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< Summary >

Purpose &
Contents

Road lighting is the typical infrastructure to make safe driving possible
by providing the driver with good visibility at night

A pole type lighting system is generally used for road lighting but as it
illuminates from the elevated position using high capacity light source,
a lump of light is thrown to the road surface which may interfere with
the driver's view and improper lighting design causes energy loss and
light pollution, destroying the ecosystem

Road lighting requires the cost for installation and maintenance and thus
instal lation rate at IC or JC on expressway or national highway reaches
only to 12%.

Driving safety on the road without lighting system is critical which is
further threatened at inclement weather such as rainy or foggy condition.

¥ According to the traffic accident report, fatality and mortality in foggy

nighttime is increased 3 to 6 times comparing to normal weather condition
and 4 times of that in foggy daytime (2012~2014, traffic accident data,
Road Traffic Authority)

Low installation rate of road lighting system is basically attributable
to the cost for installing lighting pole, power supply system and energy
consumption.

The proposed technology is thus intended to provide the drivers with
driving safety at night from the road user's standpoint as well as reduce
the installation and maintenance cost throughout the nation, thereby
maximizing the installation rate while minimizing the carbon emission.

Traditional pole type street lamp has the structural and functional
limits due to different level between |ight source and road surface,
causing difficulties fundamentally in satisfying the performance
requirements necessary to secure the visibility at night (safety) and the
visibility in inclement weather (alignment, risk factors and lane)

Existing low (Line) lighting system was significantly improved from
previous pole lighting system which had the shortcoming due to structural
constraint but was economically inefficient because of high cost due to
low height, limited optical system and dense installation (increased
number of poles)

It's once considered in design for #2 Youngdong Expressway but not
applied because of high installation cost.

On the back of COP21 Paris Climate change agreement (2015.12.12.)  energy
and environment have been emerged as most critical issue globally.

Given the pole type street lamp which is currently used requires a huge
power consumption, energy self-sufficiency road lighting using new and
renewable energy system is necessary.

Thus it's intended to improve the various benefits of Low lighting system
such as 1) increasing price competitiveness through optical & structural




enhancement 2) securing the performance to deal with inclement weather at
night and furthermore, in response to energy and environmental issues, 3)
developing new & renewable energy-based power supply system which is then
expected to strengthen the competitiveness of low lighting system, making
commitment to commercializing the technologies and expanding the market.

O This study is aimed at commercializing and verification test including
lap test, off-road test and on-road test is a must.

O This study based on field verification test is divided into 3 stages

- Stage 1: (Unit element technology development) Lap test & off-road test
- Stage 2: (Unit/Integrated system technology development) Lap test,
off-road test & on-road test bed
- Sage 3: (Evaluation, verification and commercialization): Performance
verification, verification/certification and commercialization
through on-road test bed installation and operation
O Core technology development to achieve the goal includes 1) Low lighting at
low price and optimal interval 2) Optimal visibility in inclement weather at

night and 3) Solar energy-based self-sufficiency power supply system.

O Distribution to domestic & foreign market through proactive marketing after
systematic & efficient research & test verification process.

® Development of core technologies
O Low cost & high efficient low lighting technology

- Optical system considering light efficiency, performance and cost
efficiency and optical light distribution technology.

- Dimming control technology and optimal operation strategy
O Optimal visibility to deal with inclement weather at night

- Definition of visibility by level of inclement weather condition

- Technology to secure the visibility by inclement weather condition

- Operation strategy to secure the visibility in inclement weather
O Solar energy-based self-sufficiency power supply system

- Battery charging/discharging control algorithm & system for efficient,
stable and long-term power supply (PV, Battery management system,
Battery system controller, Converter)

- Design to optimize solar panel and battery modularization

® Test bed installation and performance verification
O Verification of visibility by inclement weather condition (foggy, rainy)

O  Verification of energy  self-sufficiency  power supply  systenm,
charging/discharging efficiency, long-term operation stability

O Verification of optical performance and electrical stability by lighting
system installation and dimming control technology

Resul ts

O Development of low cost and high efficient low lighting technology
- Design concept definition for improving lighting efficiency and
production/installation cost.
o Design considering lighting efficiency, production & installation cost
and color temperature change in foggy condition




(Safety and durability design according to KS and road standards)
- Evaluation of optical performance of low lighting system
o Road evaluation according to Line type road lighting luminance
O Technology to secure optimal visibility in inclement weather in night
- Strategy and goal in developing the technology to improve the visibility
o Study to measure driver's visual distance by level of foggy condition
(Analysis of visibility effect on foggy road by level of lighting
condition)
. Review of related documents and previous studies
. Real foggy condition on road and verification test with the subject
. Development of equation on visual distance depending on lighting
color temperature by level of foggy condition at night
Identification of relationship between visible distance and
visibility
O Development of solar energy-based self-sufficiency power supply system
- Determination of target market and performance through technical review and
global climatic condition
o Analysis of solar energy generation pattern
. Analysis of domestic solar energy generation pattern
. Analysis of the weather in foreign countries
- Test & evaluation of core parts, determination of optimal product
groups/combination, technical design and development
o Investigation and analysis of the performance of core parts
. Photovoltaic cell, capacitor
. Comparison of chemical cell performance: Lead battery, ferric
phosphate
o System design for optimal efficiency
. Photovoltaic cell capacity, voltage, gradient
. System voltage & generation, charging/discharging voltage
o Development of control system
- Development of solar energy generation charging/discharging technology
o Manufacture of Capacitor-using energy self-sufficiency solar power
supply system
o Hybrid battery system capacity design criteria and system operation
strategy and development of control system
o Hybrid battery system comprising of durable and temperature-resistance
capacitor as main battery and chemical battery as supplementary battery
O Development of low lighting system using core technologies.
- Development of Spot Type low lighting system
o Spot type adopts light distribution technology using the Reflector and
developed the particular reflector for unique light distribution of low
lighting system.
o Change to light distribution is possible through reflector design and
adjustment of width and depth of the reflector.
o Vacuum evaporation type surface treatment was applied to maintain
decreasing light efficiency which the reflector has.
o Low lighting pole shall be in principle installed using guardrail,
concrete wall and bridge guardrail
o Based on above, it's categorized into basic type (guardrail) wall type
(concrete wall) and hanger type (bridge guardrail) for design and
manufacture.




- Development of Line type low lighting system technology
o Line type adopts |light distribution technology using lens and
specialized lens was developed to create unique low lighting features.
o PMMA material with high transmissivity and UV-resistance while frontal
window has PC material and UV HARD coating to enhance the durability
O Development and operation of test bed
- Test under inclement weather condition and off-road performance of
lighting fixture.
o A full-scale road environment and wet road surface
o Performance test of Spot / Line type low lighting system at inclement
weather
- On Road test bed
o Consultation with local authorities for installing the test bed
o Spot Type(service power) and Line Type(solar system) low Iighting
system

Expected
Contribution

O Area for application
- Street lamp on highway (on #2 Joongbu Expressway, Gwangjiwon-ri,

Namhansansung-myun, Gwangju, Gyeonggi-do)

° Low lighting system which can provide most safe road environment at
night particularly advantages in inclement weather such as rainy and
foggy condition.

- At the section where frequent accidents occur

o High visibility on road which is also appropriate on complex and bent
alignment (test installation on Coast road at Aninjin-ri, Gangreung and
the bend outskirt of Ankor wat at Siem Reap in Cambodia)

o Foggy section (Sangok tunnel ~ Beonchun #5 bridge on Joongbu
Expressway) and road-flooded area

- Fluctuated road such as Interchange or ramp

- Bridge section (Naegok bridge in Gangreung)

- Tunnel entrance/exit (Piam tunnel in Aninjin-ri, Gangreung and 200m away
from Gwangjiwon tunnel at Gwangjiwon-ri, Gwangju)

- Urban highway where light pollution is likely

- loT-based smart street lamp (on #2 Joongbu expressway at Gwanggj iwon-ri,
Gwangju, which is interlocked with visibility meter through wireless
communication for changing the color temperature in foggy condition)

O Expected effect

- Improvement of high speed running stability at night (on #2 Joongbu
expressway at Gwangjiwon-ri, Gwangju)

° The product developed to enhance the running stability at night
including improved visibility in inclement weather

- Minimization of light pollution
o Road lighting system designed to limit the light on road surface which
is optimal to minimize the light pollution to surrounding environment.
- Energy Saving + New & renewable energy (Solar energy-based
self-sufficiency power supply system on #2 Joongbu expressway in Korea
and Siem Reap in Cambodia)
° Energy-saving by 15% at least from existing pole type LED street lamp




through  road surface-concentrated and high efficiency | ight
distribution system.
° Road lighting satisfying M3 grade requirement is possible thanks to
energy conservation effect.
- Easy maintenance
° Installation at 1m level from the ground level, easy maintenance and
cost efficiency with reduced indirect loss (traffic congestion due to
instal lation)
- Leading role in smart street lamp market
o |oT-based communication & control technology which provides Iighting
control depending on weather such as foggy or rainy condition as well
as flickering and color temperature control which will lead the market
(Interlocking with visibility meter through wireless communication for
color temperature control in foggy condition on #2 Joongbu expressway
at Gwangjiwon-ri, Gwangju)

Key words
(5 or less)

Batter
Low lighting Y Color Light .
management . ) . Luminance
system Temperature distribution
system
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<A key word>

ez Key Word
Lo X p|Al 92, 2tol, XY, AlAE LED
low beam, line beam, light, system, LED
o Or2t, &t&=, I, AlCIA
Of2t &dZ HE Jl=s . ) . ' ' '
IE d = night, inclement weather, fog, visibility, LED
BN, AITHAH OILAKI EHQFZ, AN SEd, JIEd, ME, HiE 2
=8 & X solar, renewable, independent, self-sufficient, storage, battery
<RMAL
Ues Zfaal st= 0= oz sd
(%2 or 2t2l) and =¥ and
AAE! and LED
2 XY AlAE : 103 347 70 254
(low beam or line beam) and
light and system and LED
(OF2F or &&Z or 2HJH) and
L2t otxs e Aleld and LED
2 . . 67 89 31 49
Jls= (night or inclement weather or
fog) and visibility and LED
(EHSZ or AITHA) and (=2 &
FHorzt AlTHAY  or AHEE) and (MZE or HHE2I)
0'” L‘i X' %E:’sl@ X‘lg (So|ar or renewab|e) and 38 436 473 0
ESPN (independent or self-sufficient)
and (storage or battery)

_12_




S=ps | zeo @3 | ssax EIE
a5 g AO|CJMO XEO2 0/Z0F 2
O o3 UREEE HHE= MR TS oH95S
2648 E28 A0IC _ Z SAF= =7
(RI0SB26M8 | SES DT mEs | Hs Xeio 2Em00N EXHs 2XsSX
SN=S 0 HZACE Sol0l O ZYPEZE ol A
of AlAg
zo Mo B,
KRI0B5709B | o myz o oy | im0 X0 RA, X0 AJAH 2 X0 Hol 2
1 Al A
o MAMUN dASE AEEEH HS g= Mo A
KR1315178B | 20|IC|] &Y X F)aaE _ _ — L
1 M'Al_:” ol HLO* (T)A = £ mosln, J0 O2h LEDS =& 2 Moists
=5 = &8 = Tot ®x Y AAH
rEEET
CIQ MO R A2
0BG Chol SLol MEZITAS Y HMOISES AF=25H0
O : :
(RIISZS80B | ep mg | (FINEE - a0l LED 9588 HOIBIES ot LED %2
HO5t= LED = - CIZHMOAIAE &X|
xof
C12 H O Al A &
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<=2 =R Sop>
SE/S gyo| A SHAX FoU=
i . 252 &Y O] &Xle HEKXAL &k
US8434898 Modular light Nila Inc. o} u}j-l ol 12 UEH bR
arrays g &
. Koninklijke Philips|o 2= MEZS M4dot= i€z 2*HE LED
US7566155 | LED light system Electronics N.V. light system
LED
arrayuminaires
with max power
ag‘;'s":‘; toonLtigs o 259 LEDEADO Y DUHTS Sl
US9125267 o Kubis, Frantisek M2E 24, HRE 24, EH2E Mo 2%
lighting o
requirements for =
the LED in a
dynamic lighting
plan
Lighting control
system for DENSO 0 Jl4 FA Y ZIol Wet Mol EY Al
US7692535 control . o 1 iy
Coporation 82 Moot &Y
dependent on
weather condition
Lighting device
Usseaapgy | WIth switchable | National Tsing 1 50151 xoy meg Jpm zgymx
day/night Hua University
illumination mode
Device for
distributed o 2ol A = 4 Hdole = s 8
US8963518 | maximum power | Tigo Energy, Inc. = MAGED, DC/DC HAHEN 2o BHEtE
tracking for solar B XA =22 S0t st AlAE!
arrays
Renewable
electricity
generation
system, electric . ) o EHYNA Lo daAx=E SHOIW &85 2
UsS8352084 ower Hitachi, Ltd. HES =22 ROl gre
measurement
device and
method
O el 53 423, LED 29 %A A28l 8 Aojuy, F g4o] Aew-y] 2o 7bs
@ 29, Y AL B S37b trhroln, B AT Fo Al wewdl =
g, stolBE|= FE 9 HYgd SHALF I3 55 g AgHoR TEHE A4
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3. wel Al R AN AR

O LED 7t2% A% H#of

2} al O oyx Ao e H=F2 el LED 24 =9 - g4 AA(F 3} LED %

W] 7144 HAER 8| LED 725 A% RE 3EER g9 ez A

c s 20139 o] F 33%tedsle] n&ER bR WA A Y E AlY, S-S 20129 o] F oF
S1Rtelz) X 9 WA X8, Bepd2 AA Aol R LED 3% 42 Fa 5 W 627 )
9 7259 Fels LED A= WA, 769749 Facl FIIAZAAN LTS 7R o= 5

£ AY(KOTRA &A= A K EE)

- e A9 2013 2l ZE aE&ER] ZFREE(30005)% EEE(34,0005)9 oF 30%(ZH2F 9005
2 120005)8 LED 4o M o4, 1&=2 LED 2% A% s

2)Jt9H HE 38 U
» LED XY 2 ot HA
e — Next Generation Lighting Initiative(Vision 2020),
B . mlLﬁIIEEe!@E‘é*(Energy Independence and Security Act
= LED P, A25-EF3 XY & 2N 4N =4
s IR XYM DY 58 ZZNE
= -7 X¥S BFENETY MY SREIXZE AF
7 « LED 8AlJ|E, =2 AH 2 SE20F J|s a4t
s AIEEAl JDIZ2SES LED X822 UA
= ‘Eco-Point’ MIE &= S8 LED =Y B2 =&
o= - MEAMS FOAI ZQE Xl 2 =2
= NAFHE CH2SH QIR E A2 oH(Et AN 28 S) X
oo DI CZ HWASES LED XH2eZ Wil
= - 124 = 5)E HEOZ AA(585 BHES WHHE)
- LED 1 2060 HE'S Sofl IS0l AIEOIZS, DEEZ HE S)
- 0l LED 228 =8

787l tig Zlvigtel ax, olF e} A
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ey
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ot
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e
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L
12
2
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T

Eow A 798 AAstn glov, 199 HEY NFEoR

o U LA~ wjEEL 629
1250 &3] AlA 5998 F=

o TEUEhE 20129 WM 2% #F oo, Fa OECD %7k ¥ HRAVF 7MY =2

s

CUMULATIVE ABATEMENT AS PROPORTION OF CUMULATIVE BAU EMISSIONS OVER 2012-30, REBASED TO 2012 1aget emissiors

vs, 2012
J| india, China and the EU's targets ==inda %
are among the least ambitious . w=China  #0%
== %
= Japan %
: e=fustralia 7%
T elndonesia 8%
=S 8% fto 2028)
 emConada 1%
=3 Afica  -20%
Soith Korea, Brazil, Mexico
% — whleyico  21%
and South Africa’s targets are i
among the most ambitious e =Bral 7%
W - S.Korsa 8%

Jow2 014 2018 2018 2020 2022 204 2026 202 2030
<2012 CHHI 2030E HHZE B2 (Fo= M 24ItA IS JIE)>

(X : New Energy Finance)

_16_



)
T
L

;O,b

Xjo

X0
2 AKX
: E
Ry} ’
! o Jio
: ) i X0
5 il ol b
\W) ol W_ Fﬂ_ ’ g
= G _ . : :
u_“_ (= | = w% __AI_
or e H = - - W :
x : = = = = 3
o) fall ﬂ .y : ; __A:
R b
£ IF Ao C_
=% o S : :
E - ok o) N
mm : \ > K0 o
)_. K0 20 % A
¥ o KO M+ o ;
i0J
% o ar o
o H__|_o
< Aoo
o~ ® :
nir ;i
“.Mn K/ = : c%
o : R KH
m_.“_ 50 Gl w,HE w : :
J “
& 4% ! = ’ - @
m_m = 8 20 - .__Au - :
A mg o 20 : ¥
<t o B :
) = = BN ol N . 5
) = i : :
EilE] = A i = -
s w0 = @ m 4_._.._ :
NS <k op 2 7 L
o 6o ’ :___
Bl < oF of a R b
1 02 o =
5 e W<
| o<~ 05
o o _.A - :A
H_xw_ m M _.uA_m 1]3]
: mo mI: i N Kk
- O - |
W_I.w_u K w_. .I_.__ "
X =
P gl = i
Sk MY =4 56
%Armz. oo ™
SEED U= o8
iy & o) 1 = O
: 55 = Ko i
: & =4
MHEH%M w&
T KW =
SHomgw K
0 — K =4
%ﬂamIT E
T o0 WS 2% 25
Mo~ 5 8" i
1 ~ () ._.o :
: } \Am [0
I+ = 1
o a =
- E
Y
oF

_‘|7_






H
e 2 2 8 8 8 8 g 8 s 8 8 8 8 8
E ha b b o o o o
1 1
il 0 gl
< K =
= N N < < = =
a - il 2 ) z B
i m @ 0 W H0 0 0 70 <
r | = _ = | = al KID Momr W omr ol <] o o
o o o o RSN R0 n} N R N Rl N < ~ 3+ gl il
= X < RO < ~ 10 ._H,ﬂ___ o o o B <4 0 < &0 = % 2 = %
_LI _I.I _ - — = _JI s | Al AL m a m m n
3 @ ] = E D W 0 oW R R RL R ~ <+ SR CRE KO E
R R WS oy O O T O g _5 R KO oy | KD KD
RS R g KRB SR KO e b R s S <Rl - A
= o B x, al < o ) o} K o} K CI! W o] Az Ho &3z
H0 H0 JH iy _.ﬁ " KA w o o g om = Ml = o~ B ol = | ol ol =
=) W._ = 7 I -] % =0 T 0 ) i3] o4 ol 0 . g0 ) = S =
X xR g gL Mol 2 ok o Rl S SR S
ok 2 1ok r | D om o ow O Kz =M ms@wm M @m R gy R =M = =q
ke 2@t om oew ml Wss Napgs ms  me Ry Pl e
o< WS WY W I Klgn| & = (0w & gy i3 =
M T 9T T or E_ﬁ A0 o____ g & TR :_ﬁ g & = :_ﬁ = x__ 3 = - __A_s
Gl T K KIo
B T = Sa  wm o or E
=] ”|U ] I+ Uk &0 o= lof 7y U z0 ol S
@ ok =l K= 0 m Jo S K Mo RIS = S w_u=
[ T L _ — ]
3 I gr ok 5 gn R Ho " W L =
o =1 N KA - o) - ~ =5~
£ o0 k2 Ry Ar n a0
2 oF 20 R< KO ) D J]
O o &) e =
<
<
. H ~ mod
B K =] L
o i 0 uMw
JK R~ =
ol
IR
i — N ™ < 0 © ~ oo o o . N . Al

_19_



M T
o= e o} =P niy Mg A SF (;)
5 Spot type o Spot Type 2 Y 100
9“2 Y9 A O & RAA QEZ2E Hs T}
16 AEE H= o AIEE HIE 100
o Line Tyepe ®2 XH AISdI0|&8 H
17 100
ot
Line type o Line Type ®¥2 XY tg 24
18 e To AN HW R 10
Li - DE e o
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d=g | 104 0.0] 193 00| 188 00| 1.2 00| 59.7
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Ol Z4&= NS0l 50C~60C 2 &&= Dottt HINAIE BHECI X

(=)
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- 22 JIE X499 HFRE EQ A 2Xxds 28 H=o0(1~2Y)
Hybrid Battery System &% 1¢df
UIAIOF(2015.3~), S2(2015.1~) XN=UHA A

- 8 SHh0I(2015.11~), &
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J
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- EHLEXI2 HHEHEIAIAE 2F X Mt X& 25
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=2 =< T
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7= o2 A
" SIEIEK| OFEGE L ALY E gor ol
- SIEERIS AW S gor ¢
- Lead AcidE Ujalez & - &d A 8
- AE XA
* (HAaH HHEI2] @ Lead Acid
* 3,000 cycle Ol &-8t& 84 ®E AS &dH @ 0.1C, 0.2C 2JtX &
x Al NE g
~ 2t AI2Z DIAOZ 1103 4 = 9EAIE RisH
- AN MOH14.4V)IHK EMEH & AXEH 22 B2 YA 503
- SHE EMS SUE 2OZ B ¢ 103
- BHEEO| 120%2 EM B 5
no. 0.1C 0.2C H|Z
1 13.8924 13.154
5 13.5309 13206
10 13.48% 13191
15 134772 13180
20 134589 13160 | &2 MY
25 133526 13139 | Al =8
_Eol /=
30 133428 13116 | X
35 133355 13.095
40 13.3245 13.064
45 13319% 13.050
ot01=el= HiEel 50 133135 13.029
ANAEIO] Hg 55 133159 1295 | = ®M2
60 13.3306 12975 | =&
65 129679 12764
70 13.0631 12921
75 13.1401 13.073
80 132268 13207 | =y
85 132756 13245 | 120%
90 133477 13267 | -4
95 135150 13003 | 100%
100 13.6982 13307
105 137617 13321
110 13.7922 13327
- Als 2
10.1C (20.2C
138 /_/— 138
= 7| 7
gu.z L\_—I / 213:2 L\——l ’/
13 L 13 L
128 128
128 116
12.41—1‘2!1—1\Dv—1‘:lv—1\u.—1|u.—1\uy-1\uy-1 ﬁﬁﬁﬁﬁﬁﬁﬁ 12.!1HlﬂﬂmﬂmﬂmﬂmrﬂnﬂmH ﬁﬁﬁﬁﬁﬁﬁﬁ
—i% ey — A EEL8
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otolEelE Hieel

ANAES HE

w AMAE AAH L Simulation

- FH&E AIAE Y Y oSN S UH cycle =EF
- 88 Y

= e
oY UNE - 20143 EfCHEHYE HHA Tz HEEX o

- - 30%, 60%, 75& 4 HE
EHEE X D127 - o
- 24 g0 2 g2 94X Hi ey

BN 58 - MPPT HE0Il 12 &4 =g
HUX 28 - BHE2IE OIUXl &8 H=
- Simulation Test Module T#=
T o AH|AH S RRIFSPN HIHAIE Lead Acid
e 100W 100W 80W 600W
- HAE 21
* Lead Acid2l A cycleOl A2t 24.7 ~ 313 =&
* =IIEOL A|AE A 23 L &8 23 Al 108 AIE Jisyd ¢A
* EHLEE X D201 G0l IAH LEHE
. EHZX Xl 1201
= 305 605 755
HIHAIE cycle 365 365 365
Lead Acid cycle 30.963 24.684 25.027
<AIZ2tE Lead Acid cycle 13t>
o EHZX Xl J12D]
= 30 60 755
= 2.037 1.902 1914
= 3.779 3.624 3.639
S 5672 5.468 5493
4EY 7.571 7.317 7.352
HhEy 9.204 8.929 8.968
EE 10.840 10.551 10.593
73 12811 12433 12492
gz 14.360 13.982 14.041
ozg 16.099 15.682 15.749
1082 17.631 17.181 17.254
Hag 27.398 21.574 21.786
1238% 30.963 24.684 25.027
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W 11, BHER B4 22 0lg ML : 28 JIB(R2, NR) ¥ NAY N
O [¢7 SEX]
- 38 J|FE J|lE =H =% 1048 04
O [¢3 U]
- o2 =8t Jl2 SFHA2 HE2l AIA’S HE+F =2 A
O [¢d7 2]
- BN LA IS NAE2 HMAIE HHEC AIAED AIAE &2 4 Jls 22
[oH2l =8t J|ZE 1e2ist ol0IE2IE HiE el AIAE ]
-+ = S S =
= 25 D29 U AAH 2 2HE =24
= ZME u| o]
oy 24 - < 63H%9J_9| $2| - Squalld 22
& 8Ao A - 12, Usdt JIF: - NS R
— N Al 22 1L — O|_7l:_ ?_|- i}E
SN T 50C Oloil = U2 22 Al R
- DeHbte, 2 2uxt - Jetel D2 X AIR
_ _ - -40C &2 = M —o =ia =
SRS e el - HUXES BN 5D
» J|IE E AAE RH Y 2Y Yot ~E
- & "2 AlIAE = OIR2EHE HiH2IZ2 JHE =8 S4842 BR
HINAIE HHEI2] AIAE M= ME
-JlE g &g 2ot
- HIHAIE HiE 2 AMAE HE
20 =2 - 2 3AIZF Ol LA EEZ X2 1 2|43 A
- 2)] 242 Sl 22 Al ol0IE2IE AAE &2 Jis
- HINAIE BHECI AIAE HE
=M XS - X2 250 HIAIE HiE2l HE Jisd s2
- 22 0 &S &
- HIHAIE HiEC2I AMAE HEZ
= _ - =2 25
HIAIE] M= HHE2) =8t J|IZE M0 Me 311LH/\|;E1 HHE1E! 01|l.:|X| 22 4st
- 222 (E= fet ZH Dimming Jls 22
ANAE MG
- HMAIE 2= OIS =9 WAl
C . . . . .
25°C 35C 45°C 55°C 65°C
Voltage
2.7V 15 6 2.4 1.0 0.4
2.6V 22 8.4 3.4 1.4 0.6
2.5V 30 11.8 4.7 2.0 0.9
2.4V 44 16.0 6.0 2.8 1.2
2.3V 64 24 9.0 4.0 1.8
2.2V 95 36 14.0 6.0 2.7
[&%]] : LS Mtron Ultra-Cap Report, 2016
- ANAE 2 25 Il 88

_39_




m] 12~14. AIAE WO &20elE M

O [¢+ SHEX]
- &8 332 Mo £0eld HE(SE F&E 95%)
- BHEel WMo 20els HL(SE FEHE 95%)
- &8 38 MU £0eld HE(SE F&E 95%)
O [¢7 &l
- dgZ3g ¢S MPPT(Maximum Power Point Tracking) HMO{Jl=, A (Xt 2K, J14
HE)E 0I=8 CIYMA, O, H SS9 JIM4XHS DA =8 M2E WO, tiEel & &
2ol ol doltl =% s& MHO(Hs OY)
- HHE2l MO Z02lE @ i S0l 28 sd, 4 M2 (e & 22, =8 (HH
HINAIE 2 &R T= 2ISAHE) e /848 Mo
- 38 28 MO Z12&d  MPPT(Maximum Power Point Tracking) MOJl=, S&&8 M
SE20dl M3&2Jt 1A Constant Voltage MPPT Algorithm&tal & ¢
O [¢+x 2]
- AN2E & S 95% 014
-+ = o 2 2
» IUX NEE M8 32 FXle SAEXNNA Zdots MIHUXE ==
JHel HHE2IO &IIE MESlE Il JIAdE, ANHFLE HE2Id3E, =
o AN 2ol LOICISS MRE, )| S8 MsE5 ) dolcis ot
fIE 3=otE FX0IM ORI dels S EE% AMAE 2HE= US
ot 22
= AAE MO ZNeS2 20 HAISH MESZ2HO, BIE2IMO, &&
=2 Moz 22
NAE Hof ol W e Dl
AN2E UE — S | SRl
Ot I tery 2 | FTTTE ‘

Control)

150 g

Solar Cell

DCtoDC | !
Power “
Module

" Qutput
Condition
! Control

RS232 Monitoring

SRAL e

PORTs

3N

g

Switch
Control |

Charge |
Control |

Lead-acid
Batteries

A28 Rlo] P>
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m 13. AIAE MO 21025 Y - HiEl2l W 21elS

O [¢3 8EX]
- BHEI2] MOl LD2IT HE(SZE T 95%)
O [¢7 ue]
- HHEI2l MOl 2123 : tiElel S0 A% =&, U™ MFH0 G2 5™ 22/, EE(AH
HIMAIEHQ SEFX C= 2SAUAE) HIEH2 /248 MO
O [¢7 2]
- #H AMAIE HHE2IQ SEHX(EE 280228 QAE)E AQE HHNMN S 2 YA
A2 8 2 : BIE2] MOl 100%2tS
- o2 A
« HiE2l SAA AHATHAIE HIEH2IS 24 X2 510 5H0| 229H
Ct2 HHE2IE =XGIEE =™ P2E ARE HOES 6t0] M2 2AE
ZASIE DG FETAKIZE AIREIAUS
« HHE2l ZAA HAHAHAIAIE HHERIE 24 LS 5110 A0 T
CHZ HHEI2I2 ASIESIH LAS HS S2EE MO GIYS
- AEE
HHE2I RIOf

£dlon H3loff
= OiE elE JIgtez T2 dAHF NM HAE iz Lels 3
SHC100% A

A 8% oo g
1 CES
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m 14. AIAEN MO 21028 WY -58 =

O [¢7 |5X]
-&88 &8 MO €21

O [¢7 uE]

- AAIE & Z2ta HOEXIS M0 HIAIH Y BX Mo & HOE 9 2D
a|§ jHUI—
O [e7 2]
- #H AMAIE BiE2] A0S NB2 AANAN 58 L LTASES & 95%0| &t 8F=a
T E o 72

- HAHIHAIEIS B8 ZIHMLE JIECZ ZUMA0 Lot HE AHIH
NES MD A5 HIRE0 =2 HWAIEHS LS L& 200 A A
NGl Mg E0FE YACQR A2t X MAS XHHES HE

» AHAIMAIH 44 XEZ AAGI0 SHHL 1.2V LHUIY 8VE &
ool SHRATAL LA STA 24 4 Mets =ZS 53] AAIGHH 2 SHIY
AES] Mool AR Aol BIE &

= AIZZ(Ca ]

« 53 20 OtHES ZS(SF:MA00TZ JsA7L)
=73 1AsA 1AHSA 1ApgA 1AhgA IAPEA 1APgA

M58 MO Btell (1) (5%) (tol) (1K) (37%) (o))
AWAE 18U (mV) 2809 2815 6 2031 2021 10
AWAH 27 A (mV) 2828 2831 3 2033 2023 10
AWAE 3L (mV) 2827 2828 1 2045 2039 6
gAY 4R G (mV) 2823 2826 3 2029 2024 5
AWAH AR (mV) 11270 11290 20 8128 8109 19
s 5A8H | SasM | SAgA | SAA | SArgm | SAeA
27535 . : ;
(A) (=3) (®Fel) (A1A) (53) (&Fel)

AWAE 13- A (mV) 2791 2800 9 2024 2022 2
AWAEH 28 A (mV) 2813 2815 2 2024 2024 0
AWAE 3F- A (mV) 2813 2814 1 2041 2041 0
AWAEH 48 A (mV) 2808 2812 4 2026 2027 1
AAE AR (mV) 11220 11230 10 8118 8114 4

- ZHAWAIES 220 8, LdEMAS SZs 20 AHpY M2t &

01t

oie S8 &8 MO 20cSS A 20 J=T 98014 el ZUE €
HotUS

» 22 FHAMAIEHS S S8 Dot SHAT BHatesS HAZE Xal
Sto BiElel & E2(Ah)2 EAl JIs2 FO6tD FHAMAIH Zeta
HOHECo d45dsE 25e HEY

_43_



m 15, 20. Spot type / Line Type A - O L & Al LEZE Hs Bt

O [¢3 2EX]
- 0 Y A MEUWMS JIE Pole Y0 Hl 4 &Y
O [53 ug]
- LMK5(Luminance Measuring Camera)s 0l2% & =4
O [¢7 2]
- Pole =Y0l HIoH Spot Type / Line Type2 S XHE QHINAl Lo LHEIADL S, A
T HA AN
== -
H 2% Al LED JIZSE Y2ZXH(Spot/Line) Hl1W
s =8 AN Y FEEE= Ol BEoF &3S
N ] y
Type | %7 ARl drEm
yp o] I 9]
1232
LED
V2 S
222
IRI=
Spot o -
Sl
Spot Type / Line Type
Type RE =9 232
ob7ll 3 RHA|
LI
M= 1
- 7|& Pole Line
=9 ofd| Type
S/ Al 222
Hdsgot

= SEZLE Ot 238

=3 =3t e UAHXIEE
=377 =d =k 2RIE ZAE (%)
- 12 0.30 0.34 6.57 | 2.46
_ == 2% 2 0.27 0.62 35.8 | 12.9
LED Jr=s o x 172 0.31 0.76 16.2 | 7.52
e 22 0.21 0.55 36.7 | 21.7
E 112 0.48 0.89 0.04
St T 2% 2 0.54 0.83 0.01
pot 1yp o 1%z 0.44 0.76 0.2
T 2% 2 0.45 0.55 0.1
- 112 0.45 0.81 0.5
Line Type 22 0.41 0.68 0.4
HH AH 2} T
o Al 2 o %2 0.56 0.84 4.7
2% 2 0.53 0.81 1.6
# LEDJIRSC AR SJI7 TIS MEotdl, w2XHo A2 2O TS A8
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m 16. X2XE £ - AIARS KHE

O [¢+ SHEX]
- AME HMZ & On Road Test
O [¢7 U=l
- Reflector, 71+ JI*2 % Bracket & ¥ AKMZ HMZ
O [¢7 2]
- Reflector JIEt2] Spot type AIMIE MZE L &XIE Bracket WY @ 38

2 =2 o 2 2
» Reflector &H %X AMHS HE
- 42 XY ER9 HiZE PE 6| Aot £ reflector JHE
- reflector @& 20 ZE=Z g =¥

-&sE

11326 mm
11395 mm

o104 mm

Reflector® Spot type
NRNZS M=

S0.B0 mm

= SOIF 2 € AIAE M

159
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T = o 7 I

» AX SEHEY Bracket A ¥ M
- %22 289 &Xs =2 JIEdg, 23C2E YsHE, uEE Jttde
£ 0/83t0 dXlote s A2z &
- JI2E(OtEdE ), 428 (222E g3¥g), 208 (nzd ey
AdE)OZ P20t A L AME HEsS MEE
- JI2E(OIEYY )
- Jtedld e XXote X=(139.8¢ )0l S =ot= HEHS Bracket2= IHE
HEZXOl Bracket2 &2 LAH I IIAS JIELE FIt =3

Bracket AIKIZ A=
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@ 17. Line Type

<2 2% A - AEd0l@ Eot

O [¢+ SEX
- E2XYIIEM3 S3)2 UFotle B2 =Y HY
- E2XHIIE(KS A 3701)
HRL oSG __'.—_E/C\JEH(Z"EI_/.\_E%J'(U
e AESLH s
s Lavg(cd/m) S8t H < (Vo) AEEZ2 M E(UI) E& 2 M < (Uo)
Lmin/Lavg Lmin/Lmax Lmin/Lavg
M1 2 0.4 0.7
M2 1.5 0.4 0.7
M3 1 0.4 0.6 0.15
M4 0.75 0.4 0.6
M5 0.5 0.35 0.4
O [53 us]
- RELUX &E2ZX9 AlZ2dIolA
O [¢+ 23]
- “KS A 3701 E2XYHI|="9 M3 E2XY F T J|= O+=
+ = o 2 Z2
» MEdI0I&EZ2 28t 23 RAY SET DATA
- 8823 . S78-Y22-WN-C7, SZ8-Y18-WN-C7/C8
- RAY DATA =&
The pseudo focal point of this rayfile (5M rays) with respect to the above coordinate origin is:
-x=0.001, y=-0.008, z = -0.207
S
T
View in Z axis(Theta = 0%, Phi = 90°) View in Z axis(Theta = -90°, Phi = 80°) Goniometer coordinate system
* Measuring equipment and software : RIGO801, Converter801 (TechnoTeam, Germany)
. - Accuracy of Standard Source < 3%
Line Type - Position Precision - Phi<0.02deg / Theta < 0.05deg

AlEdI0olE Bt

= Relux Simulation &2 1t

= Road

B L{1). M3
i 223 cd/me =100 ¢cd
Uo 0.41 >=0.40
Ul 0.69 »>= 0,60
Tl 5 <=15
Hel u.su >=U30

= L(2). M3
jns 224 cdsme =1 0cd
o 0.42 >= 040
L 0,66 >=0E0
Tl 3 <= 15
Rei 0,30 >=030

= Simulation Parameter

- EE2HY 28

- R3,

1.0, 90:0.08, ZO{I42.0m, Xt

HE3.5m 22Xt
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m 18. Line Type ¥

o
I
02
x
S
|
.
10
1o
1
ng
I
~
=
.
n

O [¢7 SEX]
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O %4 H& t=47]92 ZUMTOBELARS] ORUS7F tli4Ql A4 AFo=,
7t2%5(Low Level Mounted Lighting System)2] 713 2 Al sl7p gilslA| 218y

Z% 5 U4 7199 ZUMTOBELARS] ORUS7F tl41Q1 B4 Aoz, s SHoR W 7te
S (Low Level Mounted Lighting System)2] 7§t 2 Al43}7F ksl A 23] <.

<z ¢+ dils R2 ZGAAEN RAF AS Hlw>
au :‘,;-o Atd=E ORUS ES-SYSTEM
3o YA AH LED 1L70 NB Roadline
R = AL - ZUMTOBEL Ark Lighting
x5 AR 2714 271 13
v Tool Lens Reflector Reflector
MR 7HA 8m 9m 4m
AH] A 18w(2.3w/m) 27w(3.0w/m) 20w(10w/m)
SIZE 740*74*76 540*463*193 950*150*147

P24 B Ul me v g W gl

_87_



1) ZUMTOBELA}F2] ORUS Al

O 5717 FH

<ZUMTOBELAI?] ORUS A& 5717 He>

O A& Ahl @ 2zttun|e}, dopze}gh Aenld, FRAE 5 A AAH R 2500070 o AA &

<ZUMTOBELAtS] ORUS MIZ HEAte>
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2) Ark LightingAFe] ES-SYSTEM Roadline #|%

— “:J-t-4,_:_ - “

<Ark LightingAte] ES-SYSTEM Roadline A& Atd|>

3) BAYAE BEA

O ORUS$9} ES-SYSTEM Roadline®] A% 224

ES-SYSTEM

<ORUS®2} ES-SYSTEM Roadline?] A& Y2 A{>
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ofo] | @AMRAFE | GDS-1104B | 1 | 2016-10-31 1,340.90 il
(%) 235572,
J=
@ufA] SHATEI A AE] NFBEC-2017-01
ofo] |DCHAIESH7]| M9812 1 | 2016-10-31 1,320.00 "7 T 7 ZledLAa
3 (%) 235560
3z
@ =] W] o) v NFEC-2017-01
16 o o N _ -
o}o] . WBCS3000 1 |2016-10-31 29.759.18| @Yot A | 7|&A+A o654
Iz
@A @ALB]0I A E NFEC-2017-01-
ofo] |&THg 3]=A|  1S160 1 |2016-10-31 6,215.00 T;g{g‘ 71&ATta 23559
J=
@ul A} NFEC-2017-01
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3z
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=z
@i o) 7tR] 7] NFHC_2017-06-
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EU A QIR AIA] ZER =IZ7EE
@l i ;1 FeNEE NFEC-2017-12-
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241320
38 AE7] iy
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