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Abstract: Road lighting has emerged in importance as an essential system to secure safety and visibility for drivers
and pedestrians. According to the Road Lighting Standards (KS A 3701), the luminance uniformity (UO) should be
0.4, the luminance uniformity for lanes (Ul) should be 0.5, and a threshold increment (TI) of 10% should be
satisfied. In this study., we conducted simulations using the Relux program in which the secondary optical lens was
applied to a 21 W engine. Ten LED engines were installed on a two-way four-lane road, and the simulation result
satisfied the requirements with U0 0.47, Ul 0.63 and Tl 8%. The U0, Ul, and TI were compared with the angle of
the LED streetlight varied in the range of 9° ~ 15° with 0.5° intervals. The range was selected as + 25% of the
standard inclination angle of 12° according to the Road Lighting Standard. The U0 was high and the Ul and TI
were low when the tilting angle was in the range of 9.5° ~ 10.5°. Consequently, an optimum-design of lighting
distribution was obtained for the concrete two-way four-lane road when the inclination angle was 9°.
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Fig. 1. Design of 8-lane highway.
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Table 1. The highway streetlight installation spec [7].

TYRECE”

Section

Concrete four-lane

Road to Apply tiii,458)

Width of Road

37.8 m(28.8
(width of road way) m m)

Interval of Light Pole 65 m

Light Pole Arrangement Face to Face Arrangement

Height of Light Pole

12 m(2.8 m, 2.3
(arm length, overhang) By 1 m)

Inclination Angle 12°

Maintenance Ratio 0.75

Application 250 W(For Main Power)
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Fig. 2. 21 W LED engine.

Table 2. 21 W LED engine spec.
Section 21 W Engine
Power 21 W
Input Current 700 mA
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Input Voltage 30V
Color Temperature 5.700 K
Luminous Flux 2,322.5 Im
Light Efficiency 110.5 Im/W
CRI
(Color Rendering Index) 15.%8
Weight 280 g
Efficiency 100%
Beam Angle 3352
Light Distribution Curve
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Table 3. The streetlight of standard [7].

Section Streetlight Standard
uo = 04
Ul = 0.5
Tl = 10%
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Fig. 3. Compare existing lens and optimization lens(example).

Table 4. LED 21 W engine + 2nd lens spec.

Section 21 W Engine + 2nd Lens
Power 21 W
Luminous Flux 21,750 Im
Beam Angle 15?
Light Distribution Curve T A
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Fig. 4. Relux pro road project information.

Fig. 5. Road design condition(2D view — including 2nd lens).

Fig. 6. Road design (2D view — including 2nd lens).
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Table 5. Luminaire data(including 2nd lens).

Section Luminaire Data
) 250 W + 2nd lens
Order No. (1 % 210 W)
o — 250 \:’ + 2nd lens /
21750 Im
Road Layout With Central Reservation
Width of Roadway (b) 1440 m
No. of Lanes 4
Road Surface Category R3
q0 0.08
Luminaire Placing Both Sides
Photometric Center Hight (h) 11.96 m
Distance Between Masts (a) 65.00 m
Kerb Distance (u) 4.00 m
Inclination Angle (&) 12.00°
Maintenance Factor 0.75

Table 6. Simulation Results(Including 2nd lens - observer location 4).

: S Longitudinal Threshold
Section Uniformity A .
Uniformity increment (%)
uo 047 -
Ul - 0.63
TI - - 8
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Table 7. Optimization design of beiween 9° to 15°,
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b

(Glare)e} A7} 7] wigo] =&
t}. 718 ZAMZte Eo}l ZolE e
Holl HAIES A= 10% o]ste)]
. B U TI e 7HRl E A
AsliME AA = @2 Zo]

3
£
5 Flo

2

e

o€ i

oo
n
M
njo
nx ;tg,
lo
il _1; r-|)1 o

A

N

o
N it g

H1
U
b

mo o 2 8 rin
=

=
I
o
K
g
4
52
_u

.38

i
Mo

w2

I% of ﬂ*DHEJ“ 21W

o
2
o rr
T
N ok '8
e
T X
o 1o
o
m
D
é

J

%]
7154 -1 AAb 12°
Algeol4e 8y
Fatict.

B
of -

-
—

w U oop >

ol
o
. B

un mo mju

H1 ofn

A, chgut

Mo 1% W nx ro
l'-°.'-’

my 2
iy
B
m

) Algefold A2 145=28 7I2F 7|EY
KS A 37010] 9t52 stQix|gt s2 2 X ujgd
AS 98l 71259 AAE 9 ~ 15 (+ 25%)2 ¥

Asto] Algelole Fastch. AAEd uje A
ot wjaAel Aute =& Wl

2) ZHFAE (U0), AHHE FAE (U, YARZ
(TD) Zte ul@d Aok ZAtes} oY of 7hg
fastel AnE Uehjgch. SEFAE @e 95 ~
059 1§ urt 23 LA, RS A o
S8 (T) ZolH FSe 45 vepfglct

TebN Eeagol tet A FAAEE Aget
of 3% FAE (U0), AHE FHE (U, YARXZE
(TI) gto] Upotalckel eaixte] A|2t &y 9 obdl Aol
& gob A Zolct.

3% A70ME LED 7t259] 97olg ol8s) &
2umlo] e % % FAE (V0). AHE BAS
(U, YAREE (TDE RAste, Hxste z2x9
HAURAAS Sof Aot e st £5Y %S
wAg wast Qct.

Al 2

REFERENCES

[11 1. H. Gu, L. H. Jung. and K. M. Lee, J Korean Inst.
Electr. Electron. Mater. Eng., 26, 1 (2012).

[2] Y. C. Choi, A. Y. Yun, and . S. Eo, Jouwrnal of KIEE,
127 (2011).

[3] D. 8. Jo, D. I. Seok, S. G. Jung. J. K. Kang, and H.
Kim, Jowrnal of KIEE, 77 (2006).

[4] S. H. Cho, K. Y. Kim, and Y. M. Yu, Pukvoung National
University, Journal of KIIEE, 18 (2014).

[5] J. H. Jeong, S. K. Lee, W. S. Kim, and M. A. Lee,
International  Journal of  Highway
(2012).

[6] S. D. Hong, Journal of KDAI, 11, 83 (2011).

[7] Korea Expressway Corporation Standard LED Luminaires
KS A 3701, Road Lighting Standards (2014).

Engineering, 14, 18





