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Modeling and Analysis of Roadway Lighting in

Jejusi

Sang-Geun Lee

Department of Electronic and Electrical Engineering
Graduate School of Industry

Cheju National University

Supervised by professor Seong-Bo Oh

Summary

Fixed lighting of public ways for both drivers and pedestrians can create a
nighttime environment in which people can see comfortably and can quickly and
accurately identify objects on the roadway being travelled. Roadway lighting can
improve traffic safety, achieve efficient traffic movement and promote the general
use of the facility during darkness. The design of a roadway lighting system
involves consideration of visibility, economics, esthetics, safety and environmental
conditions. Horizontal illuminance is a function of the amount of light striking
various parts of the surface and on the vertical angle at which the light travels to
the pavement. Illuminance criteria can provide acceptable visual performance.

Uniformity is usually expressed in one of three ways. In roadway lighting the

average-to-minimum ratio is the usual criteria of interest.



The average-to-minimum point method uses the average luminance of the
roadway design area between two adjacent luminairs, divided by the lowest value
at any point in the area. This paper shows estimation of horizontal illuminance
and uniformity ratio by actual measurement of roadway lighting at main streets in
Jejusi. and evaluation Jejusi of roadway lighting conditions for modeling by

computer simulation.
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Table 1 Standard illuminance of IESNA

Horizontal ) ) Road
Road and area lumi Uniformity o

classification Hiurninance (Eavg:Emin) Surlace

(Avg) class
Commercial 17

Major Intermediate 13 3:1 R2, R3
Residential 9
Commercial 12

Collector | Intermediate 9 4:1 R2, R3
Residential 6
Commercial 9

Local Intermediate 7 6:1 R2, R3
Residential 4

R2: Asphalt road surface with mixed an aggregate composed

R3: Asphalt road surface specular with dark aggregates

2. 3o MY

29 zRoM =2, 33, HY TAFFH & ol A&dtE BULS 9
A&, %, 3, BRI EH 2ol S} £, FAEF R ¥ &4
T BEUAY 54 9 ALE B APY T FTHHLE HESY HHsto
of gt} YwtyHo R Fo&F UYEFT, WY ¥gol=F& FE AMEET, n
, L, 7 B2 A9 FAAME fFEAol Bstn F&ol

B2 YEETS Hol AHEBHATDZ, 2005).



Table 2 Classification of light sources using roadway lighting

Area Light sources

Roadway [High pressure sodium lamp, Metal halide lamp
lighting |[Low pressure sodium lamp
Tunnel |Low pressure sodium lamp, High pressure sodium lamp

lighting |Metal halide lamp, Fluorescence lamp
Exterior |Metal halide lamp, High pressure sodium lamp,
lighting |Xenon lamp , High pressure mercury Fluorescence lamp

APUEFSS B0l 50,000m], &) 139m/wl, ATl 12,0004]
5o 58y £9o] Fof TRxY F2 Yol A8dEH
2 v 2229 AgdE #do didtd JeHAAR(HEEY 2,

gt YEESLS #Y £8o ¥ 92 12000M0AE, 2, AS5BSe
zo] Ao g geols WX vty G, 4B 48, oA L
02 A A UEF 5 FZF ol ¥, FHL 900043 Aol
=24 Hadxgse &4 AeEE 3352 A5AANE L8E AT Fo
Aol ¥x, FHFol £oldtr nEEE FAHY Fdolnt

EES FUH ATl HdP&EHo]l T FH A el FHAZEY

o YFFYL IYUEF HFZ, AYUHEF §

o 9Fe wx AT PAYPTE FH ol e F &0 F¥E L
EE Bz Aol FL& AL 2AAAA HHF WS & 5 Ae 2™
o]zt <trfell thEt Fho] RYL WAMFART FFAo] F8

T2 29 3 ol= 1WA S(high pressure discharge lamp)< ¢

v}
=

o
o)

et E71%e) ddel @ BB o8 WAFOoR WEAY AL 1
oA, Y5 LY, dY o= FT, IYUEFYZ, AAE YLF

ol}.



PASL THE BLoln 53 YFLE, WY ¥Hol=T T IUUE
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A S (high intensity discharge lamp : HID)olg} #&tH( 24
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Table 3 & HIDHZ vigdatol= Y=, @ JEFYIZ 54
o wm@AelD o]F E2FYolE HPE 50000(m], A+ 12,000(h], ¥
Txg 19Im/wlSes Fisd 2dddMe 1dUHEESE AASA A
&3 9

Table 3 Characteristics of HID lamp

General
Characteristies Total |Efficie| Roted Color | color .
Watts . tempe [remder!
(W) luminous| ncy aYerage rature ng Ballast
Lamp type flux(Im] | (lm/wl| life[h] (k] | index
[Ra]
. Mercury
Metal halide lamp 400 | 40,000 | 100 | 9,000 [4.000{ 65 | tamp
(M400-L-J/Bu) b
allast
Metal halide lamp Private
(MLBOC400C-u) 400 | 32,000 80 6,000 {6,000 90 ballast
High pressure mercury
Flourescen 400 | 22,000 55 12,000 | 4,200 50
lamp(HF400-W)
Hich di Mercury
igh pressure sodium lamp
lamp(NH360-L) 360 | 50,000 139 | 12,000 | 2,050 25 ballast
High pressure sodium | 504 | 33 900 | 106 | 12,000 [2,150| 60
lamp(NH3607]) ’ ’ '
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Fig. 1 A lighting arrangement
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Table 4 Classification of luminaire from spacing and height

Classificati f
35151 I.C a ,mn ° Cut-off Semi-cut-off Non-cut-off
uminaire
Spacing & height H S H S H S
One side 10Wor | 3Hor | 1.2W or | 3.5H or | 1.4W or | 4H or
Arrangement more less more less more less
Staggered O7W or | 3H or | 0.8W or | 3.5H or | 0.9W or | 4H or
Arrangement more less more less more less
Opposite and | 5w or | 3H or | 0.6W or | 3.5H or | 0.7W or | 4H or
Span Wire
Arrangement more less more less more less

4. ZYJ|IF0l GE WIEY

zowa 2 7|7 S2zge AMEEE wWiBLS A g T2 Y ==
o FAE, ERXAL 1t AAsd} gt
zz9y wWAoz: Z(pole) Z2HH4, 3tolntAE(high-mast) Z%H4
FzEAN 29w 2 Agde 234 Fol AL AHEHE 57

:Tl
MR Ael e Romy, Avl AeTY % U RexYyoz 7T 2o
:"L

K1

ube} 3}o] 9l ol(highway)d, @< (bracket)d F FF(pole head)F 22
o

AgslE 5779 wjBgol mE} Table 5 o JYet@er 223 24
Pol Mg WAL YutHozg FHAL o= AR AWIE FUNTE
F97F Be Ao Aexy HAS HESFAHAFTY 7, 2005).
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Table 5 Characterisitics of luminaire by luminous intensity distribution

Method of | .. .. ..
‘ Distribution curve
luminous . Model of o
, i of luminous ey Characteristics
intensity tensit luminaires
C . 1ntensi
distribution y
"7} |Precise limitation of glare
Cut-off | =~ r o :
T -Application of maimstreet

Semi-

cut-off /CP\
Non- == "—(7; -Do, not limit giare

cut-off -Use of specific place

~__ |'Limitation of glare

-Application of general strret

5. HaxT AMEY

-

z299 AxdE F&W, FAFTUNY, 4= FHHRBIM), FA =FHA3
CIE¥e] don CIE¥ % 444, 584, 93l 2dx, z2xgde 43¥S
Hgsin 1 9= LWz AgHE Adgeltt 1 F =E2xWY 2ESH
e 44U e ol £33y HFZEE ©Y Fovig IFREE T 2 A
JFAE A SHYAY YFx =2 o

gk e 2%, 250 A3 MHY ZEuy} 4ol 2, =R XL A
FAZE ALE Fig 29 ol 5o A, WA ¥ & 1 dATEE
TRt A3 oluje FFZEAMNL 4 HE 2T (DS o] &3t
78 F do

Y
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Fig. 2 Calculation of average illuminance by four point method
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AFA T8 U 22 AER, dH4E AdE, BEE, HFE, TIE,
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929 A% A= % 65[m), E 1F 45~48[m], ¥ ¥°] 10(m], U=
27ml2 A&=HQ1, vtFrr] E=q AU

52 A5Z 75[m), & 34 38~40[m], & =°| 10im], ¥%= 2.5[m],
3tk 2.3[m] FEujE,

A5z AEF 11[m), & 23 34~36[m], & %ol 10im], ¥= 2.2[m],
stk 20(m), F4EAD 28(m], stFEY) EE FNEE ALHALH

A4z AEF 11.2[m), ¥ A 35~37[m], E x°] 75[m], A= 2.2[m],
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ol ofy
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e 14[m], B3R,
Ad2ZE A=F 102m), F 773 33~35[m], & ¥o| 82lm], A= 32m),
sc 32[m], FFEAD 20(m), BFER7) L FYRLEY,
222 AEE 74[m), ¥ 773 38~40[m], & Eo] 65[m), U= 23[m],
3e(1)1.9[m], 2HeH(2) 1.7(m],
TR A= (1) 69m], A= Z2) 50(m], E 3 35~38(m], T o
13[m], A= 2.3[m], 3 1.7(m), 2%o] 2w, | ‘
MB2 A=Z 122m], & 27 35~37(m], T %o] 10[m], A= 25[m],
stk 1.8[m], stER7IMAZ M
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Table 6 The installed status of road lighting at main street unit : [m]

Road Side Moter | Tree . |Mounting Lighting
class walk Garden way lawn Spacing height | arrangementes
Yeon Span Wire and

bukio 2.2 20 11 2.8 34-36 10 Opposite
arrangement

Yeon | o5 | 94 112 | - | 3537 | 75 Opposite
samno arrangement
Sin Span Wire and

daero 3.2 3.2 10.2 20 33~35 8.2 opposite
arrangement

Yong _ - Opposite
-, 2.3 1.9 7.4 38~40 6.5 arrangement

Tap _ - One side
| o 25 2.3 7.5 38~40 10 arrangement

Jung _ _ Opposite
angno 27 6.5 45~48 10 arrangement

S0 | o5 | 18 | 122 | - |37 | 10 Opposite
saro arrangement

Road | Side Moter Moter| Tree . |Mounting Lighting
class | walk Garden way Carden way | lawn Spacing height | arrangementes
Go Twin-central
] “go 23| 1.7 | 50| 19 | 69 | 18 | 35~38 | 13 and opposit
arrangemente

AFA F2 DAL FIE, 58, 52 % THEE Y22 2005
g 84 229 HE 27 7hA] 7L AAH AoRA b 24:00~02:0071A] oft
gddlo] Q€ W BHEHE Astn HHS Adt xFo] FHol HE AN
FPE 2§ Y A3t FUEQ A FHUYERE 178 FAE 361,




529 FHUEZL 150 #AE 451, 952 FHHUZE 169 TALE 341
Y2 SHYUZE 108 TAE 4712 JEtgon o]E Table 7 3 o]
Jugdzce FAES AP

Table 7 The measurement of roadway lighting

Road class Horigontal Unifo.rmit_y Lighting
lluminance (Eavg:Emin) arrangementes
Jung 17.8 36: 1 Opposite
angno arrangement
. One side
Tap dongno 15.0 45:1 arrangement
Yeon Span wire and
bukno 16.9 34 :1 opposite
arrangement
hGong 10.8 47 11 Span wire and
angno
Avg. 15.13 40 :1 -

z9 A28 23ld 2g FYEd A5z 7|E2E 17(ux], ZA=7} 31
BFzE 1780ux] € 169(ux]olRx #ALEE 7

3612 3412 d3stHey, g2 2 3F¢2e /IFZ2E 17lux] 2 13[lux]
T FAEZE 3199 v Ztze] H4%X £HYW 2x+ 15[ux] 2 10{lux]
olAi FAEE ZHZ 451 % 4712 7| F vgstd =2z e 4o

ro
in}
N
&S
it
A
P
B
o
(B
Ou.u

AEZE AN AFEN AbLert ¢ T 2EAE HAYE

H
Fooh =3 FAREE FIPS AFS T & F Ao, Hdxxg
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Fig. 6 Distribution curve of luminous intensity and renring on 400(W]

_19_



3. Al2d0o|H

A& e] e Lighting Technologies Inc.2l Lumen Designerg o} 838t
W A ByolAd AR #ZuE E7+A 30[m), FY 250(WIst 4§ Fig. 7% #

B

T P 2EE200ux], TAEE 291, Y 400(WI! 4 ¥ Fig. 8% 229
SEy 2EE R2ux] FAEE 211, §742 40lm], F49 250[WIQ! 2+ Fig.
99} gow FHY Fxi= 15(lux], TAEE 471, 3 400(W]) ZF Fig.
103 2oy Sy zhis 2ux] TAEE 311E GEbRth
wak Ao vl A Fig 11 534 30lm] 39 250[W) 3% =3
% 19[lux] #A%E 481, Fig. 123 373 30(m] < 400wl 73
W25 30(ux]) FAE 21, Fig. 132 572 40(m] 24 250(WIl 2%
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Fig. 16 The horizontal illuminance distribution for one opposite

arrangement in footcandela(spacing:30m, light sources:400w)
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Fig. 18 The horizontal illuminance distribution for one opposite

arrangement in footcandela(spacing:40m, light sources:400w)
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Table 8. Simulation results of illumination modeling

Lighting . Horizontal Uniformity
arrangements Spacing(m] uminance [lux] (Eavg:Emin) Remarks

One side 30 20 2.90:1 250[W]
arrangement

Opposite 40 29 2.9:1 250[W]
arrangement

Staggered 40 23 26:1 400([W]
arrangement
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