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What is driver’s requirement ?

Uniform, glare-free lighting
Eary anticipation when dnving
Smoother traffic flow

Relaxed dnvers

Increased road capacity

Keep on moving




L uminance or llluminance ?
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Which photometric curve is better ?




DIALux simulation
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LED% £ 7 3 150 W
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Comparison

E,, =11 lux
U=0.464

E,, =11 lux
U=0.676

0.00 40,00 m 0.00 40.00 o
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£ R

) 6.00 m
— —
X L , 0.00
0.00 40.00 m 0.00 40.00 m
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0.51 0.68 0.85 1.02 .19 cd/m?2

0.64 0.96 1.28 1.60 1.92 cd/m:



ME4a classification

@ R3, q0: 0.070
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2 L RENRESE VEd] (AT AR TR - )

- TR [cd/m?] uo Ul | TI) PR30 L
R REEEE: 1.20 0.48 0.52 15 0.72
WERAREE: 2075 2 0.40 = 0.60 <15 =0.50
R R v v < v v
i (2 BE):

AL AL | IR [cdm? O Ul TI%]

1| W= (-60.000, 1.500, 1.500) 120 048 052 15

2 | ez (-60.000, 4.500, 1.500) 126 053 055 15
M R3, q0- 0.070

EIZAIREEELg: ME4a (M EFTEYRENRANER - )

SEEREE [cd/m?] uo ] TI [%)] JE 4 L R

sTEHAVERE(E: 0.92 0.52 0.81 14 0.79

SeapAETEE >075 >0.40 > 0.60 <15 >0.50

W | R Ve e e Ve Ve
HEEEERE (2 BR):

w | meE | A8 | SEEIRERE [cd/m?]  UO Ul TI%]

1| HEE (-60.000, 1.500, 1.500) 002 052 083 14

2 | EEB2 (-60.000, 4.500, 1.500) 096 062 081 12
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Roadway lighting arrangement
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L uminance measurement

Edge of Field of calculation

60m relevant area e
___t ______ ET
Line on which : ©
b [ o
Eogﬁ{;ﬁgés | Observation *
' direction &
| — 2
| °
' =
| <
=]
S =
First luminaire in /O \___Edge of Last luminaire in
field of calculation relevant area field of calculation
;6 — -~
>7-|‘¢2?‘;§ rg });15 m i‘:::‘:::? n:::Q::c,::
“ . o o :_O_ _O_ — ? L=] — j — _O_ -
>7J\ ‘@%Aﬁ" iO'S ~1 Tc__o__:: a_:__o__
N/ % J :___O__- =] -__o—-
>IEH60 MALdE MR 35 =——= g9 = =
g y =i
>3 0 ELipI30P~H B - = .

Calculation field
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Six lane road with
central reservation

Three lane road
Single side luminaire
arrangement

Three lane road
Double side luminaire
arrangement

Three lane road
Staggered luminaire
arrangsment

Two lane road
Single side luminaire
arrangement

Two lane road
Daouble side luminaire
arrangement

Two lane road
Staggered luminaire
arrangement
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CIE140 Roadway lighting calculations
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Roadway lighting Quality
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|IES & CIE classification

T ykE ICED: *F AR L § B a Gl EN 13201 Lavg2 Us U TI
grfass A | RE | Tiwmp/ | Samal | £Fmp/e | g CLASS (cd/m?)
cdm?) | spsmp | sopsmr IER BORE X TR ME1 2 0407 10
FiE 2 A 0.6 <35 <6 <0.3 2 F Bng A P opE e ME2 15 0.40.7 10
e eB | 04 a5 6 03 Bn R A AR ME3a 1 |0407 15
x| 0 | = . LRt ME4a 0.75 [0.406 15
e | os 3 s <03 EEE ME2 15 [0407 10
e | o8 | =28 o M LR ME3a 1 |0407 15
cxn | 12 . . B ) ME4a 075 |0.406 15
£
FER 0.8 <3 <5 g 5 CE1 20 0.4
s | o6 | =35 6 <03 Bng Y CE2 15 0.4
SR | s . e . #in g CE4 10 0.4
FER| 06 <6 <10 AP S2 10 3
ﬁ' Re% | 05 <6 <10 =03 LS s4 5 1
" ien ] 03 | <o 10 LR S6 2 0.6
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[ gl 1.50/2.00 0.4 0.7 20,/30 0.4 10 0.5
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M| #F& [0.50/0.75] 0.4 = 8/10 0.3 15 —
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>4 %E LED B %
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(1) BB R34 %) B AR E oA DIALUX 4.8 B st b k88 0 3 dy ARl B HE RO X8 BLARBR 1 B 26
3B E E R OO AR RIIE Y 0 ) B A A2 [ES A aRE -
Q) #BEpsRe Tl RASAR AR RAGKAHL  FREER

B)REBRENN > tROSTFHBERBEYEME -
(3) WaHELEH

(a)LED % A #3128 © 0.7
(b):EBILE T 6 KA 8 K(ERAHFE=100W 8F)

8 kA& 10 R(E Ao FE=150W 8¥)
(OESE & )
(dEERZ R3
(DE R B ey F3 58 - 23
(h)& 4525 © 20x12

(e)#aih3y 4 FE#R £ - W3
(g) B 4845 * MEda

M= TREBRERR
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(4) BRAZESH

QBAREZDE 6KRS8EBAHE100W ) ;
8 K & 10 k(8 Aoh & <150W 8%)
()T @mIERE 6 KR 8 K(BAAHR=100W &%) ;
8 K& 10 k(&R zh £ =150W 8¥)
(OF— BT LB AHE 1
(AR X BT HERE 4B REZE
(e)4tmfs - 0 % (hyBpdiss > M sEaE 0 0.5k
(Do Aeyspak - 2 K (EEHETIH X - E0PE7
(BEEMHAE - UEB EITAE(S15)

FAx 0 % a7(Lux)

WK HA HEE EHREE XA
iR i 3% 15(10) 10(7) 7(5)
FRAER 15(10) 10(7) 7(5)
REHEH 10(7) 7(5) 6(4)

AN ERNLHKERARL B EORLEXTFHRE

W ARBEANAN LT TTREBAME TARRE (98 F4 A 2H)  EH RHABM
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Chromaticity quality is also important
> ¢ % £ (SDCM)
1l /

2step MacAdam ellipse 3step MacAdam ellipse

TR T

Sst ep MacAdam ellipse 7st, €p MacAdam ellipse
Wy [ . - .
'//477)| Vertical: CCT in 20K increments

- -
7/#7| Horizontal: Duv 0.001 i

https://www.cnledw.com/inter/upload/2015010721152373843.pdf

> ¢ $7(F B

https://read01.com/zh-tw/KOJxe7.html#. Wr9XPS5uaUk
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Vision affection
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Human vision
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Cone & Rod cell
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44k tm¥e (Cone) 51k 5w ¥e (Rod) da/fF Rk mie ¥ (5
5 HALE & AL A e (twilight)4h. 58
AR, o5 AR K v AR

3.4~106 cd/m? 0.034~3.4x10-6 cd/m?2 0.034~3.4cd/m?

%} 555 nm & it £ § 4t
(+ X i£683Im)

# 507 nmk i1t B § ¢
(# % 1£1700Im)

"ERAEE M A kA FACR
4 555nm~ 507nm = ig #5

(% &vock)
AR * B X BT R R R PR 53
A58 AR P ARE o R34 FEd 4 53
i s % i 8 i 2
Ll P SRR F (LR RO F
G E S e LR R
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V(») photopic luminosity function

1800
Kx'=1700Im + W™

1600 | i
0.001210 0.826 0.034840 59.228 o 1400f §
% 1200k KQ)=KaV'(D)
460 0.060000 40.980 0.567000 963.900 E 1000 - E
= Ke=683 Im » W™
= 800 »
500 0.323000 220.609 0.982000 1669.400 P7nm
600 | : K=Kk (i)
507 0.444310 303.464 1.000000  1700.000 400
200 | Am=555nm
530 0.862000 588.746 0.811000  1378.700 = e
# £A/mm
555 1.000000 683.000 0.402000 683.000 1RO Scotopic 1M M
L. Bootopic B
1600 ~
560 0.995000 679.585 0.328800 558.960 T 1400 :
%‘ 1 B0 ll'y_'I-E-.E-;}pi-: F ja] 1 4
570 0.952000 650.216 0.207600 352.920 Bo1000 ¥
]
= G0  Photo pic AR#E 4
580 0.870000 594.210 0.121200 206.040 E GO0
S 400
590 0.757000 517.031 0.065500 111.350 E 200
I[:I g4’ - L
380 ARG 480 BOD BAG BAD G50 G50 700 740
600 0.631000 430.973 0.033150 56.355

Wavalangth [nm)
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Lighting source spectrum
R T8(840) T8(940)

W /5 nm/im|

WW/ 5 nm/ Imy

MW/ 5 nm/ Imf
IRC 100

400

200

0 —

300
150

30

200 |-

100

Relative spectral intensity

Relative spectral intensity
8

Relative spectral intensity
3

50 |—
10
400 500 600 700 }\. nm
400 500 600 700 A om
400 500 600 7100 l nm
Wavelength (nm) Wavelength (nm) Wavelength (nm)
, L N = 2, > 2
g B " £ TN B JFk I
7 B S s ‘B S B
MAF HUW/5 nm/Imy & .
250 IRC 25
400 o — e 400
| 200

300 300

200

200 = —

2
8

100

S

400 500 600 700 Anm =
400 500 500 700 A nm

Relative spectral intensity
Relative spectral intensity

400 500 600 700 A om

Relative spectral intensity

Wavelength (nm)

Wavelength (nm) Wavelength (nm)

L2 Pure White - Warm White

LED

Spectrum

500 600
Nivnl st ined 1
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Scotopic / Photopic (S/P) Ratio

> 2010 CIERE R EZEE R
> CIE: ABREIR S5/PY0 R RIS - e~ I9MN5 T
» CN/UK: = S/PISIRIZE o [FE—EZHF 4k

> CIE-TW: SPE R SR - BYCLEDTEKBEERISHPS 30%

Lighting source S/IP

S e Low-pressure sodium 0.2
_§ 3 v High-pressure sodium 0.4~0.6

- o Halogen headlamp 1.4
g é ‘ Linear fluorescent 1.3~2.3
3= Metal halide 1.2~2.1

, \ Warm white LED 1.2

200 450 500 550 600 650 700 750 Cool white LED 2.0

Wavelengh(nm)
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Another design idea




Black hole effect & adaption
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1 4.00

% 375
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10 20 30
BF S8 R By

40
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5 Tk
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* B
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— e
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(éa.;P— mPe (T )
(45 & e T )

AR/

1=400 000
2=38 900

3=19500 |

4=3 800
5=263
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CIE 88-2004
> GUIDE FOR THE LIGHTING OF ROAD TUNNELS AND UNDERPASSES

%148 [ (CLOSE TUNNEL

6 .
AT @
i 4 L2o
o '3{!'!? ’E.".-_E\ HH E Lex
L / | 0 G o 7 5
| | in . oy
3k B8 A | i
e | | | T
< yuﬁiﬁ ?Ei "“ECJ, NHE RS E
|
ACCESS ZONE | INTERIOR  ZONE
HURE TRANSITION ZONE ~  HUE
EXIT ZONE

THRESHOLD ZONE
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Measurement for luminaire

http://www.everfine.cn/
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03 | /]
02 /]

01 [/

https://en.wikipedia.org/wiki
https://www.uprtek.com/zh-TW/product/-/MK350S-Premium-Spectrometer.html

Why spectrum Is important?

=]

Pure White

o =

. .

o o
.

<
.
=

Spectrun

Warm White

500 600
Wavalnngthine)

CIE CRI'TCS

®, = 683.002 Im/W -

wn
—
<

400 450 500 550 600 650 700 750 800

TCs1
Tes2
TEs3
TCs4
TES
Tes0
Tes?
TCs

IE
- .
ol
-
=
5l

ol
ol
o
.

Illilllliilliilliilliillliilli illiillillli

3000 K
3200 K
3350 K
5000 K

5000 K

5500-6000 K

6200 K
6500 K

65009500 K

CCT

Source

Match flame, low pressure sodium lamps (LPS/SOX)

Candle flame, sunset/sunrise

Standard incandescent lamps

Soft white incandescent lamps

"Soft white" compact fluorescent and LED lamps
Warm white compact fluorescent and LED lamps
Studio lamps, photofloods, etc.

Studio "CP" light

Horizon daylight

Tubular fluorescent lamps or cool white/daylight
compact fluorescent lamps (CFL)

Vertical daylight, electronic flash

Xenon short-arc |amp[3]
Daylight, overcast

LCD or CRT screen

15,000 - 27,000 K [ Clear blue poleward sky
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lHluminance measurement

Appizés(wifi)
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L,, luminance meter
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False color(ILM vs. Lux G)

> For calculating reflection index of vertical surface

Dialog

LUX: 40.3 LUX: 40.3
! ! - 4
100% 76%  52%  28% 100% 76%  52%  28% 4%
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