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A Study on Development of the Evaluation Model
for Marine Traffic Safety System

Providing the Transit Line

Lee, Young Tae

Department of Coast Guard Studies

Graduate School of Korea Maritime & Ocean University

Abstract

This paper is to develop a prior and post assessment model for
marine traffic safety systems that provide Transit Lines. A scientific
approach for assessments had been executed through the process of

establishment, verification, and application of the model developed.

It was also described the purpose, technical performance and light
of marine traffic safety system providing the transit line, and
analyzed international design standards and installation requirements

for 1t.

And, the wvarious parameters were derived for establishing and
verifying the evaluation model by analyzing the design elements and

the installation conditions of the system providing the transit line
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on the channel in Busan harbour after the construction of Busan Port

Great Bridge.

The assessment items, such as Bearing Differential Distance,
Elevation Angle and Off-Axis Distance, were derived to conduct the
evaluation of the system. The effectiveness of the model were verified
with simulation techniques for the system installed in Busan Port. In
addition, the proven evaluation model was applied to a new small
system which was proposed for giving coverage in the blind sector by a

skyscraper to be built on a transit line.

The results and scientific proposals in this paper would be useful

to setup the maritime safety infrastructure using transit line.

KEY WORDS: Transit Line s A]41; TRAM(TRansit-line Assessment Model) A =41
% 7154; Bearing Difference Distance Y<9lzleoll &gk Ae; Elevation Angle 2%

7}, Off-Axis Distance Z©o|¥g7 g
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Table 1 Current State of AtoN (National)

Div. Total
Total 3,037
Manned LH 37
Unmanned LH 967
LH in breakwater 113
Lighted beacon 875
Leading Light 18
\//\isgﬁ]l Sector Light 1
[Nluminating light 11
Buoy 694
AtoN on Bridge 7
Offshore Structure etc. 1
Subtotal 2724
Unlighted Beacon 27
Day Unlighted Buoy 34
Marks Daymark on Bridge 2
Subtotal 63
Airsiren 6
g?gunna(} Electric horn 43
Subtotal 49
DGPS 11
Radio Racon 105
navigation LORAN-C 1
Subtotal 117
Tidal signal mark 2
Marine Weather AtoN 27
SpecialAtoN
AtoNAIS 264
Subtotal 293
— 192 —
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Table 2 Annual Increasing in AtoN

Year Total National Private
2001 2,130 1,298 832

2002 2,281 1364 917

2003 2,541 1,439 1,102
2004 2,710 1,515 1,195
2005 3,050 1,711 1,339
2006 3,493 2,062 1,431
2007 3,630 2,191 1,439
2008 3,784 2,353 1,431
2009 3,932 2,530 1,402
2010 4,241 2,723 1,518
2011 4,160 2,631 1,529
2012 4,418 2,715 1,703
2013 4,633 2,790 1,843
2014 4,722 2,801 1,921
2015 5,242 3,256 1,986
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Table 3 Current State of Lighthouses

No. Name Location Elevation(m) Char.

1 Palmido LH 37-21.50N 126-30.66E 85 FIW10s
2 Budo LH 37-08.99N 126-20.85E 42 FIW15s
3 Sunmido LH 37-17.24N 126-04.64E 176 FIW12s
4 Sochungdo LH 37-45.60N 124-43.80E 100 Fl1(4)W40s
5 Gyeogyeolbiyeoldo LH 36-37.56N 125-33.54E 112 FIW10s
6 Ongdo LH 36-38.84N 126-00.51E 103 FIW15s
7 Maldo LH 35-51.49N 126-18.91E 60 FIW10s
8 Eochungdo LH 36-07.5IN 125-58.07E 61 FIW12s
9 Mokpogu LH 34-45.74N 126-17.85E 37 FIW5s

10 Hongdo LH 34-42.67N 125-12.25E 89 FI(3)W20s
11 Gageodo LH 34-05.69N 125-05.95E 84 FIW15s
12 Gasado LH 34-27.61N 126-02.56E 76 FIW15s
13 Dangsado LH 34-05.88N 126-36.15E 109 FIW20s
14 Hajodo LH 34-18.70N 126-05.27E 48 FIW10s
15 Odongdo LH 34-44.65N 127-46.06E 61 FIW10s
16 Sorido LH 34-24.80N 127-48.00E 82 FIW12s
17 Geomundo LH 34-00.42N 127-19.32E 92 FIW15s
18 Seoemal LH 34-47.26N 128-44.30E 121 FIW20s
19 Somaemuldo LH 34-37.18N 128-32.88E 91 FIW13s
20 Gadeokdo LH 34-59.37N 128-49.75E 105 FIW12s
21 Yeongdo LH 35-03.14N 129-05.53E 87 FI(3)W18s
22 Orukdo LH 35-05.48N 129-07.62E 53 FLW10s
23 Sanji LH 33-31.30N 126-32.79E 72 FIW15s
24 Udo LH 33-29.60N 126-57.99E 140 FIW20s
25 Marado LH 33-07.00N 126-16.18E 51 FIW10s
26 Chujado LH 33-57.58N 126-18.18E 146 FIW20s
27 Ulgi LH 35-29.57N 129-26.58E 53 FIW10s
28 Ganjeolgot LH 35-21.54N 129-21.64E 35 FIW15s
29 Dodong LH 37-29.22N 130-55.17E 116 FIW14s
30 Uleungdo LH 37-31.08N 130-47.85E 182 FIW25s
31 Dokdo LH 37-14.36N 131-52.19E 104 FIW10s
32 Jukbyeon LH 37-03.49N 129-25.77E 49 FIW20s
33 Homigot LH 36-04.66N 129-34.14E 31 FIW12s
34 Songdaemal LH 35-48.44N 129-30.69E 34 FIW20s
35 Daejin LH 38-30.23N 128-25.74E 61 FIW12s
36 Sokcho LH 38-12.82N 128-36.02E 66 F1(4)W45s
37 Jumunjin LH 37-53.86N 128-50.04E 40 FIW15s
38 Mukho LH 37-33.27N 129-07.11E 91 FIW10s
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Fig. 7 Unmanned Lighthouse in Busan New

Port Breakwater
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Fig. 8 Automatic Weather

System and Beacon
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Table 4 Current State of Leading Lines

Elevation

Visibility

Name Location | Char. (m) (NMD Remark
Busan Port Leading | 35-07.67N _
Light(Front) | 120-0155E | [ G | 366 2
Busan Port Leading | 35-07.98N ~
Light(Rear) 12901028 | £ O | 461 25
Gamcheon Port
Leading 13258‘_05397521\]; FG | 106 23 Leading line : 314.3
Light(Front) '
Gamcheon Port 35-03.99N . o
Leading Light(Rear) | 128-59.26 | & C | 163 23 Leading line : 314.3
Busan New
Port(Inner) Leading 35-0497N | g 104 24 Leading line : 61.1
: 128-49.68E
Light(Front)
Busan New
Port(inner) Leading | 22 02-A2N | g g 111746 24 Leading line : 61.1
: 128-50.02E
Light(Rear)
Busan New Port
Leading 13255;_0;66(?71\]2 F e 39 Leading line : 338.6
Light(Front) :

Busan New Port 35-05.77N . o
Leading Light(Rear) | 128-45.56E | © C | 1% 39 Leading line : 338.6
Busan New Port 35_04 46N For Distance and
Songdo Leading 198- 46 10E FG 41 23 Bearing Measurement

Light(Front) ' (360m From North End)
Busan New Port 35_04.46N For Distance and
Songdo Leading 198- 46 05E FG 58 23 Bearing Measurement
Light(Rear) ' (360m From North End)
Yeonpyeongdo Port ~
Leading S o | F G 10 7 Leading line : 333
Light(Front) '
Yeonpyeongdo Port | 37-39.50N . L
Leading Light(Rear) | 125-42.77E | © © 25 7 Leading line : 333
Jeojin Leading 38-33.16N . L
Light(Front) 128-2450E | T W | 62 24 Leading line : 270
Jeojin Leading 38-33.16N . L
Light(Rear) 198-24 50F, F W 115 24 Leading line : 270
Jeodo Leading 38-24.16N FG 29 5 Showing Jeodo Fishery
Light(Front) 128-23.52E Boundary
Jeodo Leading 38-24.16N FG 48 5 Showing Jeodo Fishery
Light(Rear) 128-23.11E Boundary
Pohang New Port _
Leading 13269_0215255% FG 35 14 Leading line : 241.5
Light(Front) '
Pohang New Port 36-00.90N . o
Leading Light(Rear) | 129-24.66E | © © E 14 Leading line : 241.5
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Fig. 9 Leading Lights of Busan Port(North) and Busan New Port
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(6) 2173l &% %] (Marking New Dangers)

A=t FEAA A ofF ZAHZA Z2 ‘AELE AFE o "iste o] AR
7F T8 A2 "7tA T4 FEAE AEs 2ME st FAG F U=
Aol &3] Fo& 7|k 3o A EFA e B2FHS DE ek

o

RacongS A X % 9t}

2) FFEA

=
= AT Tl LHEH EAHERE gy B I, =

REE Fig 107 2ol W Fo| FYL £& BHOD goli} 2 AHE
Ao AAste sl we FREolth Aute] ¢z, & =
o EAE 9 7*‘4 F2E TAGY] 8] AsAT REE ME AR &
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AHE, 2018).

Fig. 14 Unlighted Beacon, Unlighted Buoy, Unlighted Fixed Marking of Bridge
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2.1.2 AuE A

go} emde] L ATAHL o 87 WHUA2HOR AU ol
AhE o] §3 YA 28 AskgPRadio Navigation System)eleh gt st
PR A% PAT AMe gEEA R4 A9udgn anEHd, 3%

7], 2013). Aa:EA|2e] =F+= GNSS, DGNSS, SBAS, Ao A A u}stH A ~H
(eLoran), #@lojtv]=, AIS AtoN o] 9t}

D 9183 A 2= (GNSS)

_—

<Fig. 15>° uYeEhd A3 o] A I(GNSS)>  GPS, GLONASS,

HA| 2=E
Galileo, Beidou 53 #Zo] 94X ZH AL = o AXH A|Ado|t},

ut

7h GPS (W] =)

Block A - 47](o4 &), Block TR - 127](%), 241t T17kg 21520 L2C A%
7} F74d Block II-M - 771(& %), 3AIT WIXHE A15<l LS A&7 714 17]
(38, Block IIF - 127](£%) % 36717 £49= 1 9t 20169 < 7b8 =
U FF Y AFS 4d1lcmolReH, Mg FUE g9 4% 350 cm 1

ﬂ_’ﬂ_, 7 e o] A 52 67.3cme] AT

AAY S19e 4709 W ABLL CA, LIC, L2C, L5), 4719 #§& A%
(L1L2 POY), LIL2MD, 370e] 39 5ol o5 AAAA7F g€ Block I
9)430] AR o] o] THNOAA, 2017).
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Block IlA Satellite — Designed & Built  Block IIR/MIR-M Satellite — Designed &  Block lIF Satellite — Designed & Built
by Rockwell International Built by Lockheed Martin by Boeing

Fig. 15 GPS Satellite

P Galileo (%)

% 18719 A = 157] #1484 B +F Folth <Fig. 16004 HAA= A
I o] Ha 24709 GPSAe] Ao 2 59 AXodA 9 7IsshA H
A, ¥YLZ ol ThEsHA B WY §YH9 FEe Edte 27| *IAHIEE
201613 12¢ 15¥¢9] AAS A SAR(Search and Rescue) AH]AE A3}
At THAA AIEE 2.84m95%)elal TAA A== 4.74m(95%)°|Hh
(European GNSS Service Centre, 2017).

Mo

FOC2
Full Services

Exploitation Phase _':,# =

2017-2019

FOC1
Initial Services

i N 2011-2013
g 2005 & 2008

Fig. 16 In-Orbit Validation and SAR Service of Galileo
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t}) Galileo (2] A]°})

3AITH £/ <l GLONASS-M $14-& @A) H8A o= & =1 e 2016
W 29 4AH 91441 GLONASS-K 9149 HlggA| o] k5=t 20169 2¢
7 6€ 2719 S AR oH, e TR A 777 Aol FHlE
ATk AT AAEAM = 2018E7HA] 914 LA AlFo] la AR %S
AdY AEAE RS fstd A EAF A7ER] Aol A BREsr] % A=
- 7leol 8793 e AAt 4 25717 *9F Foldh <Fig. 17
el AFg Zo]l FF 2020W@7HA 30719 94 *¥9E EEZ st Yot
(Information and Analysis Center for PNT, Russia, 2017).

Fig. 17 The Plan of GLONASS Satellite

2}) Beidou (=)

A 2371¢] MEOE +%9 <o]ltiInformation and Analysis Center for PNT,
Russia, 2017). 10m %] Bg= H5& 2SR H AMEL As7x 2 2
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Al

< St Aok AR FRAATE A "AE den 2719 1GSO

5]
94 742 PDOPO] 307614 2842 FAHRoM, B 7404 57 7749
A 8.3/M=E F71HE Ao (GPSWORLD, 2017)

2) B A A 2" (DGNSS)

GNSSF=41717F whe eatdle 914el AAl 8%, 9149 A= 2%,
3 A duke] Ad Fo] Utk o9k 22 exke] 22l GNSSFALY]
ME A5 & Uk gEkA ol 9AE AZste RAY WU Uk o]
Toll AAZ F9E ste GNSSFAl7] o)9fdl = 1o GNSSFA71E AR d
=3

o] & GNSSF417] FollA A% 1de AA7F AstA 4zl 1489 4
of x5l A ZHE RUA 2 A2 RE A A5 A4kt AR
o &a1 A= AR} Blagkt}, o] 27} GNSSAl & o] @ xlo]m GNSSe| Qx+=
N gEo] AAZZ el gloug W AZI oxE dd A
T itk ol = 2 o] GNSSFAZI = & FAldl &2stal lojof H

o] AE AF3dte FAVIE ZIETolg FEH VETe
sto o] F3t= GPS FAl7]o] o] AST A AHE Hult o|Fst
GPS 27l 7157 49 225 w1 oo AZsty, AAZ 218
B FoRHE 1 LAES =
DGNSS&} H-231 JATHAE FAHBAA & A, 2016)

A7k A A 28-S EF o4+ A Ground-based Regional Augmentation
System (GRAS)e|g}star, tistRl=r3} w]= 52 = 7}o| A+ Differential GPSZ
dHA AH=TH N FSAA R, 2018).

Tyl A= 19999 Er|= el AX3 o= dA 17714 DGPSE
+dzolH AMEA = <Fig. 18>3 2.
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Fig. 18 Current State of DGPS in Korea (National Maritime PNT Office, 2017)

24 71HkA| 2~'1-S Satellite-Based Augmentation System(SBAS)2}ar s} <Fig.
19> vebd A Zo] mlxoA Fste= Al 2=¥l> Wide Area Augmentation
System(WAAS), fHolA $93t= Al=®¥l& European Geostationary
Navigation Overlay Service (EGNOS)olgti 3&}H, dEA LHsl=
Multi-Functional Satellite Augmentation System (MSAS), -1z} S KASS
2}a 3tk o9 = Slxe] QZSS, 32 BDSBAS7} AtH2017d 7]13).

[e)
A&
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GPS Beidou Galileo GLONASS BDSBAS SDCM

(Now 36) (Now 23) (Now 18) (Now 25) (Now -) (Now 3)
WASS EGNOS GAGAN KASS QZSS MSAS
(Now 3) (Now -) (Now 2) (Now -) (Now 4) (Now 1)

Fig. 19 Current State of GNSS and SBAS

7H WASS (9] =)

Al 371¢) GEO $14& +F Folth <Fig. 2003 22 G-l #4171 dA
<<% GPS Fa8vt ofyegt XAt Fa4E5 25 Ay 7Hest=Es 1L
st=]o] Stk AT GUS 2t} SBAS A|2HA] &8 7153l AA 5
o Galileo AlZAEE AT HAo dulolE B SWE A Folvh. =T
1279 &9 A% Jdz2t 1539 Jle 153E 3 F(Phase IV
Segment Dot} WASSe Aoz FHAXASTE=E 0.575m ~ 1.322mo|H <=
AAAA == 0.744m ~ 1.662mo] tHWASS Program Status and Modernization,

2017).

¢

)

b ofy

i}

=
. T
A

O
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Fig. 20 WASS G-Il Receiver

}) EGNOS (%)

EGNOS 9142 2018 Zof Al o)l 2022 @ EGNOS Al ~Hl FHRZF
o] Algx=lo] Stk GSA DEMC F417] 2 EEQ-2 AZrzolr 2018 11
FRto]l A= o] ¢)tkEuropean GNSS Service Centre, 2017).

H GAGAN 1=

201313 12¥€9FE AuAE AFEFoen A 2719 A 9 Folt
GAGANS] %o #HATEE HF 0.7moly FAAHF=E= 3Holw uh ik
& AHl2 WAA|

[e)
GAGANS- o] &3t =FAANE), A, A3 o] sk 27)
E 2o} wrEZo|tH(Airports Authority of India, 2017).

=

2}) MSAS (g+)

2007958 1719 flde =9 Foltt FE 8 Avlzs FF7F HgAHR
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THFR) HAAT Hels FaFo= FH U (Horizontal Guidance) AJHI =&
Agsta Aok 2023EHE Al S FUHete 2719 S 9T AF o]
o 279 S eZ PV 9 2 FZAd(vertical Guidance)A Bl2~& 7| A8t
AT RE AYE AWolA &9 A% 18T 2ZELo] /MEe AY Fol

th(Japan Civil Aviation Bureau, 2017).

mh) SDCM (2141oh

a4 3719 A4S =9 Folth A @ 2F= 1m(95%) olWjolal 24l
2= 1.6m(95%) olWeolth. &% 0.5m 54 AXASE F4, HolE ol 4l
T A AT 6% o|HE EFS & 3 JtHUnited Nations Office for
Outer Space Affairs, 2017).

v} BDSBAS (Z=)

3719 9148 +FH T= Wl 307S Zle= 2 T FH 20009 VETo=E
435 Ex % stal tiinternational Cooperation Center China
Satellite Navigation Office, 2017)

ofr
rr
N
flo

AH KASS (3F=)

<Fig. 21> yeld A3 2ol ylets= KASS Av|2 A3 AHKSP: KASS
Service ProvidenE 2019 7kA] Ay3star 20203 FE =9 AFo|th. F7HA
Bl 225 2020 7€ Aol SoL AHl 2 2022 10¥€=Z AEEo dtkKorea

Aerospace Research Institute, 2017).
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@ [Jan. z017] SDR @ [Nov. z01g] SAT
@[Apr. 2017] PDR @ [Oct. 2019] FAT
®[lan. 2018] 15 CDR

NOW
® [June. 2018] 2™ CDR
2017 2018 2019 2020 2021 2022 2023
= ® ® L ® ® & >
K f:ﬁ SS KASS Development Support 5ol Service
I\
* *

Open Service SoL Service

Loy [ impiamentation —————operstion ||

Fig. 21 Road Map of KASS Program

3) HF A u}+aH Al 2=l (eLoran)

A A d3gH Al 2~"l(eLoran : Enhanced LOng RAnge Navigation)2 <8
3k =7} ol Bvt ojygh WIZFE ok )&%+ PNT(Position. Navigation and
Timing) A vl AR} Zalargho] FH ksl GNSS HKH | oj&gto =z wWAE
T e AP WA fg A7 PNT ZEAH 2 Al xsglo8 4R g)
t}. Spoofinge <Fig. 23>0 A Hol= A o] o= o7 GNSS 2lsE5 %2t
st 7|EH e AHRE ATk e K3k ol9o= GNSS A5+ <Fig.
245N A Rol= A o] o= o Z JAMMERE F3l] GNSS A& 4
kAU HgEs Tl sl Hloj=8 o2 GNSS A& =4lo] wafd

p A

T= Ao

o gvtels 2020W@ 714 <Fig. 22>3} o] %3, B3 735 =
st BAr|E=(dloran) S 2MAE F53t BA7]E= ¥4 30km olujo) 3
A= 20m ©)W(95%) 2 AlZHE7] 50ns oUW E &
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alaran
TestBed(100kW)

Fig. 22 Technical Development Plan of eLoran in Korea

GNSS during of the Spoofing

Satellite1 ,gllilte 2 Sate{:i
X’f\ 3 - 1

Fig. 23 GNSS during of the Spoofing (Polish Air Force Academy)
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Fig. 24 Intended or unintended interference into GNSS

4 #Holn v &

doltt HlFZ[Racon)2 Aulo] 3skHEA g AL SHNZE 7l AU, oIt
ANAZE S5 u YT dx 5 I A =S JIsAY, AAHE F=2
doltt 3pHo EASEY dtal Atz okAE A &FE ¢ IEE ZolFE A

g ol g3kt ki FANE TR

ol

)

Racon®] 7]5-& <Fig. 2509 yvehd A zHo] Mube] AAH #Holvrt 2
S A TAEE A (Pulsed)7t Racono] =& oA AFFHoE
SH AIGE At FEsta e delde stwe]  $4d7] 2(Bright-line
Spectrum)® 53] Azl = 2 FAH A AdE Be &

2= At B4, AAE AT F UAEF FFFAE EEY F UAEF

[ru
P>
2
lOll

AT W 7IHe o83 YAl Bed AE AEAH, §A, °lF,

=]
e 55 vkEakReturn pulse)ol] Ao A Z3t= eRacono] A o gtk
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D A&

S EA = <Fig. 28> o] A7|AZAA| o] o3 AFy #Exo=z UIU|E &
] &8E e sFZAZ EUgadA F 4371E AA &9 FoluGlds
AREL2018).

fl

2) oojatol

Fig. 26 Air Siren, Electric Horn and Generator
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1HE

Fig. 27 Current State of Tide & Fig. 28 Tide & Currents System

Currents System in Incheon Operation Center in Incheon

2EYE

LREREH

Fig. 29 Tide & Currents System Diagram in  Fig. 30 Electronic Display in

Inchoen Incheon
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Fig. 32 Electronic Display in Jindo

Fig. 31 Current State of Tide &

Currents System in Jindo
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Fig. 33 Tide & Currents System Diagram in Jindo
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TEIE oA F7 e TSt AN AYTNEREE ATTOEZN &
o

ANz AYZIAEE  SIUZIA SARE  oIY7|AE AjulA

71% hPa

£

Fig. 34 Real Time Service of Marine Weather Signal

3 AEHX BN ZEX(AIS)

Txol F&EHL A olH T AISE FEHA ] HHA AL F=FEAE AS

gha WHsta ok
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G = Aukg Class-A, Class-B7F lom o]& gz Fx|go] F71E¢S]
k. <Fig. 35>} 2ol AlS 7]%9] AL Aol o3 ARIGFTIN2 =
Z EZ(Self Organizing Time Division Multiple Access, SOTDMA)°|t}, o] T2 &
2 AlIS7F A&Aolal ALH0RE LPE F UEF ot I ok T &
Zoll= x|, dAEY, A48, OXIE, A=, A9, iR 59 FH
E gAsta

FEFEAE AlSe FElvetddA F 264718 AA &9 FolTE) FTAHE,
2018).

1 minute frame

o 2250 slots / channel "

AlS 2

1 slot = 26.67 ms and 256 bits
Transmission rate = 9600 bos

Fig. 35 A one minute SOTDMA time frame of AIS

messages from the two AIS channels
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2.2 Transit Line siA L ECLAA| 28] d3} EA

o 2ANE H7ke H2E =5E A 29T 95 AFN=A v, =
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Fig. 36 Leading Lights of Busan Port(North)
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2) Transit Line 3jAZEAA 2H 9 £33

7hH FUEA FF
USCGoll A= Transit Line s nEA 289 12719 FUHEXAE XA A
&35t Aok F=HEA7E gl Transit Line sidnlFAI 289l - 244 3Hs<t
S35 wdor "HAda Ast QJATHUS. AIDS TO NAVIGATION SYSTEM,
T2 KRW 29 FUaEAE o]&star At <Fig. 37

KWB

KGR KRG KWG

2018). 2yl M=

Ry

KBG

KBR

KBW KWR
Fig. 37 The Twelve Standard Dayboards Used on USCG
Ranges
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Fig. 38 L Angle Steel Tower
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(2) Steel Pole 39 #+%

Steel Pole T+xE<Fig. 39>} #Zon F4kalals)
A FAERTY &oldL BHEFo|Y 7|2 Fo] FH

EEXYHA SR AFAo] dEsith A 722 dHe

Fig. 39 Steel Pole
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3 FZ ZagE Fx
AT ZIYE F% <Fig. 30= A9x 14 AR =59 AgHgon A

FERT FAIS FAIZEe] BofAE Bael Qo WTEE

3 FHol td Ao S5t

Fig. 40 Reinforced Concrete Construction
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Table 5 Current State of East Sea Zone

Location of Location of
. Front Leading Rear Leading Year of
Div. Name Light Light Installation
(WGS-84) (WGS-84)
Gamcheon Port 35-03.70N 35-03.99N 20111
Leading Light 128-59.62E 128-59.26 o
Busan New
' 35-04.97N 35-05.12N
Port(Inner) Leaing 198-49 68E 198-50.09F, 2007.7.
Light
Busan Busan New Port 35-04.46N 35-04.46N 9010.3
Songdo leading Light 128-46.10E 128-46.05E -
Busan New Port 35-04.66N 35-05.77N 2006.6
Leading Light 128-46.07E 128-45.56E e
Busan Port Leading 35-07.67N 35-07.98N 92014.6
Light 129-01.55E 129-01.02E '
Pohang New Port 36-01.26N 36-00.90N
Pohang Leading Light 129-25 43E 129-2466E | 19989
. . . 38-33.16N 38-33.16N
Jeojin Leading Light 198-24 50F. 198-2450F 1991.8.
Ponghae 38-24.16N 38-24.16N
Jeodo Leading Light 198-93 59F 198-93 11E 2012.9.
Yeonpyeongdo Port 37-39.48N 37-39.55N
Incheon Leading Light 125-42.82E 1254277 | 20135
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A= <Fig. 41> 2 <Fig. 42>9 o] A3 A== Ay dH
=357 9

=3 =
oy M, $4¥ B ZAY YT WFEE QWA TR
1

AT ES5LS <(Table 6> o] AES(EE : 10lm, 51 : 106m, 5
A FE 699,308 cd, 5 ¢ FG, WEAHFEAZ : 23M), FEF(TH : 39m,
= 08cd, 54 : FG, W&Ed3<ZA : 23M)

of
Kl
>
o
=
of
o
A
Z
of
l-ﬂ
o
o
L
w

Table 6 General Status of Gamcheon Port Leading Lights

. Elevation of| Elevation | Intensity |Visibility

Name Location Tower m) (d) (NM) Char. |Lantern
Gamcheon
Port Leading| o (O 101 106 | 699,308 | 23 | FG | LED
Light (Front) '
Gamcheon
Port Leading ?igﬁ)g%g 39 163 | 699308 | 23 | FG | LED
Light (Rear) ’
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Fig. 42 Location of Gamcheon

Fig. 41 View of Gamcheon Harbour

Leading Lights Harbour Leading Lights
g ETo AHlaT9L <Fig. ¥ o] Y FEsFFAA T
A et A Aol = Qddkets AtolAl Fro dE FALS
HEANEE AO2A, AA e <Table 7ol Vb A3 ko] whulbA ol A
1,590m A, M=oz FE= 3420m A5 AW =7 dojoln F=o|w

P2 £ 278molth A =5 FEFY AE= 766me]th

ook

Table 7 Design Data of Gamcheon Leading Lights

Div. Design Value
Channel Length 1,590m
Channel Width 278m
Mean Sea Level DL.(+) 64.9cm
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 766m
Distance FL to near end 3,420m
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ARG ESo AA k3 FH 37 =4S AdHE3tn ALA =5 AAIZZ 19
S o] g3t AlEH AL A3 A <Fig. 43> o] HiAgle] &5 S
o hyA

7= &, Holg A n](Cross Track Factor)7} ¢kal 8m & uwj 26%, <F
3 16m d W 27%, <t 23m € w] 27%= IALA AFH 7|Fe “ZE5(Good,
20%~30%)” o siFstal AET okFFE 745cd, 5 OB R 1,177cdE &
4 T FEE olET ¢ H-2 699,308cde] B2 TAHIYEFT

47 ol meisle] A3 HH €9 F9 Ao BUAL

Final Leading Line Configuration

O
"t Optional Daytime Light
Leading Line Name: ZH&HS =& N
Channel Length (C): 1,580 Meters
Channel Width (W): 278 Meters 41m
Distance Near End/Front Twr (M) 3,420 Meters 1
Distance between Towers (R} 766 Meters ~ 1
Range Front Light Intensity (Day): 73,352 Candela
Range Front Light Intensity (MNight): 745 Candela 163 m
Front Dayboard Height: 34 Meters
Range Front Light Height (Night): 106.0 Meters
Range Front Light Height (Day): 107 Meters
Range Rear Light Intensity (Day): 115,951 Candela
Range Rear Light Intensity (Night): 1477 Candela
Rear Dayboard Height: 4.1 Meters
Range Rear Light Height (Night): 163.0 Meters Rear Tower
Range Rear Light Height (Day): 162 Meters s Optional Daytime Light
— (®) o
Channel Segment ———————— =
} 1= .-~ Front Rear
________________________________________________ G Tower Tower I4m
5 W=278 m e ®
___________________T ___________________________________ i ‘ ‘ 106 m ¥
C=1590 m M=3420 m ‘ R=766 m ‘ 15m
Final Channel Layout MHWY

Front Tower

Fig. 43 Result of Simulation (Gamcheon Harbour Leading Lights)
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Table 8 General Status of Busan New Port(Inner)

Elevation [Elevation| Intensity | Visibility

Name Location of Tower| (m) d (NM) Char. |Lantern

Busan New Port(Inner)| 35-04.97N LED
Leading Light(Front) | 128-49.68E | 101 | 104 705,649 39 FG | oxq

Busan New Port(Inner)| 35-05.12N LED
Leading Light(Rear) | 128-50.028 | 101 | 146 704649139 | FG | oyq

Fig. 45 View of Busan New  Fig. 46 Location of Busan New Port(Inner)
Port(Inner) Front Lights Leading Lights
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Table 9 Design Data of Busan New Port(Inner) Leading Lights

Div. Design Value
Channel Length 2,527m
Channel Width 280m

Mean Sea Level DL.(+) 0.95m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 591m
Distance FL to near end 2,000m

o~

FARMANFINEESY AA 43 T8 34 21 dgsta ALA =5 AA
2O o] &3std AlEdolAdE Mg A <Fig. 4703 o] HIAEo]

ATH FEAFoA o] &A7F FEY FAAMS FAHA AL F U=

e M= F F2Folg A H|(Cross Track Factor)7} <Fil 8m &
23%, Qa1 16m ¥ uw) 24%, ¢t 23m ¥ uw 24% = IALA A FH 7+ “E=L
(Good, 20%~30%)” ol allZ3tal HAEF o3 % 549cd, 55 o3 % 843cd
+9 U FxE olRt © ¥ 705,649cdo| B2 =52 o] gxul g2 o
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Final Leading Line Configuration o
"+ Optional Daytime Light
Leading Line Name: B ArgtMSH|St T & I
Channel Length (C): 2,527 Maters
Channel Width (W) 280 Meters 36m
Distance Mear End/Front Twr (M): 2,000 Meters 1
Distance between Towers (R): 591 Meters i, S
Range Front Light Intensity (Day): 54,407 Candela
Range Front Light Intensity (MNight): 549 Candela 146 m
Front Dayboard Height 3 Meters
Range Front Light Height (Night): 104.0 Meters
Range Front Light Height (Day): 105 Meters
Range Rear Light Intensity (Day): 78,993 Candela
Range Rear Light Intensity (Might): 843 Candela
Rear Dayboard Height: 3h Meters
Range Rear Light Height (Night): 146.0 Meters Rear Tower
Range Rear Light Height (Day): 145 Meters ¢~ Optional Daytime Light
= O —
Channel Segment ————————=|
} 47 .-~ Front Rear
________________________________________________ - o Tower Tower I1m
i -
! W=280 m e @ ]
'___________________$ ___________________________________ ) ‘ ‘ 104 m in ¥ |
C=252T m M=2000 m ‘ R=581m ‘ 1.5m
Final Channel Layout MHW
Front Tower

Fig. 47 Result of Simulation (Busan New Port(Inner) Leading Lights)
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3oz Ao 9.
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Table 10 General Status of Busan New Port Songdo Leading Lights

Elevation [Elevation| Intensity | Visibility

Name Location of Tower| (m) (cd) (NMD) Char. |Lantern
Busan New Port
Songdo Leading | S’ 0L |36 | 4L5 | 538000 | 23 | FG | LED
Light(Front) '
Busan New Port
Songdo Leading | SO Ol |8 58.8 | 538,000 | 23 | FG | LED

Light(Rear)

osiﬁ?ﬂﬁl!‘& ]

e

duzmegen,

Fig. 48 View of Busan New Fig. 49 Location of Busan New Port
Port Songdo Leading Lights Songdo Leading Lights
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Table 11 Design Data of Busan New Port Songdo Leading Lights

Div. Design Value
Channel Length 1,570m
Channel Width 350m

Mean Sea Level DL.(+) 0.95m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 63m
Distance FL to near end 1,415m

[€)
Z2IY9e olgst] AlEHCIAE AT A <Fig. 5003 o] dIAMEe]

EESHAY. FE2ACAA ol &ATE FRo FAAE FAsH AT F AES

(e}
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Final Leading Line Configuration &5
"+ Optional Daytime Light
Leading Line Name: FAISMESEERE S x
Channel Length (C): 1.570 Meters
Channel Width (W): 350 Meters 22m
Distance Mear End/Front Twr (M}: 1415 Meters
Distance between Towers (R): 63 Meters
Range Front Light Intensity (Day): 16,963 Candela
Range Front Light Intensity (Might): 174 Candela 58.8 m
Front Dayboard Height: 2 Meters
Range Front Light Height (Might): 415 Meters
Range Front Light Height (Day): 425 Meters
Range Rear Light Intensity (Day): 17,928 Candela
Range Rear Light Intensity (Night): 187 Candela
Rear Dayboard Height: 22 Meters
Range Rear Light Height (Night): 58.8 Meters Rear Tower
Range Rear Light Height (Day): 57.8 Meters s~ Optional Daytime Light
— O S—
Channel Segment ——————— =
; L1 ,-~ Front Rear
_______________________________________________ - ; Tower Tower 21m
W=350 m '.” ] @
__________________ }___________________________________ " ‘ ‘ 415 m o
C=1570 m M=1415 m ‘ R=63m ‘ 16m
Final Channel Layout MHW
Front Tower

Fig. 50 Result of Simulation (Busan New Port Songdo Leading Lights)
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10lm, =3 : 195m,

T WA, HE : 643822cd, B4 : FG, BEAFLAY
:3IMOoE AR F o] Yt
Table 12 General Status of Busan New Port Leading Lights
. Elevation [Elevation| Intensity | Visibility
Name Location of Tower| (m) d (NM) Char. |Lantern
Busan New Port 35-04.66N LED
Leading Light(Front) | 128-46.07E | 101 | 106 6438220 39 | FG 1} aps,
Busan New Port 35-05.77N LED
Leading Light(Rear) | 128-45.56E | 101 | 195 [643822) 39 1 FG | .yo
- [ Nasosan i

E 128 45, 333 -'?-Ea' (FG)

Fig. 51 View of Busan New

Fig. 52 Location of Busan New Port
Port Leading Lights

Leading Lights
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Table 13 Design Data of Busan New Port Leading Lights

Div. Design Value
Channel Length 8,000m
Channel Width 900m

Mean Sea Level DL.(+) 0.95m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 2,220m
Distance FL to near end 3,850m

(Excellent, 10%~15%)” 01] 6]]%6-}57_ ATS o7t % 18,093cd, 55 of7td %
42,636cd2 =9 <9l FES °lET § F2 643,822cdo|2E
=< 1%&‘:‘4, Frod Fol 1HH A3 AA g T Ao=w A

A},
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Final Leading Line Configuration 5
“: Optional Daytime Light
Leading Line Name: FAtgtMEe 5 N
Channel Length (C): 5.000 Meters
Channel Width (W) 900 Meters 296 m
Distance Near End/Front Twr (M) 3.850 Meters
Distance between Towers (R): 2,220 Meters
Range Front Light Intensity (Day):  1,808.784 Candela
Range Front Light Intensity (Might}: 18,093 Candela 195 m
Front Dayboard Height: 174 Meters
Range Front Light Height (Night): 106.0 Meters
Range Front Light Height (Day): 107 Meters
Range Rear Light Intensity (Day).  4,116.027  Candela
Range Rear Light Intensity (Might): 42,636 Candela
Rear Dayboard Height: 296 Meters
Range Rear Light Height {(Might): 195.0 Meters Rear Tower
Range Rear Light Height (Day): 194 Meters ¢+ Optional Daytime Light
— o —
Channel Segment, —————————»=| -
} I .-~ Front Rear
(. | ——— 15 o7 Tower Tawer 174 m
| W=900 m @ ®
'___________________* ___________________________________ X ‘ ‘ 106 m (|
C=8000 m M=3850 m ‘ R=2220 m ‘ 15m
Final Channel Layout MHW
Front Tower

Fig. 53 Result of Simulation (Busan New Port Leading Lights)

HFAFES2 <Fig 54>9} o] H4g 5 Aol A&d &= 74 H
AdE Edduz Qs 53 dAddute] ddeded AFe 2dT 7 9
of Axd d=xA ot}

R e5e <Table 14> 2ol A=5(5% : 36m, S : 363.5m, 5%
A 4% 922009cd, 54 ¢ FG, WEHBEA : 25M), FES(EH ¢ 56m,
S 4585m, B : =4 BT : 922009cd, 52 : FG, WEAFDAT

2oM) e = AX = o] 3
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Table 14 General Status of Busan Port(North) Leading Lights

Elevation [Elevation| Intensity | Visibility

Name Location of Tower| (m) (cd) (NMD Char. [Lantern
e i?;;tLeadmg ST | 36 | 335 922000 25 | FG | LED
(Front) ‘
Busan Port Leading
. 35-07.98N
Light 199-01.02E 56 458.5 1 922,009 25 FG LED

(Rear)

Fig. 54 Location of Busan Port(North) Leading Lights

FAFETY ARlaToe 182 AA oz AA gh2 <Table 1559 2
o] EFZko] ¢F 5,546meolal F=E 2 333molt.
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Table 15 Design Data of Busan Port(North) Leading Lights

Div. Design Value
Channel Length 5,546m
Channel Width 333m
Mean Sea Level DL.(+) 0.95m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 997m
Distance FL to near end 4,017m
RAgEsel A gat FH 87 20¢ Jska ALA £5 AAZ2IY
= o]&3std AlEHolAS AT A7 <Fig. 5507 o] diAe] =53
A S}

o FEAAA ol &xT FRO FAALS FHEA UARAE F U
= % &, o' Agnl(Cross Track Factor)7} ¢Fxl 8m o wj 49%, <t
3 15m ¥ o 49%, 9t 23m € uw 49%= JALA A H &9 “RE(Fair,
30%~50%)" o s|Fsta =T ok FE 7,200cd, 55 oKHFE 11,126cd=

+FF FEE olEY ¢ F2 922,009cdo| B2 FAR}EFE o] &A4d =

o
o Sol Yol AAI A &9 FU AoE BUAY
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Final Leading Line Configuration "
"+ Optional Daytime Light
Leading Line Name: BAStE & ‘
Channel Length (C): 5,546 Meters
Channel Width (W): 333 Meters 5m
Distance Near End/Front Twr (M): 4,017 Meters
Distance between Towers (R}: 997 Meters
Range Front Light Intensity (Day): 719,535 Candela
Range Front Light Intensity (Might): 7.200 Candela 4585 m
Front Dayboard Height: 50 Meters
Range Front Light Height (Might): 363.5 Meters
Range Front Light Height (Day): 364.5 Meters
Range Rear Light Intensity (Day):  1.087,767 Candela
Range Rear Light Intensity (MNight): 11,126 Candela
Rear Dayboard Height: 50 Meters
Range Rear Light Height (Might): 4585 Meters Rear Tower
Range Rear Light Height (Day}): 4575 Meters ¢ Optional Daytime Light
— o
Channel Segment ————————w=| F
J I .-~ Front Rear
. e ——— ys=t *7 Tower Tower 5m
i -
! W=333m ’,’ @ @
R e e e e } ___________________________________ \ ‘ ‘ 3635 |
C=5546.4 m M=4017.3rr4 'R=996.8 m‘ 350 m
Final Channel Layout MHW
Front Tower

Fig. 55 Result of Simulation (Busan Port(North) Leading Lights)
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Table 16 General Status of Pohang New Port Leading Lights

. Elevation [Elevation| Intensity | Visibility
Name Location of Tower| (m) d (NMD Char. | Lantern

Pohang New Port ~
Leading 36-01.26N

30 35 28,000 14 FG FA-240
Light(Front) 129-25.43E

Pohang New Port 36-00.90N
Leading Light(Rear) 129-24.66E 70 7328000 14 FG | FA-240
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Table 17 Design Data of Pohang New Port Leading Lights

Div. Design Value
Channel Length 4,510m
Channel Width 290m
Mean Sea Level DL.(+) 0.12m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 10NM
Maximum Visibility 20NM
Distance between FL & RL 1,300m
Distance FL to near end 1,130m

Atk G2 A o] &V FEY FAAS FASHA AAT F ASS FEA
st W s = #Rol' A H|(Cross Track Factor)7} ¢t 8m & uf 15%,
Q31 16m ¥ W) 15%, <F3 23m ¥ W] 16%= IALA R F 7|&9] “o}F o

(Very Good, 15%~20%)" °l sidstal HAE-& opL}agr_:L 1.079cd, TE% oF7+%
5T 2550cd® &9 T F=+v olET ¢ 2 28 OOOCdOIUi ZFANFES
oA, FEo Sol LHH HHI A &9 T ALw FddAn.
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Final Leading Line Configuration &
Optional Daytime Light
Leading Line Name: Z&ME LS N
Channel Length (C} 4,510 Meters
Channel Width (W) 290 Meters 54 m
Distance MNear End/Front Twr (M) 1.130 Meters l
Distance between Towers (R): 1,300 Meters =y
Range Front Light Intensity (Day): 107,359 Candela
Range Front Light Intensity (MNight): 1,079 Candela 7im
Front Dayboard Height 4.0 Meters
Range Front Light Height (Night) 35.0 Meters
Range Front Light Height (Day): 36 Meters
Range Rear Light Intensity (Day): 215,163 Candela
Range Rear Light Intensity (Might): 2,550 Candela
Rear Dayboard Height: 54 Meters
Range Rear Light Height (Might): 73.0 Meters Rear Tower
Range Rear Light Height (Day) i Meters ¢~ Optional Daytime Light
e O 1
Channel Segment —————————m=| -
} [ L7 Front Rear
e e (e L e e e o7 Tower Tower 4m
i W=290 m -." @ @
I"""""""""} ___________________________________ - ‘ ‘ 3Em ¥ |
C=4510 m M=113{}m‘ R=1300 m ‘ 16m
Final Channel Layout MHW
Front Tower

Fig. 57 Result of Simulation (Pohang New Port Leading Lights)
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AES S (Table 1803 7o) (58 : 35m, 1 : 62m, 53 : WAL=
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Table 18 General Status of Jeojin Leading Lights

. Elevation |Elevation | Intensity | Visibility
Name Location of Tower m) d (NMD Char. | Lantern
Jeojin Leading| 38-33.16N ~
Light(Front) | 128-24.50E | 62 | 870000 39 FW  RL-35
Jeojin Leading| 38-33.16N ~
Light(Rear) 198-24 50 20 115 870,000 39 FW | RL-355

Fig. 58 Location of Jeojin and Jeodo Leading Lights

ARES A e <(Table 199} Zom AR|2T79HL2 AESAA 210%
W 2 5410mA A FH 4,360mAH(H =T 2R 9,77T0m7HA] o274

= FATIS BEAFES o k.
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Table 19 Design Data of Jeojin Leading Lights

Div. Design Value
Channel Length 4,360m

Mean Sea Level DL.(+) 0.3m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 8NM
Maximum Visibility 10NM
Distance between FL & RL 1,040m
Distance FL to near end 5,410m

2
2)

A5 deldE FHo] oo FEFo] EAsA F=t
# 2 =2de d¥sta ALA =5 HAZZOHS AEY ]
N &3 A3 CFig. 59> o] = o= Ag(Off Axis Distance)7} ¢Fal 8m
69m, k31 15m ¢ 70m, 3 23m ¥ w 70me|tt. A =T HILoRIH

2,933cd= +9¥ F< F=+ 870,000cdo| B=2 A

2ol

o e
M 2 o
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Final Leading Line Configuration o
Optional Daytime Light
Leading Line Name: HE =& ‘
Channel Length (C): 4.360 Meters
Channel Width (W): 350 Meters 136 m
Distance Near End/Front Twr (M): 5,410 Meters
Distance between Towers (R): 1,040 Meters
Range Front Light Intensity (Day): 785,078 Candela
Range Front Light Intensity (Might): 7,856 Candela 115 m
Front Dayboard Height: 10.6 Meters
Range Front Light Height (Might): 62.0 Meters
Range Front Light Height (Day): 63 Meters
Range Rear Light Intensity (Day): 1,202,786 Candela
Range Rear Light Intensity (Might): 12,633 Candela
Rear Dayboard Height: 13.6 Meters
Range Rear Light Height (Might): 115.0 Meters Rear Tower
Range Rear Light Height (Day): 114 Meters ¢~ Optional Daytime Light
— O o
Channel Segment ————————==|
} L7 _-~"Front Rear
________________________________________________ 5 = Tower Tower 10.6 m
i W=350 m ','l @ @
e e e } ___________________________________ c ‘ ‘ 62 m L ¥ |
C=4360 m M=5410 m ‘ R=1040 m | 15m
Final Channel Layout MHW
Front Tower

Fig. 59 Result of Simulation (Jeojin Leading Lights)

ol 1019 St AR Tl 2ol

AEAES2 (Table 2003 2o (5¢ - S 29m, 5% =A 3e
458,000cd, 532 : FG, HE2&3gAg : F7h), F=S5(E" : 3’m, T
A8m, 5% : A B 458,000cd, & : FG, HEAFIAY : SMEFEH)L
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Table 20 General Status of Jeodo Leading Lights

. Elevation [Elevation| Intensity | Visibility
Name Location of Tower| (m) (cd) (NMD Char. Lantern
. High
Jeodo Leading 38-24.16N — .
Light(Front) 198-23 59 23 29 458,000 | 5(+%b) | FG | Luminance
LED
. High
Jeodo Leading 38-24.16N - .
Light(Rear) 128-23.11E 37 48| 498000 53| FG | Luminance

Fig. 60 View of Jeodo Leading Lights
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Table 21 Design Data of Jeodo Leading Lights

Div. Design Value
Channel Length 4,360m
Mean Sea Level DL.(+) 0.3m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 8NM
Maximum Visibility 10NM
Distance between FL & RL 600m
Distance FL to near end 6,830m
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Final Leading Line Configuration &
Optional Daytime Light
Leading Line Name: ME =& N
Channel Length (C): 4,360 Meters
Channel Width (W): 350 Meters W2m
Distance Mear End/Front Twr (M): 6,830 Meters
Distance between Towers (R): 600 Meters o
Range Front Light Intensity (Day):  1.398.912  Candela
Range Front Light Intensity (Might): 13,994 Candela 48 m
Front Dayboard Height: 14.9 Meters
Range Front Light Height (Might): 290 Meters
Range Front Light Height (Day): 30 Meters
Range Rear Light Intensity (Day): 1,767,493 Candela
Range Rear Light Intensity (Might): 17,543 Candela
Rear Dayboard Height: 172 Meters
Range Rear Light Height (Might): 48.0 Meters Rear Tower
Range Rear Light Height (Day): 47 Meters ¢ Optional Daytime Light
2 o ]
Channel Segment ————————= -
J 14 ,-~ Front Rear
_______________________________________________ e =" Tower Tower 14.9 m
W=350 m A 7 @ @
* ___________________________________ \ ‘ ‘ 29 m i
C=4360 m M=683{)m‘ R=600 m ‘ 18m
Final Channel Layout MHW
Front Tower

Fig. 61 Result of Simulation (Jeodo Leading Lights)

AYEFESL Fig 623 Lo AR Yol AF FEF 95

20139 A" F=uA Ado|t)

AT A TG <(Table 22>} 2ol (¥ : 3.7m, 2L : 10m, 5% : =4,
B : 400cd, 52 : FG, HEAFIAY ™), TES(ESH : 19m, S22
25m, 5% : =4 3% - 400cd, 532 : FG, HEAZIAT : MO Z HX 5
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Table 22 General Status of Yeonpyeongdo Port Leading Lights

. Elevation [Elevation| Intensity | Visibility
Name Location of Tower| (m) d (NMD Char. | Lantern

Yeonpyeongdo Port

_ High
Leading Light | 51508 | 37 10 | 400 7 FG | Luminance
(Front) : LED
Yeonpyeongdo Port _ High
Leading Light 13275_33257571\]2 19 25 400 7 FG | Luminance
(Rear) : LED

Fig. 62 View of Yeonpyeongdo Port Leading Lights

AP=are] MA g <Table 23>3 o] Aulapde dns
nooi AdFH P37k 730mol ] FEES gomo|th,
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Table 23 Design Data of Yeonpyeongdo Leading Lights

Div. Design Value
Channel Length 730m
Channel Width 80m

Mean Sea Level DL.(+) 0.3m
Background Lighting None
Minimum Visibility 7.5NM
Design Visibility 8NM
Maximum Visibility 10NM
Distance between FL & RL 150m
Distance FL to near end 100m
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Final Leading Line Configuration

Leading Line Name: (I HESES

Channel Length (C): 730 Meters

Channel Width (W): 80 Meters

Distance Near End/Front Twr (M): 100 Meters

Distance between Towers (R): 150 Meters
Range Front Light Intensity (Day): 964 Candela
Range Front Light Intensity (Might): 15 Candela

Front Dayboard Height: 20 Meters

Range Front Light Height (Might): 10.0 Meters

Range Front Light Height (Day): il Meters
Range Rear Light Intensity (Day): 1,428 Candela
Range Rear Light Intensity (Night): 26 Candela

Rear Dayboard Height: 20 Meters

Range Rear Light Height (Night}: 250 Meters

Range Rear Light Height (Day): 24 Meters

Channel Segment —— =] "

Final Channel Layout

l e -~ Front Rear
___________________________ -~ 77 Tower Tower
W=80 m ® @

—

it Optional Daytime Light

|

m

25m
Rear Tower
Optional Daytime Light
— (e —
2m
10m Lt |
16m
MMHW

Front Tower

Fig. 63 Result of Simulation (Yeonpyeongdo Port Leading Lights)
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ey

Fig. 65 Fleetwood Lower Fig. 66 Fleetwood High
Light(Front) Light(Rear)
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T=325New Dorp Light)3} H|=8l Fxo] IJQEFZEF(Point Comfort
Light)& w4 A 7]oj 2w 1(Keansburg) afi koll A A|stA ™. T4 A=Y H
(Gedney ChanneD®| HE=5 &S stdomn <Fig. 68> UEhd Hie} o] %
=59  o}Z5(Waackaack  Light)a ¢F  14km  EojAQoem J2W1
(Keansburg)all kel 96ft =o]e} Ho] Ax|HUrt e}Z-5(Waackaack Light)3}
JEFIEZES(Point Comfort Light)2 #F2]&t¥HRaritan Bay)E 3llst= At

(e FIAAT

b

Lo

Waackasck road, Keansburg, N, J.

Fig. 68 Waackaack Leading Light (Rear)
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Fol AMule] obH LS Ttz 18524 3k 5<ld wel 2$-of wH(Lower
Bay)oll mhx|=te g2 F1quj(Conover)$t 2 Z<2(Chapel HilDoll 3+ %9 =5o] A
A F Ak ol wWAdsPMain ChaneDe] Aut <¢kde EIF3tAch. ZuUH
(Conover) M 552 Ui B9 24 FAAF 8 2u=Z=(Leonardo,N)D9| 3f ko]
Alel Bk A=2(Chapel HilD $%%2 U (Conover) H=5(7 Roebling
Court, Middletown, NJellA4 1.5 vl "ot} <Fig. 69 2 Fig. 70 F=>

mlm

Fig. 69 Conover Leading Fig. 70 Chapel hill Leading Light(Rear)
Light(Front) 1856~1988 1856 ~ 1957

A2~EW I35 (West Bank Lighthouse)= <Fig. 71>3 o] AE|o]Eold =
T o mEd=siMidland Beach) ¥l X5t AEFOZ AMEEI §lo
g Z=Richmond) 9ol 90ft =o]o 2©E|EoldME=-5(Staten Island
Light)> <Fig. 72>3} #Zo] =502 ALEH AT
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Fig. 71 West Bank Leading Light Fig. 72 Staten Island Leading
(Front) 1901~Current Light(Rear) 1912 ~ Current

A dte = Werta detdlol i A o 24 7 =50 AXHA U
(g ofmlo] SoiReldd3]). 1880t =%, 238]+= Delaware Bayell <3 s}
A A3 gt vk 9% g A ks 2R 28 E wiA s wA
ZF2] E#ME(Trenton)ol]l x|tz 2" 35(Green Hill Ligh)o 2 B o
Te5og JlEskge. A2 1902W@71A] <Fig. 73>3 & Delaware
Breakwater West End Light(HE%8)¢ &S Aot I o5 s =T
Delaware Breakwater East End LightZ w}# 1t}

== S

Delaware Breakwater
East End Light
irca 1900

Fig. 73 Delaware Breakwater East End
Leading Light(Front) 1885 ~ Current
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4 H(Melborune)dt =% <Fig. 74> <Fig. 75> yeld uviel o] YTk
oA AU P FFOoE M-S FdskA f=38k7] 8 19243 A
= AEE YT ZH A o]&stod A=
sttt 5388 Fixed Green Lighto]lw Tx%o S & 26vEoltt AxS3
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mepo R Zo| ¥ 7}
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Fig. 74 Melborune Leading Light Fig. 75 Melborune Leading Light
(Front) (Rear)

(o

Vaucluse®t =52 191030 HX=H Qe <Fig. 76>3 <Fig. 77>3 o] &
A FegAel AAtn Aok AEFY FuE 16meln FEFY SuE 84m
olth. $4& Fixed Redolth. BFE 52 A9E F2jojn] AMo2 =45
Atk AESH FES el A 945m ot
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Fig. 76 Vaucluse Bay Leading Light Fig. 77 Vaucluse Bay
(Front) Leading Light(Rear)

h =Y

Stade®] LuhedS Y3dst= Arvtel ok =wstaxl <Fig. 78>3 o] =<
A H) 7 (Elbe)oll Mielstack A =53 Somfletherwisch =58 2010 A X s}
A =59 FEAGE 123NMo]al =59 AEAAL 136° oltf, 52L& 34
[so 8so]t}.
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Fig. 78 Mielstack Leading Light(Front) and
Somfletherwisch Leading Light(Rear)

oh) 7ot
A vk

d =52 <Fig. 790l YEbG vie} o] miriedts o
Adrel bdS =R

Fazk 2011d e AXHAY. = AES 16mo
5 21lme]t}. 52 & Fixed Redo|t.

"o

o]
o
forlr

Fig. 79 Margaree Port Leading Light
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2.3.2 e-Navigation

1) e-Navigation®] 713

e-Navigatione Hd AR EA7)EICDS &3ty Autoe= dAH=E 7]
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B dute] b eFE U AU olF A HAFHENBAL AU A
o] TH(IMO, 2008)
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MSC 4Fsl E41 2 FAFZAEYS Communication and Search and
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Rescue(e]st COMSAR) A 14;?}(2010%3) sl ololl A e-Navigatione] &7 o}7]g
AE NEslR dE FAAR Buk oty mlg o) FAIAARI AR 23 V)E
28 g ARRA S FARRES AEEtal FAIUY 2 Faago tigh Ak A

AT NAV AS72H20119) 3FddE T4l AA AHES 918 FFalAEl o H
Z(Common Maritime Data Structure, CMDS) 7| Z QA Fo3lH il o]
2 AHl2E flsl <Table 24> e vk} Zo] IMO+= &+ & Foixl 3
Ao A AFEHE Avlze FFE IS Yuiste F 16719 SAAHIAXE
Z ¢} @ (Maritime Service Portfolio, MSPs)Z 7]'&3} 31t}

=
?_
o}

Table 24 The Sixteen Maritime Service Portfolio

MSP Service

MSP 1 VTS Information Service(INS)

MSP 2 Navigational Assistance Service(NAS)
MSP 3 Traffic Organisation Service(TOS)
MSP 4 Local port Service(LPS)

MSP 5 Maritime Safety Information(MSD Service
MSP 6 Pilotage service
MSP 7 Tug Service
MSP 8 Vessel Shore Reporting
MSP 9 Telemedical Assistance Service(TMAS)
MSP 10 Maritime Assistance Service(MAS)
MSP 11 Nautical Chart Service
MSP 12 Nautical Publications service
MSP 13 Ice navigation Service
MSP 14 Meteorological information service
MSP 15 Real time hydrographic and environmental information service
MSP 16 Search and Rescue Service

— 93 —
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Fig. 81 The IALA’ s Plan of e-Navigation
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Fig. 82 Korea e-Navigation Key Infrastructure

2.3.3 A& Autonomous Ship)

Collection @ kmou



Table 25 Autonomous Level adopted by Lloyds Register

Description

Operator role

AL 0 : Manual steering. Steering controls or set
points for course, etc. are operated manually.

The operator is on board or performs
remote control via radio link.

AL 1 Decision-support on board. Automatic
steering of course and speed in accordance with the
references and route plan given. The course and
speed are measured by sensors on board.

The operator inserts the route in the
form of “waypoints® and the desired
speed. The operator monitors and
changes the course and speed, if
necessary.

AL 2 : On-board or shore-based decision support.
Steering of route through a sequence of desired
positions. The route is calculated so as to observe a
wanted plan. An external system is capable of
unloading a new route plan.

Monitoring operation and surroundings.
Changing course and speed if a
situation necessitates this. Proposals for
interventions can be given by
algorithms.

AL 3 : Execution with human being who monitors
and approves. Navigation decisions are proposed by
the system based on sensor information from the
vessel and its surroundings.

Monitoring the system’s function and
approving actions before they are
executed.

AL 4: Execution with human being who monitors
and can intervene. Decisions on navigation and
operational actions are calculated by the system
which executes what has been calculated according
to the operator’s approval.

An operator monitors the system’s
functioning and intervenes if
considered necessary. Monitoring can
be shore-based.

ALL 5: Monitored autonomy. Overall decisions on
navigation and operation are calculated by the
system. The consequences and risks are countered
insofar as possible. Sensors detect relevant elements
in the surroundings and the system interprets the
situation. The system calculates its own actions and
performs these. The operator is contacted in case of
uncertainty about the interpretation of the situation.

The system executes the actions
calculated by itself. The operator is
contacted unless the system is very
certain of its interpretation of the
surroundings and of its own condition
and of the thus calculated actions.
Overall goals have been determined by
an operator. Monitoring may be
shore-based.

AL 6: Full autonomy. Overall decisions on navigation
and operation are calculated by the system.
Consequences and risks are calculated. The system
acts based on its analyses and calculations of its
own capability and the surroundings’ reaction.
Knowledge about the surroundings and previous and
typical events are included at a “machine
intelligent” level.

‘The system makes its own decisions

and decides on its own actions.
Calculations of own capability and
prediction of surrounding traffic’s

expected reaction. The operator is
involved in decisions if the system is
uncertain. Overall goals may have
been established by the system.
Shore-based monitoring.
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Table 26 Fourth Industrial Revolution and changing of Shipbuilding and
Shipping Industries

Industry Currently changing of Shipbuilding and Shipping
Industries
Large * Orders have been on the
Shipbuilding decline since the 2013 Ecoship ) ) )
Company boom, and are facing a * Development of dlfferermqted ships
(Big 3) severe level of orders cliff : overcome low-growth ship market
by developing next-generation ships
Midium + After the financial crisis, most | Sultable for the 4th Industrial
Shipbuilding of them were dismissed due Revolution environment
Company to the KIKO incident, poor
(Big 3) orders, and financial crisis.
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changing of Shipbuilding and Shipping

reason, marine equipment
companies are facing a crisis

Industry Currently Industries
* Minimize fault and reduce costs by
using unmanned or intelligent fault
* The shipping industry, a finding
leading industry in the * Protection from collisions,
Shipping shipbuilding industry, is in a determination of optimal course and
Company deep slump due to oversupply satisfaction with emission
(excess bottoms during the environmental regulations
early and mid-2000s boom). * Response to the 4th industrial
revolution environment by
connecting freight logistics services
* Response to the Manufacturing
. . e Industry as a Service : Expanding to
As the Domestic shipbuilding the Ship Design / Shipbuilding /
. industry has been driven to
Marine . Extend to O&M Market
: the brink of collapse due to a . .
Equipment : * Establishment of an Empirical Base
shortage of work. For this _
Company Program : Development of ICT

technology and creation of marine
equipment in response to the 4th
Industrial Revolution

* Port Logistics are major
industries in the country that
carry 99.7 % of the trade
volume by sea, but the
marine market depression and

Port Logistics

* The future of port cargo, facilities,
equipment, and manpower behavior
can be predicted through IoT
information, Al based big data

oligopoly of supply of liners. A

2PE A5 A 9 & T E8AH 2 dd AATes F4kEekaL
7t NENEE FRHCE LYANT & e FATL FRPoaH 2435
& Aol 71&AAY B e 2vtE A& Auroke] A% AAY
< gHety A& E A FAFEZIMO, IACS, 1SO, [EC )2 @A) &4l
Z7|GARA 229 7IdEe] F4e WA, uE VIdEd dAg e
=Y F IEF FAESS AEE F A= AAZA G AN 2 A E N
bt 14 2ES AEY a7t Ao

FEuEke] A5 20108 7E G Ak e} d@o 2 T 7|kke) H A
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Autonomous Ship
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Fig. 84 Maritime Network configuration by Using AtoN (Manned/Unmanned

LH and Buoy)

)

A

<Fig. 85>3} 2T},

- 104 -

%)Collection @ kmou



1. lodo VTS
— AtaNin 151 TSS
— Oryukdo LH and LANBY

[ ! 2. Dudo Beacon | bl
3. Gamcheonhang LH
| A.Dadaepo LH

T

| 6. Yeondo LH
Z'| 7.HodoLH
B. Gadeokdo LH |

% Port [5™ TSS)

(o
gmNN,

Fig. 85 Harbor Approach Support Platform
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Smart Connectivity

Fig. 89 Concept of Autonomous Ship
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Fig. 91 Maritime Network configuration by Using AtoN Infrastructure
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C = Length of useful segment (channel length)
W = Channel width
M = Distance to front structure from near end of useful segment
R = Distance between transit line structures
Y = Distance of observer from center line of channel
2) 5=

<Fig. 93> Transit Line 7%¢ FWHEHOZ FXE FHols HFiAZF

MHW)E 71202 Jehdt,
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Fig. 93 Side view of Transit line structure(towers)
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FL = Front Transit Light
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RL

Rear Transit Light

LF

Length of Front Leading Mark

LR = Length of Rear Leading Mark
HF = Height of Front Tower (above M.H.W)
HR = Height of Rear Tower (above M.H.W)

SAFHW = Safe Height above water

MRT = Mean Range of Tide

) AWE
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W 2o g ot 29 25% 7t FeArt DojA Arke AL el
oh 29 RS mAows fHowAuE A o & 0" A
PHE we NREE, WE e FHo e e NAES e
Table 27 Cross-Track Factor
Values of
Cross-Track Description Interpretation
Factor
Over 75% Not Acceptable Range must be improved or it will be
unworkable
50% - 75% Poor Decrease the cross—trapk factor if physically
possible
30% - 50% Fair Decrease the Cross-track factor oly if
moderate cost involved.
20% - 30% Good Decrease the cross-track factor only if little
cost involved
15% - 20% Very Good Do not expend more funds to decrease the
cross-track factor
o _ 1ro The cross-track factor should not be less than
10% - 15% BxcelEl 10% at the far end of the channel.

2) 185 = 72 og Ag Hl F 4HA

T2 o't AgHle] AikE Ast
AYHE U AA At A
margin)®] 7}-&/dol thek f@Al FAE Folof drh olAL FH oY A
HI7F 2 om Aurkes Addkate] ZE9gol S7tske 237 2#HskA o
FHolg Agn 7t 7HgF 2] AlZH(Far End of Useful Segment)oll 23},
7832 9] ZHWNear End of Useful Segment)e] 2] ol&t #Agn|7} Zpolx]=

Aog FL Aot
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FAg =58 (Table 28>4Jr <Fig. 96> e niel o] FARRFS A=3
st Adhs 9ot FEHT dor FHE FGo X*‘:«l SaE 366m,

461molaL, FEA = AF5 EF

st AQlE £ JES HAHUL, F 5H

Table 28 General Status of Busan Port Transit Lights

. Elevation Visibility
Name Location Char. m) (NM) Remark
Busan Port
Leading Light | > 0L0 | F G 366 2
(Front) ) Transit Light
Busan Port - 304.7
; . 35-07.98N
Leading Light 129-01.0%E F G 461 25
(Rear)

Fig. 96 Transit Light of Busan port
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2) 7+ 3 Transit Light

1
T AEE AAERNA, F T3] W42 3143 °o|th

Table 29 General Status of Gamcheon Port Transit Lights

2 <Table 29>3} <Fig. 97> YEhd vie} Zo] TAFgES J=&
Asle] £FH T Qo SHS FGola AFe SiE 106m,
63mol 1, FEAYE AIZS BT 23NME 713 AgE %

. Elevation Visibility

Name Location Char. m) (NM Remark
Gamcheon Port
Leading Light | 00008 | F G 106 23

(Front) ' Transit Light
Gamcheon Port 0 314.3
Leading Light | S2:039N | pg 163 23

128-59.26
(Rear)

Fig. 97 Transit Light of Gamcheon port
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3) F-AHa4lg W Transit Light

FAHA W} =52 <(Table 30>JJr <Fig. 98>0l “eEbd nie} o] RARRFA
< % st s fste &9 o $HEE FGola 59 5

104m, %59 531+ ldome|x, JF2AHAYE ASF5 5 24NM=E 7}3kst

Z AYE 2Het AJE 7 JEF AAHJNL, 7 539 WA 611 °

Table 30 General Status of Busan New Port Transit Lights (Inner)

. Elevation Visibility
Name Location Char. (m) (NM Remark
Busan New Port(Inner) | 35-04.97N FG 104 94 Transit Light
Leading Light(Front) 128-49.68E :61.1
Busan New Port(Inner) | 35-05.12N FG 146 94 Transit Light
Leading Light(Rear) 128-50.02E 611

'Trangf‘LmhL
%J$h?-f 611"

Fig. 98 Transit Light of Busan newport (Inner)
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BAGA G =52 (Table 3103 <Fig. 99> VG v} o] 7Y =S &
AL FGola ATY S+ 106m,

T 3INM=Z 712 AgE =

Table 31 General Status of Busan New Port Transit Lights

. Elevation Visibility
Name Location Char. (m) (NM) Remark
Busan New Port o
Leading 13;8'_0;166(%1\]; FG 106 39 Tr?nsgggLéght
Light(Front) ' ' '
Busan New Port o
. 35-05.77N Transit Light
Leading - F G 195 39 .
Light(Rear) 128-45.56E . 338.6

Fig. 99 Transit Light of Busan newport
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Table 32 General Status of Busan New Port Songdo Transit Lights

Elevation Visibility

Name Location Char. (m) (NM) Remark
Busan New Port o
Songdo Leading 13;5_0;16416(?]5 F G 41 23 Trar:1512t7161ght

Light(Front)
Busan New Port
Songdo Leading

Light(Rear)

35-04.46N Transit Light
128-46.058 | F G 58 23 . 970

Fig. 100 Transit Light of Busan New Port Songdo
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Table 33 General Status of Pohang New Port Transit Lights

Name Location Char. Elegz‘)uon Vl(sli%,}l)ty Remark
Pohang New _ N
Port Leading 13269_0215‘22% FG 35 14 Trgnszlétunght
Light(Front) ' ' '
Pohang New _ Lo
Port Leading 13269_020 49€?§E F G 73 14 Tr§n521}11nght
Light(Rear) ) ' '

Transit Light [

i & S i cmemiap et = O
gQlzboaTs T
- . 7
) = % : -]
T

e

Fig. 101 Transit Light of Pohang newport
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7) A2, A= Transit Light

v}

AN =TI AEETS <Table 34>3 <Fig. 102> yebd vie} o] A %13
Aol Ao &S WA AT FHo2 HAHo &= 55T
EERAANLOY. AXNETY s FWoli AF9 Fis 62m, ¥ i
= 116mola, FEAg= AFs EF 24NME F T34 g2 270 °o

l

159 Tis 29m, $59 Tile 48mo]

b
off
il

Table 34 General Status of Jeojin and Jeodo Transit Lights

. Elevation Visibility
Name Location Char. (m) (NM) Remark

Jeojin Leading 38-33.16N Transit Light

Light(Front) 128-24505 | F W 4 24 . 270
Jeojin Leading 38-33.16N Transit Light

Light(Rear) 128-2450E | W B> 24 . 270
Jeodo Leading 38-24.16N FG 29 5 Transit Light

Light(Front) 128-23.52E . 270
Jeodo Leading 38-24.16N FG 48 5 Transit Light

Light(Rear) 128-23.11E . 270

M E Trans Light

Tra it ngh(
J%I —# 270

HZ Trans Light
() A d

~ Tran st “Light
{ ereizt 270

Fig. 102 Transit Light of Jeojin & Jeodo
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8) ¥ = Transit Light

T 52 <Table 35>% <Fig. 102> vtebd v}l o] A7

= Muks 9l 95 Q& Transit Lighte] 528 FGola ASe Su&
10m, &5¢ Fie 25melal, FEASE I$5 EF "NME 7133 E A
E 233t ARlE F JEF AAEHANL, F 39 WA 333 °olth

Table 35 General Status of Yeonpyeongdo Transit Lights

. Elevation Visibility
Name Location Char. (m) (NMD Remark
Yeonpyeongdo Port 3 oo
. . 7-39.48N Transit Light
Leading Light 195-49 89E FG 10 7 . 333
(Front)
Yeonpyeongdo Port 3 oot
) . 7-39.55N Transit Light
Lea‘(jglegaglght 125-42.775 | O 25 7 . 333

Fig. 103 Transit Light of Yeonpeongdo
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A 4 A SHALELGAA 2B Transit Line F7t2d

4.1 TRansit-line Assessment Model (TRAM)2] )&

A3 A AgHd BEe} o] Transit Lined] H7Fgol oA F2 24 <
AZEE IAND F Ae SAA AR ARS FAL o glojof stn=

sle] Ztetxx ol F3to] FAEY, 28 FolEAYE AARE AAE sHA
1893 8 2A4AES F40% Transit Line siAdnSs SHAA A~
8 37l2dS TRAM(TRansit-line Assessment ModeDe 2 A<ttt <Fig.
104 #r=>

i ol
£
=
B
X
o

illuminance

At The Eye

Three Key
Element of
IALA Design

Elevation

Difference

Fig. 104 Three Key Element of IALA Design
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w2k TRAMO ¢S 93}e] Transit Lineo] AX] HZo)| Rgdd 4 9

THa= T }/\E—
S AXHYEA FE AU e tE PIA Ao FhE @ 5

© = oleg7d

o]e} Bl&Eo] Transit Line 3| A|2Hle

shel the 2714 AR FhE AR &
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8

o,
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flo
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E3t7] 9
=3

s

® Collision Risk Analysis

a3y -2yt Transit Light &9 A2 = o A7 A AdE5e A4 3
= 5 AR FEED 45 FEE ATSES dAFH +dH o 1
A Azde] BriRd sy e EAlsa T AuxEs A Al &
w3 aHFo A RHFSiAL lomEm, dAHTS T 7F T FL
2 FEHe| ojgd AR FelgAZRE WUt 2 5 IEF WUtass 4AS

At

4.1.1 Bl 93k o] €A gl (Bearing Difference Distance)

-

olatel )@ olgANE AR skl Fme] FHMI FAM AF

Mok gl Auel AFEse sk Basn /e FAMe /Eo)
N G2 AHs BHO TG ol g3l 2 FAM PAE AU
5T F5o 9eh vlmstel FAME Wo] RHSEA orng B o}
g,
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& E9, F 537} Transit Line SgA4do] JA| &A HH F 5342 A
Aol gz AR oA Transit Lines Blojus 23S 71427 =
o Aduts&el E&& op1d & Ao webA <Fig. 10550 yephd Hiel o)

T ooske] WA wel FAFeA ol”sts AdE
H

A= F Aok o] F o] dX kA FAl HW Transit Linee] A4l o]
2o NAHE SHskA oAl Hal &2 AR AgrE o|gdA "ot

Transit Line 292+
FL

2 2 ! T St o] ol x| Uk el Zr
& 20| i x| 2912t = TransitLine 292t saam aE—J bl %] 2
Neareﬁmkh_‘ e

S22 0] Hj x| Wizt % TransitLine 2912}

T

Farend

Fig. 105 Concept of Bearing Difference

Wzl o5 AshE ARE RO olg A et FEZo 1/29] HlE&S ALt
st 1 th-& Fkoll wet Transit Lined ®ix|g7t& 2 (16)o &3] At=E3sta
olgf] <Table 36>¥ #Zo] H7}git},

Bearing Dif ference Distance = % ><100(%) (16)

AZIA, D= oAkl ok AlF oA A olE AL

We g2
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Table 36 Bearing Difference Value

Values of Bearing Difference Description
Over 75% Not Acceptable
0% - 75% Poor
30% - 50% Fair
20% - 30% Good
15% - 20% Very Good
10% - 15% Excellent

e ol o3t o|gAYE Aljketr] flste 7l e HFE= HAAS| =(ENC)
€ HlolHE &85t 7|32 7832 A&H(Far End), & Near End),
A

A5 (FL: Front Light) 78]3 &%(RL: Rear Light)e] HEE o] &3t}

4.1.2 ¥Z(Elevation Angle)

4 (DA AR grol 0BT AL 22 AS FAAE Fae] FARY
2 UAT & YuI BF 5 YW, Ol EFE A T YelA F S 57
MAE AQlS & glolof o FE A% A5el Sashe] 47,9 F

S Al4str] flste TiEde HEE XdXP?‘SHE(ENC)—% tolH & &8st
o, 71EHe ezl EFHWNear End), AS(FL : Front Light) 1%
(RL : Rear Lighh)¢] #H3x e} HEF59 FiE o] &3t 4&3oh

k]
o
ol

QRL )

s ey an

—tan i

tan ' (

AN, 0, BHAAN A5} 4zt
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Ha

Fig. 106 At the point of near end, the elevation angle for front light and
rear light

4.1.3 Zo]|&A T (Off-Axis Distance)

<Fig. 107> Zo] ZolgAg = A Agd nuiet Zo] #=
Transit Light7} % 2247t ohehes A S A4 & Y& 5
Hozne "ol Qi +74 Aot 7§ J
(18) ol &3t =2 AAHY FHolgdAg 4h=o] dasiH 2 3 AAT
Cross-Track Factor #t© 2 Navigable Margin & & Q3}t}.

()

1>

-

Of f — Axis Distance (18)

— z
y=0x(1+ R)

AZIA, y= =g = m)
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0+= ATt BAst= 3 B8 Z(radian)

= AE=ToA #FA=A71A AZ(m)

BZA7 AFSol 4 dE8S 7EF F dv AMNA Transit Linete]
T2 AgolER ZHolgdAg e}t FE2E9 1/29 HES ALele 1 d-§ #hol
w2} Transit Linee] wiX|g7}& of#f <Table 37>3 #Zo] st

Table 37 Cross-Track Factor Value

Values of Cross-Track Factor Description
Over 75% Not Acceptable
50% - 75% Poor
30% - 50% Fair
20% - 30% Good
15% - 20% Very Good
10% - 15% Excellent

AInEF BHANE APRFTSHEL FAE 5 Qded B2} £
S AEFS s AL vtk F I o - Y AuFe 24
i, olE EUE mEFEL A4stel 1 glol HE wEF W ol Solzt
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4.1.5 Collision Risk Analysis

a

9

=

A

is j7}

2} 7t O

=]
R

N}

do=z Hrt 2 Zolt

= 9

At A5 o] Ao A el

Fig. 108 Gas molecular collision calculation image
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B(radian)< -+ A4 19} jo] Ao 4=

;e
o

AFAHGY A7+ A @2)9F 7o) AT
R.area = D,;;V;;t (22)

A 71X, Rarecav YT

Aet s} jo) F)slety 2= A7

1z

D, (mile)&
tthoun)&= M= At

<Fig. 109>¢] JERd npe} 7bo] 7|518td & AL that Auto] g “o
s B9 jle7 o HA e

Dij

Fig. 109 The Geometrical collision diameter

Pedersen®] B2 weAdd & o3| dr] wiEedl o] Aol AREHAUTH
(1995). &, Montewka et al. (2010)& 738tz 25 2AAS AAS 7] 93
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2) F-4F&} Transit Light
<(Table 38>¥ <Fig. 110>l vepd A o] Transit Line A Al F83 &
4]l FH3t HolH = 7<4X}0H+(ENC)OHH 223 HolHE F439Pn HAge
s

A= ste S fst] &9 A+ Transit Lighte] 52 FGo

K
2

o] =3 366m, 59 S3E 46lmoly, FEAZYE AIZES mE 5NME
=

NGFE AeE 2 AAD F JEs AAHAL, F 5o P
304.7 °o]tf,
Table 38 General Status of Busan Port Transit Lights
i Elevation Visibility
Name Location Char. i (NM) Remark
Busan Port
Transit Light | 1or (ro0 S F G 366 25
(Front) : Transit Light
Busan Port : 304.7
oo 35-07.9783 N
Transit Light ~ FG 461 25
(Rear) 129-01.0183 E
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SRS , ©]-&7%+9] Transit Line 448-& &= AlZdolA Edo] H[A
VAl kAl o] & AH&o| 258t Centerline 7IE o2 Transit Lines A% 3}k
u, FARe A d8F TR JestES wE5k7] #lsll Centerline A=)
HoA Jdu 7Eo®2 LEZHOSR o 4/TmAE X-9-* Transit Lines A4
3kt

Transit Lighte] 27 BAZ 2 AT G5Zo A FFEHT 7]
Y F4 FESHEE HIFEY FPARE oo, FET W =59
T2 523 WAl e S WaA7E EAStY 7 A HdE SHE
A 7159 WA S A *FdEHIL JTh

ol FEY ZRe Y AAAH BT FHAA HEFolA 1L2kisE
A3FAnto] Fojgt aAE A4S o AT FrF BL3 F=ojh
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4) 53}

<Fig. 111> YEeld nle} o] F3le} 3= IdAFPoZA 113%
module(6 X62] Led v d)o] 25/ 2 FA 5

$ NS tenfa ke BkE s ok

NE

=
a

4

CFig. 112>ef hebek wks} o) &
EolB BN 53 wo| AN FFS BIHE

o] ¥olE o] &3t
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hMesn High water

Fig. 112 Height of Light and

Daymark

4.2.2 TRAM 93 AF

IALA Guideline 1023¢] o]3}ea] gk o) thal %7]

FEajx] A= <Fig. 113>3 2t

- Channel Segment ——— SR
ear

|— l Tower

s R S e S _~Front @

! <" Tower

| W=350m o

T ................................................... " Hp=3635m |H,=4585m

- - -

C=5,546.4m M=4,017.3m ‘ R=996.8m

Fig. 113 Initial Channel Layout
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<Fig. 11DoA =&d AFRE ARSI =30 =2t <Fig. 114> 2t} o
71 =59 ZAA4E EgiZ TRAMS o] &3t 48t B3} Transit Lineol] of

Fig. 114 Initial Channel Layout on ENC

1D kel 23k o]&-A 2](Bearing Difference Distance)

Bakgl Bk HZe 2 wix 9} Transit Lighte] wixzre] WS wuste S
317 A&siA AAHAEA AFE Flsof d. e E sy f3 7)
THOEE FAR 53 18R FAAS 7o E st O Ao FE A
2k (Far end)¥ & =9 2% (Near end)e] 53171 wixHojof o {7} Hu
AN Hs, 3o Beet £33 As, 53 HHUt sddlor =
T A G SEIE AAR Aer = 5 ATh

are] shele e 7|ZH S <Table 39> 21, AEE= Ao AT
+ HlolE & o] &35kt

ook
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Table 39 Initial Point of Busan Transit Light

e , Distance from Far Light Position Hight of Light
Initial Point endm) B Geah x
35° 04.7087” N
rar end ° 129° 06.728" E B
Near end 5546.417 35° 06.4274” N ]

129° 03.7311" E

: 35° 07.6695" N
Front Light 9564.644 129° 0155482 E 363.5

. 35° 07.9748” N
Rear Light 10561.871 129° 010189 E 458.5

Mol Wk AgE 305.022° o)1 FRE 5546.4m=E 2HE H AT

G2 FIHY AN P T A4 BAE AdEs) B1 <Table
40> 2o, I 97t 305.010 ©, 304.982 © = 91¢] 305.022 © &F °Fxte| x}o|
(©)

S
2 A2 B3, T2 SN BHIA AT F5 2429
e

Lineo] A4 = At}
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O

Table 40 Bearing and Distance between Initial Points

Point B(%aergg Dis(tnalr)lce

Far End = Near End 305.022 5,546.4
Far End = Front Light 305.010 9,564.6

Far End = Rear Light 304.982 10,561.9
Near End = Rear Light 305.004 4,017.3
Near End = Rear Light 304.947 5,014.3
Front Light = Rear Light 304.724 996.8

9l Aol ol olgle B}

FZAZHA oF 47m FHof omz F2Zo) 123 nlws] £ w 26.9%
Hojut (Table 37>0lA A|AIRE  “Good” ©fl s gt

2) <ZH(Elevation Angle)

T 3o FARYUE JdHe] A% Y A= FE SF A M Ao
D2 7EHL G2 EHo HA e mE S, EFH o] AHAA=
g BREG o]l 2B = o] VEHHANA 0RY o] oA HH =
she Ao® Wit

Table 41 Data for Calculation of Elevation angle
Element M R Hy, Hy,,
Value 4017.3 996.8 363.5 458.5
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RL

He |z 458.5
st2od
Nearend

| @
\ 0 g .'l AL

| M=4017.3 [ R=006.8

Fig. 115 Data for Calculation of Elevation angle

21 (259 <Table 41>¢] 84H & tidste] 2347 0 Hop & glo] o=
2 Fig 115 et A3t Qo] @R BAHAA T Sske] Belg TR &
ol Zow Budt)

Hp,

-1 -1 HFL
tan” ' ( Tt R)—tan (7) = 0.00095 > 0 (25)

3) =o]& A 8 (Off-Axis Distance)

T SEE e ¥ FEAFAFETYH F£A d8404 e AR UA
st HAYAGE EdAvte 3715 133t ¢ta1E 5m, 16m, 30m= &3}

o FrlstAth = olgAYE T35t s a3 HolEl+= <Table 42> %
o, 7/HeE <Fig. 116> #t}.

Table 42 Data for Calculation of Off-Axis Distance

Element C M R Hy, Hy, Sl
Value 5,546.4 4,017.3 996.8 363.5 458.5 5, 15, 30
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FL
&—7 Hg |- 458.5

S2AIEH S=8E H
Farend Near end

o

C=5546.4 il M=4017.3 | R=096.8 |

Fig. 116 Side view of Transit Line

Ask Aol wet b SmY W F o]2Ag e} Hl= <Table 43>3 2t &
2 AZRHNA EHAA FolgAE Im-8lmelal, I t-&Hl &L 5%~46%=
ZAE A, 82 ZAH A Excellent2 B71E i, FEAZAHA Far2 3
7t = ATh

Table 43 Off Axis Distance and Cross Track Factor (Height of eye : 5m)

DistanceEir’lr&)m Near Off Axis Distance(m) | Cross Track Factor xﬂ\(ﬁl@)@
5,232 81 46% 5.4
4,709 73 41% 5.5
4,186 65 37% 0.5
3,662 57 33% 0.5
3,139 49 28% 5.5
2,616 42 24% 54
2,093 35 20% 5.1
1,570 28 16% 4.7
1,046 20 12% 4.1

523 13 8% 3.0
0 9 5% 1.1
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A4t Ao me) kil 15mY = olgAg 9} HlE= <Table 44>¢} 2t} 3
2 ANZAHNA BAHA7A ZolgA g = Im~8lmo]x, I th&u]|E&L 5%~47T%=E

2AE A, 2 ZHoA Excellent® HEUw, FEARHNA Fairz B

Table 44 Off Axis Distance and Cross Track Factor (Height of eye : 15m)

DlstanceEi;lr(;)m Near Off Axis Distance(m) Cross Track Factor Y(strﬁrvga,;i)
5,232 81 47% 55
4,709 73 42% 5.6
4,186 66 3% 5.6
3,662 58 33% 5.7
3,139 50 29% 5.6
2,616 43 25% 5.6
2,093 36 21% 54
1,570 29 17% 5.0
1,046 22 12% 4.4
523 14 8% 3.3

0 9 5% 1.6

<

A4k Ayt whet kil 30me = olg7g H olgAg wl= <Table 45>
o Aok = AFAAA EX7HA FolgAgE Im~8lme]al, 1 th-EH &2
5%~4T%= ZAME 3, T2 EH-A Excellent= H7FE AT, FZA|AF ol A
Fair2 7} HAth
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Table 45 Off Axis Distance and Cross Track Factor (Height of eye : 30m)

DlstanceEir”lré)m Near Off Axis Distance(m) Cross Track Factor Y(lsjrf,r\)?/;i)
5,232 83 47% 5.6
4,709 75 43% 5.7
4,186 67 38% 5.8
3,662 59 34% 59
3,139 52 30% 5.9
2,616 44 25% 5.8
2,093 37 21% 5.7
1,570 30 17% 5.4
1,046 23 13% 4.9
523 16 9% 3.9

0 9 5% 2.4

F4HeE B3k Transit LightE o8& & & AErES ZASH] 935k
3} B3kS 2016 5€ 209 00:008-¥ 52 229 24:.007}A HA4Fs) B&ks
< ZARE A= ol 2T

2Ab 7170 Bk BAGS 5P AL CTable 46>0 vhebdk npoh o] &
4515 0= FAESIoH, o] T e ojyAdrte] 1268(27.94%)% 71 &2 HlF
= AA 8T

Table 46 Statistic of Inbound & Outbound Vessel (Ship’ s Type)

Fishing | General
Type Boat Cargo

No. 5 30 80 126 51 7 82 451
Ratio | 1.11% 6.65% 17.74% 27.94% 11.31% | 17.07% | 18.18% 100%

Tanker | Container | Passenger | Etc. unknown Total
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& Unknowndlute] 219802 7bg Be mFe AAstgon, o|Ee gy
G AS BPSHE £2FHL OB =AU

Table 47 Statistic of Inbound & Outbound Vessel (Ship’ s Gross Tonnage)

GT Under 100 500 1K 3K 95K 7K 10K 15K
100 ~500 ~1K ~3K ~5K ~7K ~10K ~15K ~20K
No. 0 30 14 17 34 19 65 5 21

Ratio | 0.00% | 6.65% | 3.10% | 3.77% | 7.54% | 4.21% | 14.41% | 1.11% | 4.66%

GT 20K 25K 30K 90K 60K 75K Over un- Total
~25K ~30K ~50K ~60K ~75K | ~100K | 100K | known

No. 9 6 8 0 0 2 2 219 451
Ratio | 2.00% | 1.33% | 1.77% | 0.00% | 0.00% | 0.44% | 0.44% | 48.56% | 100%

S|
ax

=
(e} =
g}ol= Aulo] wEEko) %0} 4knots¥ trH 88.44%

ML
ok

Table 48 Maritime Traffic Congestion Assessment

. Practical marine |Value of marine
72hour traffic| 1* Conversion traffic|  yejocity trafrfic iratfic
volume(No.) volume(No./h) volume(No./h) congestions
4 kts 9.55 88.44%
451 8.45 6 kts 14.33 58.96%
8 kts 19.11 44.22%
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5 Z=E93F E4(Collision Risk Analysis)

TE=9138 B4 A3 A As5E w67 Hste] AlS #4719 o
e d43% A="E ks g gtae Axste] RAG RS 533 Auts
o HlolHE 7€ 2494 FE 7€ 31Y7HA] dFLI FHEAT AIS F4l H o
BlE= MATLABO. 2 whEolzl A Z2a#o A tage] Ha, Aute] 37
AIS =2ldlo]E] % web-site(www.marinetraffic.com, 2013)& &<lstqa, 2+ A
kol F7]1& Alstele] i AubES AASEAT. ofgl 1®<Fig. 117> 79 24
d T FHoR BHAFE Folw, £4& f5te F4E B3 d9Y

T9S 959 A5E gt 16x228 AS FE3Y T

= 23} o
% Aol 7HE =2 A xq1(6,6)0] "é(G Nel AddRT oF 2

Q_ =
S g3 A& <Fig. 11703 2t}
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PR AP e anE) GEReR ADREN R RN fER

Fig. 118 The average risk level for 1 week

S8

<Fig. 11959} #o] Aduhe A(6,6) B A7, 7) 9L 7HA] BFoe 2 st
ool & 79 mls) Agdel H wde AL UEit AR o] 79
oAl F=o] ®ol WASIATE <Fig. 120> ZEAIE A3 o] 2000:d~2012d
Atolol 1479 FEo] TASATHET Gl Fkda T, 2013d). o] F 539
F&°] 46,60 I AT DolA A} AT

Fig. 119 Enlarged map around cell(7,7)  Fig. 120 Collision Map from 2000 to 2012
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aga HE fdAdel =2 A6,6), 6,7, (7,7, (7,8)°] thste 15 5+ 00
ARE 24AN7HA i 308 A cR AdAE Adtsta Hde 7R Ade
<Fig. 121>3 o] Yyersit.

:-'\l:'l'l':.l. 4
dieM)
L]

3N+

MK =

| IHH] +
5]

[ L

[RELC] Rk La] Lrk L LA Loy 15105 IRIK] AR LE] Ligk1 ]

Fig. 121 Risk rate change by time at high-risk cell
AAEL 06400258 FS7Fst7] AZFRAL 2241302 7HA] Al&sl A ghol st
Aok AP 184100l 7+ =21 vERS T 8o Fabee 18A4100+& 73 ol
si7F AaL A=Fe A= AU E FejAkY] 25T =3 Aloprt fHasty g
dol Hztels so= Aol AP AldtiE <H A AtHThe Japan
Association of Marine Safety, 2012).
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{yaoo +

(TIH} bEL LR i LA 15y &N am oo

Fig. 122 Risk rate change over time in the cell

A(6,9), (7,2), (7,9, 8,9, G108 AIERE A4S Uepd 1
122>} 2. A6,6), 6,7, (7,7), (7,8)¢] F9HT Aoz AL EAT
7R = 18A002 7 oll 71 1ol w2 o= UERTH

w5 — T P
e 1] T !
| o e—
e |, (e

T -

| B

| %

Fig. 123 Risk rate change over time in the cell

HAAg 49,11, (10,12), (10,13), (11,14), (12,16)e] AIiE= 3
= <Fig. 123>} 2t} <Fig. 121> 2 <Fig 122>8} 7o) &

b EREA UeAE fAw 2 A A 9@l e A
ZolE 184008 0.2 UEbsT,

E

- 164 —

Collection @ kmou



4.2.3 TRAM HZ4d

AW ELFAA 2~ FHrylrdol TRAMS

Ast ezt ok Agates F27F wixE W

Fabel B4

N FtH A =ElS HSe

ok S37F AXE B7F dAISHA] eoF F=AAAANA A 47Tm T H o
Transit Lineo] AAE Ao =Z HrlEYD, T WA FEQ Gzt ias 3=
ERolA FESTIAY o] AES7HAS dART AA t=Eo &2 A
T A 7 T3] BeE T F Qo] 2de HSste Ao HUiE g
o, Al HA F&5 Fold Aol FEAIZHAA <t wel Transit
Lineol A Htf 81m~83m7tA = S317F 4 <8< Aog AdsHA He AL
= HriEslen, 235 Q9kstH <Table 49>} &t}

Table 49 TRAM Evaluation of Busan Port Transit Line

Evaluation Item

Result

Decision

1. Bearing Difference
Distance

Discordance between Channel
Bearing and Transit Line Bearing

Off-Centerline Distance 47m
(Stbd side) at Far End

2. Elevation Angle

Elevation Angle
: Rear - Front > 0

Good

3. Off-Axis Distance

Off-Axis Distance : 81~83m
(Height of Eye 5m, 15m, 30m)

Fair (46~47%)

£
Jo
iz
2
g

Colle

ction @ Kmou

Gerd Zle <Fig 12458 gov] wag
A% FRALLANA FSARAel @

Transit
A2 =7}
ko A 45me]

5313 Alnt



sfjoF & H a7} Ut

%
SE=AlM
W/2=175m
- 45m
HoEs1 51853
~ 47Tm " 83m
Fig. 124 Result of TRAM Evaluation
4.3 TRAM® A&
431 B4 RZRT A AH
DEx =59 284
517 W37} X &Aoo 2 o] Fo]R

o] FAHe)E3 A3+ 713kak Z(Useful Segment)e] =41 A Akl
et FEE

35° 06.977” N, 129° 02.769’ E& %3
<Fig. 125 ~ Fig. 128> Yeld nle} o] /49
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Fig. 125 Location of new construction  Fig. 126 Drawing of new construction

L 1
205.6m 210.25m
Ground. =3
M.S.L: —
=
0.65m

A.LLW

Fig. 127 Bird’ s eye view Fig. 128 Height of new construction
71&9] Transit Line sjdw kA ==lolA 2 FHANA F 349 47

o ofej <Fig. 129>014 B wpsl zro] 5.22° o]t

) .
(a)458.5m
N:;r IEnd of 363.5m
useful Segment e:s.zz:] |
Front Light Rear; Light
4011.9m
(b)5,019.8m

Fig. 129 Elevation angle of Busan port Transit Light
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<Fig. 130>ell uehd A zo] 393° 2 7]&

Hight 363.5m

Hight 210.25m

Dist. 2231.9m

Front Light

MNew Structure

-

Fig. 130 Elevation angle between new construction and Front light

she

3

o] 23.2%°ll

&=

A

Ab=Eetd <Fig. 13109 29|

1,282m-3to] Hot.

Shadow Zone<

210.25m

useful Segment

Near End of

Rear I%,ight

Shadow Zone

E
&
o
-
1=
wi

Fig. 131 Shadow Zone by new construction

HF +9e 5= Aol

71 o]

3

Iz

o] & FHEH ¢ =/
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Fig. 132 Secondary Transit Light Layout

<Table 50>3} Zo] AAHA A= 71+€ =59 Transit Lined| X35ty 7]+
AEsdel Age Rzx:E59 A=Sde 1L1438m, =53 Afe
1,544.2m= AF=% T}
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Table 50 Secondary Transit Light Layout

. Dist. from Front | Dist. from Near
Name Location Char. light end
35-06.78N
2nd Front 199-03.19E FG 2,868.6m 1,143.8m
35-06.91N
2nd Rear 129-02. 90F FG 2,467.7m 1,544.2m

& U=
2 AES ], olF TEEN FVWAES Bl £5o AUl T Ha U7
2 AEde] 0B FEste A F 59 S18 ARHuA B

& =1

Aol FAEISH s fxsta 3 EHE IAFE Eole 60m=E 35
= ot= H QoA Shadow Zone Tt

A YA (Hmax)= 3.56° 2 &5
=

e ALY A9 Hx AEEY HEE

Near End of

Great Bridge of useful Segment
Busan North port gom

8 = 3.56°

Shadow Zone
1,282m

2nd F:iont 2nd R:,ear
| 2803m |- 1143.8m

1544.2m

Fig. 133 Calculated Max. Height of secondary Transit light

EE, Ha G2 AEHY] st REo| Aol Mok sbsd Al
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AF2Ao] AHukstal & AB¢E VMRS 4k st B4 53
FHste Adute] A EolE 60mE FAE o, 7HEet
Agl= 1,090me]ar sl Aduto] R kst &
s B3l AL A3 <Fig. 134>9‘r <Table 51> el 74 7]
(fmin)< 3.15° = AF=HAL ¢ Bx =59 A4 H8d A Bz A
559 £559 HA =olv 77 63me}t 8vmE E=ZE AT

o
>\* p

bt

[

0

1o

o

rJ

rJ

i)

Near End of
usefu| Segment

85m

meld Rz ESe SuE Hi 21 oy Ju =

: al
) A& FzE 93 Shadow Zoned] EAAES AT & Ytk

Table 51 Height & Location of Secondary Transit Light

Name Location Min. Height Max. Height
d35-7.6695N
2nd Front 129-1 5548F 64m 147.3m
35-7.9748N
2nd Rear 129-1 0189E 86m 170.6m
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4.3.2 TRAMS A&

1‘
El
i
[}
o)
>
[
)
1o
N
off
2
e
ox

S A Algo =z el WASt= A
ko Al Al Hlo]

3 sl
AESFF L, Lo w2t TRAMS Al 74A] @4

N
N
.%
—
o
=
@
=
C
=
@
2
W
%)
=2
do
ol
o
P
x
Q
o
i
I
r o
%
o]
o
e
0

Al =¥ FTd FAE BF dEdunesdAAz"HAG Hx =59 A=

<{Table 52>¢} Zt}.

Table 52 Initial Position of Transit Lights

Name Lat. Long.
Front Light(FL) N 35-7.6695 E 129-1.5548
Rear Light(RL) N 35-7.9748 E 129-1.0189
2nd Front Light(2nd FL) N 35-06.7842 E 129-03.1060
2nd Rear Light(2nd RL) N 35-06.9030 E 129-02.8973

(Table 52>94 =&% 7| 19 WS =Fst4 ot <Table 54>9F %
o}, B4+ Transit Light ¢1XE 18 w] Transit Line®] ®¢l+= <F 304.86°
ol o] W E 7|+F2o = 2nd FL % RLe HEE 4+=stH <oF 304.83° = 7}
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e

NzEAze] st Ao §AG Ao ABHol A4 £ FU iy 23
Transit Lighte} Alqt A== Hx=%o] 7o dAAddeA Transit Line<
ol F+= AORE AXEHUTE 7| HEg A= AFH o]dt ALt A
o] Zkeltt.

Table 53 Bearing & Distance between Initial Points

Name Bearing(® ) Distance(m)
FL — RL 304.86 989.24
2" Far end — Near end 304.91 2,436.78
2" RL — FL 304.91 2,480.22
2" RL — RL 304.90 3,469.56
2 FL. — FL 304.90 2,865.45
2" FL — RL 304.89 3,854.81
2 FL — 2™ RL 304.83 385.19

2) Wt o3t olg A

SA DollA HEZ vke} Zo] B =59 AX7F AL A A X35t
Ae Aog Hrlgo]l the WA E Transit Light 7]%5o AefS v 13t
oA FEZZFAAA Transit Lined] o|&EHAE ZAlst7] 95t 7]E42A A
£ <(Table 54> 4 Y <EstH T

kl

e
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Table 54 Initial Point of Secondary Transit Light

e 0| e
Near end 1,281.49 e -
2nd Front Light 2,419.718 13259 0(?5;'7182589/, I\é 64
ond Rear Light 2,819.608 o, N 87

=

2 EH-A Bx AEF7HA welet A= 9F304.9° ol A

& 9F1,255m, Rz AFE=Fo e 3048° A= of 385omelt.
J_'L

S °fF ImAE Hloju= Zo=E A=HT, FEFH
350me] =2 wFe|zte] &gt 43 Ol%ﬂﬂ T3t A (16)0l o8l olE A nI=
1.75%7} 2F=E R om, B4 Transit Lighte] 7]l5S AFS W AZEEAA
7HE 2 Frol AEEHEE o] FtolA HEESFo HIIE  “Excellent” o]t}

wrebA] "ol 2l )3k Transit Linee] ol&Agu 7} 15%u9to g Hrlg ez
AAsittal Hrre 4 Aok
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Table 55 Bearing & Distances from Secondary Initial Point

Initial Point Bearing Distance(m)
2nd Far end = Near end 304.91 1,281.90 (C* )
2nd Far end =  2nd Front Light 304.91 2,436.78
2nd Far end = 2nd Rear Light 305.20 2,820.00

Near end =  2nd Front Light 304.90 1,154.82 M’ )
Near end = 2nd Rear Light 304.89 1,540.03
2nd Front Light = 2nd Rear Light 304.83 385.19 R’ )

ol 7|ZHTe Aze satst Ax = 58 Transit Line] 7)ol A
ok W& FEAZC )+ 1,281.9me]aL A3 Hx A= A )=

1,154.8me]al, Bz HAF=S7F AR’ )2 385.2mE =ARE AT
GAE FEEHANA =5 AUt ME kR F2UAA 7P 2 /%
S 7HAA Ha A7IA T 55 S ALEE Hlwste] XA T 53
s T J=A AFE FAsAH. v <Table 56> Y4<

Table 56 Data for Calculation of Elevation angle

-63-5'- M* R ‘ [JQndFL }IanRL
¥ds 1154.8 385.2 04 87
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H
- (26)

RL

H,t;"FB..-"

-+

Mear end

Fig. 135 Data for Calculation of Elevation angle for Secondary Transit Lights

1) ZolgA g
zolgA e 8 Wrlsly] 95kl Wash HlolElE <Table 5704 melz= wb
S35 APM' ), AFE83 AR’ )]

F2AC ), FREHF 2
1, HEAY hue el FFol

ZyZy 64m, 87meo|al
%S 2 5m, 15m, 35m= FE3l H7}3IH T

=
) = T
A, A5y 359 Stu=
o

Table 57 Data for Calculation of Off-Axis Distance
Hp (m) QF37(m)

= C ‘(m) M *(m) R ‘(m) H,;(m)

87 5, 15, 30

1,281.9 1154.8 385.2 64

- 176 —

Collection @ kmou




5 v
ne =

Ha=87

Far end Near end

X e

1 - b

Fig. 136 Side view of Secondary Transit Line

AL A3 me) k3 SmY W = o]lg A e} vl= <Table 58> Zo. =
NZAN A ZH7A] 2m~14mo] T Bl 8%o]3tE Transit Lineo| A Hojik
HZo] He AR ZAEAL, F2 AZHAA EHZA A oA

Excellent®= 33 7}5 ) th.

Table 58 Off Axis Distance and Cross Track Factor (Height of eye : 5m)

DistanceEi;lré)m Near | e Axis Distance(m) | Cross Track Factor Y(l\sjrilrv%l)
1,282 14 8% 5.1
1,154 13 % 5.2
1,025 11 7% 5.2
897 10 6% 5.2
769 9 5% 5.2
641 8 5% 5.1
513 7 4% 4.9
385 6 3% 4.7
256 5 3% 4.3
128 3 2% 3.6

0 2 1% 2.6

A4t Ao me) kAl 15mY = olg-A g ¢} vl= <Table 59>3 Zt}. &
Z AR ANA E-7LA 3m~15meo]al H| &L 8%°]st=E Transit Lineol] A Hlof
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U #=Zo] HE ZHoR ZAFESRA, F2 AZHAA EH7IR] A I A
Excellent2 3 7}= 9t}

Table 59 Off Axis Distance and Cross Track Factor (Height of eye : 15m)

DlstanceEflré)m Near Off Axis Distance(m) Cross Track Factor Y(ﬁlnlrv%d)
1,282 15 8% 5.7
1,154 14 8% 5.8
1,025 12 7% 59
897 11 6% 6.0
769 10 6% 6.1
641 9 5% 6.1
513 8 4% 6.1
385 7 4% 6.0
256 6 3% 5.8
128 4 3% 54

0 3 2% 4.8

¢t 30me W = olgAE H olgAE W= <Table 60> 2ot = A2
ol E&-7FA bm~17Tme]al H]EE& 9%olst= Transit LineollA Hloju} B=o]
He Aoz ZAEJL, d2 AFHNA BHE7A A FIro A Excellent®
H7F= At
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Table 60 Off Axis Distance and Cross Track Factor (Height of eye : 30m)

D1stanceEflré)m Near Off Axis Distance(m) Cross Track Factor x(lé[rlljrvgal)d)
1,282 17 9% 6.8
1,154 15 9% 7.0
1,025 14 8% 7.3
897 13 % 7.5
769 12 7% 7.8
641 11 6% 8.1
513 9 5% 8.3
385 8 5% 8.6
256 7 4% 8.8
128 6 4% 9.0

0 5 3% 9.1

433 TRAMS| B4 A3
2 =z AAZE TRAMC = 7]E9] sfdusddA 21| Transit Line=
H7be Bk oty Aqf A EHE A" R A4 &ste HESIAT
B8 Transit Line A4 Bx =59 M3Fx
d #HE2E EUE A5 A SRR 9 A
7S AT FE AIF A 3m B El AAE Aow HUEEQIA, T oHA

s FEEHAAM FEE7HA °P7—.‘°1 XJE%U}XI GZtET 3A 4tEE o
7

Z HrtERow, Al HA &1 ZolgdAg A= 7] At TFE AIZH A
Hd 1dm~17m7tA o]l o] HI7lEAA 9%u| T2 HriEleon, I A
= <(Table 61>} #t}.
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Table 61 Result of Assessment for Secondary Transit Line of Busan Port

Evaluation Item Result Decision

Almost same bearing between
Channel Bearing and Transit Line
Bearing

1. Bearing Difference
Distance

Off-Centerline Distance 3m
(Stbd side) at Near End

Elevation Angle

2. Elevation Angle . Rear - Front > 0 Good
Ceie Ty Off-Axis Distance : 14~17m 90
3. Off-Axis Distance (Height of Eye 5m. 15m, 30m) Excellent (8~9%)

o] A= Ao wel siEAoA FES B (Fig. 13703 Zon, RAks)
B3} Transit Line Al 2~®-& Bal A1zl Ba {2z 2AREH A A
S22 QA% §979o] AZEE FE7MA 48 7hsstH, I ol%

= A2 AXEE Bz ©£50] Transit Line 7]5g 2 93te] @A F1to ths}
o Transit Line 719 Aofks WA il A 53 s =88 =+ e A

o= J{7b HAo.

w24 TRAME ©
ZIRko 2 ojn] HAd sdaEtd Al AgERE ofye}, AlgtE AAH= Al
j

o A g Jhse Q0T Dol FF ANFF ol
o
=

ofo
rot
ot
N
—|_l
iIh
)
2
>
F
rr
jus}
I
o
Ny
o
X
\
N
N
o,
A\
N
ko
F>
[~
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Fig. 137 Two Transit Line systems & Available useful segments

4.4 FZEX(AtoN) Al EH oA AZF

44.1 FE2EX(AtoN) A EF ol F+A
D Ne

&, 2T A7), 48987

, ot @ 3(Bank Effect), 7FHZF, AuF A5 7HA

9
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FA E2, ol I A
O Printer 17]
O ENC W37

g2 A (AtoN) Al EdHolH gH 7442 <Fig. 138> 2 <Fig. 139>} #t}.

NetWork Simuaton SApDE Map View 3D View B Hep
G a® BRI JAMPD I B0 @ B[R - X0 1% A A6 EE P AR@D | L Gm 7

Tug Arrengerents.

~wind
'-Ea—:{_“_j @) PR | egreroe [iz5mie <] ingRange
- e e S
o R s B ag O
% mFEE IS e ™ 5
rEFEEES = !]HL S0ds [ oams 7’—'& ) 7|'
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Table 62 Specification of Model Vessel

Element LBP B D

Type

6,000 TEU Container 300.5m 41.5m 11.4m

Fig. 140 Model Vessel
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Table 63 Final Transit Line Configuration

Div Value Remark
Height of Front Lihgt (m) 3975 Som rom
Height of Rear Lihgt (m) 460 Sggrll dfgggl
Height of Busan North Port Bridge (m) (Bridge Fr eGeSB(())ard . 60.0)
Distance between Far End and Busan North 5939 3
Port Bridge (m) T
Size of Day Board (Front) (m) 3x5
Size of Day Board (Rear) (m) 3x5
Front Light Intensity (Cd) 705,946 LED
Rear Light Intensity (Cd) 705,946 LED
Distance between Lights (m) 1,007.9
Height of Eye (m) 5, 15, 35
T3 HxET9 ‘AETH $ETY X AN & ‘A dERE AT
T35l # ¥wd AL <Fig. 143>3 2.

5 Leading Line

a PR N

= NMT
S oMt N

Fig. 142 Transit Line of Two Transit Line Systems
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. 143 Verify by Simulation (Day)
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Fig. 144 Verify by Simulation (Night, Navigating on

Centerline)

Fig. 145 Verify by Simulation (Night, Navigating on
Starboard side)
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Fig. 146 Verify by Simulation (Night, Navigating on
Port side)
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