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Communication Networks on e-Navigation

by Chun Seong Choi

Department of Marine System Engineering
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Abstract

There have been many large-scale accidents involving international maritime
transportations causing environmental disasters. To prevent such terrible
accidents on the sea, the International Maritime Organization has introduced
Maritime Safety Management System. Today not only the concern for
maritime safety but also the ever getting larger and faster ships to handle
increasing volume of sea freight is posing more challenges for the navigation
of the ships. To respond to this, 7 countries including the UK, the United
States and Japan proposed development of strategic vision for e-Navigation
with new technologies using the existing equipment and electronic means in
the 81st meeting of the Maritime Safety Committee of IMO and the
Committee decided to develop the strategy by 2008.

Top priority in developing such e-Navigation strategy is given to reducing
maritime mistakes to prevent accidents and pollution on the sea and the
communications work group is focusing on developing 3 core element
technologies for the e-Navigation and those are building integrated bridge
system, controlling ship traffic and providing comprehensive data from the

shore, and enabling seamless authenticated information infrastructure for

_Vi_



communications on the ships, between the ships, ships to shore, between
parties on shore and between multiple related parties.

This paper is to summarize systematically the concept of ‘e-Navigation and
the status of work that has been progressed up to now and propose a ship
to shore communications network on the basis of the analysis of the issues
found between the existing wireless communications system and e-Navigation’
system for the purpose of developing the most crucial element in the
e-Navigation, which is communications network covering both land and sea.

Strategic  development of communications network technology for
e-Navigation involves identifying various locational information required on
shore and sea, conducting research on the way to collect and utilize the
information, reviewing existing wireless cellular communications technology
covering shore and sea, and determine the differences between shore
communications and maritime communications. Through such study, we have
identified the issues with satellite or radio systems which can handle very
restrictive volume of communications and mobile wireless system, and looked
into the possibility of applying Wibro system, developed in Korea and
became one of the land cellular communications systems already adopted as
a global standard, to ship to shore communications.

Current terrestrial Wibro system requires repeaters installed between the
base stations and mobile stations, and handover technology for repeaters is
used to overcome the problem of short coverage of the wavelengths.
However on the sea, it is difficult to install repeaters, challenging the
deployment of Wibro technology. This paper proposes a feasible solution to
overcome the coverage limitations of Wibro technology through review on
various technologies.

The biggest difficulty in using Wibro system on the ocean, which was
developed by Korea and adopted as an international cellular communications
standard, is to extend the coverage. On the ocean, unlike on the land, output

of the base stations and mobile stations need to be enhanced and sensitivity
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of antennas should be amplified to improve the gains of the antennas and
optimize the frame structure of Wibro system. Through the research efforts,
we wanted to learn the maximum possible distance of coverage extension
and usable coastal areas in Korea to verify the applicability of Wibro for
e-Navigation system linking the ships to shore.

This paper studies Wibro frame structure to come up with the way to
extend the maximum coverage area and learned that the maximum coverage
can be increased up to 19.7Km on the sea. Based on this, limitations on
mobile station battery life and output and antenna can be easily removed on
the sea by growing output of mobile station and gains of antennas, from
02W to 1.0W and from 3dB to 9dB respectively to extend the coverage
distance from 54Km to 17.1Km according to the analysis by
Cost231-Walfisch-Ikegami interpretation model of radio propagation. Therefore
it is demonstrated that coverage extension can be achieved if performance of
mobile station is upgraded with the improved system design, and the
elevated mobile station output and antenna gains.

The study result confirms that Wibro can be utilized for e-Navigation in
coastal areas as maritime wireless communications technology to provide real
time broadband information with satisfying level of reliability and security. It
is also hoped that the paper paves the way for more brisk research and
development activities in the field of required communications system to link

the land and the sea and to make our Wibro technology to lead such field.
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Other Data Customers and

Flag State SAR.TeApanen I Providers e.g. Port Community
/ $ Systems, Public Bodies
Coastal Traffic
Monit oring Station | ‘Accreditation’ | l Other vessels |
' T T+
Access and Security Protocols/
Encryptlon
&
GMss &
[ VTS/AISILRIT Data LORAN Data

Envir onmental & L4 T l
s b Standar dised integrated Bridge System — [ VOR

Radar/Echo |-+ (Display, communications, data filters, alerts, info prioritisation, real time data) [ | Audio

Sounding — - — - — =
/Sonar Data t
Supply service Incl. internet ]
AtoNs, B UpdTla i csabied
oS, Beacons, a level / recovery

Traffic Separation Information Services ENCy P

Zones efc. Supplied to ECDIS. 'y Paper chart

.g. virtual marke
88 VIrve e data/Raster(RNC)
(where no ENC avallable)
T

Maritime Agencles/Hydrographic services |

Fig. 2-2 e-Navigation System Achitecture

Fig. 2-25 BW, £F3t9 QIH#H |29 75s 7IX T BERAAA 2SS F
Aor 71EY Ak e FHldA ATE £ e HolH F54l, Fail-safe
715S 7H A3 3 A =51 (GNSS, Global Navigation Satellite System)
/LORAN(Long Range Navigation)®] &3 FA7IZFE 9 HAH 4=, HAutaA
A B2 (VTS, Vessel Traffic Service) ¥ ALdTA=H 22 =7 dUtEUHH
A&l The] JH w g, Non-SOLAS Aduts uejd AR F$54, FE253 AAs
o A AAAHLZ HAA3| E(ENC, Electronic Navigation Chart) H o8 ] A F 7]

e AEsta A

_10_



¥
ZlE2430] opd ]8R
S-mode® EUT < 243 A -H/W, S'W dAngs=
Fuds 7lE2dse E&7u 2204
\ ANEY $AAE 79
E&45 MM

R Bk S \
FARY 78 A5
g W F8%5 B Angedy
AxE 94 EAHE T A single multifunction display

Fig. 2-3 Results of Conference 11th COMSAR

Fig. 2-2¢] Z3& COMSAR 112 3 2le] AZ=d ut7b 1o ™, e-Navigation?]
Ak Aol oM e ol 37kA o 7B AHE AYsy] Hue ol & A
Al e-Navigation HIZZ} o}7|dl A& RE0] 7l= Ao F83tde Hol 4

!

2

)
)

Fig. 2-3> COMSAR 11z 3l¢lo) A4S & YEa ot Fig. 2-344 He
ARG M FoAEE Ae st=Ede], AZEd oY MEn 2e Ve FAF
A HZ BHohe o84 A4S E Smodes X3 AHo A% VE vd, 58
Al AZE-7A dEFEols, dHLTF HAE A Wds =3 due M2

FAstelof & ot

2.3 e-Navigation =] &3}

NAV 522 3]9] o]% =, e-Navigation & IFWAE7l TFo] FFR 5
Aoz AAH, 2006 9€ol= COMSAR 11z 39 = thukolA
e-Navigation &5 #3 =271 AAHReH, 2006 11€ol= =44
Ar71=@ 3 9 2 A 7NAAATFHo] FFLE FHSI= e-Navigation W&
Wt S A FaFoel HFE vz Aok I Halste] JALA S AE T

o
=

&) AAEo] e-Navigation =9d HFHo=z ZFsta e Aol



1604 %3l

o
Eud

2}

g

=13
=

e-Navigation g 7

T
L.

b g A

=]
e

A

AR 2%

A, =d 1T 7]

il

o 5] e-Navigation®] ©o}7]gx e} Hlw

Fig. 2-4° e ATt

tiald, oAl
a2

SAR Responder

Flag State

Coastal Traffic
Monitering Station

VHF ottt
HYFoH A

cho Sounder

Mariners, Pilots

as Dicision Maker

Doppler Log

Auto Pilot
. (Gyro Compass,

< Wind Indicator>

Rudder)

Fig. 2-4 Current Navigation Architecture

3}

-
Zaney

I 27F Bgl x| o] A

&3

1
T

40 A

Fig. 2-

o))
</
o

T
il

)
H

el

o)
H

Axel QAN we A7%e] =

2

2 9k ey Aurel

oF
=

o
=

A
)

|
]

°
N
A

Jo

)
b

_AO
3

0

o

)

——
fiTe)

S

ol

&

Z}
2}

d5F8 4=

of &2 8459 /¢ e-Navigation®

3 o7l

S1E| 7 o]

R

e &2

&3

e-Navigationo 4] 7|

KN
=

A o)A Fig. 2-49F 2

€l
=l

&

_12_



Inputs Outputs

Real-time({or near real-time) update Info Safe Navigation
-AtoMN(e g position/status) | X | Enhanced ;

-Maritime Safety Info{MS1) ( O ) " -anti-collision, anti-grounding processes ([ X )
-Radar {0 ) /| -route planning & monitoring ( A )

», | | -pilotage & berthing [ 4 )

1/ | -Under kesl and air-draft
4 Clearance management | X )
| -alert management { X )

Efficiencies and other benefits
|| -Standardised and

-Position fixting systems [ GPS only )
-Ship sensors{e.g. heading, log. etc) (O )
-Echo sounder ( O )

-Ineriial navigation system | 4 ) [\
-Sonar{optional) ( & )
-48 communication (AIS)

Nav Core

S

Shipborne Nav.

"::1'3 clata:i o }I o aytom [} || automated maritme reporting ( X )
-Meteorological [ A ) =1\ | Logistics eficienci X
-Updates to charis & Publications [ X ) j {iﬁg:jdlﬁfgepécg np%?'tso[pera]tionsj

: _ = 11| -Potentially reduced insurance costs ( X )
L@Fmﬂimu}] Info b Il \| -Improved security { 4 )
-Digital charts & publications [ X | (ah / | | -SAR&poliution respanse | A |
-AtoN infra and relevant AtoN Info (X ) Y : || -strategic analysic [ ¥ )

-Predicted meteorological, cceanographic
and hydrographic data | X )
{Seasonal weather patiemns, tides etc))

| | for infrastructure refinement { - )

-Incident analysis and investigation | & )

-Reduced human inefficiencies

Vessel monitering &emors | X ]

system -imoroved onboard efficiencies | X
-Decision support mechanisms | X

-improved ship/shore cooperation |

-Sharing risk analysis ( X )

betwesn ship & shore

-External buy-in and

ensured use of e-Nav{ X )

- other

Organizational

-Training & procedures | & |

-Quality management processes | - |
-Data access and security protocols | X )
-Conventions, Regulations &

- Guidelines{IMO, ITU IALA ZIHO) (O)
-International standards{ISO, |EC, other) (O
-Legal instruments ( O )

)
)
X )

Fig. 2-5 Evaluation of Current Navigation System from e-Navigation Model

Ve YeEtle ZACSE, VHF FAdste 22 ofdza 54 ST A <
AR AIS Zuldl o3 VHF dlolE o] o]&5a ue MM "'A's %

718 Aot
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2.4 e-Navigation 32| 7] <723 &

i

}
289t 24 M9 MEH, MarNIS, IWS A|7FA & stgoen, 71 ¢ b9
Td AEE HESA

241 MEH

MEH Marine Electronic Highway)®] 71'd@2 1990l Zjutthel A &3l 53]
ENC(Electronic Navigation Chart) % ECDIS(Electronic Chart Display and
Information System)®] 7H&e oA YA 7le HL&OoF AZEHGoH, 5
ste Adu wE dE gAEA ZEkE Aled = e 54 7IREY] AE Q) bl
o|g o] 9k ECDIS 3 AupaAbs A E A AR o] S} A 7F o]t o] 2

3 MEHS] 7Hd2 AAutds 28013, #3% A= ol =95 gF3 A

2 33
BAA 28, vk 91X 53 A]2H"(VMS, Vessel Monitoring System), HA}3)] %,
Avt AEARRA B 2R} 24 5 A% ALER Axd 5L FHEIGE
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Navigational Aids/System

Electronic Navigational Charts (ENCs)

Differential Global Positioning System Broadcast Service (DGPS)
Vessel Traffic Information System (VTS)

Electronic Chart Display and Information System (ECDIS)
Universal Automatic Identification System (AIS)

Automatic Radar Plotting Aids (ARPA)

Communications

Information and Communication Technology (ICT)

Information/Data to be
processed and Delivered

ENCs and updates

Vessel traffic information

Environmental data (hydrographical and oceanographic date,
meteorological information)

Marine pollution date (oil spill/discharge, ballast water discharge,
other contaminants)

Ecological date (coastal and marine biodiversity, sensitivity
mapping)

Submarine geomorphology (sandwaves, precautionary areas)
Bathymetric data

GMDSS si$-als

Environmental systems

3-dimensional Hydrodynamic model

Oil spill trajectory and fate model

Coastal and ocean monitoring systems

Environmental impact assessment/damage assessment model

Sensitivity mapping

Monitoring and advisory

services

Search and Rescue operation
Oil pollution response operation

Maritime services/assistance including port services

Fig. 2-7914 Yehd 7lytt MEHE 1992-2004d 0 ECDIS$} DGPS 7€ < ©

Fig. 2-6 Components of MEH
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N
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o
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Fig. 2-7 Canadian MEH
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L4258 TH}eE A FXEE S Y Fig. 2-102 MarNIS AR el 3o s}
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. Real-time
5 L Envt'l info radar
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Data
interface Applications Module Goals
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EHG‘ search Ell‘ld rescug
tanker drift

response

hydeocitynamics electronic management
traffic management

resource management

ecology model and intervention

environmental
contaminant fate and effects prote ction
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£4¢ 2288 2, we, aeln Fe BT 24F £47% ERenA
Foh WAFHOR oTojd Wask g A% s BAX Bu JE

B2 AEEo] A, Aud, PSC AAMRT 2 SA7|He] g3 s7=H=H,

olgld ARESY wIAAAZS FH, AIS7F A L FFE A HolH $£454S

The objectives of mantme shipping and

transport:
- 8 -  Fe®rence modal
Policy Level - Foles

hatis require dto realise the palicy®
- Furnctional view paoint

Maritime Business = I . r
plu - Process view paint
Cunt:_e :al { Level - Information W ewpaoint
specification
| Mantime ICT Service ] .
Level o= Pe-tiihatiz requine d to make |CT-based

services opergional (serce life cywzla)

N Technical i How to enable |CT-based solution =
- Communication wew paint
S L - Physical viewpaint

Fig. 2-11 Layers of the Architecture

AdS #F5ste Y 718 AR AFS 98 MarNIS= #+H U E 9 =4 9

olg AH RFEIS} TS A=TH AERE FAUE AHEstd He2Ed

B 344 B 2] (Maritime Information Management)© wF 33 &
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ot 7 H1A SYsEHe A wEY G 5855 & ¥H, F
HAIZEHE 93 AAd7]==24 AIS 7159 T, A9g 3 fEFgAolA,

A 71<, Galileo, AIS, ECDIS, #loltt &3 VDR(Voyage Data Recorder),
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Mo ALY #AEAFR o8 FEH o A HA Z2He Hd uF
ede R4 BARTE AN AT AFAA NE2H 9FE 2 87
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I Ity a54SE tFe HAEAESE oiyg, 9 SFRT 9 wFEH
B ANz e BREd, 4o VIM, g8l dubel o] Furkds Q=
H, JaESGS 23T a2 gA MA FHEHe weehd, B EE&7)
AE A A BEAMREE bdF e, 8 T AFBE 55, FEAF, ETA,
gl T g FEHSoE FEHEHY

Cluster 1: Cluster 2: Cluster 3: Pan- | Cluster 4: Traffic Cluster 5:

Maritime Technology and European pro- services and Information

Information information active and informaticn services

management systems remedial safety management in onboard

strategy port

[HA1: State of the art

|
I I I I B |
[F HP.E' Policy recommendatinns urgar}iga;_ltiurg_al and legal 33!??_'.33‘5 |
s
[ HAS Architecture and slandards |
[ H.ﬂ.4 Testbed |
|
|
|

- T | - 1 1 I
| HAS: HSE, VI

[
[HAE: Assessment

I |
[HAT: Dissemination

2.4.3 IWS

o= SRt JNEA A S e e AT EZAILF (WS, Intelligent
Waterways System)e A E7]|&(IT)S ol &3 sidad 7IsE9 5834 &
MAdstes As AEEREE St Aok 19999 vl 3ol A= HFFEA=
gl 2020(MTS2020) XH o] IWSel| tigh Fo #& Algreo] AFEo] o
MTS2020= &l 72521 =¥ (MTS, Marine Transportation System)®] 73
A 4R #e % Jdzdted dig eSS A Y WS g 7t &3
= AAe A&sta a8 FERAD] Jted e Ao, old wE I5
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MaRINE INFORMATION
DaTa EXCHANGE anm,,;lgsr
- P §

Marine Information System Improvements for the 21st Century

Fig. 2-13 Construction Plan of IWS

7F 2 AR U ELI(WIN, Waterway Information Network)

WIN®| =4 a4 uF Alad AR vjxE &olstA st= HEHAES
Adste Aolw 71E L Peer to Peer?l Extensible Markup Language(XML) <!
Hul 715 7IRte 2 3t WINS AgAs AR A3AE A3 dZ2AA F

, Maritime Information Markup Language(MIML)¢]&ta W E & Zt30] 7

T EFEHE XML A4 B g AR AZAE TR At Ao F
8% Folth MIMLE AFs® 314 Fu Axere] Fa AuEoln, 3 3
BoAZASY Fade] BA4 WEALE SolshAl Btk WINS B F9e
Fof, A&F 54 2 A2 AR A9 F2 Fo mE Hu Agel QAo o
§ Baxol /el wet Awss] ARty
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Fig. 2-14°14 EXo] WINO| loJA U E A+ Information HubXE o= 7]

£9] Peer to Peer 7|HH2] o] &S AASI=H, oA Y& H 9 Atd njE

o, A&ty FEd R A Fo] b

WINe 93t A3 753 ARe 2 9 7148, 24 9 2FA8,
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Fig. 3-6 Primary Data Processing Diagram
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Standing work positions

Fig. 3-9 Layout of Bridge 3

Indications on drawings

N1 |Paper chart table MO |Steering mode switch C1 |Whistle ctrl.

N2 |GPS M1 |Override/steering tiller C2 |Sound reception syst.

N3 |ECDIS M2 |Auto heading ctrl./track ctrl. C3 |Intercom (auto tlph.)

N4 (ECDIS back-up M3 |Propulsion ctr. C4 |VHF

N5 |Pelorus/gyro repeater M4 |Main manual steering ctrl. C5 |GMDSS remote ctrl.

N6 |Radar M5 |Thruster ctrl C6 |Internal command com. syst.

N7 |Echo sounder

N8 |Conning display

Al |Panel-warnings/alarms DO |Heading display/gyro repater

A2 |Machinery systems D1 |Rudder angle indicator
T1 |Radar/ARPA D2 |Rate-of-Turn indicator
T1+ |Radar/ARPA w/ENC D3 |RPM/Pitch indicator
T2 |AIS D4 |Speed indicator
T3 |Window wipers D5 |Echo sounder display
N: Means for Navigation
M: Means for Manoeuvring
C: Means for Communication
A: Alarm systems
T: Means for Traffic surveillance
D: Information-indicators/displays

Fig. 3-10 Layout of Workstation for Navigation Equipment
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Table 3-2 Details of Service Specification
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Fig. 3-15 Component of WAAS
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A AFstH GPs L1¥ LT FHFE ARSI wWAA THe ta2th
EGNOSE ETG 3] €1¢l ESA, EC ¥ EURO CONTROLY] 9j3sle] 3% s
o, 20068 % E & AZES = Fo Jev, 2007 d9] EGNOS SoL AH]
MAIZE B Aoz o=
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3.2.8 Loran-C 7|& &%

Loran(Long Range Navigation)2 W5 A2¥lo 2 AzElon, HHS
g B S99 MHIEE AlEsa o Loran vl= it thol ofsto] 7ft
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Table 3-3 Technical Evolution of Loran
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Table 3-4 Performance Evaluation of Loran

Loran-C Modernized Loran e-Loran
34 460m 100m 10m
2AA 25x10™ 25x10™ 1x107
Gk 0.997 0.997 0.999
74873 0.997 0.997 0.999
}. Loran-C =4

Loran-C A|¢l &4 712 | &FFabF, &Y sitAnd, 2iAlote =743
A3l Al #HElstal  Fig. 3-16°1 4 Korea Loran-C& ¥H& xdH3L Yo
™, Table 3-5= =9 AQ AFE BHAFI glom, k& X ZF e-Loran® %
st=7} 100m 12]3l Loran-C9| 400me] A= HoF3 o, H" ol
A gAY A AHlE AR A S gt r] /g s, S5, €&, B Aok AL
o]¢] A = A (FERNS, Far East Radio-Navigation)”} @ o & 1t}

Table 3-5 Status of Chain
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orea LORBAR-C Chain GREl 9930

Modernized Loran

Loran-c Chain

Fig. 3-16 Korea Loran-C and Modernized Loran Chains
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33 4 AY MHl= V=

331 A AY Ax2= Y

s #A, VMSE &3 sidAd @ FH A (GICOMS, General
Information Center on Maritime Safety and Security), IDC(International Data
Center) AAYS 53 Aute] FAT $1XF2(LRIT) 5°] Aot Fig. 3-17 4
Hb ko) FAALTHH AR FAAA, a2l S ke AAALH 9
MulE fEdEE BHojFa gl

. e-Navigation®} &7+ A A B] 2=

At FE ste Mdute] 7HE Be AEHwSL
Ao 2 st e, off &4 FHAAIX
CDMAY WLAN X+ Wibro 5 ©] Ship to Shore
Oe AS Bo F1 3ley, dad4oz $E7L2 A5 CDMAS T3t 4

Ship to Shore

* GICOMSVMS
(Safty, Security)

* VTS(Traffic) - ITS

\WLAN/Wibro/CDM

e LRIT(Tracking

*U- RFID
» Electronic aids to navigation U-port ( )

Automatic Identification System (AIS)
RACON, weather/environment

* Wirelessinternet
(WLAN/Wibro/CDMA)

e-navigation system e-navigation service at
at thesea the shore

Fig. 3-17 Service Concept of Shore to Ship Communications on e-Navigation
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3.3.3 CDMA

CDMA(Code Division Multiple Access)v= &z Fgvhetoll A AE-3ta Q=
Froidst Z1271selw 1989 =l P59 QualcommAtell &fs AIbH AL,
TIA(Telecommunication Industry Association)ell ]3] ZF3l= o], AAl A A4

Ho g 71 de olgH1 e YAE olFFAl gtk 2 V& o]E2 o
o 8H2H(Spread Spectrum) 7]1&S &8st A g HolA 74z FRE =
4 FE g AR Aolg B Huja, £ SdAxE AA dd e g
AR F £ o AEE AH FYT F 5ok AT Aol e ARUS
ol el A5Es A Ule Aolth. CDMAE 583 Fu4+5 B oA
AREE o, BA R ZHde] A, F3AUE AFsL de A T
AEL FAFOEA opgE 1 ARmYg £& 52 100 o Y & g
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o] gz FA4-93-HelHE 283, 7574 THe 21& ZEVHO A
HA7F 7hs @ AT o]lE T Al TVles 530 ®MAAZ R B3It ted =
A ZRANAY F9F dERYoje) u& dE, dAF A} UPT(Universal
Personal Telecommunication) 7% Ao 2jst |54 #|F Fo|l IMT-2000
ddor A He v Aniset & 5 AT IMT-20009 7s #2E2 71A

T3 @] Alolo] Fawtes Ae gteES ®WAstE FAAHE 7S (RTT, Radio

Transmission Technology)®@} 7]#| A=, ngar Alolo] Alsqfeks WAS)H
+ WAL 7]4(CNT, Core Network Technology)® ¥t} 2000 5¢, ITU=
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Duplex 2ol ®W, F342 3% 2(FDD, Frequancy Division Duplexing)

= 2% W stF e Aleld 30~40MHz =] BT thee

Al & & 2(TDD, Time Division Duplexing)< 3dBol|l @ 3t= H3 A A

2 FET ke Alold B EEY AAS F5T F AT HIALS 8=

S TDD Aol 35 4%, o) FAR ForE ASHE 43T A9

e = 3,

3% 71 d A= TDMA, FDMA, OFDMA, 34 3%
gk OFDMA %°] Bl dAFHo] 73 AFHT dow, Hawza #Fd
OFDMA”} TDMA XEt {23 Ao=2 delx Utk &vtE QEHY T8 &
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TDMA 59 B58% /&34 o83t 4 FdL 41 ol3=g &
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T A9 hot spot GG TA 99 WFF AJoA Ful AUl Mulzel A
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Ul A AFste thks Fee IP7Idr 74 HolE Aul22 2EZR HY
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BAsHA FAC A4 A A 9 QoS A S AT Wk
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ZEi %t QoS dEjol wWE WE F o], AFEAE Alo]Y FHEES AT A8 AR

AES AQ87] 9F HAF, dFdd e84 AuAE A7) AF ME ARQ
9 e AA, FHF ALH QosE &oldA AAF £ At dF 2AEFY A
2 ol tsted A7 AGE I 3, OFDMA 9]¢ o %

mtiol H& Alojdl WNE A7Ha 9

g
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}. Wibro9} WiFi

Wibro %ol BHIEY Auzazdons, FUEAD Fhol Fofn
Gi EF oFHUA z2uE APUL o]§F F b AHA W,

WiFi(Wireless Fidelity)= olZ M A Al gEE AL Ao oHTE. =, Wibro:
FAB WiFish FHE Mul2gel CDMAZS] FRAH gle A
2= 91t} Wibro9 WiMax:e E4o] m@o] v 2354w, Wibro= °F 5-6km 7 & ol



A 4Mbps &, WiMax+ 30Km ZE¢ A oA 70Mbps A=2A =2 A9}
&5 WolA e WiMaxZb ¢-9el k. 28y Wibroe ©lv] F4l 71& AA 9

e 2y sl AR wste, WiMaxe §24l7]€0] oFF ASHAE $1

WiFie dAe 2usly Fxleulo® IEEE802.11b, g 742 TE o]F0]
/1= 3ok, WiFi A% #24& 7z}7} IEEES02.1a, IEEE802.1b, IEEE802.1g ©|™, a
£ 5Ghzt] F3}= 54Mbps, b/ge EF 24GHzW F3l5= o], be 11Mbps,
£ 54Mbpse] Hu&E%E 7R T

WiFi7} IEEE 802.113% %] <% Fd&@ 7242 ¥4, WiMax= IEEE 802.16
of A% FUd FAReEA, HIFL 24GhzE= 25Ghz tholl A w4 oF
30Kmol Al 70Mbps H9] A%< ZRE st Jot. WiFi7t S48 &2 o
2 g Mul2~E sk 9, WiMaxe 5247 1 g ddoez ge
=42 Aol g, &, 71=9 WiFizk 2 4 v
uj 2

FRJNEE HAAsx 7t&dl A

3.3.5 WiMax
2 80216 7l& %TY MEd FAstE fd&) nige Jooz FA4E @A
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Fig. 4-1 In & Output Information at Each Layers
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Table 4-1 The Specification of AIS System

A4 xF A2 SRR S RF band
SOTDMA ITU-R 32km-48km 26.6ms 25kHz
ENEE Wz ZTREF 57]3}
9600 bps GMSK HDLC X.25 GNSS% 7] 3}
?'t%lgﬁ[l“xiﬂ A = i :
“AIS =4 A~ = j]_ :
' )
|
I
|
i
_____________ J
mAmEIY
AIS S41HY
- FoARZHI|
1
+ FoHZHI|
—l ————————————
Fig. 4-2 Control Range of AIS Networks
Fomatted AlS Data
MMSI number ™ o Example AIS information Filow
Callsign and Name
Type of Vessel

Length, Beam and Draught

Vessel Position

Navigational Status

Course and Speed

Location of Position Fixing Antenna
Time (UTC)

Heading

Rudder Angle

Rate of Turn

Cargo Type

Destination

Estimated Time of Arrival

Vessel and Voyage Information

Fig. 4-3 AIS

N\ Log (speed)

Compass (course)
GPS (position/timing)

Keyboard Inputs

AIS
System

Graphic Display

Printer

Alarms
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Table 4-2 Comparition Table of Major Wireless Protocols

A B Wibro(WiMax) WiFi WCDMA (HSDPA)
71#l FKm A4 F¥m 4 4km
FAEE 3Mbps& 11M-150Mbps 384k - 2.4Mbps
T k4o 2.3GHz 2.4/5Ghz ISM 2GHz
= 2= U}\qo]au] _ 7 EA o §}/~1-
-2 muke) s FAUAE Y Z—LTTE\:O( )
4% ]_]'::1{)31 H - wireless VOIP A
- ~ mobi - A EAY - A BAAEY
mobile  G¥e™ | (vANDA olEl 27} Au 2~
m—
ig{)i BEEE | ITUR A9 15O % ITUR ¥%
EAlU . QJEE]- 35(7] é] E'L)’ %j%\—%— :E]L)E o] 3¢ o i
o= = 7 3T
o = 1(\I/£Elll;c)1hop relay = = I\élultiho -Ad-hoc® Az e}t EE(71A)
= (P2P
=
S B 802.1, Yol 802.1x, AES USIM-AKA
E A
(Eanzagy | CSMA/CA CSMA/CA CDMA
=Z g Z
AEN & TCP/IP &9 TCP/IP < &9 WIPT <2 &5
R PRGN PECE gl e =
deds WiMax/Wi-Fi, Wi-Fi-3GPP 4% =92 33
Interworking, | (IEEE80221% % W4
Handoff) FYRE(wifi & WCDMA) A4 22718 53 4545
Muy_s EE A4 S
PPEANAS |- Relay WA - B Amesh wa | JERE

Table 4-2014 Hxo] Fald MEYH ] sdHUA, bdF AF =7} 7t
Sk Wibro7} 3ll7ellA 7} X

sedE FFst= WY
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N
o
o

o
=
Mg A FAE AHE F 3
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4.3.1 e-Navigation®] 7|& &7 7|& i F4e £AH

A @Al A9 e-NavigationZ FA A AAE 7F st 7=, A& %
< Aulagts JiE Bue @AY s ¢ #d A" EY 84 EAFE
st A% 87 AMFES gt 2 A4S A& ke st 4
JdigeE & 4 Uvk webA A e-Navigation 74 A4 7lss B3
Aste] ol Y3 eSS Ao A LA oy B ofyg
A REEE 2 AYY F Aok 23 IMOCIA oo ik =oE o= it

dAsl7] Bod= o] Ak Y AdA e-Navigationo] W3} o} 7] &l A

= AdellA AEAAN AZHold. @A

e-Navigation®] 8¢, 1170 4 A, IALAZ} AAISE g4 A3 @4 S

et FET FAH0E AdgH1 e AA ot wetA e-Navigation®] 34

VNe8AE AT Ao "de]l He FHFL FAA2Ho] B 23 Onboard,

Ship to Shore, Shore to Shore, AtoNel| Z 83 F4l4@y 71831 e-Navigation
=

o &8d HE o= ofd HolHE °&d AJA oF, a2 HolH

o
2

wES A% T4 7%, dolHe do wEd A2EzY 4 dFSs A% &
T3} 7%, o8 §F e-Navigations &&3 SE&EZE 2 & 3

Table 4-3914 & e-Navigation 34 7|&& FAolY BRSO FTH, Zast 1
T3t 7l 2 S& Zokol Wi dAe FTA FEd uFser & &S
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Table 4-3 Categories of e-Navigation Technology and Limitations at Sea

o) &5 e o aLe] ALg
WiFi - X3 g8
On board - AIS/ILRIT 9 S o] &3 oy HES&
AIS/LRIT B 1
Shib to Shor Inmarsat Broadband,|- Broadband CommunicatioB Internet
P VSAT Access &7 A9 U9 Zo] AA
_ . |Shore to Inmarsat Broadband,|- Shore2Shore =402 2|54l
Communication gpore VSAT 7]1% Interneto] & 7H5A4 AE F&
GNSS - DeploymentA] 7] &322
DGNSS, SBAS,RAIM- Harmonized integration or operation
AtoN e-Loran - International support
SIVEEE] [T - New technology development needed
beacon
o - ENCEF A71A] 7] 8 o2 RNC 128
Navigation ) .
S ENC - Real Time Update Internet Acce3%2
ar
- Symbol: Global Standard &
Nautical Pub,Pilots, Tide, Light |- Real time update Internet AcceZ$&
AlS - Real-time update
RADAR - Enhancement of current technology such
Data Source|  |ARPA/RADAR - Automatic gain adjustment
Anti-Collision . "
- Automatic acquisition of target
INT-NAV - Automatic target data management

- Provision of collision warning

Vessel State

Sea performance,
stability, engine and
safety

- Full integration with navigation
- New IMO PS/Guidelines

- WiFi: |IEEE %+

L ITU-R, IMO, IEC , o
- Long time-scale for standardization
i - e-Navigatiorll 2 3tst 2] XML 49|
o= j}]?{]ﬂﬁuﬂ XML g0g
3R
- Which data exchanged
Presentation |>ode. Single - Which data, How
window/one shop
- Including ECDIS, IMO PS updater
Bridge E-INS/IBS system adjustment
- e-Navigatior®] &4
&
SAR - Need upgrade according to e-Navigation
Shore SRS(VTS, VIMIS — | . .
AIS/LRIT) - Single window/one shop
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Table 4-4 Difference of FDD and TDD
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Fig. 4-82 TEHIY tolWAlE] WY &, ey tol¥AE ol & Zee 33
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Fig. 4-9 Directed Beam Forming Antenna
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A7 2 Rayleigh == Rician + X & Zte o5 A2 #Hold Fo] EAstH 4
A de Ao AES oHA gk
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stef H|
TS Aes v F dd

ARQE ¥ES 7|Wtog 3t ofF A4 WHo= HFZ YHor 7]2H<
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Fig. 4-13 HARQ Concept
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v, OhFwkAbs} o] §A41 4 3 OFDM 7]

slgolu dutdel m4 BACIA, Ane dHHow EFSE HHw no

iy

ole} Z& thF wAlgle] 93 HEjF 2~ 7 o] g (Multipath Fading) |42 43
AEo HAd 93] F5 1H4do] EASt= ISI(Inter Symbol Interference) A&
A 32171 A

H 1, Fig. 4-140= A A& dFEe] A" wAtgo] ofs}o
o

ofdza WA E thF AtTel] tiste A&AHoFT YEtrvt ol HAT
tAg ol FFAdAE HF4Q Al Basdtn, CDMA WA= iAo

1 A ol =¥ Z]H ey o] A (Rake) Al 7]
Hes 5 & Utk CDMASE Zo] @ wiEy Foig Al =goA o]dete]AE
Abgstd HolB 9 &£mrt SUHskel wet ERErt v|stF Ao R FrskA L,

0% RIESRE AR OFDM Al =8 oA e HolE 9 F7te wet EZ=7F A
FHo g F7sth. AR 3AH olFFAle]l 4AHE H3tetr] A= Tl
Bl &£E7F A 100Mbps olo]lojel gh& Aofsta 7] W&ol 44t olF
TS fsiA= CDMA7ZE otd ©E WA FA 7lsol a7H=H, Fud
& BEAo 23 OFDM 712 A4 713 o).

052 GI(Guard Interval)?} CP(Cyclic Prefix)ell thsle] &olE 2. OFDM7]

=o] & HolHE A& HolHz Westa tgr) e Btevte {E A

sl 1% dolgelAe) ISl BAYS SBEeE, A% 2 wEvhA 9
A wEAbshe] ol@ IST FAZE o143 ol Utk g @ ¥ Wl ge] A8
WA BAE, wASHEC] Adse] EASRE AUNNFE AEFHA FES 3
Jatw 9EAQ sdel Ak F, WAl 0@ 5] GFL v W AR
o gREe UAF THS AEHA Fov] o]F Glold st ¥ wEshe] WAl
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MCM W4 & 4§ o554 Agate dole 24 F /b4 BAZ 99
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Fig. 4-17 Frequency Diversity and PAPR Appearance with 4 Subcarriers
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F /B8 ¥ Burst Ateloll= TDD A =Hle] 4% #Ha A5 313 Ja A%
o FES WAEY] HAg  FAAA FAe=z HA ARYA TTG
(Transmit-to-receive Time Gap)7} o™, A3 3 Bursto} T =

F& 3 Burst Aol RTG(Receive-to-transmit Time Gap)¥ AA| Algto] EA|
o 3teF @3 Burste] W o= Preamble©] $1xst™, 1 FH ol FCH(Frame
Control Header)?} DL-MAP, UL-MAP°] Hu}Zt},

o

&

714 TTGS RTIGE HI7|7Fex TDD Al2"e UAIASL EFAZ
Overheado|t}. 3t TTGY RTIGE 71AFEHE YF =2 3k folojn, Thd o) A

= ol¢k B3 SSTTGSF SSRTGE| 7Nl Sith. SSTTG= ©Eo] FaldA
Aoz HAAsE AZrel, SSRTGE ©Ee] FAldA Faloz Hx
ot}

Table 4-5 Max. Data Speed of Mobile WiMax with 10MHz

o
9
i
>
o

PR WiBro Al 2 Mobile WiMAX

Al 2d g

OF 2S5 w4 OFDMA

Duplexmg v2 TDD

= 8.75 M 10 M

Sampling factor 8/7 28/25

Sampling frequency 10 M 11.2M

FFT point 1024

Tone spacing 9.765625 Kl 10.9375 Kk

Effective 215 9% 8.447 M 9.188 M

Date -3 thH] cyclic prefix Bl & 1/8

OFDMA date # % duration 102.4 pus 914 pus

OFDMA CP ¥+ duration 12.8 us 11.4 us

OFDMA symbol duration 115.2 us 102.9 us

TDD Z g Ze] 5 ms

TTG + RTG 161.6 us

=¥ 9 g OFDMA symbol 7% 42 \ 47

DL/UL 7+

Table 4-5& Wibro2} Mobile WiMax®] A|2® #gugHE HAF1 gom,
Mobile WiMaxo| A= 1.25MHzo A 20MHz7}A| ©hekst tf & Zo) sk A 2~H
a7 Aoseo] Jdoy, oriAe diEZAHQ] 10MHz dlgZeo A"
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Wibro] 875MHz A]2¥ mtziulgloly], AA® A2 metugs 5% g oz
o] zpolo Al 7193 th od71 A TTG + RTG ¢ A8 AJz7to] 161use]®, OFDMA

o] CPH 2] Duration©] 12.8us 4= & 4 U

A
s A% AAAQJ] MHlE A S FAs7] 28 oAy 7HA 7IsF ] S
= glo] HAage] AH e
2 e-Navigation®] Z 83 F4l 7|&€& K}
AE F< Wibrod] 71&2 olv] 4l 7|& &
a1, ojn A&slEo @e 7VEA wAHE on o AH Jvi B F
ok, S A8 W FAV] A7 AAH A TEA =

AFJAE ol TEAE SRt WAS B =EolA nFsto] B

50

o

5o
@Ry F

A

FEAYGHE S fA= Wibrod] Zg Tz A= A $4 249 F
ot FA e Uo] 5SS FgAA FaARES HAggoer S agn &
7)o FAREE FA Fo2A BIAGS &4 5 i

Ao 4 s seAddd dg R4S VAT G2t FamA &
A& Tt HU P2 E4A (Max Allowable Path Loss) #b& ol {3 3F
o xel AmEdel 4 Wy Fo shuhel COST231-Walisch-Ikegami Model-S-
o] g3te] o5 EAst oA AW FEAYE & & A

=47 o] ABolY BBl A Lo, AHT
A2 By, @A gxo] o3 wkAlel SHS 13 d LOS(Line of
Sight) &0l A Mu 4 2ds =9sted F2ALESE 24 F dAHcz &

g
DG A5 AUl FA S 99 HAustel ng

7h ZE AT xR st FEA ] A
Table 4-62] Current Wibro Profiled] ¢} = TTG % RTGE A A Al

_92_



Algt 20l H, SSTTG ¥ SSRTGE A Hul 50usE 9A E==E @It
N2, Extended Cell2 W7 Al AAIS FX+= SSTTG ¥ SSRTG7} 15us7tA]
FARSE AGE & U oA @y A% &AL, Table 4-5

olr
ot

],
¥ s}e}u]Ee] A OFDMA® CP¥ ¥ Duration®] 12.8 us7hA 7} 3k

Table 4-6 TTG/RTG Analysis for Max. Cell Coverage

Item Current .Wibro For extended cell Unit
Profile

RTG 74.4 15.0 usec
TTG 87.2 146.6 usec
SSRTG 50.0 15.0 usec
SSTTG 50.0 15.0 usec
MARTD 37.2 131.6 usec
Maxgsils cell 5.6 19.7 km

Frame Structure Optimization Example; TTG/RTG length for supporting a large cell radius
MARTD = Maximum Allowable Round Trip Delay
Propagation Delay : 3.3 ys/km

AA FAAA AR e 7IE TA ZHY FxoAME HU 5.6Kmutol
Fe 7] WZe, FEAYUE 587 AMAE 9A FA ZHd Fx2E /N8
Al zke]l mzlg Rk s, Table 4-6914 RHAFE AAH A<
Wibro9] TTG/RTGS &3dd A sjdez B4 A, &= TTG + RTG = 161.6usZ
Ao Z, TIG = X/(300000)s + 15us + X/(300000)s = X/150000 + 15us,
RTG = 15pusol™, o714 X7} 7|A =3 @231 Agelmg X7t Hdrt 7]
A= TTG7F Hul7h Hojof 3t RTGE FHA7F Hojok sttt

A HESE F o AAF] Fo 2y BSERE Xe AwE "oz 2o gl
= MSe A7) &£=7F 29 309Hkmo] B E X/ (300000)s Foll 71 A =re] 4l
55 A8 "Hoh a3 dwe $2 REZ WAS A JEE $2087
Hed o] WA Bagk AzhEs ©Ee SS Switching Timeolgt 3hH A
15us7F o3kl 71 o] F ©rel HAAZF = X/(300000)s Fofl 7|Axo g 4l
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webd DL A s7F @E7tA] 7hed 29 A @2 SS Switching Time,
UL Az7t 71A=7-A] 7bed 2d A TTGE Y &4y Zofok 3t RTG
= @29l SS Switching TimeR Tk I AY Zofol gty RTG7F 15us¥ W, H A&
olmZ 1w TTGE 146.6us ©]i 1 W XE °F 19.74km7} ®©th. & 5.6Kmol Al

19.74Km7t A T2 72l 9] &3 o] 753 A T A

o
2

)

G A4S AN snEs 0% =

Down and Uplink Path Loss &4 A], Mx¥22 QPSK 1/2&8 E&3AC
H, AA Mul2 A4S 2AH 3= Uplink Al ZF Unite] #k2 Basebande®l 3l &3}
= FES FA WEo o Uﬂ, x4 753 PSSR E¥HS YRk

02Well A 1.OW7ZLA] 71931, F41 QtEl U] o] 5L 3.0dBolA FHdl 9.0dB7}A]

Hu o5& BSSh Ao Brka B, tholpzE olSe Hgow ¥R, A
o2 £de 20WHE Agsder, dede  AAge udsdm,

CINR(Carrier to Interference Noise Ration)T FHJo o2, A|2H 29 n}

e wAE e LR, HMol= AL 100dBS AHFAL. B E el

A ANHS F2eds T80, G2 Wee A9 54 249 wsAd 2En

2 w3, 240 @ W wEY) EA dEy olSTue WS, A

A Mulz 7be A =G 2 Fu s pgste Muag @& 3
P

owerES 20WolA © F7FA|#A Downlink®] FHd 3&

t}. Cost 231-Walisch-Tkegami Model®l ]t Cell Coverage 4+&

T2 71& AME3ta e §4 ARE o &3te 3 e Aulx wAEs
A = Eolth. DL ULA Huisl g BEELAS Fsta 1o wE 5297
gs A7 dEsan. d s mde LOS #FHAA COST231-Walfisch
-Ikegami Model& 2 4-1& o] &3t H F2AgE 4 42014 d&s T3
saA2 st gal
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L(r) = 42.64 + 26log(d) + 20log(f) (2 4-1)
26log(d) = Max Allowable path Loss(dB) - 42.64 - 20log(f) (A 4-2)

o714 HUE FZE4H(Max Allowable Path Loss) Table 4-89 4 YR
Max EIRP + RAS Rx ant agin + RAS Rx Diversity Gain - RAS Cable loss -
PSS Receiver Sensitivity - Log-normal Fade Margin 67}2 W45 3ste] A4k
st At =i, HofFE0AE 8 (Max EIRP, Effective Isotropic Radiation
Power)= PSS Total Power + PSS Tx Ant Gaino]i, ©7]e] 275 (PSS,
Receiver Sensitivity)= RAS thermal Loss + Allocation BW + RAS Noise
Figure + CINR Required Per Ant + System Loading Margin® 2 A4+ & <l
o8
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Table 4-7 Max. Allowable Path Loss at Downlink (QPSK 1/2)

Item Unit Value Remark
kHz 8.8
Subcarrier spacing
dB 39.4 c
W 20.0
BS Tx Power
dBm 43.0 d
W 0.0
Tx. Power per carrier
dBm 10.5 e
Tx ant gain dBi 17.0 f
Tx cable loss dB 3.0 g
Max. EIRP dBm 57.0 h=d+f-g
Max. EIRP per carrier dBm 245 I=e+f-g
Rx ant gain dBi 3.0 j
Diversity gain dB 0.0 k
Rx Thermal noise dBm/Hz -174.0 1
Noise figure dB 6.0 m
CINR required dB 2.9 n
Rx sensitivity dBm -95.1 0=1+70(BW)+m+n
Fast. fading margin dB 0.0 p
Log-normal fade margin dB 10.0 q
Max Allowable Path Loss dB 145.1 r=h+jt+k-o-p-q
o] A4t A& Ei Downlinkd A2 £&4HRET Uplinky A2 &4 A4
F20e A A qt7d o] Downlinke] Hl&] A7} AA JYeEld o2, UplinkAl @
719] PSS Total Powert} PSS Tx Ant gains A AA] Max Path LOSS & &
EdE S7MA F= Aol FEAYE FFE F e AdS & F U
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Table 4-8 Max. Allowable Path Loss at Uplink (QPSK 1/2)

Item Unit Value Remark
kbps 64.00
kbps/user at cell edge
bps/Hz 51.10|a
Sub-Carrier Spacing kHz 9.766
9 subchannel
7} A (entr
Allocated Sub-Carrier 216.00 ® (entry)
3 subchannel
7} (no entry)
MHz 211
Allocation BW
dB 63.24 b
W 0.20
PSS total Power
dBm 23.01 c
PSS Tx ant gain dBi 3.00 d
Max.EIRP (effective
dBm 26.01 f=c+d
isotropic radiation power)
RAS Rx ant gain dBi 17.00 g
RAS Rx Diversity gain dBi 3.0 g
RAS Cable loss dB 3.00 h
RAS Thermal noise dBm/Hz -174 i
RAS noise figure dB 6.00 j
CINR required per ant dB 2.90 k
System Loading Margin dB dB 6.00 1
PSS receiver sensitivity dBm -98.86 M=i+b+j+k+1
Log-normal std deviation dB 0.00
Log-normal fade margin dB 10.0 0
Max Allowable Path Loss dB 128.96 s=f+g+g’-h-m-o
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Table 4-9 Cell Radius at Downlink

Item Unit Value Remark
Freq MHz 2,300.00
Max Allowable Path Loss dB 145.10 sl
20*log(f) dB 67.23 tl
Log(d) dB 1.35 x=(s1-t1-42.64)/26
Radius Km 22.64

Table 4-9°]A4 X %o Hu & Path LossE T3 %, LOS 3HHA e
COST231-Walfisch - Ikegami Model& o] &3}o] A nt738 8
212 L(r) = 42.64 + 26 Log(d) + 20Log(f)>-2 UEE 9}3
A e ZollEel i FHY s o3 whAlel IHE S
Walfisch- Tkegami Modeldl @] A& F<1 2.3GHz9 W1bro7]‘$}°ﬂ A A=
£4do] 145.1dBY = Hol 2 ®¥AS FoHH 22.64dKm7HA] EEste AS & F
UTH AT Table 4-10004 23 Al d3 FEAHE ALbs] BH, FaF<e
2300MHz, A 3¢ ZAE £435 12896dB= &3 7%, Uplinkr] FHo 4wk
748 542Km7} ¥t

Table 4-10 Cell Radius at Uplink

Item Unit Value Remark

Freq MHz 2,300.00
Max Allowable Path Loss dB 128.96 sl
20*log(f) dB 67.23 tl
Log(d) dB 0.73 x=(s1-t1-42.64) /26
Radius Km 5.40

ol WFE FAlo] A¢olA o]FofATI= stAT |WE FeAYs} Fot
A e-Navigation &7 2 &st= Adutele FEAe] FAZ ddte 2 4
S4o] AFS WFOoT AFA @27 FHE 02WollA 1.OWRE 3ol A <]
ga7)e) 28 719, gHUE H3e OS2 OMNI FHUE ARSslol
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Table 4-11 Max. Allowable Path Loss at 1.0W Output and 9dB of Antenna
Gain (QPSK1/2)

Item Unit Value Remark
kbps 64.00
kbps/user at cell edge
bps/Hz 51.10 a
Sub-Carrier Spacing kHz 9.766
9 subchannel
713
Allocated Sub-Carrier 216.00 8 (entry)
3 subchannel
7} (no entry)
MHz 211
Allocation BW
dB 63.24 b
% 1.0 1.0W from 0.2
PSS total Powe
dBm 30.00 c
PSS Tx anat gain dBi 9.00 d(9dB from 3dB)
Ma>.<.E.IRP (effective isotropic dBm 39.00 fmctd
radiation power)
RAS Rx ant gain dBi 17.00 g
RAS Rx Diversity gain dBi 3.0 g
RAS Cable loss dB 3.00 h
RAS Thermal noise dBm/Hz -174 i
RAS noise figure dB 6.00 j
CINR required per ant dB 2.90 k
System Loading Margin dB dB 3.00 1
PSS receiver sensitivity dBm -98.86 M=i+b+j+k+]
Log-normal std deviation dB 0.00
Log-normal fade margin dB 10.0 0
Max Path Loss dB 141.96 s=f+g+g’-h-m-o

Hol AMHl2~ ¥bF el Ak AU A= &4gES COST231-Walisch-Tkegami
Modeld] Y3t 2=3}H Table 4-12¢} 2T},



Table 4-12 Cell Radius at 1.0W Output

and 9dB of Antenna Gain

Item Unit Value Remark

Freq. MHz 2,300.00

Max Allowable Path Loss dB 141.96 sl

20*log(f) dB 67.23 t1

Log(d) dB 1.234 x=(s1-t1-42.64) /26

R Km 17.13
o sl el Hol MHlaRtE Y HE

COST 231-Walfisch-Ikegami ModelE ©] &3t ©@E7]e] &8, PSS Total
PowerE 02WolA 1.0WZ &2 i, PSS Tx ant gains Omni ¢HUE A&
AS 7} HAAZAQ 3dBE 9dB7EA] & A AAFSE A%, Max Path Loss
+ 14195 dB, 28]3 FHUA B 28AH 2 17.13Km7A] £°]H 2 E e-Navination
AAGFAAN F3F T4l A2=8LE Wibrod] &83t= 3o 7eds st

ofef & Table 4-13> Z¥ S 0.A1WolA 17W7ZHA 01W HAC 2 Z¥& Eo
7EHA, 4 bEIVe o] 58S 2 3dBY FF AAA, ABEEA =9, AU

TEAYE ALt Btk =z AAY AAxAQ] golzE A|xFH g
g A TTG - SSRTG MASTD(Max Allowable round Trip Delay)”}
131.6us 1 A5, AT FLEAZ7 19.74Km7HA] 7 HAls§ Agde =z, Hu
TEARE 27 A= gEHY o] 5] 9dBl B+ S 145W7HA &89
A T2Agd 24 F Avde AS B Fu 3

Table 4-14~= g uygte] F2 379 Coverages

%s A%, Hd 10Km F2A7 &

=4
o}
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Table 4-13 Matrix of Max. Path Loss with Changes of

Output and Antenna Gain

Sfamhl d=10"{(23 .08+ 10logu+y)/ 26 1)
(dB)=FSS Tx ant gain 3dB GdB 9dB 1248
- dlkm)=tigx. Cell Radius
*(w)=PSS total power d1 de d3 d4
0,10 415 b.42 7.07 9.22
0.20 542 7.07 9.23 12.03
0,30 5.34 8.27 10.78 14.06
0.40 7.08 9.23 12.04 165.71
0,60 7.71 10,08 13.12 17.12
0,60 8.27 10,79 14.08 18.36
0,70 3,78 11.45 14.94 19.48
0,80 9.24 12,06 16.72 2051
0,90 9.67 12,61 16.45 21.46
1.00 10,07 13.14 17.13 22,36
1.10 10,45 13.63 17.77 23.18
1.20 10,80 14.09 18.38 23.97
1,30 11,14 1453 1895 2472
1,40 11,46 14 95 19 50 26 44
160 11,77 1636 2003 2612
1,60 12,07 1674 20683 2678
1,70 12,358 16,11 21,0 274

2.0

20,0

o
o

hax. Cell Radiusikm

=
o

b0

0.0

== =2 =——(3 =]

00 01 02 03 04 05 06 07 08 09 1.0 17 1.2 1.3 14 15 16 1.7 1.8
PSS total power(w)
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Table 4-14 Analysis of Coverages in Major Port
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Fig. 4-22 Cell Coverage of Coastal Area for Wibro System
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COMSAR Workshop at Gyeongju, 7th of Dec., 2007.
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$22 goi4 9

1. s &t F =7 (GICOMS)

GICOMS(General Information Center on Maritime Safety & Security, 3 5 3=
e 7173, dlF, F=2 T vt 3 BRE Ase HARE At Fa A AF St
of FHALE dgstal, Aure] X E AAFeR F3, ALALA] &G £ Fxo
g tAS AYste NEAATF I ol A T FALS=E 31709 AlS Adt

& THHALH, VMS HAA v ZYE Y, SSAS Adut
HAGAA2E, LRIT A3 AYAAF4 53 QAT A2EE 2002378 200837}

y

2. A 8kAbE 2 A 5] (AIS)

AIS(Automatic Identification System 418}2F2¥ A X])= International Maritime
Organization(IMO)¢] F=3}ol] 75l o (IMO, 2001), A Fal& HEsto 3|4
A g4, B HF, Vessel Traffic System(VTS) &85 A7t Alse sidus
#e2lE 913 Ship-to-Shore WH, vt st&Eo st JRE Fub=xo AFdes 9,
ZTE 39E 9T Vessel-to-Vessel EEE A F3Th. AIS= Global Navigation Satellite
System(GNSS) =417], vlola 2 ZZ A A, VHF-FM E#RAAIHZ FA o] it} vlo]=z
2 Z2AAME o AMZREH AmE FTob Mduke] DS} A tAE Aa1d=E WE
oM AFoE stal, BEE kg = FA18E7] et FHIdu. HAdke] A9 s
o] X3t Uk

o)

ob r_t
> 1T

3. AAA A ZUEEH(VMS)

VMS(Vessel Monitoring System, Al A¥t RUE ) Mdute] AXd T4 X
T AISOAM BALE A A5 E HAEE st FA8E S = Al&H ot
4. 2dHFE QFZFA] Al 22 Hl) (SSAS)

vk QF A A] 2~ 'l (SSAS, Ship Security Alert System)& Aubo] 5 AFgo] w3l
S W F4] BT HF At o] AMES A, AL HukE B S e Adupet
A7 HA = o]t}

o] Al&wle Elergo] dube] IAT A o] BElA AZd T A WMES
FEE 2% ool A olF3 AIZ, §A], B T AHARE J44o] AV 4
Al AEAAEES Tt ALste] Fxe Aol He AME Ho Fgst wmEA 2
P&l AT & JAxs utEAn.
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5. A vk A 2] 9] %] 52 (LRIT)

Ak A 2] 912 54 (LRIT, International Association of Maritime Aids To Navigation
and Lighthouse Authorities)2 = A &3l A& T3 v JFgdFA A= vk
of Bl Aol W 9148 olf, HEMD, f1A B AR AT FAsok G,
HIBE gL dule] 9AE FAB0.

6. Al A3l % 23 A 2~ 5] (GMDSS)

Al A 3¢ 2 A 228 (GMDSS, Global Maritime Distress and Safety System)2
22 324 9T S0S AFE A FaGRG-GAANLE S g AN AEZA
AR TA7IeH dALFA7IES A BEY 1x3td gz d-hdA] 2ot
GMDSSE AHAbaA] zdEAle]l T3 g 729 FaFd dunt opyg {4
2 AAEE Tt FAFEBA A&3] IAgEo R sto Jhed e FxgFo| o

F AEE st Ao 2 HZH o] Atk GMDSSE HjdlA AT FHIE o] &, 2

AE 2 AT,

= A 3| AL 7]+ (IMO)+= SAR(International Convention On Maritime Search and Rescue
DA gel ol A gl e #3E FA|RF)F ko] wEl GMDSSE 300E °]4e &
€ Adute] 1991978 dAHo 2 &, 19999 249 1957 v A P33

7. A28 = (ENC)

7 2} 3)) & (electronic navigational chart)= a4, T4, &4, 918E, s, 34 F
Adute] obd gafo] BeF PRE Azl A ZAsFEGS5)d gt 4w R
1gol AR UAY . Aot FFrle] FY F AR A YuE wAS
Ad A e 948 wAoE ZA A FEE AR A BAHA o] ALE
s,

8. A #}3l = A 2~ ¥l (ECDIS)

7 23 = A] 2~ 8l (Electronic Chart Display and Information System)T ®}TF 49 A3,
Ly

Az ARE Axdd FEHe=z FASta HAZ F de dA dF A

(ENC:Electronic Navigational Chart), &3] << dute] 914 g7 gz AHS 9
ATHAE A2 FJAA2E(GPS), 3l T o Adute] 92 FAAdS T8 AF AL E
e = e doly AlaY B AF W FA & AE AWNE TE BE A

=8

9. A AN WA 2 (GNSS)
14 I Al 228 (GNSS, Global Navigation Satellite System)2 UZF AU ENIE ©]
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&l Aol e HHEZ] AAE AF3] FHAN= A=H (Ao GLONASS, #§
Galileo Project, P]=GPS &)°]tt.

10. e-LORAN
e-LORAN(long range navigation)> 2> & o|&dte AIFH IYPWLk)ez F
Aleig) A9 FPLAS T

i)

11. = Al s AF7]1 7+ (IMO)
= A | AL 7] 7 (IMO, International Maritime Organization) -
1948'd IMCO= Al#Fsle] 1982l IMOZ A& W8t den, a7 ¢, g
o BA 5 FANAZF o
IMO Atahol]l 3 A}etd 9] 8] (MSC, Maritime Safety Committee)S B E3F 5712 9] 3
7F stk
A AN LI (NAV, Sub-Committee on Safety of Navigation)E HIE3I 97] <]
AEAL37t Aok o] A9 d3le B53% 2o
Bulk Liquids and Gases (BLG)
Carriage of Dangerous Goods, Solid Cargoes and Containers(DSC)
Fire Protection (FP)

rlo

Radio-communications and Search and Rescue (COMSAR)
Safety of Navigation (NAYV)

Ship Design and Equipment (DE)

Stability and Load Lines and Fishing Vessels Safety (SLF)
Standards of Training and Watchkeeping (STW)

Flag State Implementation (FSI)

12. 3| AFF 9] ¥ 3] (MSCQ)
S| AFeHA 91 ¥ 3 (MSC: Maritime Safety Committee)= IMO 4F3} 5709 9938 F 2 3}
ol ot

13. 3 79 4 3 (NAV)
g3l QF A A 9 93] (NAV, Sub-Committee on Safety of Navigation)w= IMO 2}s} 97]
o] A& d3] F9o svolth

gL Z A& 993 (COMSAR)
| 2 A2z AU 3] (COMSAR, Radio-communications and Search and
9]

AENQH 2o sttt

a
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15. = A ¢ 2 % A F 3] (IALA)

T A g2 A3 (IALA, International Association of Maritime Aids to Navigation
and Lighthouse Authorities)= 1957d° A8 ¥ =4 71« S A vldz] dA o]
oh JIALAG & B33 22 419 71esd3E a3l
e-NAV (Electronic Navigation)

ANM(Aids to Navigation Management - concentrating on management issues
experienced by members)

EEP(Engineering, Environmental and Preservation - concentrating on the preservation
of traditional aids to navigation as well as the engineering aspects of all aids to
navigation)

VTS(Vessel Traffic Services - concentrating on all issues surrounding VTS)

16. = A 3241w 2k § 2F(SOLAS)

= A 8l 4 <1 %%ﬂ%"—?(SOLAS)% wle P2, 7w Au, 2 AN wge] Ay
713 g s HF 42 W s 197490 7 AT FA
(http:/ /www .sychut.com/nav/doc/SOLAS.html#1)°] t}.

17. AP & 11 2F(ISM Code, International Safety Management Code)

= A ¢t 2] 7t ¢F(ISM Code, International Safety Management Code)2 = A| 3 A} 7]+
(IMO) &7 ¢ WA adelA 500 o]Fe] dute] 282 + U= E 1993l 17835
71 ol H.

18. MRC(Maximal Ration Combining)

T he] GHUE FA" A5 tiste] 193 equal gain combing® o o $-
A Aess 271 A3 B

o~
T

19. Al &%t F 35 3STC(Space Time Coding)

ST AE S ST GolWAE o535 A7) falA = Bl U (space)de] Z = A
28 ol e}, ARk (time) o] ZEAA7E W Hojof gtk A HIEHAOH,
w2k A Space and Time Codingel2} 3t™, AIte] ©o]F& wWA Alamouti Codedtil &
2715 3o

20. Tho] ¥ 2~ ¥] (Diversity)
TGolM g 7se Blaa dte A B/l s wEolA, AtSEAAA, F
HFFSHGoAA, e FAFEAA, M2 eyl Az e dAe54e Z2e A
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21. PNZE (Pseudo Noise Code)

TS, =S e He
22. ISI (Inter Symbol Interference)
Aol WA EE G wATY 1 wabse] AsE A2 EFA] 2]
W Zo A7 B8 st fZIAGew 4 o}
ey ‘?}/\}401 o3 HEsjadeo)d A2 45l A

rﬂ,
oz

22. H]E 9} A E(bit and symbol)
dlol€l bit7} Ao Ad F UxE 7tFE FEE symbololgt @t NEdoz W

23. MCM(Multi Carrier Modulation)
& dolBE A% Huclge wMAstd AFee e BT A4
FU tFvhata EAE SsAd 5 Qo

Ll
lly
)

24. CP(Cyclic Prefix)

Cyclic Prefixe A% FHkEalo] wkalgle] ok ICIE WAISH7] f3te] #AHAlY 4 &9
SRR BAlsle] Guard Interval:7kel] AHA3dte] F&= WA ogA BHIIAE ASZE 9
HE ZkA] @gom @A FaFg o EurEazie] Auds fAsH7] g &=

25. FFT(Fast Fourier Transform)”] %
Argele) oz A5E Fohr ddod BAsE £3E WS Feld WMol
stH, A Y A5 dlsiA= DFT(Discrete Fourier Transform), DFTS ®H&EZ A
EREE HE 2o A4 7] JtEdER ste A&FQ 78 7

o
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CC
CDMA
C0G
COLREG
COMSAR
CP

16 Quadrature Amplitude Modulation

Second Generation

Third Generation

3rd Generation Partnership Project

3rd Generation Partnership Project 2

Fourth Generation

64 Quadrature Amplitude Modulation

8 Phase Shift Keying

ACKnowledgement

Access Control Router

Access GateWay

Automatic Identification System

Adaptive Modulation and Coding

Automatic Radar Plotting Aids

Automatic Repeat reQuest

Automati Retransmission Query

Advanced Navigation System - Augmented Reality
ASN GateWay

Aid to Navigation

Broadband Global Area Network

Binary Phase Shift Keying

Base Station

Base Transceiver Station

Code Division Multiple Access

Correspondence Group

Committee on Hydrographic Requirements of Information System
Carrier—to-Interference radio

Chase Combining

Convolutional Code

Code Division Multiple Access

Course Over Ground

International Regulations for Preventing Collision at Sea
Sub-Committee on Radiocommunications and Search And Rescue

Cyclic Prefix
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CQI Channel Quality Information

DGPS Differential GPS

DL DownLink

DPCH Dedicated Physical CHannel

DSC Digital Selective Calling

DSS Decision Support System

ECDIS Electronic Chart Display and Information System
ECR Effective Code Rate

EGNOS European Geostationary Navigational Overlay System
EIRP Effective Isotropic Radiated Power

ENC Electronic Navigation Chart

EPIRB Emergency Position Indicating Radio Beacon

ETRI Electronics and Telecommunications Research Institute
EVDO EVolution Data Only

EVDO EVolution Data Optimized

FDD Frequency Division Duplex

FDMA Frequency Division Multiple Access

FEC Forward Error Correction

FER Frame Error Ratio

FER Frame Erasure Rate

FET Fast Fourier Transform

GB GigaByte

GBR Guaranteed Bit Rate

GI Guard Interval

GICOMS General Information Center on Maritime Safety & Security
GLA the General Lighthouse Authorities

GLOSNASS  GLObal NAvigation Satellite System - the Russian Ministry of Defense

version of GPS

GMDSS Global Maritime Distress and Safety System

GNSS Global Navigation Satellite System

GPS Global Positioning System

HARQ Hybrid Automatic Repeat reQuest

HC Handover Control

HEAP Human Element Analysing Process

HMI Human Machine Interface

HSDPA High-Speed Downlink Packet Access

TALA International Association of Lighthouse Authorities
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IBS Integrated Bridge System

ICS International Chamber of Shipping

[EC International Electro technical Commission

IFFT Inverse Fast Fourier Transform

[FSMA International Federation of Ship Masters Association
[HO International Hydrographic Organization

IMO International Maritime Organization

INMARSAT International Maritime Satellite Organization

INS Integrated Navigation System

IP Internet Protocol

ISI Inter-Symbol Interference

ISM International Safety Management

IS0 International Organization for Standardization
ITS Intelligent Transport System

ITU International Telecommunication Union

ITU International Telegraphic Union

ITU-R ITU Radiocommunication sector

IWS Intelligent Waterways System

LAN Local Area Natwork

(e) LORAN (enhanced) LOng RAnge Navigation

LOS Line-0f-Sight

LRIT Long-Range Identification and Tracking

LTE Long-Term Evolution

MAC Medium Access Control

MAC-d dedicated MAC

MarNIS Maritime Navigation and Information Services
MAS Maritime Assistance Services

MB MegaByte

MCM Multi Carrier Modulation

MEH Marine Electronic Highway

MIMO Multiple Input Multiple Output

MOS Maritime Operations Services

MRC Maximal Ratio Combining

MS Mobile Station

MSAS Multi-functional Satellite Augmentation System
MSC Maritime Safety Committee

MSI Maritime Safety Information
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MSS
MT
MUX
NAV
NBDP
NLOS
OFDM
OFDMA
OOW
OVSF
PAPR
PAR
PNT
PS

QAM
QoS
QPSK
RAIM
RAS
RF
RLC
RNAV
RNC
RTG
SAR
SBAS
SCH
SF
SINR
SIR
SM
SNR
S0G
SOLAS
SPI
SRS

Mobile Subscriber Station

Mobile Terminal

Multiplexing

Sub-Committee on Safety of Navigation
Narrow Band Direct Printing Telegraphy
Non Line-0f-Sight

Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
Officer Of the Watch

Orthogonal Variable Spreading Factor
Peak-to-Average Power Ratio
Peak-to-Average Ratio

Positioning, Navigation and Timing
Performance Standard

Quadrature

Quadrature Amplitude Modulation
Quality of Service

Quadrature Phase Shift Keying

Receiver Autonomous Integrity Monitoring
Radio Access Station

Radio Frequency

Radio Link Control

Area Navigation

Raster Navigation Chart
Receive/transmit Transition Gap

Search And Rescue

Satellite-Based Augmentation System
Sync CHannel

Spreading Factor
Signal-to-Interference-plus—Noise Ratio
Signal to Interference Ratio

Spatial Multiplexing

Signal to Noise Ratio

Speed Over Ground

Safety Of Life At Sea

Scheduling Priority Indicator

Ship Reporting System
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SS Subscriber Station

SSAS Ship Security Alert System
STC Space Time Coding
STCW International Convention on Standards of Training, Certification and

Watchkeeping for Seafarers

STW Sub—committee on Standards of Training and Watchkeeping
TCP Transmission Control Protocol

TDD Time Division Duplex

TDM Time Division Multiplexing

TDMA Time Division Multiple Access

TE Terminal Equipment

TRS Trunked Radio System

TTG Transmit/receive Transition gap

TWG Technical Working Group

UE User Equipment

UL UpLink

VDR Voyage Data Recorder

VoIP Voice over IP

VMS Vessel Monitoring System

VSAT Very Small Aperture Terminal

VIM (IS) Vessel Traffic Management (Information System)
VTS Vessel Traffic Service

WAN Wide Area Network

WASS Wide Area Augmentation System

WCDMA Wideband CDMA

WEND The Worldwide Electronic Navigational Chart Database Committee
WiBro Wireless Broadband

WiMAX Worldwide Interoperability for microwave access
WIN Waterway Information Network

WLAN Wireless Local Area Network

Ww World Wide Web

XML eXtended Markup Language
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