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ABSTRACT

A wireless ship area network is required to configure and control various sensors and electrical instruments
embedded or boarded in a ship. In such environment, wireless communication protocol adopting relaying function
is needed because direct link or communication between two nodes is hardly guaranteed due to spatial constraints
in a ship. In this study, we introduce and analyze a WiMedia Distributed MAC (D-MAC) based approach
considering throughput and energy constraint of wireless communication module. Performance evaluation results
demonstrate that the relay-based wireless communication protocol improves reliability of wireless communication

network in a ship.

I.M 2 A8 glom, A AAY 7skE fl8) ARt
B4 2 ARFAY)E 7HF 2vkE X¥K(smart ship)
F2 ekl A4l Zlse] dlksAl AlEl ol W&k ¥Ailo] k=3 Qe o]2fdl ~AnfE Alub

¥ B =0 9013d% A3(rlAxaehn) e Ao sl talwie] 7] 27419 (2013R1A1A1008098) 3 201411 & A B -5

o] AR FgadAde] A hS ot 3R 7] 2d7A)(NRF-2009-0093828) % el )3 2l A vgAliedxlg-<1e] IT
43t 7FE IR 2] YA (NIPA-2014-H0401-14-1009) 2] A4zt g $8)%]9)S-

+ First Author : Korea Maritime and Ocean University Division of Electrical and Electronics Engineering, yijoo@kmou.ac.kr, £415]<1
Corresponding Author : Department of Information & Electronics Engineering, Mokpo National University, srlee@mokpo.ac.kr,
A3l

* Depatment of Electronics Engineering, Mokpo National University, ktiger1907@mokpo.ac.kr

** Depatment of Computer Engineering, Mokpo National University, majung@mokpo.ac.kr
= E D KICS2014-10-400, Received October 8, 2014; Revised November 8, 2014; Accepted January 14, 2015

o

202

www.dbpia.co.kr



=i 2Ee] I A FAEA AlaEe] A 4

s
s

& 919 Al V=91 )% Al WE9l=e] 4
£ 712 el Aol A el 53
S G S ERESE)
4% B3] Al o) A% 2 AREA Al o 4l

al

S
g
N
ofX
£
Y
@
fr
N
m?
o
N
el
T,
o

O
¢

il
it}
>
ﬁ ;
N £
ol-}l

2
R

e

o & HuE s slute A 2
AN FAIRFEIAL AT 5 = s

)2,
A}-3-5+9] <41 3] (International Electronics Com-
mittee (IEC))ollA= A1ube] WEL= %FS IEC
61162-1, 2, 3, 4% TFA38EA 9t} IEC 61162-12 A]
Zh $1A, W8] 5 ASE $1s Al FAls| kA
Al#3}3](National Marine Electronics Association
(NMEA)) 772 018322 19804t 5E] ZTEHo T
A2gE 4.8 kbpse] UuU(single talker/single
listener) 2= $4lo]™, IEC 61162-2+= NMEA 0183
T4 4+(High Speed) 522 38.4 kpbse] ddliv}
(single talker/multi listener) 2@ EAlo]tl. NMEA
2000  chcKmulti  talker/multi  listener/multi
master) 41 HAlo]m [EC 61162-3.02 F53}=|o]
Autell A= 250 kbpsS AY3tl 2B]3 IEC
61162-4+= o]ty 7|uke] A1) HEA] 5 (Maritime
Information Technology Standards (MITS)) Z=%
2 xE9elddld] ARKEL bl Aol WES=
(shipboard control network)®] F3=02 A}g=]3 glciPl,
ol#gk Alut HlEYZ %5 7|&3) v 8] ot
FAEAL 7|%o] ok 2 AdukEAls 918 H8=a
pom, A Zg Ao}l A7 1AARE Alelsta
el

R
i
o

{0

o
Lo
A
o

3

b

]z

53
)

P

a3t ARE AL e TR
(Wireless Local Area Network (WLAN)) % FA17]]
¢lmK(Wireless Personal Area Network (WPAN)) 5
2] 7|so] I = AL glrt. o] wtellAE EEASl 3
& dlofe] AFo] 7Fs3t o]vit]o](WiMedia) 541
7S aEg AW o] FAAe ti3t Ades
SEe=N

solult]e] #ZFEE 7|E 59353 (centralized)
MAC "] =] ZY)(piconet) T4 oAl 2 I]7ul
Fr|dlo]e]e] o]Fo & QlFh Au|~ FA(Quality of
Service (QoS)) A A 52 s A3ty $lsl H4H4
(distributed) MAC (D-MAC) Z 2 &®3-g Aosl9ic}
¥, Z3%53 MAC 7]%3 92] D-MAC 7]$& &
£ ohde] Hakdom MEQIZE FA45H= DRP

e

(Distributed Reservation Protocol) T ZEZ-S # 9]
gltl. DRP EREEZo||AM= FAIxsle] ooz} Ao
ARE 7+ ] DRP AHH 4 (Information
Element (IE))2} DRP Availability A 2. 945 £3|
Zh whds 2l Fste] vlEfi=rt A ot
Al FAEE MAC WAe] I3yl c]ulele] 9] o]
Aol Azl T4 52l #AZE D-MAC 7|s%
&3l sl 4 sick

FRAIHE, o] HAFAQl MAC ZREFo] A4y
tebe ARk o 2 37 54 A olqt Ha
= qFdel| A%l AR HES flsiM= dlolE
AE2] A=AdS vS AIAR gt web] o] =
oA=& glelvlt]e] D-MAC 3E5 7]l 39
= defo] g4l Wekd A-88kar 1ol Wigk e
Aekaat ghck

o] o] A vt ) I AellA= 71
sfolwjt]je] DRP %53 o] =tellA] Alsh=
DRP-R (DRP supporting Relay) Z2 &% U F+2%
Ad5e] A ikl s ArEe, M1 el 7]
WAL} Akl Aol tigk A5rE] A A Al
slo] 1 e vl ¥k, Eow IV Aol A
25 gt

II. efolojCiof 7|8t BA MAC Z2EZ

2.1 2to|ojC|o{ DRP
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Length

Element ID | 2P0

DRP Control | Target/Owner DevAddr| DRP Allocation 1 DRP Allocation N

- - - - - ] -
1 octet 1 octet 2 octets 2 octets 4 octets 4 octets

J2! 1. DRP AR U4 34
Fig. 1. Format of the DRP IE
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Algorithm 1: DRP IE transmission by S node

Read DRP Availability IEs
if(MAS S-T is available)
if(the estimated data rate between S-T < that between S-R)
if(both MAS S-R and MAS R-T are available) > Case 1-1
Send DRP IEs for MAS S-R to R node with Reason Code of Relay Req
Send DRP IEs for MAS R-T to T node with Reason Code of Relay Ntf
Send DRP IEs for MAS S-T to T node with Reason Code of Relay Accepted
else

Direct transmission to T node using MAS S-T
end
else
Direct transmission to T node using MAS S-T
end
else
if(both MAS S-R and R-T are available) = Case 1-2
Send DRP IEs for MAS S-R to R node with Reason Code of Relay Req
Send DRP IEs for MAS R-T to T node with Reason Code of Relay Ntf
else
Read the next DRP Availability IEs
end
end

3% 2. DRP-R AR olleke $i3F S o] DRP A A
& A% 7

Fig. 2. DRP IE transmission procedure in S node for
DRP-R resource reservation
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Algorithm 2: DRP IE reception by S node

Case 1-1

Read DRP IE
if(Reason Code from T node == Accepted)
Direct transmission to T node using MAS S-T
else
if(Reason Code from R node == Relay Accepted && Reason Code from T node ==
Relay Accepted)
S-R-T relay transmission using MAS S-R and MAS R-T
else
Read the next DRP Availability 1Es
end
end

Case 1-2

Read DRP IE
if(Reason Code from R node == Relay Accepted && Reason Code from T node ==
Relay Accepted)
S-R-T relay transmission using MAS S-R and MAS R-T
else
Read the next DRP Availability IEs
end

T2 3. DRPR A of]okg 918k s whue] DRP AX <l
2 Al AA

Fig. 3. DRP IE reception procedure in S node for
DRP-R resource reservation
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2 A gjolrt]e] TEAHE w2 whdolAle A
3] odsks v|XA] vk S WHEAHE] Accepted®]

Reason Code® MAS S-Tel| tgt x4 of|ef 2Ao]
FAEI, MAS S-TS MAS R-T2| ojof @o]
L5 7HEsE Alsleleb, S whdat T whd 71 el
= dlole] A5E R WEd T o 71 oAt |l
ole] HEES vlaghh vl A3 R vt T =
7k epdEls dlolE] AdEe] o =chd, S R &
T ks 5 Hdlo] Afe] § whEa T v 7
A Agel| w3 t]S 282U Zlo|EE R @S
F3t delo] o] iE) o] FA Al S bl
Ao AT} v A R A 2levi]e] el A
2]% Link Feedback X 14~ Link Indication %X
A 55 o83t dlole AHFE IFe] o] Foid

% ole

23 X1 M5 24

del| 7|5 vkl tigt A5 7} Al 21 A5
S kedsbr] $la] 1El 4ol =AI3E uhe} 3ro] 4l A
g AksRS w33k vlEE A9l 2w@l(Markov chain
model)& T SHATH. T3 49] (m, n)<] Al o
3] me o] 4= 22| Y (superframe) 2] mH A 71 A
H| 2 AR S vehlie, g o gl WellA F
o MR SiZle] A = g5 7T e
a2 FZ A AN izl 5E el
e I e B B =i ) s o A EAR B g R
H Ao sla o] =22 Folg(Poisson) HF
= ue e rpsielen, A 7l PER
(Packet Error Rate)2] &% WA= Zog 71A
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Z [(1— PER)
cPrlne1i) - BR,G0 "T
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e Prim—14) « P, (14+n—1)],
N\[(1— PER)
i=0 - n=N—1
« Pr(m—1,3) « ;72 ’_Pm (4,

olz|gt 7S miEkew wimz A Qle] Aabale)
(steady state) =&, Pr(m, n)=> A1)} z2o] 7]=4
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P0)+P(1)(1-PER)

38 4. A A 4SS DRie v Al e
Fig. 4. Markov chain model considering wireless channel
condition
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Table 1. WiMedia parameters
Parameters Values
Tsym 312.5 ns
Tsym' 9.375 us
Thdr 3.75 us
PpMIFS 1.875 us
pSIFS 10 ps
mMAXFramePayloadSize 4.95 octets
mMAXBPLength 96 beacon slots
mBeaconSlotLength 85 us
mSuperframeLength 256*mMASLength
mMASLength 256 us
mBPExtension 8 beacon slots
mTotalMASLimit 112 MASs
230 4 T T T T T ]
@
S 510 [~ DRP-R (not separated) o4
% #— DRP (not separated)
a3 0 DRP-R (separated) :
S O - DRP (separated) g
9 200 o i
2 o
N
= - o o
T R 4
180 T T T T T
10 15 20 25 30

Number of nodes

a8 5. v ol uE &
Fig. 5. Throughput performance with varying number of
nodes

HA=EGA,  FRre] wWwewr F
(separated) 2% FAl A &l gk A
AA R Aoz A 2l t
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5 A= 9l7] witelH, o]= l
RS 7R AT AS o] A2 79 v
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Al amaFe] vlE 1 6ol Jedck 27 6ell K
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OO(LF
N
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N
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. o J
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075 ° . o 4
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& . ]
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Fig. 6. Energy consumption with varying number of
nodes
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