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A multi carrier selectable routing scheme by normalized transmission characteristics
(MCS-NTC) at marine multi-carrier MANETS
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Abstract: Marine data communications still look for a novel data communication system at sea because of the restriction
of bandwidths and costs of current carriers. In order to make the most efficient use of the broadband land carriers
at sea, this paper proposes a routing scheme (MCS-NTC) at a marine MANET model. The routing scheme optimizes
the route by choosing optimal nodes and carriers among the traditional and land carriers based on normalized transmission
characteristics of applications and carriers. The performance is compared with the max-win method (OMH-MW)
scheme considering the specific values of transmission characteristics. The result shows that our scheme derives
more efficient routes than the previous one in terms of the transmission characteristics such as bandwidth, cost,
delay, the number of hops and carriers.

Keywords: Maritime Data Networks, MANET(Mobile Ad Hoc Networks), Multiple Carrier, Normalized Transmission
Characteristics Routing Scheme, OMH-MW Method
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Table 1: Marine Communication Characteristics[1]
(a) Carriers” Transmission Characteristics

WLAN |HSDPA| LTE WiMAX| WiBro | VHF '””F'a“at VSAT
e A | 711
10 QBT 0] 4;
w0l 5 5 50 | 142 | 50 |55 hy| o1ligy
(km) A9 | 9
asgAdHe ge | ge |MMR | ge | a8 | a8 | 98
/‘%;g’;;j‘i— 54M | 14.4M | 60M 70M 37™M 100k 392k 128k
ﬂ;’%qg 2 | 70 | 10 | 25 | 10 | 01 | 500 | 250
H15_D
o 2 7] % o T | o
° o o | B g31erel | 44 23 | Ay
2% | H2-45) 014 Erat et W 17081 |300%+]
plagel (Qis}o}
(b)  Transmission  Characteristics  required by
Applications
s RTAEEA
o %5 |A24%8 [paang] d8ez
SAFETY/(2H3) EE 1Kbps 10ms 1054
MAIL(H o, k)| - 150Kbps | 500ms | 2.5%HY
WWW(s1) T3 1Mbps 400ms 3vhg
VoIP(&4) EEN 500Kbps 20ms 2vH4
IPTV(7d) HA 1.5Mbps 50ms 594
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Aol &9 HEEAD HAAGHEANES 4 Ae FALAE AL Aol 739 Aoz
WALl Zh(0~100: E/FAQ1 WMEES] A4, HAAE A" AEAQL dolEEAITe] EABIER N2
Ag)ow wEe & o] Auigtel disf ’“}Ef{}% 3 .
A HA wE9 AEolE et e)'i%ko ok N=UN, N, =(V,E) )
oz Wasl= AL Ak dPe AFsd 3 i=1
Atah2 A el 9Js) ez, where

(max—min): 100 = (x—min) : n [6) V= {4 &),

E, = {(v,w)A= (v;w;) < AEHA(C)}
A (1)NA maxst ming AEolet 89 7+ A%
a0 Ash Hogolth A2 Sof Asmod m O A @914 C={wLAN, HSDPA, LTE, WiMA
ax= WIMAX®] 70Mbps©]i mine obd-g-ge] 1kp X WiBro, VHF, Inmarsat}, V=Uiz, Vi, E=Uim1a,,
pselth, o] % gel AT 247 1005} 0o Wk, ECITh AAE A wE=d ARt 54 Aol
X2 ATRME TS 59 asSygrel o) AU oleld @ Aels Beshs 9
o} o2 Sol, WLANS] H4E (x=)54Mbpse] g+ = 7
e (n=)77.140]th

Table 2 (2)sh (D)l Aiatel A5E4S 247 4 32 MCSNTC ZZ2HI YA

gatgith. 79 BE #gelA 9148 ssstm MCSNTCOM = 80l avehe AE54e 718

2 JAE b2 Flgolo U3k Amerdle] mE Ay ARSI wtEEe mEot AfgolE FrAe YA

B 49 Ague APelmA Amig AAdHE AR ] FEZ Aot A% e F gt

A EA etk HFAI=R FEA gL 524 Alole] HA WE F =
= ot ol Aflo} $e dubEA 2esh Fupt

Table 2: Normalized Transmission Characteristics 2 3ok

(a) Carrier’'s Normalized Characteristics ZARE B o s 35 9% AA s Algols

WLAN | HSDPA | LTE |WiMAX|WiBro| VHF |  A8I5}7] 913 7120 2 3% (Goodness(G)) /N3-S Al
A%%5 | 7714 | 2057 |85.71] 100,00 | 52.86 |0.141| T AEFTR GOl =S fld] 4 S8 7} Ao

io] AEEA Aake]l 2k B, G, D)E 4 (3), (4), 222
G5t o] T8

S+ 20.00 | 45.00 |50.00| 40.00 | 30.00 | 0.00

A AAA7F 421 | 1383 | 1.80 | 4.81 | 1.80 | 0.00

(b) Application’s Normalized Characteristics B; =k « INB,— NB,, 3
kd | A 4 VoIP | IPTV where
AEE | 0.00 0.21 1.43 0.71 2.14
i k=1,  if(NB = NB,)
2% | 10000 | 2500 | 3000 | 20.00 | 50.00 k=w(> 1), otherwise
A AAIZH  1.80 100.00 | 79.96 3.81 9.82
G =k « INC,—NC|, @
3. MCS-NTC 7 & uj k-2 where
XA jAaEATL =]
31 MEA W =& k=1, if(NC, = NC)
[119 5 gz 31" A&4 sdealyd = k=w(>1),otherwise
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=k« [ND,— ND|, 5)
where
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k=w(> 1), otherwise
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Table 3: Experimental Environment for Simulation [1]

A5 27 %k
A& 27 200Km X 200Km
rE g 102 (s, d Al €]&}3r 100)
WLAN(IEEE 802.11)
WCDMA(HSDPA)
Carrier(F-1 ujj ], WiBro(IEEE 802.16e)
MAC, PHY) WIMAX MMR(IEEE 802.16j)
LTE(Long Term Evolution)
Abstract VHF (digital VHF)
Safety and Distress
e-Mail or FTP
S8 Aul= World Wide Web
Voice over IP
IP Television
b 10,0003]
gerlaz= Zb S8l dis] HAFE Ro| 7HA
= %1 Br, Cr, Dr, Hr¥ B @@*}ZJ’(TR)(%H m
s)o|th. 714 Bg, Cr, Dri= A (3), (4), B)& &7
TR A Bagelry. A% E, v8, AN, F
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Table 4: Performance Comparison (w = 1.3)

IS w=13 28 SAFETY MAIL Www VolIP IPTV
CH = (87 MCS-NTC(A)  1,026.99 92812 208424 130581 258610
A/B(%) 8.6% 26% 51% 52.8% 6.8%
OMH-MW(B) 11,904.20 3557061 4051113 247183 3792249
B8R MCS-NTC(A) 99,378.35 24,927.38 29,766.00 20,10379 4946209
A/B(%) 110.0% 114.5% 150.0% 101.0% 190.0%
OMH-MW(B) 90,32292 2177614 1984584 1991051 2603313
KIFAIZH D) [MCS-NTC(A) 912 49871 398.64 18.86 48.74
A/B(%) 123.4% 102.5% 103.7% 101.5% 131.4%
OMH-MWI(B) 7.39 486.71 384.55 18.58 3710
E(H MCS-NTC(A) 781 782 782 783 7.82
A/B(%) 97.6% 94.8% 91.6% 99.9% 92.9%
OMH-MW(B) 8.00 8.25 854 7.834 842
PHElof4=(Ma  [MCS-NTC(A) 1.07 1.05 106 1.06 107
A/B(%) 56.0% 47.3% 47.7% 84.1% 39.6%
OMH-MWI(B) 191 2.22 222 1.26 270
HHAIZH ) [MCS-NTC(A) 0.107 0131 0.108 0110 0101
A/B(%) 8.3% 9.6% 8.3% 7.5% 8.0%

OMH-MW(B) 1.290 1.363 1304 1470 1.259

Table 5: Performance Comparison (w = 1.5)

5 A w=15 28 SAFETY MAIL WwWw VoIP IPTV
O H=(82) MCS-NTC(A)  1,078.69 99423 225119 143365 296042
A/B(%) 9.1% 3.0% 57% 57.8% 7.8%
OMH-MW(B) 11,886.54 3321678 39,259.64 248179 37967.23
HI (G MCS-NTC(A) 99,34568 2496437 2979615 20,12290 4940353
A/B(%) 110.0% 106.8% 140.3% 100.5% 188.5%
OMH-MW(B) 90,347.03 2337640 21,238.52 2002647 2621461
(K| HAIZH D) [MCS-NTC(A) 917 498.69 398.65 18.86 4871
A/B(%) 123.3% 102.3% 103.5% 101.3% 131.0%
OMH-MW(B) 744 48754 385.10 1861 3718
E=(H9 MCS-NTC(A) 782 783 783 7.84 7.83
A/B(%) 97.6% 96.1% 924% 100.0% 93.5%
OMH-MW(B) 8.01 815 847 7.84 837
PHEIOI=(Mg  |MCS-NTC(A) 108 105 106 1.05 107
A/B(%) 56.3% 47.5% 48.0% 84.0% 39.9%
OMH-MWI(B) 1.92 221 221 1.25 268
(HHAIZH T |MCS-NTC(A) 0112 0139 0125 0.104 0119
A/B(%) 8.5% 10.2% 94% 6.5% 9.4%

OMH-MW(B) 1.318 1358 1332 1.599 1.260
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Table 6: Performance Comparison (w = 2.0)

Z1EH =20 22 SAFETY  MAIL  WWW VolP PTV
=89 MCS-NTC(A) 104835 97039 269554 160638 359211
A/B(%) 91%  450% 74%  813% 9.4%
OMH-MW(B) 1155807 215718 3655932 197643 3832375
BI85 MCS-NTC(4) 9936413 25057.88 2987047 2023600 49.437.20
A/B(%) 1097%  1013%  1235%  998%  1868%
OMH-MW(B) 9060663 2472792 2418214 20,269.00 2646639
KIAIZHDA  [MCS-NTC(A) 926 49870 39868 18.89 4874
A/B(%) 1230%  100.1%  1032%  1004%  1306%
OMH-MW(B) 753 49838 38639 1881 3732
EENGE MCS-NTC(A) 7.81 7.82 7.82 7.83 7.82
A/B(%) 98.0%  999%  943%  997%  952%
OMH-MW(B) 7.97 7.83 829 7.85 821
FHRICi 2= (M [MCS-NTC(A) 108 105 105 105 107
A/B(%) 56.8%  840%  47.3%  946%  410%
OMH-MW(B) 190 125 222 111 261
AEAIZHT)  MCS-NTC(A) 0113 0.104 0.098 0108 0.146
A/B(%) 9.0% 6.6% 7.5% 7.0% 12.0%
OMH-MW(B) 1257 1.569 1311 1553 1214
Table 7: Performance Comparison (w = 1000)
7tEH| w=1000 28 SAFETY MAIL WWW VolP IPTV
EH Qd‘g(ﬁ‘?) MCS-NTC(A) 977.82 5024374 823796.94 39561394 12726077
A/B(%) 87%  1006% 2474%  1166%  108.8%
OMH-MW(B) 11,191.33 49931.30  332978.06 33923153 11596918
Hl2(Cq MCS-NTC(A) 99,39446 22278288  140,677.38 27892709  8,908.68
A/B(%) 1093%  S48% 21% 69%  1034%
OMH-MW(B) 9091116 40630928 654424300 406287850 8617.86
Rigazios mes-ntca 12437 49869 398.04 8036 3129
AJB(%) 87.9%  100.1% 103.9% 90.6%  101.1%
OMH-MW(B) 14153 49833 38317 28,66 30.94
B MCS-NTC(A) 7.84 7.83 815 7.83 1058
A/B(%) 986%  99.7% 89.0% 93.9%  837%
OMH-MW(B) 7.95 7.85 9.16 834 1264
PRI 014 (M) [MCS-NTC(A) 107 105 140 105 254
AJB(%) 566%  83.3% 61.9% 525%  105.8%
OMH-MW(B) 189 126 226 200 240
[ggazizm mcsnTca 0113 0083 0107 0116 0117
A/B(%) 89% 54% 86% 9.1% 97%
OMH-MW(B) 1.263 1527 1246 1279 1.209
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