creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

CEMEL: BMEm L

Fa FA PIS SI% AEftol= A B A7

A Study on the Design of Sector Lights for Directional

Function Enhancement 1n Port Entry

EEC T SN TG

20207 2 H

W KB 2 KB



) E

Collection @ kmou

= e OFEe] B SIRREe R et

20199 12¥ 262



LiSt Of Tables .............................................................................
LiSt Of Figures ...........................................................................
Abstract ........................................................................................

;q]lxc} }\-]% ...........................................................................

1.1 od:[L HH%] 1;_; %zﬂl ............................................................
o
=

1.2 A5 H# 2

221 =5 (Leading Lights) s weeeesseesmmssmsssisenmensicenss
222 AEgolE (Sector Lights) «wweeseesessesssssessessenininnns.

A 3F AEZ)E HASL

B>
e
d

3.1 /gj]/\].g:" _EL/_\;]' ....................................................................
31.1 ’—'—'1"1*H /‘\jj;‘(]/\]_iq] ..........................................................
3.1.2 3 AXAFE] e

3.2 @7:]] O AN Bl AT tiiiiiiiiiitiiiiitieieeeieteeteteeantteanteennateraateanaeeanneens

AL T

321 AETO)E AX] 7] o

Collection @ kmou



322 7]%&] jlgq /\]-651— ............................................................................ 38

323 AIE]ZFO]E 5 v 52
324 AA AP T HFH s 74

A 47 AETGO)E HA L S v, 79
4.1 AE]TFOIE A A coreererrrrrresrnesini 79
411 BAFEF B8 AEJZFO]E e 79
412 BAFEF A} AE]ZFO] B coorvvevsneesissnsssissssssssssssssssssssssssses 9
42 AEZFO]E A FAZ v 104
4271 BZ TR A EH O)E]  coererrrermmseeeii 104
422 BAFEF B3} MEJZFO]E o 106
423 BAFEF A8} MEJZFO]E e 108

Al B A BE s 110
51 Z B e N gy PR ..o 110
5.2 BEE LA oo RIS B LA 111
1 s [P T 113

Collection @ kmou



List of Tables

Table 1 Number of AtoNs inN S. Korea :--rrrerrrrerrerrrrermeneetiniiiiiiiiii.. 8
Table 2 Pohang new port Sector Light in List of Light «eeeeereeererseesseenen. 17
Table 3 Dangjin Hwaryeok Sector Light in List of Light «eoreeeeeeeessseeenenen. 20
Table 4 Samcheok-Hang Sector Light in List of Light «eeeereeerereessennnen: 22
Table 5 Number of Sector nghts S A 0 1 /2T TR TR 23
Table 6 Typical transmittance for various light sources «:::seeseseeesesessseseceene 42
Table 7 nght time nominal range table srorrerrrere 48
Table 8 Day time nominal range table  crrererereeeee 50
Table 9 Chromaticity Corner Coordinates ::roreerorrerrersrarresreereerctitiiiiiieine.. 52
Table 10 Comparison of the difference technologies of sector lights -« 53
Table 11 Busan north port Leading Light in List of Light «weoeoeeereeeeeeseseeeeeen: 80

Table 12 Horizontal beam width of white Sector at each point of Passage 1 :---- 87
Table 13 Required Luminous Intensity of Busan north port Sector Light --- 89
Table 14 Design results of Busan north port Sector light «-«:eoeeoeeeseeeeseeeseeees 91
Table 15 Horizontal beam width of white Sector at each point of Passage 5 -+ 99
Table 16 Required Luminous Intensity of Small ship’s pier Sector Light 102
Table 17 Design results of Busan new port Sector light ««eeeoeeeeeeseseeeseeeeees 103

Collection @ kmou



List of Figures

Flg 1 Pictogram Of Sector nghts .......................................................................... 4
Flg 2 Apphcatlon example Of IALA MBS ........................................................ 10
Flg 3 Concept figures Of Leadlng nghtS ......................................................... 11
Flg 4 Concept figures Of Sector nghts ............................................................. 13
Flg 5 Several applications fOI' sector hghts ...................................................... 14
Fig. 6 Multiple sectors arrangement marking a channe] «««eoeeeereeeeseeeeees 15
Flg 7 POSitiOﬂ Of POhang new port SeCtor nght ......................................... 16
Flg 8 View Of Pohang new port Sector nght ................................................ 17
Fig. 9 Position of Dangjin Hwaryeok Sector Light eeeeeemesessmesein 19
Fig. 10 View of Dangjin Hwaryeok Sector Light wwewesssssesseeesssssseeeee 19
Fig. 11 Position of Samcheok Hang Sector Light = eessssessseesssssssesseeen 71
Flg 12 VIeW Of SamCheOk Hang SeCtOI' nght ................................................ 22
Flg 13 POSIthﬂ Of Woodman POlnt nghthouse ........................................... 24
Flg 14 VIEW Of WOOdman POlnt nghthouse ................................................... 25
Fig. 15 Woodman Point Lighthouse in List of Lights weeeeeeeereeesssseisenes 26
Flg 16 Position Of Buckland HIH Lighthouse ................................................ 26
Flg 17 VIeW Of Woodman Point nghthouse ................................................... 27
Fig. 18 Buckland Hill Lighthouse in List of Lights e 28
Flg 19 Position Of Trubaduren Beacom orerrrerrererreee e 28
Flg 20 View Of Trubaduren Beacon  crerrereereeersereeini e 29
Fig. 21 Sectors composition of Trubaduren Beacomn e 30
Flg 22 Trubaduren Beacon in List Of nghtS ................................................... 31
Flg 23 View Of Portsmouth Harbour ENIrance coceeeeeeeeerreereeeentneanini.. 31
Fig. 24 Position of Portmouth Harbour & Approaches «:::emeeeeeeeseseseeeness 32
iv

Collection @ kmou



Fig. 25 View of Southsea Castle Lighthouse e 32
Flg 26 View of Fort Blockhouse and sector hght .......................................... 33
Fig. 27 Portsmouth Harbour Sector Lights in List of Lights weeeeeeeeeeeeee: 33
Flg 28 Position of Kashima Ko Sector nght ................................................ 34
Flg 29 View of Kashima Ko Sector hght ......................................................... 35
Flg 30 Kashima Ko Sector nght in List of nghts ........................................ 36
Flg 31 Position of Chikura Ko Sector nght .................................................. 36
Flg 32 View of Chikura Ko Sector hght .......................................................... 37
Flg 33 Chikura Ko Sector nght in List of nghts ......................................... 37
Flg 34 Angle of uncertainty ................................................................................. 41
Fig. 35 Plot of intensity against vertical angle with the 50% intensity

points marked N red s s 43
Flg 36 Influence of observer helght ................................................................. 44
Flg 37 Compensation for earth CUTrVALULE «--roc-rrererrrrerrrrernrrntaiiiiiiiiiiiiia, 45
Fig. 38 Luminous Range Diagram(night time) - 47
Fig. 39 Luminous range diagram(day time) s 49
Fig. 40 CIE 1931 Chromaticity Chart s 51
Flg 41 TALA Chromatl(:lty CaTrt socerererrererreresressrersterrtittitittcttietrieeseaeaeees 51
Fig. 42 Single light source sector light with drum lens -=eeeeeeeereeeseeeee 54
Fig. 43 Basic operating principle of Point Source Sector Lights =weeeeeees 54
Flg 44 Internal fﬂters in a hght ouSE wrvrerrerrrrerrerr e 55
Flg 45 External filters on a small lantern wrocorrererrererrereerereeeareeenneniia. 55
Fig. 46 Factors that determine the angle of uncertainty in point source

type Of SECHOr lighits s sssssssreesssessssssssssisissss s 57
Fig. 47 Observer’s View at the Assumed Nominal Sector Boundary ----- 58
Flg 48 Plan View of the Drum Lens :wrororrererrrrerrrerreecmreetritiiiiiiaiiee. 58
Fig. 49 Filter offset applied on both sector boundaries «««weeeereereseeeseeeeee 60
Fig. 50 Example of Single source multiple tier sector light «--eseoeeeeeeeeee 61

v

Coll

ection @ kmou



Fig. 51 Principle of a multiple source sector light «=-eeoeereeesesenessesenecnens 62
Fig. 52 An omnidirectional sector light with 5 sectors ««weeeeereeseeeseeeeee 63
Fig. 53 Example of a Multiple source LED sector light with four vertical

FHOI' #++oseserereressesesesesese st st et e s et e sttt et s st s b b s s et a e s a ettt s e 63
Fig. 54 Multiple LED sector light with cut screens -« 64
Fig. 55 Basic operating principle of Slot Sector Lights «w«eeeeerereereeessseeeeee 66
Flg 56 nght Source Array .................................................................................... 66
Fig. 57 Basic operating principle of Slot Sector Lights (3 light sources and

B SECHOTS) +++eeesss111ee e eess 67
Flg 58 Rotatlng Fresne] TLems croroceererreererererretmtetintiiriiiiiiiiiiieiieeiieeteeeaeeaaees 68
Fig. 59 Top view Rotating Colour Switching Sector Light ««-wweeeeeeeeeseeeeeee 70
Fig. 60 Example operation mode for single flashing light of 3 sectors --- 70
Fig. 61 Basic operating principle of Projector Sector Lights «weeeoereeeeeeeeeeee 72
Flg 62 Multlple beam LED prOjeCtOI' sector hght .......................................... 73
Fig. 63 Single beam LED projector sector light with mirrors ««eeeeeeeeeeee 74
Flg 64 Reduction Of the Optical White Sector srorrsrsrerrerrerreriennae, 76
Fig. 65 Re-evaluation Of the WHite SECHOL « -« «wrtserrerremremremreertenienienenessessesseans 77
Flg 66 Transit Line of Busan north port .......................................................... 80
Fig. 67 Blind zone of Busan north port Leading Light(side view) === 81
Fig. 68 Blind zone of Busan north port Leading Light(ground view) - 81
Flg 69 Position Of Busan north port Sector nght ......................................... 83
Fig. 70 Ground plan of Busan north port cruise wharf -« 84
Flg 71 Dimension of MSC SPLENDIIDA -covrerererrerersretarttatittieiiiiiatitiataee.. 85
Fig. 72 Diagram of Passage 1 information w e 86
Fig. 73 Sector composition and Horizontal beam width oo 88
Flg 74 Aerial view of Busan new port ............................................................ o3
Fig. 75 Busan new port passage and status of AtONs «weererememereeeneenes 94
Flg 76 View of CMA CGM ]EAN MERMOQYZ, cveveveerreennesnntnetatiniiinniiiiainaniannnn. 96

Vi

Collection @ kmou



Fig. 77 Position of Busan new port Sector Light = ssressesssssssessiees 97
Flg 78 Diagram of Passage B Information srrerrerererrereresrereresretinestetiiiaiiiain, 08
Fig. 79 Sector composition and Horizontal beam width of Busan new

port sector hght ...................................................................................... 100
Flg 80 Initial screen of AtolN Simulator wrecoerereereereerermrmererii, 105
Fig. 81 Simulation image(2.5M from Sector Light) «wemeeeeerrsesssrsesesienenes 106
Fig. 82 Simulation image(Starting point of blind sector) -« «wwereeerersereeeees 107
Flg 83 Simulation image(Near end of Channel) ............................................ 107
Flg 84 Simulation 1mage(3M from sector hght) ............................................ 108
Flg 85 Simulation lmage(ZM from sector hght) ............................................ 109
Flg 86 Simulation 1mage(05M from sector hght) ......................................... 109

Vii

Coll

ection @ kmou



AT

1

-

&l

[€)

A EjEo|E MA ] &

=

1
o]

)

o] vl 714 @AR Y= 5

"o
;.oo
3r
+

b

2 A

55

A

ol

A %A

S

_
fite)

o}
Mz

o
M

;OO

A

Viii

A Hnt

2 (Course, #Hik)E A8t

s

)

2
<]
T

kel

-

o

=]
Collection @ kmou



F % X5 (Leading Lights)¥ AE glo] E(Sector Lights)

s34

55

Lol 3

) LN

SR =3 )9

é_]_'

Al 5 AEElo] Bl of

=¥

oF

E

A 2ol

1

°
T

_(1)4

ElebolE 4]

o

Al

AAE DA
=

[}

JJo
—_

i A}l A

33

39 wE et E7}

s
-

=
T

AL 71 FoEA

[e}
A]; Sector Lights AEElo] E;

Q
to Port Safety

B

hva

=
YA
Al

[

1 Ag el 271
Guide the Vessel

A AlEd ol

<

9
= .
a5
hYA
L

=

2

KEY WORDS: A Guidance Aids to Navigation %=
Simulation

Collection @ kmou

Leading Lights



A Study on the Design of Sector Lights for Directional
Function Enhancement in Port Entry

Lee, Jong Cheol

Department of Coast Guard Studies

Graduate School of Korea Maritime & Ocean University

Abstract

Typically, navigation i1s divided into four phases such as ocean
navigation, coastal navigation, harbour approach navigation and
restricted waters navigation. And the vessel pass through the ocean to
the coastal navigation phase with relatively unrestricted water.

However, from approaching harbour the vessel moves from the
relatively unrestricted waters into more restricted and more heavily
used waters and also navigate closely to danger areas like a narrow
channel, shallow water and underwater reefs.

At the phase of harbour approach and restricted waters navigation,
the navigator 1s confronted with a requirement for more frequent
position fixing and manoeuvring the vessel to avoid collision with
other traffic and grounding dangers.

In addition, it 1s very 1important for the navigator to observe
vessel traffic conditions and features in the adjacent area, while
keep tracking on the planned course. In this case, we 1nstall a
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facility, called as a guidance aids to navigation, to lead vessel
safely.

As the Leading Lights and Sector Lights of guidance aids to
navigation provide a safe entrance course in a visual mean via in a
fixed position, the navigator can keep eyes on the front and use them
naturally without losing sight. They serve the mental stability and
are very useful and effective aids to navigation.

This paper suggests the design procedure and method for the
installation of Sector Lights suitable for 1ts purpose by analyzing
the international standards and the cases of domestic and overseas

installation.

The proposed design procedures and methods were applied to install
Sector Lights in Busan North Port to remove the blind zones of the
existing leading lights and also in Busan New Port to adapt the aids
to navigation following the navigation condition change due to the
removal of Todo.

As a result of verifying the design of the Sector Lights through
AtoN simulations, the both cases certified that the lights faithfully
informed to the navigator of the safe entrance course and the range of
navigable waters.

This paper 1s expected to be very useful for 1installing Sector
Lights to guide the vessel to port safely in Korea with low deployment
of 1t, or to build a new one or make reinforcement of it owing to the

reefs, shallow waters around the existing light aids in the future.
KEY WORDS: A Guidance Aids to Navigation %3 A|; Sector Lights A E g0 E;

Leading Lights %%; Guide the Vessel to Port Safety 3}%h ¢Fd-f%; AtoN
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Table 1 Number of AtoNs in S. Korea

Div. Total National Private H] 31
Total 5,288 3,180 2,108
Manned LH 35 35
Unmaned LH 304 289 15
Breakwater LH 994 819 175
Lighted Beacon 493 470 23
Leading Lights 12 9 3
. [Nluminating Light 11 9 2
Visual
Sector Lights 3 1 2
Marks -
Lighted Pole 413 318 95
Lighted Buoy 1,760 667 1,093
Lights on Bridges 182 5 177
Port Traffic signals 20 20
Offshore structure 32 3 29
Subtotal 4,259 2,625 1,634
Unlighted beacon 20 20
D Unlighted buoy 205 31 174
a
Y Daymark on bridge 182 5 177
Marks —%
Port Traffic signals 38 38
Subtotal 445 56 389
) Air siren 4 4
Audible
Electric horn 102 44 58
Marks
Subtotal 106 48 58
DGPS 17 17
Elec. RACON 118 98 20
Marks LORAN-C 1 1
Subtotal 136 116 20
. Tidal signal 4 4
Special -
) Marine weather 84 84
signal
AtoN AIS 254 247 7
Marks
Subtotal 342 335 7
— 8 —_
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Fig. 4 Concept figures of Sector Lights
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Fig. 5 Several applications for sector lights
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Fig. 8 View of Pohang new port Sector Light

TP FRAIY A AE S E(018)0] AAND T A1RF AE
o|ES] HX9X|, T4, T, FEAY, =M - Fx - o] F 7 AE 9 W7

LS <Table 2>¢} Zt}.

Table 2 Pohang new port Sector Light in List of Light

Location | Characte | Height | Range

o Structure Remarks
(WGS-84) ristic (m) M)

FW 18 White square W 262°~265.3°(3.3°)
36-01.20N

FR 72 15 frame tower R 258.7°~262.0°(3.3°)
129-24.02E

FG 14 * 69 G 265.3°~268.6°(3.3°)
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Fig. 9 Position of Dangjin Hwaryeok Sector Light
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Fig. 10 View of Dangjin Hwaryeok Sector Light
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Fig. 11 Position of Samcheok Hang Sector Light
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Fig. 12 View of Samcheok Hang Sector Light

TP AL A A LS S EQ2018) AAE A A1F
Eo AX9)X], 2, T, F2AY, =N - 72 - 50| 2 7 @hzifﬂ

<Table 4>} 2t}

_13_1
o,
o,

ol
do
N
flo

Table 4 Samcheok-Hang Sector Light in List of Light

Location | Characte | Height | Range

o Structure Remarks
(WGS-84) ristic (m) M)

FW 21 White square W 320.4°~322.0°(1.6°)
37-26.25N

FR 32 17 frame tower R 318.8°~320.4°(1.6°)
129-11.41E

FG 17 - 31 G 322.0°~323.6°(1.6°)

o] AEgolEx ¢tHg JFHAZE HAEFE HAAE o} WA E S g
o Z4% T AHI FAE 2}2 S
ZF AE Y F& 16°FE TAH, WANEY FAH W2 321.2°0]th
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Table 5 Number of Sector Lights in 2017

Country | QOnty | Country | Onty | Country | Qnty [ Country | QOnty
Argentina 29 Croatia 0 Greece 0 Sweden 718
Belgium 13 Denmark 37 Ireland 26 Turkey 3
Bermuda 1 Ecuador 4 Italy 0 Ukraine 17
Brazil 10 England 1 Japan 17 USA 18
Bulgaria 0 Finland 367 Latvia 3
Canada 73 France 16 Russia 101 Total 1,557
Chile 4 Germany 49 Scotland 50
— 93 —
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u) = o A 2] E = (National Geospatial-Intelligence Agency)oll 4] 313t 5
th¥(2019, PUB. 111)°ll AAE =9 ZAE Sthel 9, 52, 51, 37
7, A . Lz - o] B 7 AEe] W Zte <Fig. 15>9F 2

(1) 2 (3) 4) (5) (6) (7) (8)

(2)
No. Name and Location Position Characteristic Height  Range Structure Remarks
AUSTRALIA-WEST COAST
9004 -Woodman|Point. 32°07.9°S OcWRG. 123 W. 22 White round stone tower. R. 132°-145°, W.-150°, G.-
Q1774 115° 46.2" E  period 30s 37 R 8 160°.
It. 20s, ec. 10s G. 8
Oc.G. 112 4 Visible 051°06'-051°54'.

riod 58 34

t. 3s, ec. 25

Fig. 15 Woodman Point Lighthouse in List of Lights

(2) HEHE & FH(Buckland hill Lighthouse)

o] U= 1970 tho] X H MEFZo|EC R, <Fig 16> X0l e}
7 o] 59 AF9 Mosman Park Al¢] HEHE T HFo] $1X]3taL

¥ L

P
LT s

=3 FREMANTLE
«-mx-i?ﬂ L ;i A PP

Fig. 16 Position of Buckland Hill Lighthouse
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Asel Fi Aot THS <Fig. 17>04 HAF= A o] YAy HEx
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Fig. 17 View of Woodman Point Lighthouse

nl= oY A 2] g H = (National Geospatial-Intelligence Agency)oll A #1135
032019, PUB. 111)o] AAE HEFA= @ T A, 54, 531, F2A
g, &M - Fx - Fo] B 7} AHe 9| zte <Fig. 18>3 Zth

o] Ay gto]lES] T W .3 . 54 HEgS Algsta glon, 3o A
Jo] WA T = ZMOF Hiy =

587} FAl6] mele A
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(1) @) (3) 4) (5) (6) (7) (8)
No. Name and Location Position Characteristic Height  Range Structure Remarks

AUSTRALIA-WEST COAST

9044 Buckland Hill. 32°01.0° S DirWR.G. 216 18 White house; 33.
Q1762.8 66

FG. 122°42.5"-123°57.5’,
115°45.7° E

ALW.G.-124°42.5", FW.-

125°42.5°, ALWR.-

126°27.5', FR.-127°42.5",
Shown 24 hours.

Fig. 18 Buckland Hill Lighthouse in List of Lights

t}. Trubaduren 3% (Z4d)

o Bl 2.2] (Goteborg)= 2dldlolA F WAlZ & TAjolx 27ityu]o} 3
o] 24 FAA Y, Wtz B3 viFR = A shqtol] YA
Al o]t} Trubaduren 53X+ <Fig. 19>} o] o KR w Eojrle ¢
o st

Norge Finland

1 . Estland

Kerde Lettland
; Danmark Litauen
rbritannien
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Fig. 19 Position of Trubaduren Beacon
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Fig. 20 View of Trubaduren Beacon
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Fig. 21 Sectors composition of Trubaduren Beacon

nl= oY 2] 2] g H = (National Geospatial-Intelligence Agency)oll A #113t 5
o) 3£(2019, PUB. 116)° Al A ¥ Fort Blockhouse A ¥ Z}o]E 2} Fort Blockhouse
AegtolE HA], 54, T, B2, =4 - 7F - o] H 7 AE| I

7+ e <Fig. 22>9} 2t}
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3] 4 ) (6) (7) (8)

(1] (2 4
Na. Name and Location Paosticn Charactenstic Height  Rangs Strscture Remarks
SWEDEN-KATTEGAT
GOTEBORG APPROACH:
1024 -Trubaduren. 57°357 N LFI{3WRG. 78 14 Black towsr, orangs fop, gray WL D05°30-131°367, -
Cos6e 117380 E  penod 30s 24 base; 82. 163°30, G-214°24° W-
fl. 3 ec. 3.55 Helicopter platform. 2312, R2474% G-
fl. 33, ec. 3.58 005730,
fl. 32 ec. 14
Ise.R. 59 9 Visible 064°-137°,
4z 18
-RACON Ti-) 14 (3 & 10cm).

Fig. 22 Trubaduren Beacon in List of Lights

[}
| g RIS FUESolent) SN FaAQE Al AAFTolnh

Fig. 23 View of Portsmouth Harbour Entrance

Collection @ kmou



ESHE

[ol0
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7] 918l <Fig. 24>9} o] T xm=3 HIYR $Fd=
SH”7F FH=9|= “Fort Blockhouse A E|Z}o]|E”7} A X & o] it}
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=T PORTSMOUTH — %%, .~
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& APPROACHES 'L
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Fig. 24 Position of Portmouth Harbour
& Approaches

Southsea Castle A E g}o]E= Southsea Fdholl <Fig. 25>¢} o] 18281 A
A" A 16m Eole WA uigd] S S 7 HExsdd] HAE 3

o, W - F 54 AHE o83 FEFOoE JE 001°30 T & YERRIL ST

Fig. 25 View of Southsea Castle Lighthouse
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21+ Fort Blockhouse TAF71A] AE Yol AXEo] o, ¥ .35 . 2 A

E]E o] &3 Wedo R MR 32005 vER L T

Fig. 26 View of Fort Blockhouse and sector light

v = X2 g X (National Geospatial-Intelligence Agency)oll Al 713t 5
o 3£(2019, PUB. 112)°ll AlAE Southsea Castke 5the} Fort Blockhouse AE
golEQ 94X, 54, T, BEAY, &M - FX - Fo| E 7 AF Y g

<Fig. 27>7} 21},

(1) 2 3 4 i5) {6} {7) (8)
Mo, Mame and Location Pud%m Charactenstic Height  Range Structure Remarks
ENGLAND-SOUTH COAST
PORTSMOUTH:
956 --Southsea Castie, N.comer. 50" 467 N lsoW. 52 11 White stone tower, blackband;  Visible 3377-071°.
A pegl 1"053° W  perod2s 16 33
--<0ir “30". DirtWR.G. 3*» W 13 FG. 351°30"-357 730",
1 R 5 ALW.G.-000° (W. phase
G 5 increasing with bearing),
FW.-003°, ALW.R.-
005°30° (R. phase
increasing with bearing),
FR-011°30"
Shown 24 hours.
260 -Fort Blockhouse, 320°, 50" 474N DirWR.G. 19 W 13 Baseof mast 0Oc.G. 310°-316°, ALW.G.-
ADBR2.5 1087 W 6 R 5 318730 (W. phase
G 5 increasing with bearing),

Oc.W.-321 730", ALWR -
3247 (R. phase increasing
with COc.R.-330°,

Shown 24 hours.
Traffic signals.
2FR. (vert.) 20 meters E.

Fig. 27 Portsmouth Harbour Sector Lights in List of Lights
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Fig. 28 Position of Kashima Ko Sector
Light

ALY FH 7T dalEdAYel e T

94
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Fig. 29 View of Kashima Ko Sector light

v = = X 2] X3 (National Geospatial-Intelligence Agency)oll A #31¢
52019, PUB. 112)e] AAE 74Aula AEelelee] 9%, 54, 52
AY, =4 - Fx - w0 B 4 Ay U942 <Fig. 30> T

o] AEeo|ES] EHE W . F .4 BERS AL Jou, F - ok
FrE 2433 Y}
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(1) 2 3 4 I5) (6) {7 i8)
M. MName and Location Pos'ﬂgnn Characteristic Height  Range Structure Remarks
JAPAN-HONSHU-EAST COAST
4741 -Kashima Ko. 35 57.2° N DitWR.G 56 13 White tower, two red bands; 52.  FR. 218718°-220718°, FW.
Me4a92.4 140° 414 E 17

22491%, FG.-28718 .
Range W. 5M, R. 4M, G. 4M
day.

Fig. 30 Kashima Ko Sector Light in List of Lights

() AFeT Aol E(T il K1)
o] /\411—:111].0] = <F1g 31> YT} o] YE

E
A

28kE wube R A A A4 7}
& & o]skel xF sl Y Xxsta

Fig. 31 Position of Chikura Ko Sector Light

o] AHeolEr NFe] PP Aute] YT KXo Ao} gt
WA Alolg Esled Bad

H 293 kg I =2(231°30 " )E

AFs 1 Ao

| Y FxEZ 19939 24

] o]
}HX]Q}J\—«U% S ol A 13molth

ollection @ kmou



Fig. 32 View of Chikura Ko Sector light

nl= oY A 2] g B = (National Geospatial-Intelligence Agency)oll A &x1gh

= 1 %
(2019, PUB. 112)°] AlAE AF23 AEHolEY AX], 52, 51, 3L

Agl, TN - L2 - Eo] D 7+ AE o we7te <Fig 33>7 2th o] AE o
Eo 54L& 9 - %54 B53E ARSI lon, Hx AEzie]Eg AH
gtolEQ] A& ®AIEHY] 98] TR AR F4 SHEFS AHEskE WS

TH7I7Y AA =

h(lg. Name ar{é)anaibn Po(sal!on Ch wa'isﬁc Hé?g)hi Rg)ge Stnsau's Beggrks

JAPAN-HONSHU-EAST COAST

4904 -Chikura. 34° 574" N DirW.R.G. 39 W. & White round concrete tower; 43, FER. 228°30-230°30", FW.-
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Table 6 Typical transmittance for various light sources

Light Source/(Colour Temperature)
Colour Filament Discharge LED LED
(3000K) (5800K) (4000K) (6500K)
Red 8~25% ~13% ~10% ~8%
Green 8~25% ~22% ~17% ~20%
Yellow 50~70% ~55% ~50% ~45%

2}, 43 W4z} (Vertical Divergence)

AE FREA 37 e I AL 539 FEEaHAtoN

Signal Light Beam Vertical Divergence)e] t©$ IALA GUIDELINE
G1065(2018)” A A o3 o] FAstal ot

2

A ware oo FEt AR 50%2 WAL FAY Ao 7

2 Waln, <Fig 35>E FAZO U B FEE RAFEL Atk o] 7
$ AUP=st AwoE PolNE AYe + 1035k - 135°0]1, 5wz
2 2387} Hu}
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Light Range Plot of Intensity vs Vertical Angle at X
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Table 7 Night time nominal range table

LG Nominal s Nominal Luminous Nominal
; ; range : : range : : range
L (rounded) intensity (rounded) Iensity (rounded)
candelas hautical kilocandelas nautical Megacandelas nautical
(cd) miles (M) (10% cd) miles (M) (108 cd) miles (M)
1-2 1 0.633-1.06 9 0.927-1.35 26
3-9 2 1.07-1.75 10 136—-1.96 27
10-23 3 1.76-2.84 11 197-284 28
24 -53 4 2.85—-4.53 12 2.85-411 29
54 -107 4.54-7.13 13 412-593 30
108 - 203 6 714-111 14 554-8.53 31
204 - 364 7 1:2—1/1 15 854-12.2 32
365-632 3 17.2-26.1 16 123-175 33
26.2-39.7 17 17.6-251 34
39.8-599 18 25.2-359 35
60.0-89.8 19 36.0-51.2 36
39:9- 133 20 51.3-729 37
134 -198 21 73.0-103 38
199-293 22 104 -147 39
294 -432 23 148 - 209 40
433-0634 24
635-926 25

* rounded off to the nearest nautical mile
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Table 8 Day time nominal range table

Luminous Nominal Luminous intensity Nominal range
intensity range (rounded) (rounded)
kilocandelas nautical miles (M) Megacandelas nautical miles (M)
(10% cd) (10°cd)
1-12.0 1 1.02-1.82 7
12.1-453 2 1.83-3.16 3
454 -119 3 3.17-5.32 9
120 - 267 4 5.33-8.78 10
268 -538 5 8.79-14.2 11
5391010 6 143-22.6 12
22.7-356 13
gheF—55.5 14
55.6-85.6 15
85.7-130 16
131-198 17

* rounded off to the nearest nautical mile
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Fig. 40 CIE 1931 Chromaticity Chart
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Table 9 Chromaticity Corner Coordinates

Colour 1 2 3 4 5
X ¥ X y X y X ¥ X ¥

Red 0.710 0.250 0.690 0.290 0.660 0.320 0.680 0.320

Yellow 0.5865 0.413 0.581 0.411 0.555 0.435 0.560 0.440

Green A 0.003 0.720 0.284 0.520 0.207 0.397 0.013 0.494

Green B 0.2296 0.7543 0.284 0.520 0.207 0.397 0.013 0.494

White 0.440 0.382 0.285 0.264 0.285 0.332 0.433 0.440 0.453 0.382
Blue 0.104 0.100 0.150 0.100 0.175 0.070 0.149 0.025
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<Table 10>2 A g}o]ES] TR/ ofgt o] gAY, 4L /EHE A4r9 A

B Fo 545 HoE

Table 10 Comparison of the difference technologies of sector lights

Practical Night | Precision/Angle Maximum . .Typlcal
Type . . . Minimum Sector
Time Range of uncertainty | Sector width .
width
: Medium o o
Point source Up to 20M (025°~075°) 360 1
Low Boundary
Slot Up to 30M | width is constant 45° 1°
with range
Colour filters in— 5 s 1°~20° 360° 7°
rotating optics
Rotating colour Up to 15M 1°~2° 360° §°
switching sector light
Very High
Projected Up to 30M | (1 minute of arc, 25° 0.2°
0.017°)

N
B
i)
o

9 A ¥ &) E (Point Light Source Sector Lights)

=% Gd3d AESolEY o & HoFa it
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Fig. 42 Single light source sector light with

drum lens

Fig. 43 Basic operating principle of Point Source Sector

Lights
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Fig. 50 Example of Single source multiple tier sector

light
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(3) o ¥ AHo] E(Multiple Source Sector Light)
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. &% A ¥ o] E(Slot Sector Lights)

=% AHZCIEx <Fig 55>9 o] AR AzM 23 ZN(ER)E
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Fig. 55 Basic operating principle of Slot Sector Lights
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Fig. 59 Top view
Rotating Colour

Switching Sector Light
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SECTOR LIGHT DESIGN WITH THREE LED LIGHT SOURCES AND A SINGLE PROJECTION LENS
MO SEMI- PERMEABLE MIRRORS ARE USED
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Table 11 Busan north port Leading Light in List of Light

Location | Characte | Height | Range
Name (WGS-84) ristic (m) M) Structure Remarks
Busan port Square metal
Leading Light 5’2590316;; FG 366 25 tower
(Front) ' - 42
Busan port Square metal
Leading Light 2-0795N FG 461 25 tower
129-01.02E
(Rear) - 60

Fig. 66 Transit Line of Busan north port
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WA ssle] 43 WAZe 19°2 Y W F2A 2 APE W5 53
WEL <Table 1259 2o, $44 AFE o= AHNNE 4 587} o
22 HoluA 2ee & 4 Ao

Table 12 Horizontal beam width of white Sector at each point of Passage 1

Near end of | Starting point S;a;:lgrpl?lii Starting point of
Distance from channel of blind zone use & straight channel
sector light
1,137m 2,419m 3,000m 5,500m
Width of 37.6m 80m 99.2m 181.9m
white sector (=1B) (2B) (=2.5B) (=4.5B)
7) &4 A =
G uzte AHTES o sk s 71 A AHNN BE 5%
Aupo] kR oz AEetolEY B AT F YES AYok B,

HAA} ARl ES Ao} e AR A A A1FES B

rr

AFolmz, o] AFIH} AEggo]lEZL AL (Dmin)e 1,137m, H) F3Alute]
ot (Hmax)©= 45m 12]3 H4A T34 ¢ty (Hmin)& 5m o222, Q3
T4 (o, ) A (10)$F 2ol 2.0°7F Ho
Hmax — Hmin 45— 5 . N
o, = arctan( o ) = arctan( 137 ) =2.014 = 2.0 (10)

(8) /E}Ei‘ﬂ'o]]ig }_\ﬂhﬂ ?_Aé

AlEglo] ESf MY 42 TALA 3idF3E219] BAY 7]Fol wep kg &
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At} AEgo|Erl AXEE $Fe] o7l MSL(+)27mol2 AlE ol I
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e AW Eole 223m7t
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FEAY 2ME @A = Jd+= 2935 E “IALA Recommendation R0202
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™ <Table 13>

& L
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=

Table 13 Required Luminous Intensity of Busan north port Sector Light

. Visibility Luminous Intensity [cd]
ime IM]
Luminous Range diagram Nominal range table
& &r g

V=10 5 3~9

Night time V=5 10
V=2 50
V=10 30,000 12,1001 ~45,300

Day time V= 50,000
V= 300,000
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(13) AA 23}

53 AEjglo|Eo HAZAAE A2fstH <Table 14>} .

Table 14 Design results of Busan north port Sector light

Collection @ kmou

No. Design elements Results Remarks
1 | Position N: 35° 06 " 47.0”
E: 129° 03 “ 06.7 ”
2 | Required Luminous Range 2M
. Hmax: 45m
3 | Observer Height Hmin: 5m
. : Dmax: 3,000m
4 | Distance from Sector Lights Dmin: 1,137m
Horizontal divergence angle d
5 . 1.9
of white sector
6 | Vertical divergence angle 2.0°
- Bearmg' of white sector 304.8°
center line
Red 301.95° ~303.85°
8 | Sector composition White ~305.75°
Green | ~307.65°
9 | Height of sector lights MSL(+) 25m
10 | Luminous Intensit Night time: 10cd Automatic
y Day time: 50,000cd switching
. Dir.W.R.G
11| Characters of lights Oc.W.R.G. 6s(on 4s, off 2s)
12 | Type of sector lights Projector
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Fig. 74 Aerial view of Busan new port

N

oL
[©)

A

AA FAAE

g}
-

bt

712 s

EHo] 2EHEZ W X3

EX7 AAEHE AA

bl HABo] BTt a9l

S

SRR ERIEEE

o

71

o 7€ EEVL 9

Aolty. HE3, A

mjn

A} AtoN AIS

Aol @ 7t

A3

A=

= AA=R

E

13k

9%

X
0

<

T

=
K3

]

AEj ol 27

3o

?_]_.

8

£ A

E

¥ o]

Al

2] o]

A

Collection @ kmou



Fig. 75 Busan new port passage and status of AtoNs
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Table 15 Horizontal beam width of white Sector at each point of

Passage 5
Near end of : . Starting point of
Turning point
Distance from channel channel
sector light 1,460m 3,700m 4,500m
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Hmax — Hmin 60 — 5
( ) = arctan (

Drein 1,260 ) =2.15 = 2.2 (12)

o, = arctan
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Fig. 79 Sector composition and Horizontal

beam width of Busan new port sector light
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Table 16 Required Luminous Intensity of Small ship’s pier Sector Light

Visibilit Luminous Intensity [cd]
Time M] y
| Luminous Range diagram Nominal range table
g &r g

V=10 17 10~23
Night time V=5 40

V=2 600

V=10 80,000 45,400~119,000
Day time V=5 150,000

V= 3,500,000

3t HUF(OcWRG., 62F7], 4% on 2% off) S AE3t= Ao g A FIt)

(12) AEEolES] FF 44
APART AEIOlEE 28 FYALUY M2 &1, A4 AE Zo]
19°% F& Holug FUEst 3 AE AANN 898 4wr} Zolef &
)
A

o2 ZeAy Ao E7 714

rr

z2AE AegolEe EWME ZEs 13(0.017°) vgtolmg AEgo]Ed]
A 45km Hojxl ASFE AF Aol F AE e BANA s3] Aol
A Hols AHZE ¢ 13m=E AR oz AEIo|E o|gd JFS v

A e
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Sk 1% A golEe] A ANE K2 F5W <Table 1753 2.
Table 17 Design results of Busan new port Sector light
No. Design elements Results Remarks
1 | Position N: 35° 04 " 394"
E: 128° 47 " 06.7 ”
2 | Required Luminous Range | 3M
. Hmax: 60m
3 | Observer Height Hmin: 5m
4 Distance from Sector | Dmax: 4,500m
Lights Dmin: 1,460m
Horizontal divergence N
5 . 1.9
angle of white sector
6 | Vertical divergence angle 2.2°
- Bearmg. of white sector 001.9°
center line
Red 350.05°~000.95°
8 | Sector composition White | ~002.85°
Green | ~004.75° '
9 | Height of sector lights MSL(+) 30m
10 | Luminous Intensit Night time: 40cd Automatic
y Day time: 150,000cd switching
. Dir.W.R.G
11| Characters of lights Oc.W.R.G.6s(on 4s, off 2s)
12 | Type of sector lights Projector
- 103 —
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Fig. 82 Simulation image(Starting point of blind sector)

Fig. 83 Simulation image(Near end of channel)
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Fig. 85 Simulation image(2M from sector light)

Fig. 86 Simulation image(0.5M from sector light)
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