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A Heterogeneous—carrier Selectable Routing Scheme Based on Normalized Location and
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Abstract : A routing scheme called MCS-NLTC using a self-configuration marine network model and the diversity and heterogeneity of
broadband wireless access technologies is newly proposed. The MCS-NLTC algorithm selects optimal nodes and carriers for every hop
in optimal routes based on not conventional hop counts but normalized distances to destination ships (location information of destination
ships). Normalized transmission characteristics of applications and carriers are considered to get optimal routes as well. The location
Information enhances convergence speed to get destinations, which makes the route search time faster. Evaluated performances are
compared with those of the schemes based on max-win (OMH-MW), and normalized transmission characteristics (MCS-NTC).

Key words :Maritime Data Networks, MANET (Mobile Ad Hoc Networks), Multiple Carrier, Normalized Location and Transmission
Characteristics, Routing Scheme
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(BWA: Broadband Wireless Access)¥ MANET =@ 3 o AE54] Aits 7HoA=2 48&Foz2n S8 a7
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A7)l S43) Aelole] AEEANS stExz 2exA Az Dikstra ¥ueFE A MWR(Max-Win based Routing)
el AW g3 (F) w9z HHAwcmob szojs = (Son, 2010 NTCR(Routing scheme by Normalized
MCS-NLTC A Zul a2 gotse}. o] = 98] 94 7+ v  Transmission Characteristics) (Son, 2011b)9} 2] %= 7}
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Table 1 Marine communication characteristics
(a) Carriers’ transmission characteristics

Inmarsat

wLAN| HSDPA |LTE | WiMAX | WiBro |VHF| * [0 VSAT
Tx.
Range 0.1 5 5 50 14.2 50 | world wide | shore
(km)
Mobility [Ad Hoc yes yves | MMR yes yes yes yes
B(‘;;;m 54M | 144M |60M | 70M | 37M |100k | 392k 128k
De]:‘;"(m 2 0 |10 % 0| ol 500 250
Fare(Wo| about | .. _ - HSD 170won/s ;
o | 0k | 2074BK bout 40K| 10780K | Free |1 [P M

(b) Transmission characteristics required by applications

Transmission characteristics required by applications

Application .

# of hops Miim, T, [Retie IMax. Delay (ms)|Fare (Won/m)
(bps)

SAFETY Minimize 1K 10 100K
MAIL or File Don't care 150K 500 25K
WWW Don't care 1M 400 30K
VoIP Minimize 500K 20 20K
IPTV Minimize 1.5M 50 50K
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Table 2 Normalized transmission characteristics
(a) Carriers’ normalized characteristics

wLAN | HSDPA | LTE | WiMAX | WiBro | VHF

Tx. Rate | 7714 20.57 | 8571 | 100.00 52.86 | 0.141
Fare 20.00 45.00 | 50.00 40.00 30.00 | 0.00
Delay 421 13.83 1.80 4.81 1.80 0.00
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(b) Applications’ normalized characteristics

Safety Mail WWW VoIP IPTV

Tx. Rate | 000 021 143 071 2.14

Fare | 10000 | 2500 | 3000 | 2000 | 5000

Delay 180 [ 10000 | 7996 | 381 9.82
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Table 3 Experimental Environment for Simulation(Son,
2011a)

Values

200Km x 200Km

102 (100 except s and d)
wLAN(EEE 802.11)
WCDMA(HSDPA)
WiBro(IEEE 802.16e)
WIMAX MMR(IEEE 802.16j)
LTE(Long Term Evolution)
Abstract VHF (digital VHF)
Safety and Distress

e-Mail or FTP

World Wide Web

Voice over IP

IP Television

10,000

Variables
Network size
Number of nodes

Carriers

Applications

Number of tests

3~ A BG)E Axd u HLH=, Agolrt 8ol
E ASEANS OEAIA sl

o 1 7S 1.3, 20, 1000.0o.2 Z
%39t 139 208 88715 Al

o
of

o] v Aol 7bs

shal garshE 91X eF AFEAL o #Hed

g 7Fef A= Eold(AHE oA st 23S 719 FEE
7le A o7F H4 Agolw deHE AS o ofgi st=
&S, 1000.02> FE&E7Hs A7t A AEEA FeF
Sto S89) @ 7E WEAE Aelolvon B AHAI}
A E = A3S BAMEE Ao th(Son, 2013).

i

H

7}#=2 w=1.39 wj(Table

o) =
Frs =9

fu
=g
o
-r‘mloE
jgfr
ol
==
E;

ox
N
and ;*[‘
S
1 m
»
i r
[t
gl
Y
o
ox
=
=
1o
o
o
Y
of

=2 o
o,
ST
N
1o,
ek
0
S
rot
e
o
o]
fr
E
fru
i
o
=
;L
N
= m o

2
I

2
b
(11
fru
oft
)

l—‘__ =& o] uula.xﬂ__.% z];](j g]-o]al _/':
. OMH-MWell H]alA= A 3-8l oF 92%9] A7k
93, MCS-NTC$ vlasiA = 2= 6%(HY), =

= 319%(H)7kA] Eﬁ dEdes EAsiink v
OMH-MW<$] (IPTV %} +8&) ¥ HaskH 899%9t
50% A= © 2%k

Xodlo 30 Mo oox o o X B ot Lo me = Rl
- :
o e
=

Table 4 Performance Comparison (w = 1.3)

Weight w=1.3 Applications SAFETY MAIL WWwW VolIP IPTV
Bandwidth(8 /?)I MCS-NLTC(A)  1,041.93 992.75 2,103.37 1,321.08 2,702.48
A/B(%) 97.55% 99.31%  100.61% 99.49%  102.02%
MCS-NTC(B) 1,068.12 99964 209067 132780 264896
A/C(%) 871% 2.79% 5.22% 53.40% 7.12%
OMH-MW(C) 1196891 3564425 4026149 2473.80 37,93340
Cost(Cp) IMCS-NLTC(A) 99,384.34 24,92630 29,763.07 20,096.23 49,203.72
A/B(%) 100.02%  100.01% 99.99% 99.96% 99.56%
MCS-NTC(B) 99,360.34 24,923.74 29,764.99 20,104.86 49,422.88
A/C(%) 110.10% 114.38%  149.53%  100.92%  189.17%
OMH-MW(C) 90,266.96 21,79221 1990506 1991219 26,009.78
Delay(D z) IMCS-NLTC(A) 9.10 498.69 398.66 18.86 48.61
A/B(%) 99.78%  100.00% 100.01%  100.00% 99.77%
MCS-NTC(B) 9.12 498.68 398.63 18.86 4872
A/C(%) 12331% 10246%  103.65% 101.51%  131.13%
OMH-MW(C) 7.38 486.70 384.61 18.58 37.07
Hops(H ) |MCS-NLTC(A) 7.84 7.84 7.83 7.83 7.87
A/B(%) 10013%  100.00% 100.00% 100.13%  100.51%
MCS-NTC(B) 7.83 7.84 7.83 7.82 7.83
A/C(%) 97.63% 95.15% 91.58%  100.00% 93.25%
OMH-MW(C) 8.03 8.24 8.55 7.83 844
Carriers(Cz) |MCS-NLTC(A) 1.07 1.06 1.06 1.06 111
A/B(%) 99.07%  10095%  100.00%  100.00%  103.74%
MCS-NTC(B) 1.08 1.05 1.06 1.06 1.07
A/C(%) 55.73% 47.96% 47.75% 84.13% 40.96%
OMH-MW(C) 192 221 2.22 126 271
SearchTime( Tki MCS-NLTC(A) 0.100 0.111 0.096 0.088 0.095
A/B(%) 68.49% 93.28% 83.48% 74.58% 87.16%
MCS-NTC(B) 0.146 0.119 0.115 0.118 0.109
A/C(%) 7.52% 7.82% 7.45% 5.73% 7.96%
OMH-MW(C) 1329 1419 1.288 1536 1194
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OMH-MW<¢t vastd w A3 VolP&-&olA 41%¢} 81%=2 4= itk
S 7ol M) eFzhe] A Zo] o ofFlE & Zo|  FPHOE o] wEAA At F w@elz HHwrs) Aol
Mol Sle& BolErh tialel Wg Fwelr bd gl & AdEshs Aol shssta Aest A5 Argtes
Hls d S8l 24 v /A ESITE VoIP S8 mn] AR RE gAsts MCS-NLTC Aol o33 At
stAUEH2%) OMH-MWET O U2 d5S YeEbllth o] SHolA BE o] ZA 87143 Asde] dAot &
2k A& 7kA wrk 100009 WE 4 Rlustd 9S8 A AR E VIEA R HAHAR weke] VFEeR 4] W
L R ol AR FHAdo] Mo HEmAY] SHo] A
AN ZRAE v T el dis) BE O A7kg webgoh
gt AL & 5 gtk OMH-MWel Hla] 95%(ml Y,
VoIP) "t g7|&H oz Fola, MCS-NTCe| Hlas = 40% Table 6 Performance Comparison (w = 1000)
(Uﬂ [ VOIP) o g_ ﬂﬂ] }\]Zl,o] :%‘E]())‘iq— Weight w=1000 _Applications  SAFETY MAIL Www VolIP IPTV
’ Bandwidth(BR)|MCS—NLTC(A) 94726 5022271 70055350  396,10547 119,430.39
A/B(%) 10248%  99.98% 84.97% 100.03%  94.02%
. MCS-NTC(B) 924.37 50,231.89 824,437.94 395,995.13 127,021.34
Table 5 Performance Comparison (w = 2.0) A/C(%) 838% 10058%  20973%  11670% 101.69%
Weight w=2.0 Applications  SAFETY MAIL WWW VolIP IPTV OMH-MW(C) 11,304.75 49,931.37  334,029.19  339,426.81 117,44842
Bandwidth(BR)IMCS—NLTC(A) 1,01342 89133 260641 164774 3,631.29 Cost(Cp) MCS-NLTC(A) 99,399.02 20816320  120,592.05  246987.72 859596
A/B(%) 9750%  9993% 10061%  99.07% 101.25% A/B(%) 99.98%  96.43% 83.94% 97.15%  96.82%
MCS-NTC(B) 1,039.45 891.92 259059 1,663.15 3,586.40 MCS-NTC(B) 9942295 215,878.97 143,664.61 25424273  8,877.92
A/C(%) 887%  41.04% 712%  8146% 9.41% A/C(%) 10946%  52.57% 1.84% 612%  99.98%
OMH-MW(C) 1141969 217202 36619.03 202271 3859502 OMH-MW(C) 90,804.65 395986.47 6,544,748.00 4,033,563.00  8597.75
Cost(C o) |MCs-NLTC(A) 99,397.95 2505529 29,876.16 2024653 49,230.14 Delay(D ) MCS-NLTC(A)  106.98 498.71 396.78 7211 32,04
A/B(%) 10003% 100.00%  9998%  9997%  99.59% A/B(%) 9631%  100.00% 99.68% 98.12%  10233%
MCS-NTC(B)  99,369.12 2505440 29,881.86 2025278 4943371 MCS-NTC(B) 111.08 498.70 398.04 7349 3131
A/C(%) 109.57% 10139% 12354%  99.80%  187.29% A/C(%) 8120%  100.07% 103.54% 8291% 102.73%
OMH-MW(C) 90,7169 24,71093 24,183.50 20,286.11 26,285.08 OMH-MW(C) 13175 498.36 383.21 86.97 31.19
Delay(D ) [Mcs-NLTC(8) 9.22 49873 398.72 18.89 4870 Hops(H ,) |MCS—NLTC(A) 7.85 7.86 10.01 7.85 11.30
A/B(%) 9957% 100.00% 10000% 100.00%  99.92% A/B(%) 10013%  100.26% 122.67% 10013% 10691%
MCS-NTC(B) 9.26 49873 398.72 18.89 4874 MCS-NTC(B) 7.84 7.84 816 7.84 10.57
A/C(%) 12228% 10007% 103.20% 10043%  130.77% A/C(%) 98.74%  100.13% 109.52% 9435%  90.26%
OMH-MW(C) 7.54 49838 386.34 18.81 37.24 OMH-MW(C) 7.95 7.85 9.14 8.32 12.52
Hops(H ») [Mcs-NLTC(8) 7.83 7.83 7.83 7.83 7.86 Carriers(C)  [MCS-NLTC(A) 1.07 1.05 1.86 1.05 2.73
A/B(%) 100.13%  100.00% 10013% 100.13%  100.51% A/B(%) 100.00%  100.00% 132.86% 100.00%  107.48%
MCS-NTC(B) 7.82 7.83 7.82 7.82 7.82 MCS-NTC(B) 1.07 1.05 1.40 1.05 254
A/C(%) 9824% 100.00%  9422%  99.87%  95.62% A/C(%) 5661%  83.33% 82.30% 52.50% 113.75%
OMH-MW(C) 7.97 7.83 831 7.84 8.22 OMH-MW(C) 1.89 126 226 2.00 240
Carriers(C) _|MCS-NLTC(A) 1.07 1.05 1.05 105 111 SearchTime(7,) [MCS-NLTC(A) 0.088 0.088 0.104 0.080 0102
A/B(%) 9907% 10096% 10000% 100.00% 103.74% A/B(%) 9072%  83.02% 74.29% 6349%  86.44%
MCS-NTC(B) 1.08 1.04 1.05 1.05 107 MCS-NTC(B) 0.097 0.106 0.140 0126 0118
A/C(%) 56.32% 83.33% 47.09% 94.59% 42.53% A/C(%) 6.73% 5.73% 8.13% 6.15% 8.75%
OMH-MW(C) 1.90 1.26 2.23 111 2.61 OMH-MW(C) 1.308 1.537 1279 1301 1166
SearchTime( rd MCS-NLTC(A) 0.097 0.077 0.112 0.073 0.098
A/B(%) 8509%  5833%  7832%  59.84%  76.56%
MCS-NTC(B) 0114 0.132 0.143 0.122 0.128
A/C(%) 756%  479%  861%  486%  7.66% 6.4 =
OMH-MW(C) 1.283 1.606 1301 1502 1280
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