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ABSTRACT

In this paper we describe an asynchronous MAC
protocol with receiver-initiated duty cycling for
energy-efficiency in wireless sensor networks(WSN).
Legacy asynchronous MAC protocols, X-MAC and
PW-MAC, has weaknesses which generates too many
control packets and has data collision problem
between multiple transmitters, respectively. Therefore,
we propose a receiver-initiated asynchronous MAC
protocol which generates control packets from

transmitter to complement these disadvantages.

Compared to the prior asynchronous duty cycling
approaches of X-MAC and PW-MAC, the proposed
protocol shows a improvement in energy-efficiency,

throughput and latency from simulation results.
I.M &2

4 AA Y| ES]=(Wireless Sensor Networks) 2]
FEES AY ARE Fol7] & A v +
ZHe NS 7 AlolER Bl o Fellx
53] 9 o} 5715 IFA o= vlE7] MAC
ZR2EF X-MAC?! & 7]&9] 57)4] ZeeFd|

vl Alo] FZle] 5 20w Ay 2AS 2
-

7l S| =r) SriEvhes WS Zhsth old
Aol A HHA == Allo] sj7l eHF =g A Y 5
ol AR 719K Receiver-Initiated) 2] ~A|E2 E
zksl= RI-MACY, PW-MACY7} 543}, 8}=|ut
T ZREZS ARl A= Ale] sfzle] w)
A Z-8A(Utilization)< FHAAZIvke ©H4e] gick
wEpA] B =l 718 MAC Z2EF9] b
& Hsksle] A Al U ESZS] AY ARG F0)
= MAC Z2EFS dARKL Akl 22832
AR 7k 2 FAksl, X-MACH ko] FAlx}o|
A Al dlolelr| EAE 7 §ellvt Ao A& YA
g} wgk Ze|UE) o] & Hl izl FES 3}
7] 18l 224 (2-pair) A7t £ AT WA ARSI
o} sl Whale] Alg0 g v|Ee] TR eF| v]g) =
A 584, =& A= g2 A9 29E 9
Ao Ak
B =] A v Zrk oleiAli= 244
A¥shs MAC Z2EZo| thal i) 334
= 7€ ZREZEY ARk ZEEF] Aes
Hlwala AsS |3} niREe g 4Atexe B

e rlo

II. AR 7|8 MAC Z2EE M|

2.1 $=AIX} 7|8 HIE7| MAC Z2EZ
Agksl= MAC ZE2EZS X-MAC 7|Hle & &=

# o] i 20124 % - eEal adEhaedTh] Aol o8 ATEIgle.
¢ First Author : Kwangwoon University Department of Computer Engineering, alwaysin@kw.ac.kr EH33]¢1

o

Corresponding Author : Kwangwoon University Department of Computer Engineering, hklee@kw.ac.kr %413]%

T E D KICS2014-10-437, Received October 29, 2014; Revised November 11, 2014; Accepted November 11, 2014

873



The Journal of Korean Institute of Communications and Information Sciences ’14-12 Vol.39B No.12

Apsied, ek dlolelE Rl $AA) dlolElE
e AR o]z AE B WAHoR
odol} HlolElE wlch. o] F2he Ea FalAE A}
A3} A1zre] o]z o ~AF AoukEe] n|EHA]
e fAIgRoms A g 2 5 Aok ok
2 10 ARk MACS] 712 Zlde] vehigie.
28 1] vebet 2} o] FARKT)E Aple] 2
FEAE $13H A 2AZ F o Qe
dlolEl g Salgieh

o] w a3k Ao FAA] 2AEL PR} o
231 Zelek o1 93] $AA7E Al ol
= AR AR e ehEet ek AR A
Alo] ootk ¥ duke] A|ze] 52 Fel] AR}
S5 Bl vk A AR(T,, ) E =
W] 5l o] Fal sh3lol AojA] wuiek. o] %
SAIRE 7kl A1 Aple] el A1 H2e]
ARl B2 ARKT e )N Toeny &
WA AR e isle] gle]3 gle] vk Ajo]7}
cHEAlel Hi@ A1z RTET)S ARRITHA 1),

r_{

=1, T

wakeup - wakeup

— propagation (€))

AR A7k Ajo] ke EAl} vjtel Salke] D
s} @ & el AR, 5 54 AR )
A~

__ Fistphase  _  Second phase .

Ttepoboploata)  t ] 1 poael

R fomll t o)
+ wakeup ph "Bata| Tx preamble/early ACK/data

¢ Sleep P& | Data |RX preamble/early ACK/data

a3 1. AsksRs MAC E2k9] 712 Al
Fig. 1. Concept of proposed MAC protocol

22 24 Efe] 2% 2Al9| Wom

P)Ee] G417 b Slo)=s] FAHE wel 44l

MAC ZZEZ2 dlofe] & ofgt A™ Ju]& v
Z|8}7] 9l8te] CSMA/CAS] F-2+$] W12 Z(Random

874

Backoff)¢} NAV(Network Allocation Vector) -2
& Agale] AAHoR T4 WAE A2AeL
A¥ehs ZREZoM= Ao S des 74
o] dole sizle] o] ARt AkkjlE zZeldf
23} o] 21q) Y7L Es) AL o7](Pending)
= NAVE AAsH et AR dod 3 &
AL FAg] Mo o] ThE ] Ale] 37
& 41318 3= IDE 4s)e] Aple] millEE

Age 2l Ak NAVE AT Sk

NAVZ} 5% Z835 & 3]

A= 13 Al Sefbck 53] Zejdds
|

2 2l o] F=o] HH, doleE Xl HAlxt
(T1)= T22] ZefofiEell 23 dlolefr} &A= A
<= B2 A dele7t A es A vk It
Tk o] A dlolelE R FfellA AAste] 5
ARl A 2] o] o]#A|A] <= ko] HhAgdley.
Aok ZREFlA = of7 A8 WISk 9
3 Azt £5-8 224 W92 e L Agsisict S,
T S5 e aela A 52 o] #l
A7l AL Exo7 T2 Aot o] WS 3l
ZejoiEst o] & Bl A3 = TFeAS Al
ek

T1 ?I L PA Datai

T2 Tlllll?Ppp“'

R Lpl:\ &ta oo

q7) 2. ZlgRs o) B shAle) 35
Fig. 2. Collision between preamble and early-ACK

m. Ms ©@t
2 Aol A= Agket MAC Z2EZe] A e
-

s vEY= Y T2l NS2(v.2.32)E o]&s)
X-MAC3} PW-MAC 18] A|}sH= MAC Z2E



==/

3
pis

q 385

3k 2121 71uE w57 A MAC Z2EF A7

Energy consumption per recvd packet

Average throughput

Average latency (end to end)

E 40 2 150
. CBR Poisson RCE ° CBR
Traffic models

a2l 3. A% Ae 9 B s,

Fig. 3.

29 27k FEsle] 7 4%e vwdh 3 15709
g e wAsk Aol SHSink) e
£ Il 45 A o I 1ok 4 )

45 Ve = deprle e 2k

:la] 3ol| R E7R] A o7 FAE 97 o
AnE nE= x%e:lal: AR o 7 HutE 33 dlogle]
Bt AQAZL, B AL ehllek wE At
2] FEA SR X-MACo] BE Ef¥ FHoA] 713
& Aeg Hol, gk MAC ZREZo] 714
—:—3. /Ké‘— ° 1,}.5].144_0_ ok X~ oh;}_. o]% X—MAC"“H
dhE= Ao FZle] 7 Wyl whste] i Algksh=
MACS®] Alof #fZle] 71 7] wiolct 53] 11
39 Ay 4w Ae} At A A5 ¥]S(RCE &
dheaba, $44 N Slol= o We AHgR
PW-MACOﬂ nlste] B8 ke Xd_eﬂ AR B} i

© B AR A B skl & 5 glek ol o)
o] SAAP el SAlA dlolel S 2 o

WSk FE0] % 2hasl] diol £E Asfelc)
7 1. MdE]= F
Table. 1. Network parameters
Parameters Value
Routing protocol / Traffic Static,

Duty cycle rate 59 % (88ms / 1.5s)
152 / 28.9 mA

0.0004/0.0087 mA

Rx/Tx power in mode

Sleep/idle power in state
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