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ABSTRACT

In this paper, we propose an energy efficient hybrid MAC protocol for multi-hop wireless sensor networks. The
proposed MAC protocol used a hybrid mechanism, in which contention-based MAC protocol and contention free
MAC protocol are combined. The sensor nodes located far from the sink node usually send few data packet since they
try to send measured data by themselves. So contention-based MAC protocol is useful among them. But other nodes
located near sink node usually have lots of data packets since they plays as a relay node. Contention-based MAC
protocol among them is not suitable. Using contention-based MAC protocol in heavy data traffic environment, packet
collisions and transmission delay may increase. In this paper, slot assignment between sender nodes by sink node is
used. The proposed mechanism is efficient in energy and latency. Results showed that our MAC protocol outperformed
other protocol in terms of data packet delivery delay and energy consumption.

FIE : A, olUR] AL MAC ZR2ES, WE| F, T4 Al WEYZ
Key word : Delay, Energy efficient MAC protocol, Multi-hop, Wireless Sensor Networks

T URE:2014.10. 10 MAFRIZ AUAXE: 2014, 11. 11 AZHEPHLUXE: 2014. 11. 24
* Corresponding Author Seong-Cheol Kim(E-mail:sckim@smu.ac.kr, Tel:+82-2-2287-5315)
Department of Computer Science, Sangmyung University, Seoul 110-743, Korea

http://dx.doi.org/10.6109/jkiice.2015.19.2.471 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SR EELISHS|=F2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 2 : 471~476 Feb, 2015

.M E

A AA HEQ A AN =EES 3 A Ho
WA ek o|FA FE2H AN ESE A0
2 YEYIE FAsto] FARITH1]. b AlA] ==
=< 8 BUEY, 24 A& 5 540 ek 2E
o JjAS AT == WO 2 ad -hoc W] o2
S5t Hok AA =2 TlolE 7S A =2
ol e E2 Agsly] wiZo] A k& Thrtelof $1A]
tlolBE  AsfoRelty. ol&
funneling effectz}al 2], 2% EP o 7=
funneling effect2 215}od AT =9} Q1S AA =&
xjololiz Hlolel 57 35, 1w Ao wate] 1)
A % Q3. 7] % = Rol A o] elg BAIE s Astint
ZAHA(CSMA) 9 =] AWHA(TDMA) ] MAC 28
E25o0] AkEgtt A4 WA MAC Z2ESES
) 571403} W7 4 0 R 4 o], o
91 E7]4] 7A%HMA] © 21 S-MAC[4]Z} T-MAC[S] =
ZEZo] 9tk S-MAC T2 EZS 1144 9] FE| Alo]
2 sleep TUHS Fo] o 7] 215 Bl W40l
T-MAC Z2EZ S SMAC ZEEZ0] 14 29] FE|
Kjolzel T s1517] 18] time outs ALgsto] 2l
HAZESE HolE] 37 Hdo] R A% sleeping 3
of o112 Hetaliz wHAlolch. HEH <) HE7] 4 A
%Hpal 0 2 - BMAC[6] 2 X-MAC[7] Z2EZo] 9]
t}. B-MAC Z2EZ-2 long preambleT} CCAE £3}
of dlofE] RS AFdh= FAlo|th X-MAC Z2E

=2 B-MAC Z=2EZ9] long preamble 2] 4|72 3
ZA3s}7] 9138} shotted preambleS AMg-3}o] o R] AR
Z0]= Wlo|t) | HALA(TDMA)S AA1E W
Joletalte Fith Al 2A1% B 5ol vlolH
AEs17] wizoll BAA o vls S5 9 &40
e lofE Edjgo] A2 g oA o v
ZQ gle &35 st oliA] &4 9 A4

EAEE 7HA AL Qlek & =l A= ol

1:10 ]_,I 11—2444- ]j] th(lj /;}_,] Z]—?ﬂ @—‘:t_}_- '5‘]_
E (hybrid) A$H21S Aotslsich Z-MAC [8]
?ﬂ— Eﬂo]E-] EEH_IJO] X_-Lg_ o—rCSMA tﬂ—/kl og
}‘3}7} Egfjgo] Z7F8 7 vlx] TDMA "4 4|
Xi%‘—ﬁ = ®FAlo]t) 3t Funneling-MAC[9] 9| A=
funneling effectE 112]5}¢] intensity regiong 4 7 5}o

5 =0 o
g =S w2

O oZ W > ol
>~ mlo
rlo
J mh

O, o
o s IT I
[ o,
o )-Eog‘:og
g_

ot 2 rlo

o] ¢ "lof| A= pure CSMA HHAlS Ag-6}31, 0] 4 <
obo| A= sto|He] =2 TDMA 9 CSMA #H2]2] ALg-
2 Aorsiitl. 22y Funneling-MAC T2 EZ2
intensity regiong A4 3}7] 8l A3 =Tof| A HA| 7}
3} Alo] AlSE broadcast 3}4L, intensity region Fof| A
] HIA] 1552 TDMA W] % CSMA W4& A1
A5l B3t o )= 0 2 Fo]glo] LEsl=g] o
LS 7tk

E LeBo|d= AT =59} 18 7 g vho A5
AA LEEL 7|Z0] AAUFA O 2 Heslal, 18 A
&l 0}4 AT -9} o1 A3} AlA LEE-2 u] 7Rk
A Holel e 5, A 8 &

A7 Ao
& UA12 4+ A ol IS A Ackuith

Al

mﬁJ

1__

. ®detEl sl0|E2|E MAC =2 ES

SEA A A H, Al Al Y ES S HlolE wfzle]

EER FAFEE 54S 7A=dl ©]E Funneling
KR

o] Y-S HoAETHI].

Funneling effect

" 1. Funneling &1} [9]
Fig. 1 Funneling effect

21, Hiokel ZREZ R

£ =R A Albshe HAUES T2 dolE
R {’o‘g sto] A= }u‘:g}lb‘_ HEH R
A e EE 7ol BT AAY ole A7 A
3, L}DV] A =EE 7t 7]29] AAAS
=3510] ol 2 ALEt o) AZ wro}
ol WA =B dlolel 512 414 9 skl
WA F= WA BHEo] Eofe7] "iEelth 1™ 2=
A= MAC Z2EZ90] F2H8 HojZr}.

lo- ofr ré

it

_E

472



HE| & *

CSMA &
data gathering

® ® Like TDMA
N\

Sink

33 2. Hotsh=s MAC Z2EZO| £
Fig. 2 Operation of the Proposed MAC protocol

22,4

Hu

e S MS HHUZ
A2 wERRE 1F Dol $4REE0)
Jole] 37l 2|} W S Hojetth o]
f| Al &= Tx-beaconS AFRSII, A3 =&
+ Rx-beacon2 ARE-3ITE o= o]4of| A2t QAEE-
MAC Z2ES[10]9] u]2 2a|9)a} SARE 752 7}
Ak 2 =2l AT rEs$A R ESR2EEH 944
AME 717 53 Tx-beacon ZF| Y-S =AlskaL, 1o
gk Rx-beacon | ¢S broadcast Stc). $A1 =5
L2 Tx-beacon T A4 X7t} Rx-beacon —Laﬂo} 2
AA TS AMESEe] A1 R E9] 24 A7 AATH
FA =E52 v ghpol o AlLbE A7t EﬂO]Ei

WS AFSFeRA $A RES o] S5 240}
S

I
o

o o

3
Ql

e o
o
o X

1o

L

Htheai:nn

Sink / SaToImQ _
Sender2 _|
Data packet
Sender 3 r

Time ;
> 5

Sinkdnudg received Data packet transmission &
senders beacon Like TOMA

a8 3. A3 = S fF LS
Fig. 3 Transmission mechanism of sink node

473

ML ESIT0lIM oflLiX| 2 X|Qd0ll EE{Q1 50| HE|= MAC Z2ES
23, AAIE oiE ga
A AW AR, At A% AAUS
active 7] =2919] Tx-beacon 2 Rx-beacon Z &%}
o]-8-8to] sleep 57| F<F tlo 8 A S Hdk=

olct.

>~ flo rlo

Shorted duty cycle(listen & sleep)

T SINK beacon broadcasting Tp
‘1 _e.

BRRAAGAAN T Il

Sender —]

=

Sampling H
T
T
I 4. AHE 0T G

Fig. 4 Mapping for Scheduling

Sink

O% 4e & =wollA Aljtshs S HAYUS &
AlE v WAl HolEoh oA BRo] H4l =5
L Tx-beacon T2 AT ER AL3 & AT
9] Rx-beacon Zg|¢lo] =213t uff 712] Z& 7|2
listen T} sleepS WHESIT} sleep 1AL A3 =29
Rx-beacon T Y& FAIT £ Q& A E R 2HS| 22

AL 7HA ) o] £ A== 7} Al 3 1= T ©] Rx-beacon

=

=92 FIchelRA HAsks ofux] £418 ol
Slghuploleh 44l eEE T AL EET 5 ¢
o] H4:317] 19 Th-0) vl Sh45 A}gatet.

Ts : active time

Tp : sleep time

Ts' :1inode®] Tx-beacon Q] *
time SU= A 7Fe] 2;

Tp : inode®] go]g W7 =
sleep time B1}= A|7+2] 2}

A4 AJZF 4 active

A A2

(1,-Tp") _ Ty
(TS_ Tgi)

FA === sleep 71t 5% 4 =
ARg-5to HlofEl 7l e S 5Tt HlofE
LS AT A e
ol glo] AFEHUSTS $Al ol A dich

in
0
+
>
S
=
=)
<1>(_5
>~

st
rlr
olo
ol
>,
fol
il
N
o
o
|
fu




SR EELISHS|=F2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 2 : 471~476 Feb, 2015

Shorted duty cycle(listen & sleep)
’Y SINK beacon broadcasting Ti

Sender1 _ ﬂﬂﬂﬁﬁﬂﬂﬂﬂ |_| r7
ti Pl i
Ts! _> ‘ To'
- s
Sender2 _ = FEFCK E
12 HIW —:
> H
Vot L.
Sink Sampling [l
———]
Tg '
ACTIVE time SLEEP time
a3 5. AN5lE CE 44 o |3l Ny

Fig. 5 Optimized multi-senders forwarding of packet

IR 5= BN o e] Al =R ELE HlolE 3%l
ZY oS Ag S A9-E HolErh agoflA] Bl
2719 FAl =52 vi ks ARESH '&E flo]
7 SA] B2 A

tlolE 3%l %—’F/\JO] %—‘?I'Q' uff 7
X] sleep HER E]-]7 O 2A oA anE FQlt)

FA =59 wake up A|7H o2

TACK - ZH Y HE AT

g
O

T

T
wakeup ~ (TS TS ) ?D + TACK (2)
S
T2 )0 S8l FAl k=E2 A9 HlolE 7l
T Y-S $A15H7] Ao wake up ko] RFA1S] A BRI
RO PEL DEEEE,

2 4. Algorithm
A3 b 1F AT $4 Ee] A Al
ok} 2.

flo

1.SENDER. Data Generation & relay

2.SENDER.: Channel sensing

3.SENDER. if channel == busy

{ waiting }

4:SENDER. else if channel == idle

{ Tx—beacon frame transmission
TimeSenderNo = TxBeacon time /

{ waiting Rx—beacon frame }

474

5. SENDER:
{ waiting Rx—beacon frame }

6. SENDER. else if ReceiveBuffer==RxBecon
{ TimeSink = RExBeacon time

{ WakeupTime =

(ActiveTime — TimeSenderNo) *

(SleepTime / ActiveTime) + AckTime) }
7.SENDER: if Time ==WakeupTime+SIFS

{ data packet transmission }

if ReceiveBuffer == TxBeacon

o] FHolA] 41 L E5-E v A A]o] TOMA
% &3R8 o} dloje AL Ak A4 o)
ol T8 73 )i 4] 1B A idieo]
Tx-beacon TS A435}1l AT ==2ZHE Rx-
beacon T |2 7|t}h Tx-beacon 3

rﬂ
_r;
rzi
o\-}
© I
il
|
Mo

1) 4145 41700} Rx-beacon Sej ¢} 714 41713 |- §-5
of AHT AL At Hlole 7S ALt A
s Yol 4 HWEFE thgt Pk

1.SINK. Periodic sampling

{ received TxBeacon frames }
2.SINK. if SamplingTime == null
/ broadcast ExBeacon frame }
3:SINK. Data periodic

{ received Data packets }

{ transfer ACK }

4:SINK: Data periodic time out

HE wEE g Ago] BaEk Eoly] o
sleep F+7Fo] LR QU AoksH= MAC T2 EZ oA
+= sampling L7Hol|A] $Al = EEZEE Tx-beacon
7 9l& 4241 Bka1, Rx-beacon 8¢S 54T} sleep
LA FA eES2RE Holy #j7lS s
olof thgt = qteh

1T

2 Aol A Arkshs W YZa} 71E0] X-MAC
ZREs 45 B4 B ulm 2Alst,
B lego] A% B4 918 et ol Zhaate.




1. 45 40| A8E miztolg
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