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Lens Design of the Marine Lantern Using Light-Emitting Diodes Array

Hyo Jin Pyo

Department of Image System Engineering, The Graduate Shool, Pukyung

National University

Abstract

Light Emitting’ Diode (LED) has good features; |color, brightness, lifetime and so on. Because of
this optical property of LED, the fields using LED are getting wider and wider. Marine lantern is one
of them and the marine signal, so it plays an important role in marine safety. To improve the
optical properties of this lantern;,.there are many ongoing studies on the marine lantern using LED.
First, The LEDs array is arranged with the number and the interval .of LEDs for light source of
lantern. We designed the marine lantern using—LEDs to improve the optical property of marine
lantern. LED light source is arranged in a circle of 80 mm in radius and consists of 75 LEDs and
emitted in 4msteradian direction. And designed LED lens to readjust the light source and analyzed
optical properties by using simulation. Lens of lantern is designed to satisfy specification of LED
light source to emit far away. Designed lens for single LED has spherical shape and ellipse shape.
Designed LED lens should be placed in front of each 75 LEDs. Assumed that the previously

designed lens is ahead of one of 75 LEDs, and rotated lens for the center of the LEDs array.
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(a) 5,000 Kelvin H.t} v5 uj : Planckian radiator
(b) 5,000 Kelvin ¢]7¢¥ uw : CIE daylight



T FeA= A A Sl (guidance) & AlEEt7] 918 @2 WY
o7 ApgHETh e A& (navigation lighting)s EEOAEA] Ao AE

A Hel A ER slEdAEA e wE 55 wEs] Aa glolA

7F BA T e 8 E A Afel= A|&EG A 9] Ao o mpel gebxit
o & £°], white?} yellow7} =H4 A&= AFEE of, yellow®} white
7b FEEA e AlodET o E F2 gz 2oz Eojxth #
od wEFEe] F5iol wel red, green grade® tE HE7F At} 9]
BSI376(BSI 1974)o1 4 4= em o= agelA Wrld Age 4

s

Al (restricted colour limits)E H.ol<=t} CIEE 159 FAHANA 238 =
7V Fatol tis] AlE A (CIE 19750 #3a A< g4 Axs WE
k. o] =9 FIH(CIE 1978b)= (A7] go] o) wmx|o 3] H] =3

Ade F7) 98 o2 g,

_24_



7}. British Standard Signal Color

09

520

0-8}

o7

Class B

Spectrum locus (nm)

Signal green
06 gnal gr

051

C-a4F

Signal
yellow

lass B
03 N 630
Class C: §
780
Signal red
0-2}
o1t
0 01 0‘-2 0"3 0;4 0‘5 OfG 0‘-7 08
[zx¥] 13] British Standard Signal Color
Colour Red | Yellow | Green Blue White
Application Class
Aircraft A B A A B
Airfields (general) A B A A B
Airfields (high recognition) C B B A B
Lighthouses A A A A At
Railway signals (day colour lights) C= B C - C$
Railway signals (semaphore) C C C - -
Road traffic lights B A C - -
Ship’s lights B+C - B - At

<3 3> British Standard Signal Color
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F ar>0 br<0 F

ol FAL #:M=o|A T  #= | (spherical lens)® lensmaker’s
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AELS & 7 (angle)o. 2 =¥ o] -1 X} (spherical aberration)& 2
71A At o] wl, BA A (corrector factor) C7F #= A 2o F7}y

of obel 43} o] Lhehd & glov] THEAE mAsE

%= C(n—l)[%-i— é] ,C=1.35 (4 4)
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B} 9] HA & (eccentricity)S ed}al & Wi, conic constant® TSy 72

o] el

2 2 12 2
—b b
6226—2=a —=1-—=1-¢ (# 13)
a a a
b2
8:—2:1—62, where —e’=¢e— 1=k (24 14)
a

ez’ — 2aez+ =0 (4] 15)
2
cs 1 1
Z = ) B— = (Z\']l 16)
1+ V1 —eles?) G
cs®
7= . k: conicl constant (2 17)
1+ V1I—(1+k)As?
conie~constant, k eccentricity surface
k> 0 e>1 oblate ellipsoid
e=10 k=10 e=1 sphere
o< e<1 —1< k<0 0< e< 1 prolate ellipsoid
e=1 k=—1 e=0 paraboloid
e>1 k< —1 e< 0 hyperboloid

<FE 4> e, e, k & #A
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1
z= 56524- %(1 +k)0384+—6(1 +k)® 6+

(4] 18)
(2) A= (Hyperbola)2] w7 2]
Aol WAAe tga 22 fEjolt),
(z—a)* &
where a ¢ be BHHS #Fs &=
b2
V= a*(e*~ 1)= —d’s, -where e= (1— = - (# 20)
a
(4] 2002 ol &EH (A19)e o A go] T + AUt
e’ — 2aez+ s2=0 (4 21)
&2
z=all— 4/1— —]
ea
2 4 6
s s s
=all—(1— ——— —~
alt=( 2ea 8&at 166%° )
52 st 58
2 8%a° 1680

2ol A WA s HusiEY, FE
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c= 1 = R=-ca (2 22)
&a
1 5,1 3.4 1 56
2= Ses §(1+k)cs + E(H k)PsS + ... (2 23)
b 1 a
= —]_:— ]_ -/ = - = - —
k=¢ 1+ a2) c - 2
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o] o1 Hgst M71E 7HAE LEDE AAlsoF dith 53] 2la8 Fde] dxs
F7he] BE G, vzl T Age] W9 delA] FEE] 5T 5 9l
=5 Aspolof gk AN QEAZE AV wi A S o] FaFo] HE A9k 2o

AAe) 2] BE EAT)E AL ojTh Ed 4] AV1E ALst By

_41_



B
I

o] A145]

o

te = Al n

<)

of wel 1 A7) st

)

A

—

. 99 a9 A2

o

of =43t

=7} Aol A Hu o AP gasA He o714 we Age) 2zoz

o1x1 Azl

N
iy

HO
-

’

of | gE=et w7]9

34
0 - X

o]%

o] vt=2 Allard 2}o]t}.
Qojr el zwste) 77

.

g¥ o) Al

o
=1

=
=

(2 24)

(2 25)

1,(0.05)%"

d2

_42_



Mo 7 A} 2 A9 GlareE F= 497 ol e
2 AAEA o] §ahA gow ok H w5 welA IALAE £59] A

22 257} 01 Iz, F97F 5L Aol 001

Aol AHEEE EdS
ojof 3t} M dutxo®d@ CIE MAIEE 7|5Fo8 FAHoZ FAEAL,

CIE M#E ol EA8h Sel7k /44 28 B ws ABolMT e, FF

fol

A}, ol sk
Signal Colorg %3l g3t 4 ok o] ¥k el e}l g AlEoAr]e=
IALASH 22 =4 ASAAR Sl o™, A7 e Ao AMREH= Mo
of wel 1 A goo] e 7= FTh

L
o2
12
o
o)
o,
>
2
ttf
o
e
=

%)= british British Standard

_43_



2. bmm LED¢ &4

w719 FPor AREE LEDE %44 (Indicator) LEDZ 714 &3}

Sy

¥+ 5mm LEDe|t. & A9+ Aglient HLMP_3301 5mm LEDE A}-8

o]

op

stk WA Aglient HLMP_33018 AA Z 213 A AlEdoldE 3l
Tgi 2o 54< wesiar

4+

[Z23 17] 5mm LED

5mm LED(Aglient HLMP_3301)¢] 54
Photometric Flux 0.007 lumen
emitter size 0.5%0.5%0.1
spectral region ¢k 580~ 690 (RED)
Peak wavelength 635nm

<3 5> 5mm LED(Aglient HLMP_3301)¢] &4
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3. LED Array

59719 #9e FPvd] FAF WS Agon wHE FUE AY

L glojok dt}h. = 4nm steradian WEFO 2 wAdlook 3tk whEbA 5mm
LEDE ol&s| 3o B3l 99 Jel& arrayste] LED 59719 3
Aoz g3}, oju) ALEE = LEDS 7H4= ol 98] 2 LED < Hjx 3t
Aol AAE ™, o]¥A array] AL8¥ LED®S el 93] A LED
array 299 334 540 2. WA g =79 AH&5H+= LED
o] A7|oll &3l arrayell €3 AF83 43 A= LED /M+7F kg = oz
arrayll A% 5 A= LEDO 79 ®$l telx 2 LED A8 A7
Z el AA o)z geldg X gk e sk Fee] AV E |

1w
o]q+= LED®| AR8-2 g stz Hd3 LED ALS 7)a& AAsheiof

dukx ol LED (® 5mm)E WH4 80mm (space angle 4.8°) 15 <toj

array FElE wigstd 75709 LEDE wid®E FAY & dow 4n

ftlo

steradian ®rako 2 WS wsl= 39S uts

o
= LET)‘}]\

od

Array°l] AF&%+=
LED <
space angle 5.539° | 5.143° | 5° 4.8° 45° 4.39°

65 70 72 75 80 82

<3 6> LED Array°l AF8%+= LEDS] 75l w& wjx]314
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