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# # 5471407221 : MAJOR COMPUTER ENGINEERING
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TANAPOOM DANMANEE: LOW POWER MEDIA ACCESS CONTROL PROTOCOL
FOR INTERNET PROTOCOLS IN WIRELESS SENSOR. ADVISOR: ASSOC. PROF. DR.
KULTIDA ROJVIBOONCHAI, 56 pp.

Nowadays “Internet of Things” as it known as loT become the most of the
popular technology in the Internet system. Wireless Sensor Networks (WSNs) is another
system integrated with |oT systems, as sensor data from WSNs can be transmitted to
loT systems. The major scope of the Internet of Things is the ability of machines to
communicate with other systems outside the immediate network that is a reason why
organizations are trying to set standards for using loT in WSNs. The organizations as
IEEE, IETF, ITU-T and ISO/IET use the internet protocol standard such as CoAP, IP, UDP
in their standards. This is one of the problems because researchers in that era think
internet protocol has so many redundancy data and make a lot of power consumption.
The first design of WSNs is to avoid using internet protocol in their system. In this
paper, we propose a new MAC protocol named CU-MAC that is an asynchronous duty-
cycle MAC protocol and suitable for integrating WSNs to IoT systems efficiently. CU-
MAC uses multi-channel to perform continuous and bi-directional data transfer. It also
has a mechanism to deal with the hidden terminal problem. CU-MAC can perform
reliable data transfer at low duty-cycle. Moreover, in high-density loT traffic load, it can
achieve high data transfer rate and low end-to-end delay. We have implemented CU-
MAC in the Contiki OS and tested it by using both simulation and real testbed. Our
result shows that CU-MAC can achieve 98.7% delivery ratio and timely delivery packet

when it performs sending sensors data in every 3second.
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2. nquinea999
Tuuided dnquiiieades WWun wuAnnisasldmdanuitlisndu (Low Duty Cycle

Concepts)

2.1 Low Duty Cycle Concepts

\esaneiuilianey (Mote) lgneasnuwuulidinsldndanuina wednszesiianly
nsidaulagsuiunneitlaeiuiungs JainisesnuuusiauilianeTilyd processor 7
AundUAYY MSPA30 tnanisyiauresiaiisuslsangladinsiigadliiuuasin n1siu
We1uluA? mote 11ANTT 80% ELARTUIINNNTTUAITRYAtUNTTYINIURlUgANI T
Joyaliany (Wireless module) [12]
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3.1 CoAP (Constrained Application Protocol)

[15] Wulnslnaoaiiwaunann IETF Standard Tnedunedfadulnsinaeadildane
lowenansraneiu http protocol usikansalaeniseanuulviil aunsal embeded w1
&N wazyhauuy UDP Tasnnsvhauazifudnuay Client/Server @saziinnsds method
WU GET, PUT, POST wag Delete resource ka3 Server QeABUNEUT I TS NYIE et
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3.2 6LowPAN
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24

6LowPAN [16] e IPv6 fignTusauassndiuiisndousenlasgniiamnann IEEE Lile
vhanl4lu IEEE802.15.4 1iloaanuuinves Data frame Uy IEEEB02.15.4 Hvunmidnifies 150

Byte FULAMAUNIALY IPv6 wuudu Falaiinsdndrudrdeunselifodldamuy 1n3adne

isuslsaneeen welivuevesdiuiivseniaivnaanigawiniduldla

3.3 RPL (Routing Protocol for Low Power and Lossy Network)

RPL[17] +Tu Routing Protocol #1438n15@51¢ destination orientated directed
acyclic graph (DODAG) &4n15319 graph tdun1an1siaunIsvestayaluzauian Loy
giinsAaAIfILUsi s lUlussuuiIGY Wy Andsnuividesy Aaduatn

v A ~ [ a a a
lunisdetoya wavdus Welnlsiduniaivaneivingauannian

3.4 MAC Layer

f913dwdue NlavinseeniuuisnisaiuaunisidnudenalsuuUsendanaany
Tuseviedasuiliany (MAC Layer protocol for WSN) galuiiianunsautssentulaidu 2

Usznntngq Ineanuunlaanntumnauisn1sisiunsusenanisiiaunadaua sane bl
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3.4.1 Synchronous Low Duty Cycle MAC Protocols [14]
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¥ a A:{I dll U 1 1% ¥ £ % dl' t%4
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19U Ae819N15YINUTRdlnsinasarinuludnwzilawn

3.4.1.1 Power Aware Clustered TDMA (PACT) [18]

PACT i MAC Layer protocol #ieanwuulaeiinisuusdasuslians eandu
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nguqAINLUIAALTBIPassive clustering (Gerla et al., 2000) lagfiusiagngule
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3.4.1.2 Low-Energy Adaptive Clustering Hierarchy (LEACH) [19]

Leach tJun15vinanuuuy TDMA Base widlauiu PACT n1svinaiuaaneiu
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nuldueiu PACT

& 2 MNormal node
[ < @ Cluster head
g -O C)..-.‘ b ‘ Base station
Co efo ° O
[ o (o]
o o ©
U 3 Uanen15vina1uves LEACH [19]

3.4.1.3 Self-Organizing Slot Allocation (SRSA) [20]

SRSA Lulnsinpeadildusulsan LEACH fflifiesua Base Station yaifien
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3.4.1.4 Sensor-MAC (S-MAQ) [21]

S-MAC 1dmeaila Periodic sleep fiu Virtual cluster lngaglvinguvas Virtual
cluster futusmiouafu uaziimsumunainmsinueduganisdsoyaldas
wuuasil wdldimadiamssudadeyauuy CSMA Tnsutsnunanidu 3 dufie SYNC
RTS uag CTS deiniinisfudafineuduarliisnisguinainisilayiiau (Random
back-off) ituiieniu CSMA Falunisveudnuneil 0199zdursdaiuilians 7
yhanueglu Virtual cluster nianedu agviliausldans sumisiusimsldndany

Mnnndisuilsanedu 5UN 4 uaninsvineuves S-MAC
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JUM 4 LanIN1SRUNATULIAINISYINNUYEY S-MAC

3.4.1.5 Traffic-Adaptive Medium Access (TRAMA) [22]

TRAMA 11 TDMA-based MAC Tngaziinisuanivasudeyanishunduves
Tuganisdstayalsane Tu 2 hop vediioutiu WieasdinsngIeuAwIaINITNEY
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3.4.1.6 Synchronous IEEE 802.15.4 MAC [23]

IEEE 805.15.4 MAC ﬁgﬂLLUUﬂﬁﬁ’N’m‘ﬁﬂ Synchronous Wag Asynchronous
Famsearuilvonarludiuves Synchronous nau Tuaiun15v191uvee IEEE 802.15.4
MAC azlU4n151197un13 Topology Laaassuuuu@e Star Topology hae Peer
Topology %aé’a%’uﬁl?maiuﬂﬁjngmmaaamﬂu Full function device (FFD) uay
Reduce function device (RFD)

FFD azaunsavinaulaly 3 sUkuy A PAN Coordinator, A Coordinator
way device 5531A1 @3 RFD aza1usavnaulalenig device 555UA1 AULANAIS
YesusazrsUuU Ao PAN Coordinator azidushsuslianeililunismuaunissuds
fYoyavesnguilotrungy @1 Coordinator iWuiuslaefiluiudonszninangy
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ns¥udalu IEEE 802.15.4 aglwasuslFaneduundendu udansuviinng
Sudeoyalaguuinisivastoyailu aeaguwuuniouru Ao Contention Access
Period (CAP) waz Guaranteed Time Slots (GTS) @amsvhanulugiu CAP azidunns
viarumilon CSMA-CA Tneid1uau 16 Slots iileudetesnisiudsdoya uaxil 7

Slots Tudu GTS iMnuAN1uaaIn PAN Coordinator AgULanINISyinaIui 6



Star Topology Peer-to-Peer Topology

O RFD
© FFD
Q PAN Coordinator

gﬂﬁ 5 1@m3 Topology ¥aN IEEE 802.15.4 MAC [23]

—— CAP ——»

I ¢— Inactive period 1

4—— Active period —— >
: Beacon

GTS

JUN 6 wanamsuusauaInisvialy IEEE 802.15.4 MAC [23]

3.4.1.7 An adaptive energy-efficient MAC protocol for wireless
sensor networks (T-MAC) [24]

T-MAC ¥1 MAC protocol ﬁgﬂﬁwmsiamﬂ S-MAC Tmgiinsusuidunsld
WUU Dynamic Duty-Cycle w/un13fvuafIwuuvadiy Jansvidnvazazliden
Aunnsdsteyaldiinndni S-MAC vi1 ud T-MAC Afanuilyniiemduvouilen

Uy Wieligunsaluneiinidesnsds wmsizaunanlidiviniu

3.4.1.8 Reservation Medium Access Control Protocol for Wireless
Sensor Networks (R-MAC) [25]

R-MAC 1 MAC protocol fivhemuadnaiu S-MAC Taefinistunounisiay
v SYNC DATA wag SLEEP Imaf\)‘ﬁumﬁmmm S-MAC fan sufiy Pioneer Frame
aslUludumoudids DATA Fsazvinlianunsavesdosnisyaulugrsivduld fady

LﬂUﬂ'lﬁLﬁll%(ﬂﬂ']’]Mﬂ’]iﬂﬁﬂiﬂﬂ?ﬁ?ﬁ%@?ﬂﬁﬁmﬁmg Broadcast ¢t
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3.4.1.9 A Cross-Layer Duty Cycle MAC Protocol Towards Pipelining
for Wireless Sensor Networks (P-MAC) [26]

P-MAC 1¥u MAC protocol fisenuuulsiaunsadeteyaseiedlilaenis
Uszmanisdeusonielundafie Ssaunsodsdoyaldfindt R-MAC uaziimsvudiu

Yaatoyanten win1e P-MAC Adsligndeunliauisadetoyaludnuausidunsala

| v ) PN I3 Y Y 7
anansodstoyalaludnuaei Topology Wuwuusuliiiie ity

3.4.2 Asynchronous Low Duty Cycle MAC Protocols [14]

TusAdenguiiazuansrsninngu Synchronous Taglidndufisosuaniden a1
msvhauvesluganisdedeyaliansvesiuesfuiioutu lddndudesdidnaiuauia
#anans (Global time) warlufinisuusdsusliarsoanlungu fegseitelunguil

Town

3.4.2.1 RF Wake-up Protocol [21]
RF Wake-up Protocol 1usmuidudusnanvainisit Asynchronous lag 9

mfuiliangagzinsUaluganisdedeyaliansTuninn 4 3wl uansivaeutes

Y Y 9

= o ¥ ]

gyinfinsvihnueguielny dilfezinisliedieseliauniiegld Fame 7

2

v Y 2 & o

venmsdsdeya Wedudeyaiaiaiazyinislaluganisdsdeyalfasudnsenania
Snasilu 4 Juiidaun dwiuiiidesdsdoyamunsnidafiestunuddamdsnuidn
1ulu Wireless channel iislsifhsusliane fiudeyalinluganisdstoyalanssosu
fYoya Fe38n19ldlun1sdsndssruvas Wireless Channel sialuduaiiendn
Preamble unouN139eTUYas RF Wake-up Protocol agflmnuandlunisdsdona

\Heannnslinluganisdstoyal fanevng 4 Jurit Snnadasuslianeilaladugsu

Y

L4

v & o & a | v Y P o v Y] o g v a Y]
ﬂ@%aﬂﬂﬂ‘ﬂ'ﬂﬂu@]@%ﬂﬂimaaﬂqiﬁﬁsﬂaﬂﬁalﬁﬁ']ﬁLW@?@?‘U?J@Q;IJ@ﬂjﬁwqﬂlﬁq@ll’aﬂwaﬂﬁqu

a o I3
LAUAIINATU
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3.4.2.2 Wireless Sensor MAC (WiseMAC) [27]

WiseMAC 9g3n19¥1197Ul UL Star Topology Imams%’udasﬁagaﬁwmmzﬁw
sihuianansiamualaefiiuslmefinanssSeudiarUssnunaiurenieuty
udnaeds Preamble wundugfielfifteuthuiivosdedoyalinluganisdsdoyald
meiesedutoya uAWIBN1uU Star Topology nuiiudlimeidusinansayly

naswNNNIEB LA sragIanN st uisuilSaesdesnan

3.4.2.3 Asynchronous IEEE 802.15.4 MAC [23]

Tudauil Asynchronous a3 uunuaziuilousu Synchronous IEEE
802.15.4 MAC ustazunns filiisdudosd! PAN Coordinator wazendnludiuwes
GTS Tumuateen Tagliyn Slot mavihemuduuuy CAP favua uazdinisniunu
AMS¥IULUY CSMACA Tranun 39nsvinaudneasiavnuindenavuiueenis

dadayaenvaeyinl Slot Tuyas CAP Urenaldanunsaldnulaeeeiiusz@niam

3.4.2.4 Berkeley MAC (B-MACQ) [28]

B-MAC 9ziitunaunisviaulaglimnimduiliaeiiaunainasilunisia

v

luganisSudadoyaliangdunn lneiiiallatuuiaginn1snsiaaauindingeanuly

Y
Fosdeasuunialmy Ferndsuasidundanuves Preamble NignUasgaanunain
Y % v | v a = o et
muilSanendesnisdeloya lag Preamble Ndsasiiszaziianviiuauannldly
nmaUaluganissudadeyaliaevemndisuiliaemolunsiuduimndisuils
a189zlagu preamble Wy ndsAsUAIULIAT faTuslTaneddadazyinisdedoya
st fsuslsaenlasudeyaldludiuiazenian doyanisdaiusenty Jaguuuy

N571191Uv89 B-MAC lagiaguil 7

-+ Tpn‘nmbk —»

3 | 4
Source >

I Channel sampling

T Preamble Time D Data frame

R I l Wait I | I B Carrier sensing
Destination ! !

T — Ti—»: Time

JUT 7 Uanen15inauves B-MAC
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3.4.2.5 RI-MAC [29]

¥

RI-MAC Wulnsinaearinulagligsudeyadugisunsdouss lnetunay

Y

' ¥
o

N13¥119UL3UNT R TUTYARUTUNIIINATULIAINITNEUALVIINITUTENA

1
Y a

sontuludasdyyiny dilfdnutuntasdesnisdsdeyanidsuiy aeldisnsves

CSMA Tumsasivdeuiniaudioyasgnsolny drlififazvinisdsloyalidsu ns
119U R-MAC ddefAndsendandsaulauin iesainddclidndudesusznie
preamble wilouiuisnmsnligdndugusznienisiteuse wiisn1stensasiinig

Y
[

antlunsdsdayaninndt msnbigaadudisunisiveuse

3.4.2.6 X-MAC [30]
X-MAC 18U MAC Layer protocol 15in1sWaiu1nesaninain B-MAC 1ae
wAdgymiSesi Wielin1sds preamble eanunanisuilsaneiidesnsdetoya i

Fuildaneililaduisutoyarzdesdaluganisiudsdoyalsaneliauninvedinisds

v A

data frame aanu" feazindeyandsliliduvesdes udrfilnluganissuds

Y

Toyaliareaanludadugydendsnwiuaudnlu X-MAC ldviin1suus
preamble aonilu data frame awiaLéng lneniglu frame 92iin15U559 1D ves

mote Yanen1avesgSutayaienld Wedisusliatslasu preamble tu agviinng

Y Y

n319d8u 1D Nussynielu frame dlalddudSudoyafaiunsolnluganissuds

1 ¥

Toyaliany loneluviudl 8nviadaaunsoan latency veansiudsdoyalalaenis

Y

14 A

iy acknowledgement Liteani1uIunTsas preamble Tunsaindisuslsanessua

kY

PUINABUATUATULIAN B9ITNI5UBI X-MAC anansauandle fagui 8
wanaNUEeHuITe [31] M X-MAC lUAAs1gvimaaay Lagansoues
Inslnaea Wegnihuldi@eusedusvuuleled lddumesidnlnsinaoaidy
WINIFIU F99n9uTel gnudn X-MAC daliflyniiaaniseanuuuiieuidedl
1381191 back spot algorithm #atAinann1svinunA1uIaIN1Tdadayalunns
o vo

Usgnadeyaduan utunauingsuteyausenie anviadeanulanises Hidden

Y

Terminal Problem 7induusinasnnileddnsinisdetoyaiigs
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I Channel sampling

:I Data frame

Time
3 Carrier sensing

l—> 3 Short preamble

Time

} ACK frame

JUT 8 UanIN151nNaUves X-MAC

3.4.2.6 Proposal of Receiver Initiated MAC Protocol for WSN in
urban environment using loT [32]

\Ju MAC Layer protocol 711 R-MAC luifiunsiasiotluideusedussuy
lolof Mfunsldnudedoyaluiios Tnstunounisiwun Wdnseenuuuly Ri
MAC veulaglddesdyiglunisudeyanalsdesdayniey flonaunansenu
mﬂﬁ@ﬂ@@ﬂﬂidﬁ@ﬂﬁﬂ%ﬂﬁ@hq6] ﬁeﬁamaﬂizmﬁ’umwuﬁ’maaé’@mzymaﬁﬁaa&a

U84 |[EEE 802.15.4

3.4.3 QoS-aware MAC Protocols [33]
Tunuddenguilazuanaaninngunnnguiinanun Jseuidelunquilaziuniseen

MAC layer protocol Titiulufismansauliinmziunsiudsdouyanin des ve doya

nddgyAdesidedinisszauanudAglunisdsloya Felunuidenguazidunisldnugiu

93 MAC layer protocol findmundnaduthsniamunsie ieiinauasdiuisegislunisivds
foua fogratu RL-MAC [34] Fadusimunsionin R-MAC Tnefinisusunisviiuues Duty-
Cycle 7il4lu RL-MAC Tivieuuuu Dynamic 1AgLSgUIIINNOANTTUNTTAS 158 Q-MAC [35]
Fadu MAC layer protocol fivhemutuientu S-MAC Tngldifiuanuansnsalunisinsedu
audAyangUnsainisds Wilulugnenisuaniudsudeyanisds Ssernlunguiiaunsa

asuauauURvonveldslanimisei 1

q
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Protocol Type Duty- Traffic Energy Complexity | Scalability
Cycle adaptive awareness
PSIFT [36] CSMA | Dynamic No No Low Good
Saxena [37] CSMA Static Yes Yes High Good
PR-MAC [38] CSMA Static No No Low Weak
RL-MAC [34] CSMA Static Yes Yes High Good
Q-MAC [33] CSMA Hybrid No Yes Moderate Good
PQ-MAC [39] TDMA Static No Yes High Weak
QoMOR [40] ALOHA Static No No Low Weak
I-MAC [41] TDMA | Dynamic Yes No Moderate Weak
Diff-MAC [42] CSMA | Hybrid Yes Yes High Good
SASW-CR [42] | ALOHA Static No No Moderate Weak
EQ-MAC [43] TDMA Static Yes Yes High Weak
EQoSA [44] TDMA - Yes Yes Moderate Weak
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4. UIRALAZITNITATUIY

A [ a § @ o A 1 v I
ndamanuainnisiilnsineealudumesidauvitnuuuesediedisusliane
wsomsiainsevngliarudnusyuuleledt agnuildinagilunisih TCP UDP wionsld
CoAP Plgludutmeosidauiiraiuarnutdguiniinainnisvitauludu MAC Layer 999

=l 1 > U v gj dg’ a = 1 U U ¥V I v Yo
w3eYIefTuslsanensilanveinuiain wseieaisuiliane ldlagnesnuuuunliinig
o 1w a d' a % v a O A PN Y a Y]
SudalayauSunuiieey wagvatgqitaniansausiu dnnaieidunisinagliiinnis Usendn
wasulilduniigeddlaananudinidlunmssudoys FwwiRnldaiutuneunisinemu
Y83 TCP UDP %30 CoAP 71f4n155035uKld91uduiuunn annsvuinves MTU fldlu
IEEE802.15.4 Afvw1ailaNNI1 10 vy Ethernet way IEEE802.11a/b/g/n Fevinlsnuau
Toyanldsudsuueiotiedisuiliamedesdusuiuuinndt lunsdifivuiadeyaiidiuinndy
150 luvi wazgnuiunldlussuu loT JaduiinivesuiAnfiagoenwuy 35n1smuaunisly
a [ [ o U a f @ N 1 LYY 1% I
Nudsnawvulszndandsnudmsudunesidalnsinasaluiaieviedisuilsaeng
ManualaedinuiAnnaziinginssuianwuzianisves TCP UDP n38 CoAP fil4lu
Suwesilalagiamz 10T ueenuuu MAC Layer lua3atnesasuiliany dweluluiivesen

INsIMARATBIUITETIN CU-MAC

4.1 Inguszasn uazauautAves CU-MAC

CU-MAC §1¥mquszasdiiazyin MAC Layer Protocol fiansnsavienléfd iletinngii
sumesidnlnsinasauvhauvuieiediedsvilians vievinsdeuseindetneiiuils
aeiiAusEUY 0T wiensufuasunsyhauaniesetnessusliaeludu wieve
fiulEaeuuudeuszay Snvddesannsavnuldfieldtuinsinaoanmssudsdoyad
ogluinievnefsusliaeiiu Tnenseonuvuyatudiazlfidu MAC Layer wuudszndn
wasulpeld uwiRn Low Duty Cycle willowdiu F191neuddefiniumnvznuin n1svineu
934 MAC Layer WUy Asynchronous Uum'%mhaﬁa%’uil%awﬁﬁﬁaﬁwﬁ’@ﬁﬁaaﬂ’hLLUU
Synchronous ld919z1duidea Topology n3a Overhead ildlunisuwaniudeunis1anis
¥11971UU89 Wireless module ﬁﬂ“ljju CU-MAC 3al¢idondlosinauuuy Asynchronous lag

AaudRves CU-MAC Mnshiluniseeniuuidwieludl
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« puanansafifesdstoyasnnimisgdslunamiondu

« anuannsaiudstoyandensiu lunsdififinrudesnisdstoyasinniuaing
dalumgsu wagangsulumgds (Piggyback)

- anwanansalunisfudadeyanuuseiios Tunsdifideyadelulufiamadeniu
warUIunadeyadnuiunn

- AaIaluNsLAdySeen1svuiuYesteya (Hidden Terminal Problem)



17

5.9UABUNITBDNUUUNITNNMUYBY CU-MAC

(%

naautantanvualiluniseeniuy CU-MAC inanibineuntil Feawnsoasy

upaUA99NluN1IRoNLULTEN1SAIVANNSIELFRNa19Y8Y CU-MAC ladsdalull

5.1 YURBUNISLNNYDINIINITHDET

Pndgymanuinidedenisinisivdetoyauinnit 1 yadayanseuniu @39 MAC

Layer agiindymiAenisidnugadasdyaagiienisiudateya andayninsegaidale

vV

29ALUY CU-MAC T9Hn150heny994n19911974909n15Us2n1AN1sSUdsdaua (Control

Y

'
A

Channel) 8nanYoadeysyraynsasdoya (Data Channel) Lﬂaamﬂlusdaa%’auuaaamisuaa
IEEE802.15.4 T41uwau 9 dosdaaiildauls ?J‘m??aLﬁ"@éfaqmiﬁ%dﬁagamsﬂﬁsmﬂms
Sudseliiunin Preamble Jsuvandu Short Preamble willoufu X-MAC Fsanunsadiae
ponuuuliusznansiudsioyaldndouqiu §1 2 gateyadiluduneut Preamble voq
CU-MAC 1#ldAn ID w3afli3on31 Target Address (TA) vasi13u313anevanensiidoya
fioansazdsds ungmaneiavrasdeansdeyaiililunisdstoya adlulu Preamble ¢38n1sidl
Gumsifiumnuanansadidesdsdeyaunnnimiagddunamieniu damsvhnumsusznie
N155udIveIdds uaznsuteyasu safieueg19gave CU-MAC a13130UaAIA11130

wandlanagun 9



Pseudocode CU-MAC protocol

function SEND(target. address)
set slot.sampleto 2;
set slot.usage to 0;
for (i=1;i<slot.sample;i++) do
CCA; //Clear Channel Assessment
if (CCA is possitive) then
slot.usaget+;
end if
end for
switch slot.usage do
case 0:
send preamble embed with target.address;
wait for acknowledgement;
send data;
break;
case 1:
leaming timing of preamble;
send preamble embed with target.address and data. trans&r. channel;
move to data channel;
wait or acknowledgement;
send data;
break;
case 2:
set back-off timer;
sleep;
break;
end switch
end function

function RECEIVE (this.address)
set sample to 2;
for (i=1;i<sample;i++) do
CC4;
if (CCA is possitive) then
gel target.address fom preamble;
if (target.address=this.address) then
get data.transfer.chanel fiom preamble;
if (!data.traner.channel) then
move (o data transfer channel;
end if
repeat
send acknowledgement embed with ready.to.receive;
until received data or time equal duty cycle
sleep;
break;
end if
end if
end for
sleep:
break;
end function

start
node.wakeup;
if (node have data to send) then
SEND(target.address);
else
RECEIVE (this.address);
end if
end

U7 9 uamsstaifisnves CU-MAC protocol
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5UN 10 wanadumaun1siaues CU-MAC duneunisviinuiladifsuuazeda Lie

wilsn Fsanmsousntuneunsinmnuves CU-MAC Wuilsdds uasilagdu Inedurlssadl

1 v Yo

1 A ifoyafifosnsddlugad3u fds A dosvhmsuszmansdsasiulugesdeansteya

Y
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R

Qe

Y

Taedumeunisuszmmazisuain fda A axisusuludesdeansteyaiidudiunisusznianis

Sudstoya 1ngld38n15 Clear Channel Assessment (CCA) @o3a3s #335n15ee CCA a1y

nsivaeundnulutesdsalsieya andindsnuludesdeas waneinligdedoyasdlu

Yosdeasteyatiu ogds A linugdedoyaludesdoasteyatu suihnisuseniAnisas

Y

Toyalauns deloyaaslulutainmvhauveimsdsenianisieastoya lnedsloyasanly

I3 ' Y] 9 a ' Yo v v A
udnqluszegiavueiminiy lagdeyandeaznislden 1D vawuSutoyaasluludayaids

v

(TA) 955U X Autuanngina gy waglaguirdiaudeinsdsdayam agviinisneusy

Y
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Y

nsdaliges A defayamludesnisinunisusenienisasluriui Tunsuilvidounisvinnu

294 X-MAC Lieaandsulunisviinisdeloya

Short preamble

 with TAonly
/ N k"
| - P Send
S DATA
Sender A
R ™ A’'s sampling channel
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Short preamble
with RA only
_\v
Receiver X
R IJ Recv
DATA
-(l)— TA=Target address information

RA=Receiver address information

JUN 10 uanstuneunisusenianisiudsteyares CU-MAC WailiSuddmilag

U

U 11 uansduneunsusenianssudstoyaves CU-MAC lunsdififfdsiosnisds

Y

w1nni 1 Badedds A Auluinuagyiinisas Preamble panly usdnids B doansddlsiizu
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U X Falaluandasianfivdu fes B azviaulumeunsninilouiudds A lag

Y
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49370 gfda B e A azdena1 CN fldgrriugds B uanheniluldludeyannisusenianis

fald Faudlorinn1susenIAnIsasauAsUnaIluNIsUsENAdINdsane azeneluvinaulutes
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DATA
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S , DATA
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TA=Target address information
CN=Channel number for data transfer information
RA=Receiver address information

JUT 11 uansduneunsusenmanissudadayares CU-MAC Weildsudannnii 1 4
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MuA1 CN wawiusznaauneslunisiudeyaumsesutoya damnasinsusenianiy
wiauildlasudeyalunaiiidivun fazdesenmerundenlunissuteyaluseudaly
dlegsudoyanngdds uazannsanendayatiuls Mzvhnsdsleyavenitlasudeyaieuies
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5.2 YupaunisivdetayasasiiAnisly CU-MAC

Woaanlnsineealudumasidniy TCP 39 Insinasalu 1oT WU CoAP MQTT
nsdedeyasenudnazliliduiienafeifiesainervasidoyaves Acknowledgement
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Short preamble with TA
/
S
Sender A
R TR :
A’s sampling channel usage'!
: 1Ack
S | DATA
Sender X
R I Recv
| DATA Ack With WR
X's sampling channel usage

TO T1 T2 T4
WR=Waiting for receive data

JUN 13 wananisvihaunsiudedeyaaesiiamaiuudaldanduly CU-MAC
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5.3 Yupaunsiudetayanuunalilasuas CU-MAC
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Buffer slot for 5
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/] , i ‘ WR,NS,NE

s E
Sender A L L -
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Send Send
DATA | DATA

A’s sampling channe:I usage

Ack With

Short préamble
| wihRANR  WRNSNE Ack
S DATA
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R I IJ Recv
% . DATA
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5.4 Yunaudasnuleyni Hidden Terminal Problem Tu CU-MAC
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MAC Layer CU-MAC
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Transport Protocol UDP

Topology
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Wireless module

CC2420 (IEEE 802.15.4)

Packet Size
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Buffer Memory

480 Byte, 120 Byte
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