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The past two decades have seen increasing interests in the field of wireless sensor networks
(WSNs), which have potential applications covering all aspects of the human life. The major issue in
WSNs is power conservation since wireless sensors are usually battery—powered. In a typical sensor
node, the wireless interface consumes the largest share of the power budget. Hence, an energy efficient
medium access control (MAC) protocol is vital The MAC protocol always adopts the duty cycling
mechanism to reduce idle listening, which is the most significant energy wastage. The mechanism,
However, has negative effects on latency and throughput performance. Meanwhile, an increasing number
of prospective applications impose requirements not only on energy efficiency but also on other Quality
of Services (QoS) parameters. Therefore, it is great of importance to design new efficient MAC protocols,
which meet the requirements.

We first focus on designing energy efficient low latency MAC protocols for low data rate WSNs.
The traditional approach is letting a duty cycling MAC protocol forward packets via multiple hops in a
cyble, ie., the multi-hop MAC. However, the original multi-hop MAC protocol incurs a large control
overhead, and a so—called long listening period. We propose a low latency low control overhead MAC
protocol (the LO-MAC), which overcomes the disadvantages by exploiting the physical properties of
wireless channel. LO-MAC has a traffic adaptive scheme based on carrier sensing characteristics. The
scheme effectively controls the length of listening period following the traffic load. Moreover, LO-MAC .
takes full advantages of the broadcast nature and lets a packet has different meanings when it in
transmission range of different nodes. Therefore, the control overhead is siéniﬁcan‘dy reduced.

Secondly, we introduce an approach in designing efficient MAC protocols in ’dynamic load
environmeﬁts. We propose MAC? protocol, a novel Multi-hop Adaptive MAC protocol with packet
Concatenation. MAC? achieves energy efficiency, low latency and high throughput. The protocol controls
the adaptation to the traffic load by using a new traffic adaptive scheme and a demand wakeup manner.
The scheme and the manner are based on a synchronization process and a proportional mapping function,
respectively. Besides that, the protocol has a concatenation scheme, which concatenates several queued
packets into a bigger one before sending out of a node. The concatenation scheme reduces not only the
control overhead but also the average latency. Additionally, MAC? is numerically optimized to achieve
minimum latency and guarantee no data transmission collision.

Finally, we also target the dynamic load environments, but take an asynchronous approach of the
efficient MAC design. We propose an efficient Asynchronous MAC protocol with QoS awareness (the
AQ-MAC). AQ-MAC achieves energy efficiency and collision avoidance by utilizing a receiver—initiated
transmission and the concatenation scheme derived from $MAC™{2}$. Moreover, AQ-MAC adopts the
differentiate service (DiffServ) model to provide QoS. Data packets are provided different transmission

strategies depending on their levels of importahce.

— 132 —




B OEERROES

A+ 513 [Efficient MAC Protocol Design for Wireless Sensor Networks (#E# 1z
SH—RXY R —=IDRDDAT 47T I 2AKE (MAC) 70 F )V DA CEL.
EGt Y —Fv U —JRBIB /- FHOERFEE2F S MAC U b)) DR &R
FMICBET HMETH 5,

EBEtL Y —Xv bU—J0 ) —RERES, LHEEH, HEIZFIVF R EDOHKIN
HO.ZOHMEOREAEREAENBSBREINDS., —F, BB Y—/—FTH.
EHEEOEDIHEHEINS IR NF -NKREREGZLHEDTVS, Lo T, iz
ML NS, BNIRNF—HREERT S0, $HRAREHFE 70 b))V OKE
BRETHD, TRNF—OHEEROLT/DI, T2 —%v b7 —Z D MAC 7))V b
a)V T, Duty Cycling D AN XL E2EBAL., BELRZWT A1 RILOEMEZ XY —7R
BICT 22 EMBEINTWS, KIF%EIE Duty Cycling D AW XL ZFA LR
72 MAC 70 b))V DRE EHREFAMICEITZILDTH 5.

MXE6ENSHEBRIN, BIERTE2EONEOER. BEMRCHRNT, B3IE
MHEESETIH., BREEZOV—X vy b= 2k EREBECERZRET S
HOOMACT O P aANDORFETIMANFTEHERICIDOVNTERTNDS,

FEIETHE, MACTO PO NIKBIBHEA—NANy RFEZRNMNRIZWA, FRIThF7 7«
VIAFMDOLPIENVERYE Y-y FT =T IZBNT, IRNF—IREZFZEDLHLDD
MACY7 O F a2 JVLO-MACK DWTHREL TS, LO-MACHEREFYy U702 VT
KBTI T4 v OBRAEITSZD., TNy hCERORE ZR-ETHERICD
FolDTBIEICL>T, BEHEOSF—NAYy RZELLTWVWS, ¥2ab—ar
W& DM TIE, LO-MACIEEOMACT B ha VXD HBVWIRXNF—EEZEHFTE
HIEEERL .,

FLAETIE, XNy bEECL2TEWAN Ty FEEHL, fx OAMMEBEITHE
520070 FANVMACAHIDWTRRTWS, oY —RXy N7 —JZBITEH/T
MEEE. N7y M4 X2 E <, ACENHICRN N> Tnd, MAC2Z O ba)ViEZ
NEOFHYENALT, Fa—A 2 TIN2BHONTy b E—DDORER/NNT v PITE
EHTHEHL. D —DDDuty Cyclel B Ky TOHMEZITIAN AL ZRET S Z
LT, FOHWZEBRLTWS, T/, s Ialb—ailioTEDHERE
zZxr L7,

ELSETE., 77U r—2a lEoTERINZI T —EZAHE (QoS) I L&A
CEEVIRNFT—FRE2ERTIZ2D0 AQ-MAC KDWTRELTWS, AU —
R—RICEHEBEOE > BB INTWIEENEL, BR2BEOT —FNEREIN
5, TNENOT—EARBIHBT L, AQ-MAC TiX. FFHHY/2 Duty Cycle &
AL, ZEACE>TEEZBDDZECES2T. XNy y NOBEZBESICHIE TS Z
EZAERIC L7z,

F/o, WOETRHERELT, FRXOI M E2—2arEBERIDODNTELD,
RETOPINOEERIVKRERER L Y-y MY —JICHETISROMFEREZ
R L7z,

— 133 —



2B, BIEREELT, HEEFRESE TSy —FV@MiNX1E (b, £F1H). ERGE
Rl R (MEEFELR), TOMDERRERSGFLZ2ITO>TN D,

LEZETHIR, ARXEEVWIRXN T -PRPNERINLGER P —Fy b —
IO —FHBEHMEOLODOAT 4 777 2AHME 7O baliconT, Z25HHAY
FUZFERBEL, TNHRBLAEATOMINOREZREL., TOEYEHZRLEZHOT
HO, FVRETEMBRHEREES TS ZDOERE Y —Fy FT -7 OERFICEMK
TBHLEIABKEN, LoT, FARXEBELOEMNFERBLELTEBRERBDEND,

— 134 —




