnuenizsuiildlunisindedearsliaeandugesindyaradniliannsnsmenywdnse

a < = o

aelusiante WBANs WuaSevelsaenivuindn wazianusndunzdesldndsnudiunazsosd

aa o w

AuUetio WBANs WumaluladfidiAglunisguagiieuuu realtime uwazddadelse faogamee 9
faunsadnlaainitnisuysduszneulumefinindsenaud 2.1 [12-16] wazAuuanaeiussning

UINIZU IEEE 802.15.6 ﬁUiﬂGﬁi?u IEEE 802.15.4 C‘]’]llﬁ]'li’]\'iﬁ 2.1

EEG «
EMG « y
T *ECG
Thermometer « N
- *BP
Sp0,+
*Motion

AMUsEnouf 2.1 fegeuesmuraInaeed nodes T WBANS

A5197 2.1 WasuieuRusEning WBANS IEEE 802.15.6 ffu WSNs IEEE 802.15.4

Conditions IEEE 802.15.6 (WBANSs) IEEE 802.15.4 (WSNs)

(Y

Deployment | 1389181y WBANs lildegiuatng | w3atnglu WSNs agfiusgnamuuiy Tu
and Density | wiwuiuy satudwaulunuaiisnduwingy | nsaifiluuademe WSNs anunsaaeu
naggnldary lunsalilnuadenie | muademeliegisie

WBANs n1stilasulruatuvinlaenn

Data Rate WBANs $i8nsinsdstayaniliafiosnin | WSNs Idnsinisdedoyaniiiadesnin

U

170NN Toanin
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Conditions IEEE 802.15.6 (WBANS) IEEE 802.15.4 (WSNs)

Latency WBANs Uszaullegynn latency tounin | WSNs Uszaulam latency unnnin Tu
Tunsdlvesmsauwadlunsdddoya way | nsflvesmsaumallumsdstoya

ASIINS I UL URLRDS

pRGH

Mobility Tonunlu WeANs gnldaruluguuuy | Tnualu WNs sezidulnusiie

T

a

mobility Ineldauasaulavietlelily | G

Fvosgldau

2.2 IEEE 802.15.6 [17][18][19]

IEEE 802 Lévinnnsdanguauiifidodn IEEEB02.15.6 Widmiuiduninsgiuves WBANs
SnguUszasdvas IEEE 802.15.6 Aemsainannsgiunisieansilésumsusuusslimngaudu inbody /
onbody nodes Aldnganudniieliuinismansunmduagilildnanisumdivarnvane funsg
awdaoafefsruiaveneiotisfianatuazauaninsadifisluresgUnsaididnnseind 1Hosann

Moore’s Law Fenanideslilanigunsalvwmdnuaznnmazldsunisimuiiienisdeaisseu 9 s19me

v
[ a

uywd IEEE Std 802.15.6 Wuwmsgiudmiumsdeanslsasszezduluvinalndifsanioniglusane
uywd (wilddrinaneuyed) Suld Aduaud 1ISM uazafiuauddy 1 Wuieiiuaduanudiidenndes
fundiganuiiuguanienmsunnduaznisdeansnderulddeligunsalinumendsunisdeiiaiuin

\eAuUaeniEan specific absorption rate (SAR) WNgseneuayineguumings

WBAN Application

. N Non-Medical
Medical Applications Applications
Vital singns monitoring Entertainment applications
Respiration monitoring Gaming
Electroencephalogram (ECG) Social networking
pH monitor
Glucose
Hearing aid

AmUsENOUfl 2.2 WBAN Application

& a

WBAN Application ﬁﬁmumﬂmmamummgm IEEE802.15.6 wiusoanidunismsunvduay

Lildmnamsunndauiuansunmusenoun 2.2 lumsldnunienisunmdasiinissivriudeyandifgy
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voe5theag el louaydsialuga monitoring station deyaiildasnsauniieldlunistesiunisiia
occurrence of myocardial infarction (n15tAand1utiowalante)hazn1snuwilsasies gy
gastrointestionl tract 15ALA8IAUNI9LAUDI%1T), canaer (15ANEL59), asthma (sAneuiin) way
neurological disorder (IsatieafiuANuEAUnAN1esEULUTTamTildEInsadmldiiediewmiegiinig
msldunlaldueunfiedunamsummdrnluamsaeloutoys, inuduay wseviensdiny Tumsidu
v @ o @ 1 A o ] @ =
wnuagldiguigaslu WBANs mneuaumdssineqlunud nsld WeANs Tuiaseviemsdenulagiianunse

waniasuluslndvdeunutnsinonissusie fuminiu
2.3 Time-Division Multiple Access (TDMA) [20]

Time-division multiple access (TDMA) iunsdsdeyauuudnasstianailumsddeyavosus
avlnuafidasnisiiagdsdeyalnefiagliinisdeuiviuvestiswialunsduloyaveusiasivun Tnglid
mswasundasaudlunisfinsedeans Jgymnnulu TDMA Aanis synchronization Auszninglnua
InsunazlnunaznugnBLAuveaion waziuniesadanusoiain delays Tulsdaladl suard times
X - o a Y | | v ]
Juuieyale delays danimdsenauil 2.3 uaninsinassdrsiatlunisdedeyavesudarinualy

bandwidth L@gamiu

Data Data

\

] L [ ]

Common
channel

[ ] [« ]

3

Data Data

AmUsEnaud 2.3 sUkuunsinasstisiatlunmsdeloyavedudag nodes

2.4 Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) [20]

Tufiuguves CSMA/CD Ao nodes dnlusiosnsranunisvuiuvesdoya wazidioldfinnsvuiiv

o o =

Inunazlasudygimanieufissdygianisn wadiofinisvuiu unaglasu 2 dygrufeainass
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ftoazdygruanivuei 2 lunisueniussningdnue 2 Inuadygiufesdinnunanaisiue gl

Woddey egslsimulu wireless network wasnueulugidsagmelulumsdedayanu dygranlasull

wiueenn Atunafinissuiuvesdoyaeafindnuiindunua 5 81 10 wWesidusvhbiliaunse

A5I93UNSTURULS

Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) l@5Un15ARAUA UL
dmiu wireless network ninidgani1syuiuvestayalay 3 ns¥UIUN15il interframe space (IFS),
contention window Wag acknowledgments auiiansluninusznoui 2.4

Size : binary exponential
Foundidle | >

Continuously IFS
sense

WU
et

Busy Send frame Time-out

J ¥

»
>

I I I Time

nUsENOUTl 2.4 Timing in CSMA/CA

Fumouwsn IFS Tmdndeansvulaeiiiony channel Iaaglidsluriuiusszsedussaziainis

a Y

139n11 IFS w1 channel a1aldlaldaunsonafilnunduorasudsdygraliudmdygraidweduuni

a

aglnadaunlifis station IFS time Haelviduninvesdyyraiidslag nodes Neglnaluiis station mn

1189910 IFS time channel Sansldilaldanluunaiunsadals widnfadeasananiniu contention time

v
9

wonandl IFS sanansaldiiiodnarsuanudingaesivun w3 frame types 1y lnuainivue IFS fdu

o

naglidduenudfgygnd

Audie Contention window Aaszeziianfiuseenidu slots #1399 nodes Ainfouiiazduion
number of slots {18158 number of slots T window 9ziUEsulUa binary exponential back-off
strategy Famuneanuirluafusnezfidedndunis time slot uazazifinduduaewrinluadaselui
nodes lsia1311507529MU channel 7314ldwds IFS time ninaulasgnamilsnes contention window

[

Aw nodes Ao95U4Ta channel #&3 time slot 8819l3Ain1um1n nodes wu channel laid1afazi3u

nszvIunsiul Juasnendunaiuazianisnidie channel lalaldem

gaving Acknowledgment sagnszuiun1stesiudieduenaiinisvuiuresteyanaziinainy

o

Femeveadoyaszninanisdd acknowledgment wag time-out timer ausaglssulseiuladngsu

195U frame wad muProcedure Tunwusenaui 2.5
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Id

Channe

Wait IFS time

i

Contention window
size is ZK-1

Choose a random
number R between
O and ZK-1

After each slot, if idle, v

Continue; if busy, hait and Wait R slots
Continue when idle

A 4

Send frame

A 4

Wait time-out

ACK
eceived

DE— K=K+1

nmUsEnaufl 2.5 Flow diagram for CSMA/CA
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2.5 Ui vun
2.5.1 TelosB [21]

TelosB mote uuwnanwesuiidu open source fivonuuuanlidenssuideineadesiu
o o ~ v o o o <, s I
wisetnglfaneiliosnnanusadilulusunsunisinuvesiivualivasugunsaldearsuunainaiy

anUsenaun 2.6

AmUsEnaud 2.6 TelosB
ALANYDIUBTA TelosB

1. IEEE 802.15.4/ZigBee compliant RF transceiver
2.4 to 2.4835 GHz, a globally compatible ISM band
250 kbps data rate

e

Integrated onboard antenna

o

8 MHz TI MSP430 microcontroller with 10kB RAM
Fast wakeup from sleep (<6ps)

Low current consumption

© ~N o

Programming and data collection via USB

Tunsléeu TelosB awsaldmdsnuldanuunnes Imaﬁaua%mﬁgﬂaaﬂmenmﬂiiwwuiﬁ
wofifuau AA aesfieu Tastraussiulnihiiliuesevinnuazegsening 2.1 fis 3.6 Tad wazdiosd]
ussulwednetdes 2.7 Tandmsunslusunsuuaslulasaoulnsames drnnsevesadiiunesa
USB dmfunisileulusunsundeldnuiinnedoans azlasunduaindaeufinneslagldu

wsasiulnihegi 3 Tiadt uaglidndudeddan Aa



2.5.2 MSP430F1611 MCU

TalasTnswwaiwes MSPa30F1611 Wululastnsiwaisesildndsaumidufiviudsil 10kB of RAM,
48KB of flash war 128 Byte of information storage Tag 16-bit RISC processor Hiin1sldnszualuiia
wuukeAiinluaz sleep mode Aildnszualuilisunn MsPa30 i digitally controlled oscillator (DCO)

muauegnglulagaunsayiaulais 8 MHz way DCO a1w1501nan sleep mode snFauvineulu 6

llasiundt waivineuund 292 wnldmnd Neaumgiivies lneReulunisldumludannsei 2.2

ANsNT 2.2 Typical Operating Conditions of MSP430F1611 [21]

Typical Operating Conditions MIN NOM MAX UNIT
Supply voltage during program execution 1.8 3.6 \
Supply voltage during flash memory programming 2.7 3.6 \
Operating free air temperature -40 85 °C
Low frequency crystal frequency 32.768 kHz
Active current at Vcc = 3V, 1IMHz 500 600 MA
Sleep current in LPM3 Vcc = 3V, 32.768kHz active 2.6 3.0 pA
Wake up from LPM3 (low power mode) 6 HA

2.5.3 CC2420 transceiver

Fudeans CC2420 WuTudoansiisedumnsgiu IEEE 802.15.4 flduildu Physical layer uay

MAC layer Tngldauinaud 2.4 GHz fivenwuuindmsuueundadulfanenasanuiiazussaulnig

Tnedoulamsldauilufanmsed 2.3 [21]

19t 2.3 Output power configuration for the CC2420 [21]

PA LEVEL TXCTRL register | Output Power [dBm] | Current Consumption [mA]
31 OxAOFF 0 17.4
27 OxAOFB -1 16.5
23 OXAQF7 -3 15.2
19 OxAQF3 -5 13.9
15 OXAQEF -7 12.5
11 OxAOEB -10 11.2
7 OxAOE7 -15 9.9
3 OXAQE3 -25 8.5
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3Tl 2.4 Typical Operating Conditions of CC2420 [21]

Typical Operating Conditions MIN NOM MAX UNIT
Supply voltage during radio operation (Vreg on) 2.1 3.6 V
Operating free air temperature -40 85 °C
RF frequency range 2400 2483.5 MHz
Transmit bit rate 250 250 kbps
Nominal output power -3 0 dBm
Programmable output power range 40 dBm
Receiver sensitivity -90 -94 dBm
Current consumption: Radio transmitting at 0 dBm 17.4 mA
Current consumption: Radio receiving 19.7 mA
Current consumption: Radio on, Oscillator on 365 MA
Current consumption: Idle mode, Oscillator off 20 pA
Current consumption: Power Down mode, Vreg off 1 pA
Voltage regulator current draw 13 20 29 pA
Radio oscillator startup time 580 860 s

2.6 YaNALIS

2.6.1 Linux & Ubuntu

Linux @ynd) Aoszuudufinisuuy UNIX (gind) wuiieaiu aea lulasgendiulaid g

a ¢

a wa a va s '3 I ' ° ] @ a A4 A A <
5$UUUaUﬁ‘]ﬂ7§LLUUE‘Juﬂ"lﬂfﬂﬁwﬂsﬁl’ﬂaﬁLuaLﬂuﬂuﬂﬂa’NVl"N’]ui'ﬁJﬂUia'Ui’]iLLﬁ%Lﬂi@ﬂll@au aunguszuy

1

Y Y o

U URNsNwenAwIsias (Free Software) uax gandwislomugasa (Open Source) virlvdiginluldau
wagianeg1enn Suusndyndiauivuaeuiamesaldau chipset Intelx86 (32bit) udrFaiaunly
5095UAU platform duqinly

! 1
s

Ubuntu (guug) Juszuudiinseenfinnesdafiiugiueguussuudianisdundusznauly

ABfU 2 WUURD desktop Hag server lagnann1skaans 2 wuuldanumilounuuauuuly desktop 9zl

wih GUIl TumsTdau sAdeatuildaugyugresdu 14.04 6abit
2.6.2 TinyOS

TinyOS tugendwislomugesafioanwuuundmivaunsalliarendsuidldauedly

wIavnudugeslians (WSNs), smartdust, ubiquitous computing, personal area networks, building
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automation, tag smart meters Tunslgau TinyOS agldnun1w nesC dsdimulnalfgsiuniw C us

s

Tusuwidiiddindndnsembeanudtlulnundeans lae TinyOS vhauesguuseuuUfuRnsaund
2.6.3 Python

e lUsunsu Python Aenwilusunsumeniiumesseaugs lnegnesnwuuanlmduneanius

f91ud1e Ingdnanududouredassaiiuazheonsalveanivesnly ludiuresnisudasgneasiig,

a

Jeulndunwiaies Python Imsviaiuuuy Interpreter faumsulagamasiiasussvin etoudn

dniigUszananaliaauiiamas19UMINALIIAINIT WanNAINUUA1IUSEATY Python §ea1u15a

L1}
[

Ul luns@euldsunsulanannratedsenn taglilasnfinegfawaniznislanianils (General-

b

purpose language) Fwhliinsihluldiuunsvaneluranenguau
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Ui 3

sUuuumsindatiosns

hdellavesuresunuunisinsedeasiunaus Ussnaulume ssuunietiedearsivnauely

a a & ad Y a oA ° A a
eniinus FBnsdadeyadinsedeans waznvirnulaesiuvessruuiieldlunseenwuullslnaead
UszanSamlunsaeansuazUseudanaeany

3.1 STUULASRY18dadansNUILEND

3.1.1 Taseadaasatng

Serial port

Computer

AUsENaUN 3.1 TASEsauaaAIaUu@eans

TAssas 1IN svianurasaseingdeansuululssnnanudneaeninfinsitanuainsadn
aunsalldeanidu 3 Yszsande
1. Tuum ¥se Mote #oans

M3vaures e asiwdiilunsddeyalufl aanfign anawdseneudl 3.3 N1, N2

way N3 agvimihfidefeyann Body sensor initanniignu Inelunisnaaesazidumsdaes
Joyaumdunianiiigiu
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2. @niig (BSN)

o U a v

nsvihauvesaniigiuarinivdrdusudunisdeals saunsmsaasiielumsdedoya
vosusazinunuazimMsiudeyanndivunun uddduiivteyadneufiames

3. pauumes (Computer)

> I~

inthaiudeyaildsuunanudazinunainaadgiu lnedunia Serial port lngldeu

U

Python tJusdanisiudeyaiidsuiainanniigiu aruamdsznoud 3.2 euin

u

UsgdnSnmlunsdedeya

o > ourume
SO 5 mave prosects
>¢ssialas ©0AO Ln 89, Col 34 (6selected) Spacesi2 UTF-8 LF NCGeode @ A

AUsEnaun 3.2 miv‘i'm'mmmmidﬁmﬂamWLﬁU‘luﬂamﬂaLmai‘

BSN || Computer

| :

RN SRR ([T LET

commana msSe T -----ce-----
3.

report msg t

AUsENaUT 3.3 N1SYINULAYTINYBLASEYY

MNAINUSENBUN 3.3 WARINIYI191U 1A8SINVDLATEU18IAELSULSNABURILABSFL A

command_msg_t 118sanniigiu udraanilguvinnis broadcast deuiaiinliiunnlnualuieiadie
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(&uusy) Wioluunlasu command msg t InuafazurA1filauszuiana waasusiinisds

report_msg_t NnauUINganligIu (Wuiu)

3.1.2 uNALAR
lassasravaauiinneildlunsinsedoansiae Tinyos ladaunsaudlalassadraufininnaeanis
doanslalnonseim sl 3.1 1Wulaseadneves message t Usznaulumie Header, Footer Way Metadata

389N TinyOS a519tulaednlud® 1s1aiunsaimug Data lalaefifawalidiiu 28 bytes

M1999 3.1 15985719093 message t

Name Size (bytes) Description

Header - Header data of packet
Data 28 Data of packet

Footer - Footer data of packet
Metadata - Metadata data of packet

Tulassadranigluves Header lu Tinyos idures CC2420 azUsznaulusie length, fcf, dsn,

dustpan, dest, src, network uag type lagd@auysenaunInuAves Header aggnasinilaiin1sazds

VoA

m31971 3.2 Tnssadieves Header

Name Size (bytes) Description

length 1 Length = length of the header + payload of the packet, minus
the size of the length byte itself.

fcf 2 Frame Control Field, defined in the 802.15.4 specs and the
CC2420 datasheet.

dsn 1 Data Sequence Number, a number incremented for each
packet sent by a particular node. This is used in
acknowledging that packet, and also filtering out duplicate
packets.

destpan 2 The destination PAN (personal area network) ID, so your
network can sit side by side with another TinyOS network and
not interfere.
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Name Size (bytes) Description

dest 2 The destination address of this packet. OXFFFF is the

broadcast address.

src 2 The local node ID that generated the message.

network 1 The TinyOS network ID, for interoperability with other types of
802.15.4 networks.

type 1 TinyOS AM type. When you create a new
AMSenderC(AM_MYMSG), the AM_MYMSG definition is the
type of packet.

s

Tuine19nusi Data 151ldeanuuull 2 wuUA® command msg t wag report_msg t lng
command_msg_t {Wudeanuiidsinaadgiuluvenivuaynlnualiisuiunisdsdeyauaraiuay
' , v a & v P %

parameter Agqlunsdstayaniunindsenaudl 3.4 uay report_msg_t iWudeanundintuuauig

= Y 2 a '3 a
ﬂﬂ']uﬁ"luLLa')ﬁﬂC‘]abLiJLﬂU'VlﬂE]lIW']Lm@ﬁm']llﬂ']‘W'Uﬁgﬂ@'UV] 3.5

Nodestart Numberpacket Interarrivaltime Payloadsize

«1bytespe¢————dbytes—————————— pl¢—— 2 bytes———p¢———2 bytes—————p

AnUsENaUN 3.4 1A598319U83 command_msg t

Payload1 Payload2
4 bytes < 4 bytes

AMUsENIUTN 3.5 1A998519U83 report_msg t
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3.2 3Fnvdedayafindafionns

3.2.1 Myiauvesanniigu

o W a

nsinuresaadgiuniieandu 2 diu druwsniludisumdaineouiiamnesudadly
command mupulnusynivualuszuy wazdnigendunmsinudioaandgusudeyannlnualuszuy

wddsdeyaluiivlupeufiames

event message_t* UartReceive receive(message_t* bufPtr,

void* payload, uint8_t len)

len == sizecf(command_msg_t)

retumn bufPtr;

command_msg_t* in = (command_msg_t*) payload;

radioBusy == FALSE

report_msg_t* out = (command_msg_t*)(call message_t *poolPtr = call RadioPool.get();
RadioPacket.getPayload(&radioBuf, sizeof (command_msg_t)); command_msg_t* out;

poolPtr == NULL

retum bufPtr;

memcpy(out, in, sizeof(command_msg_t));

call RadioPacket.setPayloadLength(&radioBuf, sizeof(command_msg_t));
call RadioAMPacket.setSource(&radioBuf, TOS_NODE_ID);

call RadioAMPacket setDestination(&radioBuf, AM_BROADCAST_ADDR);

post radioSendTask();
retum bufPtr;

memcpy(out, in, sizeof(command_msg_t));

out = (command_msg_t*)(call
RadioPacket.getPayload(poolPtr, sizeof(command_msg_t));

call RadioPacket.setPayloadLength(poolPtr, sizeof(command_msg_t));
call RadioAMPacket.setSource(poolPtr, TOS_NODE_ID);
call RadioAMPacket.setDestination(poolPtr, AM_BROADCAST_ADDR);

all RadioQueue.enqueue(poolPtr) = SUCCE:

call RadioPool.put(poolPtr);
return bufPtr;

al' 1) ° a | d'
ANUTLNDUN 3.6 SU‘L!G]aumiwﬂﬁﬁumadﬁﬂﬁuiﬂuiuﬂ’lﬁaﬂ command m‘U@MIVTuﬂauS}

INANUIENOUT 3.6 Lanstunaun1sinuresanidgiulunisds command AauAuliumdy 9
dieanngulesumdsanaouiiamesudingivaeusuinueuiininndinseiu command msg t Tii3u
msdsoyavziinisnsirdeuitdesdyaauiimield f1iwagvinisdadeyauuy Broadcast Winivualu

svuuludedeya dlideasiiudeyalilu Queue wdhdsdoyalmidiedesdnygaitg
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event message_t* RadioReceive.receive(message_t* bufPtr, void* payload, uint8_t len)

len == sizeof(report_msg_t)

am_addr_t src = call RadioAMPacket.source(bufPtr);
am_addr_t dst = call RadioAMPacket.destination(bufPtr);
report_msg_t* in = (report_msg_t*) payload;

uartBusy == FALSE

message_t *poolPtr = call UartPool.get();
report_msg_t* out;

report_msg_t* out = (report_msg_t*)(call UartPacket.getPayload(&uart8uf,

sizeof(report_msg_t)));

memcpy(out, in, sizeof(report_msg_t));
call UartPacket.setPayloadLength(&uartBuf, sizeof(report_msg_t));
call UartAMPacket.setSource(&uartBuf, src);
call UartAMPacket.setDestination(&uartBuf, dst);
post uartSendTask();

poolPtr == NULL

out = (report_msg_t*)(call
UartPacket.getPayload(poolPtr, sizeof(report_msg_t));

»

memcpy(out, in, sizeof(report_msg_t));
call UartPacket.setPayloadLength(poolPtr, sizeof(report_msg_t));
call UartAMPacket.setSource(poolPtr, src);
call UartAMPacket.setDestination(poolPtr, dst);

all UartQueue.enqueue(poolPtr) 1= SUCCE

call UartPool.put(poolPtr);
retumn bufPtr;

a < ° = y v 7y = 2 a s
AUIENBUN 3.7 SU'HC‘]E]uﬂ'ﬁ'WrN']‘LJSZJE]Qﬂiﬂui']uluﬂqﬁﬂﬂsllai‘jlavaﬂiUﬁ]’]ﬂIﬁuﬂauﬂN'ﬂﬂU%ﬂ@NW?Wlai

NANUTENBUN 3.7 uanstumeun1sviuvesanigiulumsdsdoyafildsuainluundu 4 i
2 a s - = vy v a v 3 ' @
Wufireufinnes lneleanidgulasudeyaanivuafideun udinsiadeurnInvesininndmsaiy
report_msg_t INUUATIVEBUIN Serial port TvFel f1rinsavinisdedeyalufineuiiames dliddng

sufiufeyalilu Queue windsdeayalwmidie Serial port 1

3.2.2  msineuvesluungedns

msuvedruauUieendu 3 Msneass Inelunisveassusnazidunisnaaeulsednsain
A a a a = S| | a a YRR ' a &
WelimailasuwdasnsfweslunisdeansidmanieUszdnsnmnisivdedeyasgils Inemsdmesh
Anwusznaulusie Packet inter-arrival time, Packet Sizes 3nuluvaslnundaastussuy
wag Time-symbol mmnassfigesaziiunimadeuysyansamnisdeansilloidsuaninianaesulu
AINAEDUILUIULATNANALIIINdINasaUsEANS A meesls Tneaaainisveasinisyinauvadlvun Ay

Tumudumsulunindsznaui 3.8 waznisnaasanaiuasidunisneasinisinsedaansluduvas MAC
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Protocol MilumAdeileanuuulilaglugiusnivuausaslnunazugeiuiodnddiudasalumsdeioya
dedadduiaiavzrinsdefeyanislutisianesiies nglunisveaesfifalildifansandieilvue
wesiudnasstisarlunsduiain usaginsinwussdnsameeansiluuausaziddloyalindou

fulugriaivesdies uagiandunuildlunisddoyaiiine lnen1sitnuaslulyautuneuly

amUsEnaun 3.9

event void
Bootbooted) event message_t* RadioReceive.receive(message_t*
bufPtr, void* payload, uint8_t len)
radioBusy = FALSE;
len == sizeof(command_msg_t

call
RadioControlstart();

command_msg_t* in = (command_msg_t*) payload;
src = call RadioAMPacket.source(bufPtn);
event void RadioControlstartDone(error_t error) ] numberpacket = in->numberpacket;
packetinterarrivaltime = in->packetinterarrivaltime;
nodestart = in->nodestart;
call payload1 = 0;
NO N
RadioControlstart(); timestamp = 0;

1

nodestart ==

call
TimerWireless.startPeriodic(packetinterarrivaltime);

event void
TimerWireless.fired()

payload1++;

timestamp = call LocalTime.get();

return z—@

FALSE

report_msg_t* out = (report_msg_ t“)(call RadioPacket.getPayload(&radioBuf,

sizeof(report_msg_1)));

return F‘

out- >paykoad1 = payload1;

out->payload2 = timestamp;

Call RadioSend.send(src, &radioBUr;
izeof (report_msg_t)) == SUCCE

YES
radioBusy = TRUE;

AwUsenaud 3.8 TunaunsinauedluuafliinisUansyinauves@udeas CC2420

Tun1svirauvesluuailaliiinsUnnsviauesdvdeans CC2420 dawanslunnusznauil 3.8
TngBudunsyhenunnmsdalnldnulvdears CC2420 uaalvunise3u command msg t fidaw1a1n
annfignu uwdnhefudsiidwniu command msg t iAuliluduusilunueasnslu andududuns

° < a & d‘ o X ' < @ R a2
'Vl'N']‘LlLLU'ULUuiEJUIﬂEIlIﬂWiLﬂ'Uﬂ"I payloadl '1/]'U']ﬂLWllleuquﬂiaUﬂr]'iaﬂLLWﬂLﬂC‘]LLag timestamp vIthuAN
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(P N

910 LocalTime NUUATId0 ULIdyQIaII19se il 6191997568519 report_msg_ t Jun1a1niiu

o 1

M31980UI report_msg_t fAniali erdifazihean payloadl unldlu payloadl o4 report msg t uay

timestamp w7ldlu payload2 ¥4 report_msg_t 9NtuNTes report_msg_t luflannigiu

event void Boot.booted()

radioBusy = FALSE;
timestampfirst = call LocalTime.get();
src = TOS_NODE_ID;

call TDMA startPeriodic(1000);

event void TDMA. fired()

timeslot = call LocalTime.get();
call RadioControl.start();
call TimerWireless.startPeriodic(10);

event void

TimerWireless.fired()

timestampfirstsend = call LocalTime.get();
payload1 = timestampfirstsend - timestampfirst;
= - timeslot;

radioBusy TRUE return ;

|
!

FALSE

et >=100 &&
- timestamp <= 200

No
o

call RadioControl.stop();

_ timestamp >= 500 && " - * i
= >vs Honeeton <600, Ve report_msg_t* out = (report_msg_t*)(call ” adioBuf, (report_msg_t);
No

o

call RadioControl.stop(); Iradio_status FALS call RadioControl.start();

TRUE

sre==3 >= 800 &&
timestamp <= 900 return ; YE:

NO

I
0

;

out->payload1 = payload1;
call RadioControl.stop();

out->payload2 = timestamp;

z
5

i (call RadioSend.send(src, &radioBuf,
sizeof(report_msg_t)) == SUCCESS)

YES

radioBusy = TRUE;

AUsENauR 3.9 Yumeun1snuYedualiadlinis alnn15vneutudeans CC2420

Tumsiauvedivuadiefins@adanisvhaududeans cC2420 Fauandlunwusenauit 3.9
TneBuduyenaInns imestampfirst AfuA1910 LocalTime wagen src vanindulyunerls udilnua
3uv1971 TOMA vheudugaenandanueisan Tframe 91Nt timeslot 7N LocalTime woaus
avsoufidruly TDMA Wanisviauvesduioans CC2420 Buvineu TimerWireless ¥amfidusou
muTIsIaiiuA a0t timestampfirstsend 74iuA1a1n LocalTime waze payloadl AoAian
Foudlvunisuyineu 11910 timestampfirstsend auifu timestampfirst laadauslauaiduiuguan

97U LAgAT timestamp 141970 timestampfirstsend aufiu timeslot latarvesluunly 1 aden wan
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ATIvEO VTR e I e mﬂifuiwumzﬁwmmﬁaaaﬂu timestamp ifuuavesudazlnuadilal
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9niuRTvEeU report msg t Sidndell SrilfdrAaandeusinundurhennldly payloadt ves
report_msg_t ag timestamp u1ldlu payload2 984 report_msg t MM report_msg t Ui

anniignu
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'
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Jaualuduves MAC Protocol Taafilaeanuuutdun1ssiuiuuedisnisdsanisuuy CSMA/CA

Y
war3sn1sdeansuuy TOMA Wansiudy fuiuvesvuiateyandesnisdddundasivun wag
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U

AuBnATalefs@In1sdare i el T, daluivindudwuandduaimdsenaui 3.10 lngag

YUYBULYAYBINSIeN bl n1siinansurulnunluiaSedie

TDMA
|
}%CSM/\/CA i Trrame | Trrame>
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AUsENBUT 3.10 MI9nasT slot Tnesauves protocol

Tnglunisesnuuunisinsedearsléifuwuy Mesh udazlnunasiinsindedearsiunisly
3oy tiednasstasanlumsdideyamunmuszneud 3.10 luefetieUszneuluiie 3 Inuauas
anflgu uiazlnunaziinislinalnnsindedeanstoyauuy CSMA/CA lumsdnassiumisueadeyaly
nsdaufiaiin Aeuflazdedoyadyyadnludaanigulnglinalnnsinsedeasdoyauuy TOMA Tu
nsdstoyaiitetosfumsvuiuvesdoyausasluua Tagaziinisiurianan guard times wdanndstioya

dlodadayaiasaaziing sleep mode onsldndsuegiafiussansamuasarnnsaraulideiios
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o

g1uu Wnenisnaaeduriifelandunisdnunmsldndsnuazdssansnmlunsdstoyalugieiidu

TDMA i

msdnassiuvidlunsdieyainlasenuuulvldnalnnisindedeansteyauuu CSMA/CA Ty
NSWETIN15a beacon dmTUINaTITINIANETU 1 Trrgm, Wwdazlnusluszuulilidvuiu lnousiay
Tnunzdsazedyga beacon annluunneuntnlazlnusinlUuaidiundsudisatlunsdssiaes

mmumiﬁ 3.1[22]

(k+1) (k) previous+thext

revious nexi
Lourr” = Tframe +(1- a)tcurr + a% (3.1)
Tneft t 84D Aavrsnaniilnunazdauiiauin beacon 1u Treme 80U o Afifnunitsagdaiv

\ I ' o "I UVLU % .»L k) = &I o 2 &
FIUIDNVDILNUANBURUILALLAUANALUNNUBDUUALAY Ly ADYINIATNLUUAILAIUNALAG beacon
t(k)

A o < g b I i > (k) = _ o 2 b
Drevious ABTNNINATULAALAR beacon nlnunfeunt t,,, Aotrsanfisuuiialin beacon 910

uadaly lumsesnuuuvessiludufiaiin beacon iwaglddeyasziuanudiAgyuedivuausasinun
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Tumslviseaumnuddnvesunazinunazutseandu 3 seau Ao seauunid seAudfy Lag

]

v o w A a

seuddgun Tnswiagseduanuddgidinvuasiianslunisdedeyanuiniu Wesanlu WBANs luus
avtisaiivundenudesmsuiinalunsdsfeyailiviniu uavaruddyveusagivuaflidvindu g
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rudAglunmsddoyailiviiudvilidesdimsudsssivanudAty
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4.1 N1INNAY

o

Tuinendnuddlaimsuvsmsvaassoendu 3 nmsvaasmanglaun 1) nsAnefuwdsdfig il

HasaNSAnsedeaNT 2) an1miinaey 3) NMsAnwifeItundIny luudaznisvaassdimsldidsdegegn

=~

1 0 dBm wagldvesdyauanynevestosdyyinmmun 16 Ho9 luanuduinsgiu IEEE 802.15.4 7 2.4
Angidsnd

o

lunAdetiinsinuszavsanlunisdetoyasann Packet delivery ratio (PDR) feasnn1si 4.1
e dndusEriawiaafluundseentu (send_packet) Wisuiisuiuduiuuiininiluualaianis
195U (receive_packet) PDR \Juuavandeninuaunsavesnisdeaisvessyuuniois lnalunnnis

79a99808L57h9A1 PDR Tunsinuse@nsnin aun1saiuias PDR @

receive_packet

PDR(%) = X 100 @.1)

send_packet

M15199 4.1 sUnuulunImaaes

unuanld | aundanfang » packet size
N1INAADY : dnuUNNAgaday Protocol
U viuauus19NTY (byte)
nsAneIRU A Ay d o
C 1-3 variety agusluvio CSMA/CA 10-36
HaRON1SANADADAS
. Insueniouay
ANNLINEDY 3 yes N CSMA/CA 16
Tuios
msfnwReIfunga 3 no agudluvios  [TDMA + CSMA/CA 16
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4.1.1 n1sAnwIRIKUSANAUNNaRanISAnRadadaNS
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°

lunrsnnass@nwnneaduiuwlsdrfyfiinasnenisinsedeans ladanrunisiendu
MMUNUFINYEITY CC2420 NhaueguuszuuUfianis Tinyos tagdaudsdrdgyndnyilu
asnaaseflusenaulunie Packet inter-arrival time, Packet Size s1usuvesluundodans

lussuu uag Time-symbol laey Packet inter-arrival time tJuduusdrdglunisfivun

Ysumuadudlunisdsdaya AdinadeuSuindeyafiaruisadald lauillodn Packet inter-

arrival time #as vlvauilunisdestoyaduintu lnedesuanuidudeyaiigayidely

U

v ' a

sgninen1sdedeaya Aeun Packet Size tudndsdrdglunisinunvuinvesdoyanazdalu

U U
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Snndednysiaulafe S1ururedduundearsluszuy efinnsldauasavennievrediiu
WBANs aziinsiaddgyaindie q 91nf1anisuywd Jehliluiadedisdiidu WBANs filnun
Tuszuuoguatelnun uazdszezliviisfuuin drudiuusgavinede Time-symbol fitdusa
wUsfiagimunszezanlunisseilievesdymialiing vldidunadeussadnsainnislunis

Foa1slaeg1atalau elin1sUSumA1 Time-symbol

4.1.1.1 Y5uAn Packet inter-arrival time wag Packet Size

mMsnnastilsmaaemransznusoUsEansanlunisindedeas dewsninsdsuuvacen
Packet inter-arrival time Lagwu1nvas Packet Sizes laglunisnaassazliluua 1 lnun ﬁﬁa;&amﬁ
anfigu wanandgudideyaluiiviineufames munmusznouil 4.1 Tassadslunmmaassdsu
A1 Packet inter-arrival time 5, 8, 10, 13, 15, 18 waz 20 §adiunil uag Packet Sizes 10, 16, 24 uay 36

Tud
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A BSN

AMnUsenaudl 4.1 Tassasnelunisnnassusuan Packet inter-arrival time wag Packet Size

4.1.1.2 Y5u@n Packet inter-arrival time waziiuanuulvualussuu

nnaBEiT A sHansEUAeUsEAvE A lun1sAndedeans (efinisiudsuuuasdn
Packet inter-arrival time wagiinisifisluuaidanluieiedns Inglunismaassvzifislnunidiunain 1
Tvun (Ju 2 Tnua uay 3 Tnun muddu fanmusenaud 4.2 wazmunisvaassu3usn Packet inter-
arrival time 5, 8, 10, 13, 15, 18 waz 20 fadiund lnglunmusznoudl 4.2 A Wumsvnassialaua 1
Tualifusudnsrnvesiafnagou uasRndanfguliivinatemesivaaey Tunmuseneuil 4.2 8
Humanaaeshaluun 2 Tnualifumudaenuasdnsvesiindey uazinfeanifguliivnuerves
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(B) (C)

AnUsENaUT 4.2 (A) neasadl 1 Iiualussuu

(B) nnaesd 2 lnualuszuu (C) neassd 3 lnualussuu
4.1.1.3 Y5UA1 Time-symbol

nsdsfayaluvein TelosB Maviauiiugiuesuesadunisvauuuiasgiu IEEE 802.15.4
#l¥i3nshadedoansuuy CSMA/CA Tngaziinsudsdstudediaiin Welnuniidoanisdeudaiia
ATIvERULAITRId gy alalang %ﬁmsiaagisdamamﬁa fiiFendn backoff Inedl backoff %%uasuiﬁ’um
Time-symbol Ingan backoff azdifieiuansriede initial way congestion A5n15AIUIUAT backoff Tu
MOULINABIUN Time-symbol wuvandu Backoff-period 1ng Backoff-period = 20/Time-symbol uag
dlelgen Backoff-period La1111191 initial backoff Ing 31* Backoff-period wag congestion backoff
Tne 7% Backoff-period AnvtaansarldAulumiiag jiffies uay 10 jiffies wiriu 320 lalasiunit Tunis
NAABIITITIRaRIUSuA Time-symbol 910 1 & 5 Wouvasiuudrasdulumunsedt 4.1 wazusu
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A5NT 4.2 ANFURUSTENIN TimeSymbol fugastaan backoff Tu initial way congestion

initial backoff | congestion backoff
Time-symbol | Backoff-period
jiffies | microsec | jiffies | microsec

1 20 620 19840 140 4480
2 10 310 9920 70 2240
3 * 207* 6613* a7* 1493*
a4 5 155 4960 35 1120
5 4 124 3968 28 896

* fuanalasunisiaiAuuan
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Abstract— Nowadays, medical technology is very
important for patient care. The evaluation and planning of
treatment need to keep the information for the benefit of
patients. Wireless Body Arca Networks (WBANs) is a
wireless communication technology which can help to
communicate measurement data from the human body
with different requirements. Here, WBANs can monitor
the important signals from the human body such as
electrocardiogram (ECG), electromyography (EMG),
heart rate, blood pressure, and others. Data transmission
via wireless communication networks is one of the
challenges to obtain high network efficiency and low data
loss. This paper presents an experimental study of
dynamic capabilities in WBANs, where various packet
sizes, different packet inter-arrival times, and different
number of nodes applied in the network are tested. By this
propose, how such important factors affect WBAN
performances can be investigated. Additionally, the
optimal values of such factors set for WSANs are
illustrated. The experiment has been implemented using
TelosB sensor nodes with the IEEE 802.15.4 standard.
Experi I results d rate that the packet size, the
packet inter-arrival time, and the number of nodes are the
important factors which significantly affect the WBAN
communication reliability as indicated by the packet
delivery ratio.
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L INTRODUCTION

Wireless Body Area Network (WBAN) is a special
type of Wireless Sensor Networks (WSNs) that it
requires a low-power wireless sensor mnode, high
network efficiency, and low data loss to support specific
applications. In WBANS, all wireless sensor nodes are
placed or embedded in the human body for health
monitoring. The sizes of measured data are also
different depending on body sensor nodes, such as
EMG, ECG, heart rate, blood pressure, and so on [1].

In communication protocols, WBANs use the
Medium Access Control (MAC) Protocol to access the
wireless communication channel and to increase the
efficiency of the network. Generally, it uses the Time-
Division Multiple Access (TDMA) protocol and the
Carrier Sense Multiple Access with Collision
Avoidance (CSMA/CA) protocol. It has also been found
that there are using both TDMA and CSMA/CA
together such as a hybrid Context-Aware MAC Protocol
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(CA-MAC), an All Dynamic MAC Protocol (AD-
MAC), and Hybrid MAC Protocol (HyMAC) [3][4][5].
Whereas some uses only TDMA operation such as Low
Duty-cycle TDMA (LD-TDMA) [2].

The LD-TDMA protocol [2] is actually
implemented in Analog Devices ADF 7020 RF. In such
a work, the master node is used to manage and control
the transmission sequence of other nodes in the network.
For the CA-MAC protocol [3], the master node sends
the beacon packets to the sensors in the system to
allocate the data transmission time of each item. For the
AD-MAD protocol [4], it is a communication manager
that divides the priority of each node into three different
levels. Here, level 0 is the most important priority, and
level 2 is the least important priority by using the
Contention Window (CW) as a priority divider. Note
that, the AD-MAC protocol is designed and simulated
onthe OMNET-++ program to evaluate its performance.
In this protocol, they focus on the performance of packet
loss rate, energy consumption, and time delay
distribution. In addition, in the experiment, each node
has the different transmitted packet rates depending on
the demand of data communication diversely. Finally,
for the HyMAC protocol [5], it uses the star-topology
for the communication among the body sensor nodes
(ie. 3 t0 9 sensor nodes in the network). The personal
station is also configured to control and collect data
from all body sensor nodes. We note that, for the work
in [3], the body sensor nodes can access the network and
analyze data. This is a pari of the JoT system. In
addition, the HyMAC protocol is developed and
evaluated on the NS-3.26 simulator. From the work in
[6], ECG data are divided into low priority, medium
priority, and high priority in wireless networks. Data arc
unnecessary to be detected frequently, like heartbeat
data. They are set as the low frequency with the defined
sampling rate and the size of a packet.

In this experimental study, the standard protocol is
based on the CSMA/CA protocol, which is the
fundamental and standard MAC protocol for wircless
network communication. TelosB sensor nodes with the
IEEE 802.15.4 standard are employed for the test. To
study the communication reliability in the term of the
packet delivery ratio, the packet size, the packet inter-
arrival time, and the number of nodes in the network are
varied dynamically. Here, the packet delivery ratio is the
proportion of the number of received packets and the
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number of transmitted packets. This is in line with the
requirements of WBANS, since the sensor devices for
measuring signals from the human body have various
data transmission needs.

The structure of this paper is organized as follows.
Section II provides the experiment system, including the
experimental setup and the test cases. Section IIT
provides results and discussion. Finally, we conclude
the paper in Section ['V.

II.  EXPERIMENT SYSTEM

A. Experimental sel up

In our experiment, data are sent from sensor nodes
to a base station, and the base station transfers the data
to store in the computer via a serial port. Sensor nodes
and the base station are attached to the human body,
and they are implemented on the TelosB sensor node
processed using MCU TI MSP430F1611 RAM 10 Kb
and RF Chip Texas Instruments® CC2420 Frequency
Band 2.4 GHz ~ 2.485 GHz with the TEEE 802.15.4
standard and connect TelosB to the laptop via serial
port use the baud rate of 115200 bps. As seen in figure
1, the experiment has been set up.

" ) ) ) ’ Serial Port
> —_—
Node2
)) Base station
" apto
Node 3
Figure 1. Architecture of the experiment

B. Test cases

Two test cases are described here.

Test case I: a sensor node sends data to the base
station by changing both the packet size from 10 to 36
bytes and the packet inter-arrival time from 5 to 20
milliseconds, to study the effect on the packet delivery
ratio, as demonstrated in figure 2(A).

Test case II: we add more sensor nodes into the
network (i.c. two and three nodes for transmitting data).
They send the data one thousand packets to the base
station at the same time, with the fixed packet size of 16
bytes or 8 bytes payload. However, the network system
also varies the packet inter-arrival times from 5 ms to 20
ms similar to test case I, to discover the effect on the
packet delivery ratio, as illustrated the experiment set up
in figure 2(B) and 2(C).

Figure 2. Experimental sctup

TABLE L. Parameters used for the experiment

Passnitors, Value Value
” (Test case I) (Test case 1I)
No. nodes 1 node 1, 2, 3 nodes

Sms, 8ms, 10ms.
13ms, 15ms, 18ms,

Sms, 8ms, 10ms,

Bckeginter. 13ms, 15ms, 18ms,

arrival time

and 20ms and 20ms
10 bytes, 16 bytes.
Packet size 24 bytes, and 36 16 bytes

bytes
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Nate: From various parameters tested in both the test case I and the
test case I, the parameters were changed according to the TABLE T.
In the test case I, one node was used to change the packet inter-arrival
time from 5-20 milliseconds and packet sizes from 10-36 byte. In the
test casc I, three nodes were used to change the packet inter-arrival
time from 5-20 milliseconds similar to test case I, and the packet size
was fixed at 16 bytes.

1L

According to the test case [, the results show that the
change of the packet size and the packet inter-arrival
time affects the packet delivery ratio as seen in figure 3.
Here, when the packet size increases, the packet
delvery ratio ‘Whereas the packet mnter-
arrival time increases, the packet delivery ratio also
increases. At the packet iter-arrival time of 5
milliseconds and the packet size of 10 bytes, the packet
delivery ratio is 50.31%. When the packet size is 36
bytes, the packet delivery ratio is decreased almost 10%
from the compared value. Therefore, increasing the size
of the packet causes the decrease of'the packet delivery
ratio. At the same point, we compare with the packet
inter-arrival time, 13 millisecond, the packet delivery
ratio is 99.03%. Hence, increasing the packet inter-
arrival time to be 15, 18, and 20 milliseconds. The
results of the packet delivery ratio equal to 100%,
99.84%, and 99.99%, respectively. By the results, it has
been shown that when the packet inter-arrival time is
greater than 13 milliseconds, it will not affect the packet
delivery ratio. The communication reliability reaches
100%, approximately.

RESULTS AND DISCUSSION

{ACCIecascs.

74

Authorized licensed use limited to: Prince of Songkla University provided by UniNet. Downloaded on May 14,2020 at 08:06:03 UTC from IEEE Xplore. Restrictions apply.



100 = -
i
20
i
msms
80
E = 8ms
S
g
S " 10ms
]
2
] 13ms
%
< 60
& m15ms
= 18ms
50
= 20ms
40 I
30
10 16 2 36
Packet sizes(byte]
Figure 3. The packet delivery ratio in the test case T
*
~5ms =8ms ~10ms 13ms =15ms ~18ms ~20ms
99.92 97.89 98.81
99.95 = i
100 99.11 96.94
99.45 7
%0
1
= 80
2
E - (
z 70 6.0 =
E + — @ 54
T = ———
B —
t 60 e — 57.12
< - ——
"
&

w
=]

40

Number of nodes

Figure 4. The packet delivery ratio in the test case II

According to the test case IL, the results show that
the increase of the number of nodes in the network and
the packet inter-arrival time has a significant effect on
the packet delivery ratio as demonstrated in figure 4.
When increasing the number of nodes, the packet
delivery ratio decreases. While the packet inter-arrival
time increases, the packet delivery ratio increases. At
the packet inter-arrival time of 5 millisecond and the
packet size of 16 bytes, the packet delivery ratio is
47.76%, 43.41%, and 38.69% for one, two, and three
transmitting nodes, respectively. Therefore, adding the
number of nodes into the network, the packet delivery
ratio decreases.
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According to the test case II, the packet delivery
ratio of more than 80% requires a packet inter-arrival
time of 13 milliseconds or more. In the TABLE II shows
the packet delivery ratio that is more than 80% of the
experiment sending data from one, two, and three nodes
in the network. From the experiment, it can be seen that
when adding nodes to the network at the same packet
inter-arrival time when the number of nodes increases,
the packet delivery ratio is reduced. From Table II,
determine the packet inter-arrival time is 13ms, one
node packet delivery ratio is 99.53%, two node packet
delivery ratio is 93.13%, and three node packet delivery
ratio is 86.41%. Define packet inter-arrival time 15ms
one node packet delivery ratio 99.45%, two node packet
delivery ratio 97.89% and three node packet delivery
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ratio 92.76%. Define packet inter-arrival timel8ms one
node packet delivery ratio 99.92%, two node packet
delivery ratio 98.81% and three node packet delivery
ratio 95.26%. Finally, define packet inter-arrival time
20ms one node packet delivery ratio 99.95%, two node
packet delivery ratio 99.11% and three node packet
delivery ratio 96.94% Here, the results show that when
increasing the number of nodes, the packet delivery
ratio will decrease, but increasing the packet inter-
arrival time will increase the packet delivery ratio. By
our study, how the different packet sizes, the packet
inter-arrival times, and the number of nodes in the
network affect the communication reliability of
WBANS is demonstrated.

TABLE IL Packet delivery ratio greater than 80%

Packet inter-arrival time
N, 13 ms 15ms 18 ms 20 ms
nodes
1 node 99.53% 99.45% 99.92% 99.95%
2 nodes 93.13% 97.89% 98.81% 99.11%
3 nodes 86.41% 92.76% 95.26% 96.94%
IV. CONCLUSION

This experiment is implemented using the sensor
node TelosB. The experimental results show that the
packet size, the packet inter-arrival time, and the
number of nodes in the network are all important factors
affecting the network communication reliability of
WBAN:S in the term of the packet delivery ratio.
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In the future work, we will design and develop an
appropriate communication protocol in the MAC layer
for WBANSs to increase the network efficiency with
respect to the effects of the packet size, the packet inter-
arrival time, and the number of nodes. Such a proposed
communication protocol will be implemented with
focusing on network performance and energy efficiency.
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