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A Carrier Preference and Location-based Routing Scheme(CPLR) at

Multi-carrier Maritime Data Communications Networks
Joo-Young Sont
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Abstract: Data communications networks at sea in the future can be modelled by overlapped MANET
networks with Broadband Wireless Access carriers. A novel routing scheme (CPLR) is proposed in this
paper, which finds out an optimal route by selecting an optimal carrier for each hop in routes based on
carrier preferences of each application, and locations of ships as well. As distances between each ships and
destination ships are considered in this scheme, routing can be done much faster. Performance is compared
with that of the CPR (only Carrier Preference-based Routing Scheme), and it shows some improvements.
Key words: Maritime data communications networks, Routing protocol, Selecting an pptimal carrier per hop,
Carrier preference and location-based, Overlapped MANET (Mobile Ad-hoc Networks)
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Table 1: Transmission characteristics of marine
communications
(a) Characteristics provided by carriers
WLAN| HSDPA |LTE|WiMAX| WiBro |VHF|Inmarsat FB| VSAT
LS AT 2012
wel 0.1 5 5 50 142 | 50 | &=l G5 gs
(km) 75001 A 9| w1 T
gl e | 9e |ae| MR | as |as| as | s
fiae b
A5E| sum | 144M [60M| 70M | 37M |100k| 392K 128k
(bol;S)
2{(;1:; 2 70 | 10| 25 10 |01 500 250
ol | Y oF QI RE2| | w3y | DAY HSD 71% | 910
o2 (3l | ~asual |8 | cuda) 1w | BF | U0 3000
(b) Characteristics required by applications
oa LFALEA
°° 4 | 32948 [ A0AQA0 | si8ed
SAFETY(SH4) EEN 1Kbps 10ms 10974
MAIL(W 4,51 | 3 150Kbps 500ms 2599
WWW() T 1Mbps 400ms 3nhg
VolIP(=4) Ha 500Kbps 20ms 2%H4
IPTV(S7) #Z | 1.5Mbps 50ms 579
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Table 2: Carrier Preference (CP) when w=1.3
w=13| wlAN HSDPA WiBro WIiMAX LTE VHF  Inmarsat
SAFETY [ 5,152 4,128 2,90 6,165 1,80 3,100 7,202
MAL |1,90 2,105 4,119 5142 6178 7,181 3,111
WWW 2,80 3,85 1,70 4,122 5158 6181 7,260
VolP 2,92 5153 1,69 6167 3,128 4,141 7,260
IPTV_ [4,100 5108 2,90 290 1,80 6201 7,260
32 !AHEE

g A9 o =9 9] A (location) FHE
ggoith FAHOR AR 7} LB BEARE
78] Al o] HAQ ARE AYste= Aolth

Figure 1: Sum of distances to a destination node (d)

Figure 18] A2 s-nj-nyn;-d 7} A8 7153 7
2 7k stvetd A (2)elA (m=3)2] wtel t&
AR HlasiA HAY o] ARE HAAEE
e st Aol

E dist(n

Frhere 5 ©)

Figure 2: Method to select a node when route
discovery
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At &,
V= UN. N=(1.5)
where V, = (A8 37}, E = {(u, 0, A2 (0,,) < A5891(C)
(3)

St dix U] sls] 1] A36d A6z, 2012. 9 / 825



98

oltt. C={wLAN, HSDPA, LTE, WiMAX, WiBro,

VHF, Inmarsat}, V=Ui,. 7V, E=Uii,,. sE°l T
A= zt = A AF fAd wE
=7 AT B4 Aol AFEET 7t
S g AElolZ I =7kl A" Ao
H AEFATE] ddd o8 ToR FFHEA
Ue AFEAT Edo|t)

42 CPLR 22 € tc',MA

CPLROA = 2 (3)9 Fes AREA AR
= ABRE 7}+tﬂ HAAQ2E ST A o
Al A4 ket ﬂm«ﬂ%— A o 7 ==

91 EAZEZRY] Al ¥ CcrE
2 g

e AFAZ RS 2310149 A9 FUs)
oodES 59, R={{sai},{apb g} {ghudi}} A
oty 97IA {spat= NOl, {a.b,...git = N,

I3 {grhidi} T N FiEd o2 FAdE FEA

Aot} (ijh=12,.., = 7). ©] dE CPRo| 2
g HAAZIE MY AgAES AHTE BAh
s, a& Noll &3 T2 sollA avm% NS<

I aollA N2 AMElol2 A3ZH(hand over)3te] N;of
&3k pot d4dHrh a(ai, ar= 3hE]
ol H A v A
NigE Ngel B
g5 gtk
F(HA) Sz F
CPLRel A A2 A

-
=S

7| M m& d7HA) &5

e
2

ko

o
fru
ol rlr
fel
e
2
)

fz 4 @9
A (4)011 CEIE

k2
oo
X

rot

o

g_,
o &

ol H

1
S
[ (m m

i

£
g

o
it
4 L

A
i
i3
N
p—
2
X
S
il
Y

826 / g=mtd A yol g3 #] A36d A6, 2012. 9

N

of

CPLR 2h¢8 4 Ay o3 2t

D s2FH AZE Joy wEsA g2 =
= 7FH solA k=R A (5) Bl k= uE
23

ANA mE sdA RETR e F 5

Tk y=dolH d7tA] o 2 AoBEZ FE

min{[(i CP(CZ))/m} *(idist(nj,d))} (%)

i=1 i=1

@ L& y9

=
L

o] %L voll sl

=

{ [(g}: CP(C)+CP(C,, ))/ (m+1 )] * (‘2‘”“ (n;.d) +di5t(v’d))} ©)

/h) (Zjdist(n,,d))} (7

=
.

s-..-u-v AEE A (6) @wol 7IE sy AR
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E FE Y F Ao sollM vE Ve A HER
s—.-u-vE NG A7 mE s-.-u AE, he 7]
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5. ds¥It

51 ®rtetA

Mol AE=(CP)THE et
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Table 3: Experimental Environments

LR ARz
A& 27| 200Km x 200Km
v 5 102 (s, d #1933 100)

wLAN(IEEE 802.11)
WCDMA(HSDPA)
WiBro(IEEE 802.16¢)
WiMAX MMR(IEEE 802.16j)
LTE(Long Term Evolution)
Abstract VHF (digital VHF)
Inmarsat (Fleet)

Carrier(F-217] 2] 1,
MAC, PHY)

Safety and Distress
e-Mail or FTP
World Wide Web
Voice over IP

IP Television

10,0003
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Al OlEE MS V8200544 CHE FAE  $8§), AAANZLSHAAN Ho 4.1%(HH5E) F
o =X+ 200Km X 200Km A4S vt W o AEAh FAEOE JAGEE §8do=x o
ole] 9o MAIATL X9 e 12712 A A H G5y APAL dEL s vdsE
et o714 AANEE AZAIEAE HE GA 3%, IAE VolPSEolA 17%HE A=A
g2 @3S AGsiA A EA Ao Z 10,000 2 FAsAY. I8y gld=3 F4e CPR
H At A5 HoA ot I H=stAY Aol HE& & F Ak 53] 9

Al 71ES 7 S8 dis]l HAHARE Rl SEAAM I FH FFE 23%9 27% P T A HA
YA = Bt Br, Cr, D, HrOITH3). 152 ZH2 A o] "ok IZEA T 9582 U Zs F5ol
S8, 98, AAAIZE 7 WA 72 8ol & tAAHSRE WZEA @e HAANZE FEolER

T wel drid AFARVE AFARE 2F F BE HXE €2 o
g Aog AgFE U AgES vekith Hd XL HHAHR HF CPE AHFSE CPRY
Melo] AEZ(CPr) LBE AHBAZN(T)(ms) Bl 0.2%~9% 71 B MAHASTS Ktk oA
T 97 uuEth 32 AA gAE HHAZ & cp gl s ARHEE g F o
23 AN FAMFMrE Pl oA CPLR©] CPRel Hla] 289 QFEA 4

MNeols Agdd o F&E7M5(infeasible)#7t  7H7hE JlElolE AE st 33z 43S Hol

EA4L 71 Aol dsl 7HEiAE 7t we & Aelth
1.3, 2.0, 1000.02.2 ztz} @2st A}E F3] H

=
XA & F 2 FEEVT T AlElelE Table 5: Performance Comparison when w = 2.0

d

e = = . Sk w=20 | S8 | SAFETY | MALL | WWW | VolP PTV
) En & ok7}10] Bololl 7lZ2gl= AL plx = 28
Tel g m ofke) 2olels Arshe =, "M 20N M=E(cP.) [CPLR(A) 9.69 1921 1578 17.9 9.54
u 7Ee QEl=T7le] Falo]E Ao A9 CPR(B) 9.75 1976 1652 1853 9.59
To= =1 Ao
oW °© s 7] = Aot /B 994%|  972%|  955%|  969%|  99.5%
A X3 FLEISFe Mot w HIAvE F CfE=(8,)  |CPLR(A) | 12,293.23 | 42,553.66 | 4995091 | 11,019.17 | 61,531.30
] ) ) ] CPR(B) | 10,323.05 | 37,700.81 | 49,267.23 | 10,089.79 | 61,301.59
AE= HAHAAZE 2= AsS 23893 Aot} A/B(%) 119.1%|  1128%|  1014%|  109.2%|  1004%
B2 (C,) CPLR(A) | 89,959.05 | 27,717.73 | 19,83542 | 2438975 | 894593
CPR(B) | 91,606.68 | 2777141 | 21,220.35 | 2522943 | 9,004.91
50 Hotz A/B(%) 98.2%|  998%|  932%|  967%|  993%
.« S/ra KIFAIZHD,) |CPLRA) 739 | 48449 | 38220 17.14 3126
_ o) o A= CPR(B) 770| 48817 | 38236 17.50 3141
Table 4°14 w = 1.3 © CPLR= &% 7 A/B(%) 96.0%|  997%| 1000%|  97.9%|  995%
29 A=7|Z 7oy HLE=doA H 9%(<) E2(Ha) CPLR(A) 8.02 851 9.93 343 1047
3571E 7k ° T # ( CPR(B) 784 8.00 897 781 1032
A/B(%) 103.1%| 1064%| 1107%| 1079%| 101.5%
72| Ci5=(M ) |CPLR(A) 182 2.20 264 217 2.39
Table 4: Performance Comparison when w = 1.3 CPR(B) 180 208 243 193 240
et wels [ 22 T SAEY | WAL | www | e v ‘ A/B(%) 1011%)  1058%|  1036%| 1124%|  99.6%
Al S
20N S £ | CPLRIA) 967 |  1586| 1333| 1340 941 dBMZHTL)  |CPLR(A) 0106)  0088| 0110}  0l14} 0123
CPRE®) 073 1625 1a7s 1377 943 CPR(B) 0117 0.096 0138 0.112 0144
/B %) 0%l o7eml  o04m|  oram| o9 A/B(%) 906%|  917%|  797%| 1018%|  854%
E=(8,) |CPLR(A) | 12429.70 | 3858196 | 47,4546 | 10,487.75 | 60,76118
CPR(B) | 10405.81 | 3324034 | 3001496 | 9,968.94 | 60,756.94
A/B(%) 1104%|  1161%| 1229%| 1052%|  100.0% JL=x I o] ©Q0 OLE upE A
w=2.02% 7
HIg(Cr) CPLR(A) | 89,867.10 | 21,699.19 | 16,475.14 | 21,348.92 | 9,470.08 ]-T l EO:] o o ‘/] S5 TS ] ]
CPR(B) | 91554.71 | 22414.91 | 20,386.48 | 22,24414 | 9,527.04 2] Bat= Figlole M-S = ] oHA SRt
A/B(%) 98.2%|  968%|  808%|  960%|  99.4% B
RIEAZHD ) |CPLR(A) 732| 48574| 38277 1715 3145 Table 59 Z37} U9 Ul B]&=HoA Ho)
CPR(B) 763| 48771| 38574 1742 3142 N _
A/B(%) 95.9%|  996%|  0929%|  osswm|  1001% 6.8%, AAAZE SHNA HU] 4%, T2 HZ9
=2(H,) CPLR(A) 8.0 8.33 9.41 233 1034 N
= 0 X =
CPR(B) 7.84 7.86 808 781 1020 Heols2 HFed CP= AW 4.5% 7HAdE CP 5
A/B(%) 103.2%| 1060%| 1165%| 107.3%| 1014% HolA] 9o C 2331 qwl o
e ef5=(Mq) |CPLR(A) 1.83 2.20 254 214 244 ‘_oﬂ 1 © o Oﬂ _137 7H ‘ﬂ 01 ]' deids X
CPR(B) 181 207 211 194 243 o) ik AZLy T2 ZWol|a]o] HIE L
. i L
A/B(%) 1011%|  1063%| 1204%| 1103%| 1004% i Bt g5 SUdAMe] AR
HHAIZHT)  [CPLR(A) 0116 0.096 0111 0102 0105 w=1.3¢] ZALHT} Zolxltt E3] ASLoA thY
CPR(B) 0125 0.099 0129 0123 0113
A/B) 928%)  o70%| 60|  sao%|  o20w| E I T4 FoglgE wb2lo] Al:o] A A

gh=tuld dx U o] g eks) x] A36d A6%, 2012. 9 / 827
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1} CPLRY AF=7t M= At APA17E SHol
AMe BE 580 24X AR o g A
e Hold I 53 YIE&Y o FHo 20%9]
GEEHE B 4 AUk

7YX w=1000.022 ¥ $8&9 275 UF
ANANA Eskes AEoles Ao AR JIA= A
HA k== 31tk Table 691 1 A4S A3t
Atk vE2 A 6.5%, AAAZFE AU 13.5%

ol

AAelael dth 53] tgF SHAA $1(31.9%),
VoIP(7.8%), L3 IPTV(6.5%) <& A5HA
A7t gtk w=13Y4 o d9F HAF=o -
2 4 A5LolA CPLRZ CPRe| W3
31.9% 9% &85 & o =955 BA
%o Al TteA ASAE 4
<, VoIP, 133 IPTV%%OH
CPRET §-F3HA WIE =
51?%73_011 2= A
Aol CPLRo] © &

%, AHlz FAo

™

fus

CPLRO] CPRHD} o A3t
o] A% WL VoIP-549]
a7k S

H]

Table 6: Performance Comparison when w = 1000

7HEA w=10000 | 22 SAFETY MAIL WWWwW VoIP IPTV
U204 S E(CPa) [CPLR(A) 43.08 449749 3,158.66 6,472.49 30196
CPR(B) 4520 481296 395179 6,786.80 346.28
[A/B(%) 95.3% 934% 79.9% 95.4% 87.2%
He=(8,) CPLR(A) | 1220137 64,836.84 | 170,197.78 | 314,807.75 | 120,703.59
CPR(B) | 10,258.81 64,19546 | 249,952.84 | 341,535.16 | 129,151.90
A/B(%) 118.9% 101.0% 68.1% 92.2% 93.5%
H|2(Cp) CPLR(A)| 90,022.28 | 12,041,87200 | 5576,544.00 | 5045891050 8471.80
CPR(B) | 91,651.06 | 10,986,078.00 | 5,965,936.50 | 4,393,538.50 8,551.29
A/B(%) 98.2% 109.6% 93.5% 114.8% 99.1%
KIHAIZHD ) |CPLR(A) 107.59 47995 38314 73.35 31.34
CPR(B) 114.05 48163 38333 84.76 31.81
A/B(%) 94.3% 99.7% 100.0% 86.5% 98.5%
EF(HR) CPLR(A) 811 9.55 1316 8.68 11.26
CPR(B) 7.85 8.70 10.03 7.84 10.56
A/B(%) 103.3% 109.8% 131.2% 110.7% 106.6%
H2|0%=(M z) |CPLR(A) 183 219 290 231 240
CPR(B) 1.81 2.03 2.76 1.95 2.36
A/B(%) 101.1% 107.9% 105.1% 118.5% 101.7%
HHAIZHT ) |CPLR(A) 0113 0112 0.152 0119 0113
CPR(B) 0.137 0117 0.120 0119 0122
A/B(%) 82.5% 957% 126.7% 100.0% 96.7%
CPLRZ Table 4, 5, 6°14 &o1g 4= %o
TH AN FHoM = AWFoR Ao FE
S8S 2% AgelA FE u AXAHRE /)
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