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ABSTRACT

Ship Area Network(SAN) can monitor the status of ship in real time and minimize the maintenance costs by
connecting various devices to the network. In particular, among researches on SAN, Wireless Sensor Network
using sensor nodes that is low-cost, low-power, and multifunctional has a number of advantages. In this paper,
we propose cluster-based multi-channel algorithm considering the energy efficiency in wireless sensor network in
a ship. The proposed algorithm shows the result of improvement of throughput and energy efficiency, because it

reduces interference between clusters by using channel allocation algorithm that is distributed and dynamic.
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Fig. 1. Cluster-based multi-channel algorithm

www.dbpia.co.kr



= [ SAN 3ol A Fe| s 7Rk HEAd s

g

e FEaE Eer) gy
HHEe] o S lAlskaL

e Ad-S S
g Az o] Fsh=
HAlo]c} Steady State Phase+= Intra-Communication
3} Inter-Communication % 4% Z#|¢Jo] vkE-x5]
t}. Intra-Communication®l|4]+= TDMA HX]o =2 &
2| 2Elof] el fd-& o]-83le] Fu|E W Eo)
Wzl dlole] HEE gk o]=4 Qe Fe~
Bl 7k 7S WRIE = Qb)) wsiel] AelE3 oy
A &8-S A7 4= 9o}k Inter-Communication©l]
A= FelaE dlert A dHloleE dHE o8
7| A wo® 7‘4*1}‘“/}

o2 AZ5E UEL A AM8E= AR
#] Z¥ZF Default Channel, Inter-Cluster Channel, ~L
2]  Intra-Cluster Channel® ¥t}  Default
Channel-& AlA rt7} Z7] A of dd== A
g2, o] Hde S 22 HEYIE AL
Inter-Cluster Channel-2> 22| ~F &|=r} W E24
B A dolHE W FoR JAFew AFs)
7] $13F Adele). ofu] Sej2E] WSS &Y RE
A2 oA E B]E3t} wRA] 22 Intra-Cluster
Channel2- 22]2E WA Z22E =2} 22
2E] W7} A2 dloly FAS k= A=A A
gk FEi2E 7ol AME v T AL S et
A FE|Ele} 7o) HHAEHA] $EE gtk

l'n

O

32 A get ymelE
7} Zelopol] AR P AEe FPei dw
Zo A MEZA FeisE o] B

k), FeloE IR AR O A9
FAE 2z AR EAE w4 ol

ez A A qlele] el Ag A o <l

fr o

A AE] A2 AE AE AR e 2z
g ) olye]Z] ALeshd AP FelaE do,
Wle el Sl 1 e B B 8]
oh & 24 FexE ssEe] AR wAAE S
AAA e A P, Felow) e &
§ meg Agsle] oA smE vk

Hu—l z‘ﬂ-r% oelazo HSH v# —:LE{/_\_FJ 51]5%
AR 7FsEE BE AdE ARle glnEdl] AAslar
3k 7 o]Ake] Seed NodeS F-2He| = AlE3lc} Ad
ke Seed Node ZH-E] A|z2bsl|x] 2] Zv]2F
HeE5 Avwle] Habde|w B0 R AdL A
3‘1— /\ r/], :7_;;]J~ =] rrﬂo];q o1l—_ E!_Ei/\]—ﬂ_‘: 71-
<> Ade AR = Q7] wltell AL o] Ad =
AE AR W FH6A s AP 5 ok

il

a9 2+ Ad g9 dwEEe] fEIso|rh
Seed Node® A% == Ad

A AdS At o] ARE o]%-
¥ o] B2 ko

317 el Aple) zﬂ 9 2lssel o

o A 26 D AL A% et A
3+ IDE Bladte] ID7} AR e TollA| $AHE 5
o] A F=E& WAk o] AL meE S
F=rt s AT w7bA] kR

5 32 Y9 BEERAIE arEste] Ade]
&= IS veRich ®A, 3] Cycle> 7+ 2
2E =7t 2o Ads dgela, dE AdS
o] EolAl e B|AEE JAlE= Z R Aol
Cycle 1< Seed NodeZ A1AHE k= 59 xx 89|
A 15 AL o] 2EellAl Sl WA Seed
Node®} 0|23+ =iz A 15 2B AMARE

IF(Seed Node)
Assign Channel 1
Broadcast the information to the neighbors
Break

ENDIF

WHILE(Setup Phase)
IF(receiving channel assignment packet)
IF(received Channel = my Channel)
IF(my ID < sender ID)
Assign the channel to my Channel
Broadcast the information to the neighbors
Continue
ELSE
Delete an element in the channel list
Assign another channel k
Broadcast the information to the neighbors
Continue
ENDIF
ENDIF

Delete an element in the channel list
Assign another channel k
Broadcast the information to the neighbors
ENDIF
ENDWHILE

a7 2. b Apd 89 daE|Es S eI
Fig. 2. Pseudo-code for distributed channel allocation
algorithm

%7

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-05 Vol.40 No.05

) Seed Node

21374715
(cH3 [ 213[4a(5]|[ch3 |1 M 3Tal5]
2|3|4|5|Ew

CcHa ] N
[ 237475 ]
mwﬁm

cHI1|[1[273 5] [CH11 _LILI_S_I
|c|-|12|I1I2I3I4I5|ICH12III-3|4I5|
< Cycle 1 > < Cycle 2 >

===l == FEEER=-:=) == FIE
(ICEERHET] NNTHTY 4 5| ([THET -T2 TS
: [4 [ 5 |

[3[4]5] ESEN
EEEHALHT [ 2 5]

< Cycle 3 > < Cycle 4 >

a8 3. 54 EEEAd o7 AL &3 A
Fig. 3. Channel allocation process for a specific topology

t}. Cycle 2914+ Seed Node<} 18 A=l 9= =
E5o] A 25 ARl o ellAl Ak old,
= 13} o]R4l = 7ol A FEo] ML,
ID7} A o] SRS Yeldglons e e
A 28 YA ok elamela A 23 A
g} Cycle 37 Cycle 494 19} 22 #E Htb
Et} ool Fo] ZA| AsE AL Cycle 39
S 99kt 112 ARl B|AEddA A 1S5 AL
23} 2= 9lr= A WE 7377 9)7] wiEol] Ad 1S A
AR Aol Ao dd BEEA] A=
% 49 Cycled} 47)8] M2 o} Fol LS
gt ols) 2e Shgoz AguE Ade A
Se|2ElellA] S PIAA] 97] wltel el|A]

HIE 9L AEEs Y *l%l T Atk

968

ARk dae)Ee 7 Felare] e s

7] $1a4 FelsE sleg FAoE sy, T
o) Ao FeE WHE el A ZHfel
=30 WAY 5 9tk o)F W] 918 7 2o
2Elof| o]u] AAEo] 9l= AdS v = 7,4\% H|&

-

I
if‘f‘ T °}t npe] glck °ﬂE *4% 2 454 o]
FE|2E 13 FuisE 29 wiMEe] 7Hie] whAlgh
vl 7|t FelE S§l= 1(CH1)o| A3 A
g 2 2Rl wlrt AR A7 S5l digk HRE
Zpile] S E el A At - S22 wY
ETEJ ACK WA E §4] vh=t) o] ACK wA1A]
E3) o o)Wl ZFe|2E W 2(cM2)7}F M
b‘“” o 45 A 4 olvk 2] a Al S E
Fl=ol| Al 7Ho] vEAgIth= WAIA] S A4l 2R
o] A7 £EE A wo}l AlS AT 5 9lck

2 A2

________________________________________________

Assign time
slot & channel ACK

om | ¥/

! i ‘

- nform  ------moos -

S — ACK __ interference __________ .
| cmz L] /[ }
: Assign time Inform Reassign |
! slot & channel interference  time slot |
] i
1 | CH2 / | / |

n o

a8 4. o2 FEiaEed &3 FEiaE s e A

32
Fig. 4. Solution for interference between cluster members
in different clusters

3.3 A7|=Z|sl(Self-Organization)

3.3.1 HM =2 Eoj

AL Al B ZA AA esas ifEE] AR
v o] 89l SoR 7|50 Aoz} iAE 4
Ak ol#gt 75 Aozt vIEH =l mlA|= d3-S
asfjolgict. Ajl dare|Fells = AlA xese] &
g 2E] F=ef FujaE WIMEA s gl
A, FEjaE e Ael= dae|Ee] Fxx
A7 E EAYEA] kot AR Kok EA|RE Z=
B F=o] Aelli= il Sl wWMEe] dHle]
E TAT T 9o, o FEaE] dlelErt 71

www.dbpia.co.kr



=/ SAN FH A FezE] Z|uke] HeAd dae|E
A s ARE WAAL S olok Al o), olee] SEXE el ok eme] &4 ofng ut
=23 sellA] %awi 29 Zeize A=cHY B % 5 3ok
o7 WAk, QAR FelEls) e A ) WA & el A es=b ARIEL 79, Default

Bsh= 22l 29 WH(CM2)=2 3lid Adel a2
Helel deleE ASd 5 %}Jﬁ F22E =
L(CH1)oI|A Ze]2F &= 3(CH3)OE 7= A2e
|zt

wEbA dA A7 FoF 21 FEaE dEet

Al 3] JsHl =i Sl 9 EL FElE

=7} Aolrt AR R QIR|ska, arslEl AlA
rreso] F2F = AF S AA vhE Setup
Phase”} &0} w|71x] A 22 A F2]1E =
AL oA Al A FelaE dE= 7)E
o] FejaE sz e Js e =AU
FelzE] 9SS o] Al Zeldt 4 9lA sk,
o e dee) Wy Fo2 A= 7R+
7219 dlole] A ARE Bk

Cluster 1 Cluster 2 Cluster 3
{Channel A} (Channel B) (Channel C)

28l 5. 4K =e] A
Fig. b. Failure of the sensor node

3.3.2 At MM Eo| M

AA v ENF7L SAREAL Sl AbeellA] A=
rrEgo] I UEYIe Alle] d %1‘3]' A==
rreo] = g 7H9] rerkAaslE ol oo
=7k AklE 4= 9let vl EY =7} Setup Phase AlE)
o w= L—HELJ RE L TEo] Default Channel
oAl ] witel] At rew v reE F
7 FezelE FA4shd ok 2y} Steady State
Phase AFel]d wll= AFsl=l _‘t_li—%% Default Channel
= ARk T = Ads AR3E] o
ol A& FAE & 5 glck 3}21“’} Alksh= dar
Sl Bl A S IS A7
o2 A$3)7] 913l Inter-Cluster Channel-s 53]
/\FQ—'G}Fi A2 AelEl :=T= Default Channels}
Inter-Cluster Channel®l|4] HELLO HA|A|v} 4 ]

ChannelellA] =715 A3k, @4 vMEHa+=
Setup Phases 433} Qlrh= &rlo|n&E v} =
=53} A Fel2EE 7AE 3 Inter-Cluster
Channeloll4] QE7]2 Az, Eabsly gl =
] FE|aH Fess A EF*«] Jo]ck ofuo)
= Q71 dole] el thal 441 7, ARgalar
%)+ Intra-Cluster Channel, 12|37 oHDL iai %Ei 3
Eof| &3 FE|2E ] AW 4 o] ARE FE3)
Aol FelaH =T Aldsta, TL)EEJ o]l
S| AFE i <183l o Felze
£330 upx|ut &2 0 7 A F R st} gt
o} Zuu R Feleh 27t Hoje] el )
WS ZEa glohi Alaf 2E o= S 2EdE H
Qe E2 4 ik webd Qg Aol A &
1= el Hslex] Febd 222 wWwE 2
¥ EHAel Fe2E s=r} =i, v} Setup
PhaseZ E3)] AEA ZFe]~EE FAeC)
ooz chrel A4 sl 2718 A5 E T2l
al| B2}, Default Channell|l4] RE7]15 AZ3ichd &
o] A9} o] tfE x5 I S AEHE A
s ), GBS Awehd Erk MEfs
Steady State Phase @ 73 4= lc}. uj2bi| Default
Channelol|4= A& F71e =59 Zx)81A =,
242} A14=8F HELLO HAA & F1 2] AF =58
WA sle] A 29 Fe S AR o T el
B] &= Inter-Cluster Channel & ©|z3}e] FH Z
2B Ad ARE FRleka 2o Ade AR
g} o|gA A% F2]2Ef+= t}3- Setup Phase”}
R

(o3

£ Aellx= Akl dae]Fe] A5 BrHE Sl
T 19} 22 S AR NS2PE o) &8 HAjs)t
el BE ks 22 o] duAlE 7Y 5713
7} Flo13ick Setup Phaseoll4] =52 71E2] 24
] S A S ol8sjo] e e}
TAE T, Ak Ad g due]ES o]8sle] 7t

Zelzwel A Bk ol e so) A
T e Ao = 1072 Algksldct Steady State
Phaseol|4= Z2]~E ®W87} Intra-Cluster Channel
2 A%l Zhke] 595 AP ellA 100byte] =719

969

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-05 Vol.40 No.05

i)

1. A¥ 37
Table 1. Simulation parameters

Parameter Value
Network size 1000x1000
Number of nodes 10~100
Data size 100 bytes
Radio range 50 m
Idle power 35 mW
Received power 395 mW
Transmit power 660 mW
Number of available channels 10
Maximum number of 10
members in each CH
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