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ABSTRACT

Compared to a terrestrial communication, the high BER(Bit Error Ratio) and low channel bandwidth are the
major factor of throughput degradation due to characteristics of underwater channel. Therefore, a MAC protocol
must be designed to solve this problem in UWASNs(Underwater Acoustic Sensor Networks). MAC protocols for
UWASNS can be classified into two major types according to the contention scheme(Contention-free scheme and
Contention-based scheme). In large scale of sensor networks, a Contention-based scheme is commonly used due
to time-synchronize problem of Contention-free scheme. In the contention-based scheme, Each node contends with
neighbor nodes to access network channel by using Back-off algorithm. But a Slot-Time of Back-off algorithm
has long delay times which are cause of decrease network throughput. In this paper, we propose a new scheme
to solve this problem. The proposed scheme uses variable Slot-Time instead of fixed Slot-Time. Each node
measures propagation delay from neighbors which are used by Slot-time. Therefore, Slot-Times of each node are
optimized by considering node deployment. Consequently, the wasted-time for Back-off is reduced and network
throughput is improved. A new mac protocol performance in throughput and delay is assessed through NS3 and
compared with existing MAC protocolMACA-U). Finally, it was proved that the MAC protocol using the

proposed scheme has better performance than existing MAC protocol as a result of comparison.

¥ o] =8 2013 % AWM Y AYeR gl anhe] 2L who}l el 7]l 7AF] ¢(2010-0007789)
° First Author and Corresponding Author : Hanwha Corporation Gumi Plant(Development Team3), prolinuxer@naver.com, %3]
* 104—;]-;]]%1—7 e Az ES T3t} W, sunmyeng @ kumoh.ac kr, %<1
wk o FIstn FFE| AT EYo]F83 W haeyeoyn.lee @kumoh.ac. kr
l&&“ﬂ : KICS2013-11-518, Received November 29, 2013; Revised February 20, 2014; Accepted April 11, 2014

*

351

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-04 Vol.39C No.04

I.M &

FT AAellAl ] ARz Ao sES $1sl 8
AR S S13F o] vhde] Frtekar glrt sl
FAR] RS S1sl sfokg el gk Ik} AHa
Ao wlew FeaaF AXUEZ 7]sel Wit
A77b Zbe] zlas L Qe w3, a3 Al
Eflae 5 8 A AS AR S
AR Ao R E o] 8w gt 1Elv g3k Al
AME = FA AU ES =9} de] dotit 37
oA FAale] o] FoiAlel. Fgelrl= 21 AapA| A
Zh e Y E 58 AE olHER sl xx=7t
] FAle] v o 7Al AU ES)F= A}
AT E o] g3le] 7t e E 7he] FAle] o]FolxIck
e el ARBTG5l FEe] 9A
2] Fale] Brbssifl webs fujde] s
ol-g3te] 7 =5 Zbe| FAle] o] Feixlet. o]t
Tl E= Al g vlste] vl 21 Adapx] A7t
Zedf webd, A AV EEE 96
7% 7]Z2] MAC(Media Access Control) ZZEZ
= FoellA 2R o]83 5= Yick o]| o] fE &+
5 AU EFE 917 MEE MAC ZRes
o gk A7t 7=k

A AU ES =M ZF === CSMA/CA
(Carrier Sensing Media Access/Collision Avoidence)m
9} g =4]0]7)(Handshaking)®7|*-S- 0]-8-3}o] 7} =
=7ke] A 7S 5338kl CSMA/CAZ -2 A%
g dlolEE 7l 2ot AE AdE F5l dleolE] A
A ol A AME f7E Elgc o] F
res Afde] ARER] o2 739l dlelelE 54
e AFgre g regte] voly F5S ot
o} d=Aolrd 71 M2 Z(Back-off) 71H-& o]&
slo] AAAZE AdE IEs A ooks $gh
RTS(Request To Send) 717} A dojjef 75 oF
= CTS(Clear To Send) H|Z& o]-&slo] 7+ & 7}
o] A ook i Al AU ESFM=
ol#gh WS Fall A AAelA eI’k ==t
olHlE AEFomMA 2 e 7he| FE fl= sAle]
7Fs3ick e, FA AU ES] S04 o] 8=
olgfgt AdAA 7ML FFME =R A
ek FTF AAUESZA o] 85= 9kl
= FAAlEet de] AupR]dAgte] v 2] uf
o o]& gk A= 7] Hasirt
FoeF AAUIEZAA 2 e 2] AR
|7Ee 2 o]zl A AN firg SA] Eels)

[¢3
e

s

o

o

¢y
)

M
il

>

352

7] ofgir}. olzidt RS Algat B AN ARk
7 Ak BN A1) ) 9
oF 2 71)E el e ez A] 7} o] Ho A
A 7S EFA7KSlot-time) o7 o]-gF}. 2]
EFAZEE dole] A4S el 2 2=r) di7jshs
A7 S7HAIZICL wEiA] MBS A A Ass
A AshElck

B oA ol2idt Al Ak $Ig A=
+ 71 Aokl Ak 712 RTS A A5
5 CTS #ple] ZA3t wj7px| 9] A|7ke- o] 83}e] o]
23k reeoe] Hd) AspA| Az S SA=
Z ] AR AA| 7R eo] wl Q ZA] o]-L-Fr}) RTS
AL A 7F eme 2Ale] FHo Aulx|ed A7k
3} AE gHE Bk FHoighs il FHd) Ag)
ZAAZke 2 o] 8ghr). wEhA, WAkl o ¥z
A7k Wl e A o] fuE LFEAEe 7 AR,
olefgh WS T8l 7 i o] v Adeel] ot
EFAIEE 7R delEE AE g7

olggt 7|H-& F3ll vMIEH =Y A%

i)

=5 Ngek el s vES = A5 3 9
3 EFAES X fsl Altshs 71 &
25 Adich VA E AjkE 719 5553
AU ES]ZE $J3] 7]E) AlekE MACTS] A%
< Ao Fal vk, o Axs 7ledich
ppAeh VAol s B o] RS 7)%sith

II. 227

e APEYZEIA 01§51 3t Hheje]
Az ARl ol Aol wja) vl 2 &
5 ZHer) olelat AlE o3 A9 =gt 7
ool w2 Asixjel o] AR, ol2]at 4
SAQAZE 718 ATl FA AV EA
slde] MAC ZREZS] 5049 o8- of3i
gk olelat FA1E st 218 Aokl 7)E AT
£ A WA o= b A7 el
7} et W g ol gaio] A ook $18 4
& WA sk, AReA SeE mEr) AR
= delel g A5ach A e E 2 ekl
dole] AEAZHE vle) 2olEsle] 35 P o)
o8] Aol 7Fsbl e

T 18 A7 7] MAC ZREZe] o]

(

www.dbpia.co.kr



B 4FEF ANIEY 2

sl3 2242 H43} 7

i

A 5(CTS DATA
Bl \RTS CTS|DATA
Backofl
a8l 1. A7k A
Fig. 1. Contention based transmission scheme

ot ZF e dlolE ASS S8 ARl A
AZE1 Wl @ 3= p7kS Zher) whkef wl Q2 kel A
2= dHolg] Afo] AEHA @ HF o
B RTS HZS HA =g AE3icl RTS 7
= FAIgE BA s dlolE o] Fsgh Al
S 4l CTS S 2= A4} CTS )
S- AR Aan- = DATA 7S A48 vt
2k CTS HZ& AR 41814 Jgt A5, oA
H_]]JEE %}% xﬂx%a-}o:] _?,]g]. 7Lo] zHﬁ o:”OL_— _,46]- =
2k HbRsle] 3ght)
a9 2+ A7 ¢lE RofFErh ilolAe}
o] k= AQ} B 7} =7k okl AJ7hEet Hlo]
B Ao 5 gl deole] Afe] 7153}
t}. ol=|gt Zd/.ié M= 7 =Tkl A5 dlolE]
HAEeAE ARl okl o] F Slalx= 7 k=
7ke] A|7ke] 5718} Eojokgict. i} olzigh 7|
= AA| 53l A8shadl glo] B olElgol
ek AR, 7F =ezke] A7 F7] ApAe] olEes
2 Qlale] A £RAME TR o8ch &
’%H FEolA 2 ko] A=)yt cheksiAl A==
© 71 AR AR 7Ee] ko 7 AAEF SFEA RS
7&?@6}717} o]z ¢z}, vt o R o] Ral= k=l
_,_7} E%EL, 7l J_E]], xﬂ/ﬂ-g}._ Eg].].xl o}:o] - 7
tlole] AES 213l AL ERAS 7|t
HlEE Azl Folekk w}a‘rﬁ AA VESH =
Aol A AHdlEw 8o ® 2Hg]it). aurg

M

o

A DATA [DATA

B [paTA DATA

Slot Time

J% 2. v7EA7MEe] Ak
Fig. 2. Contention Free based transmission scheme

T AlgkE %—t— T AVENZE 91T
MAC ZREZS 78] 29} ko ] W o s T Ad
& Ak Hliﬂ ~o] MAC ZREZe] Hyd 7]
HE°] FRE olFL Sich

I3 38 AAHE] MAC ZREZ2 588
AU ESZE  $l8] W¥gE MAC =ZEEZQ]
MACA-U"'] 2} ubAlS- 1 ojZr). MACA-U+ 7
A7IHE 7IRke R 3 MAC ZREF F 1 737}
Sedta g Ades TP Qo] B =EellA
Q145 7 itk MACA-UE H&x FA#E 9)s) At
% MACA Z2EZ08 £3 7ol 2A] HA3 A
o vhga} 3] 574 AelE Zow, 2} Abefel] o}
g} Folzl s2he gk

2

@ IDLE : #Hile] 43t dlo]el7} uka A 2=
7] 7l

(2 CONTEND : %53t dlo]e]7} ubaiato] v}
=9} Ad AAS k= A

@ WECTS : CTS A& 913 thr] F<l Al

@ WFDATA : DATA®] A1 ]3] t7] 5l Abel

® QUIET : o]$- =7} t}b2 reo} dS -f38t
32 9le] dlolE] A4S |98 4 =S A

F o WA wlek A

2l

MACA-U2| 52} ol & Aw{un T3 33} o] A,
B, C, D 47}¢] x=7} x5} B =7} C=R
dlolE] 248 Usk= 739 Bi==+ CTD(Contend)
“77}oll4] BEB(Binary Exponential Backoff) 7]®-S
ol g3le] oo} Ad AL AlRRE) Mo
7}8-E(Back-Off Count) Zro] ‘0’e]¥ BXTti RTS
W71 & A5l 53 RTS HAZ1L 218 25 A
9} c= 2RI *JFJMI w} ok T2 gl |

QUIET_RTS; defer transmission

A (A 20wt To |

WECTS

.-
g [/ AT | [Cis | oAaA |

C \ RTS [//CTS | \ DATA |

[ E——
WFDATA

2Tmar + Toata |

D CTS
QUIET_CTS; defer transmission

Tmax © Max Propagation delay
Tets © CTS Duration time
Tdata : RTS Duration time

32 3. MACA-U 54
Fig. 3. Timing diagram for MACA-U

353

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-04 Vol.39C No.04

F 1. 7 o) Aol 24 shel wE Az
Table 1. Sate transition rules of MACA-U
State/Event Type Receives RTS Receives CTS Overhears xRTS | Overhears xCTS Timer Expired
. Set Timer: Set Timer:
Transmit: CTS .
IDLE Disregard packet QUIET_RTS QUIET_CTS -
WFDATA
QUIET QUIET
. Set Timer: Set Timer: Transmit RTS
Transmit: CTS . i
CONTEND WEDATA Disregard packet QUIET_RTS QUIET_CTS Set Timer: QUIET_RTS
QUIET QUIET WECTS
Decrement BEB Set Timer: Increment BEB
WECTS Disregard packet | Transmit: DATA | Disregard packet QUIET_CTS Backoff for Retransmit
Send Data—IDLE QUIET IDLE
WEFDATA Disregard packet | Disregard packet | Disregard packet | Disregard packet ID_LE
QUIET Disregard packet | Disregard packet QUIET QUIET ID_LE
QUIET RTS = 2Tmax + Tats Node Action *Unit of Delay : [sec]
QUIET CTS = 2Tmax + Tdata Node Mode

QUIETduratlon = max{Qlo, Qov)
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B3 dele] HAEe) s
Table 3. Pseudo Code for Data Sending and Receiving

Pseudo Code
Tsiorrime = MAX(Neighbor_Node_Table);
BackOff(Tsiortime);
Send_RTS_Packet(DestAddr, TsiorTime);
while(true){
Data Transmission Pkt.= RecvPacket();
Scheme if( 1sttsPacket(pkt) == true ){
if( pkt.DestAddr != NodeAddr ) break;
Neighbor_Node_Table[pkt.DestAddr, PD_Field_index] = PD_Caculate();
Send_Data_Packet(DestAddr);
break; }
}
while(true){
pkt = RecvPacket();
switch( pkt ){
RTS :
if( pkt.DestAddr == NodeAddr ){
Send_CTS_Packet( pkt.SoAddr );
Neighbor_Node_Table[pkt.SoAddr, S-Time_Field_index] = pkt.S-Time;
Data Receive WEDATA(); .
Scheme DataPktProcessing();
Jelse{
Neighbor_Node_Table[pkt.SoAddr, S-Time_Field_index] = pkt.S-Time;
QUIET( QUIET_RTS ); }
break;
CTS :
QUEIT( QUIET_CTS );
break; }
}
B 4. shmee] 94 2w

Table 4. Explanation of Variables and Functions

Name Description
TstotTime : = Slot-Time Value for Back-off(see Notation 1)
Neighbor_Node_Table : | = Neighbor Node Table of each node(see Table 2)
DestAddr : = Address of destination node
NodeAddr : = Node own’s address
Variable pkt : | = Transmission and receive packet(RTS, CTS, DATA packet)
PD_Field_index : | = Propagation Delay Field Index of neighbor node(value 2)
S-Time_Field_index : * s-Time Field Index of neighbor node(value 1)
QUIET_RTS : * Transmission Delay of RTS packet receiving node(see Table 1)
QUIET_CTS : * Transmission Delay of CTS packet receiving node(see Table 1)
MAX() : = Slot-Time(TSlotTime) calculation for Back-off(see Notation 1)
BackOff(A) : | = Execute BEB for node A
Send_RTS_Packet(A, B) : | = RTS packet sending - A: Destination Node, B: S-Time value
RecvPacket() : | = A packet read from receive buffer of node
Function isCtsPacket(A) : = Distinguish CTS packet or not - A: pkt(Structure Type)
PD_Caculate() : | = Propagation Delay calculation
Send_Data_Packet(A) : = Data packet sending
WFDATA() : | = Waiting time for DATA packet receiving
DataPktProcessing() : | = Data packet processing
QUIET(A) : | = Node quiet until time A(see Table 1)
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