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Lighting Design and Prototype Measurement for
LED Vehicle Daytime Running Light
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The lighting design and the prototype light pattern measurement for ECE R87 vehicle daytime running light with
the different LED is studied in this paper. The design methods by the direct emission and the asymmetric reflector
are adopted for the optical design, respectively; while, the ASAP software is used for the light pattern simulation and
analysis. The results show that the design method is only suitable for small angle LED by the direct emission while
it works for all kind of LED by the asymmetric reflector. The prototype is manufactured for the reflector with the
Cree-xpc LED and its light pattern measurement is similar to the simulation results. Since only one LED, minimum
value 80 Im and 1 watt, is needed to pass the ECE R87 regulation, that the design method by the the asymmetric
reflector is proven to be practical.

) R BSR R R BRREHMEREE A -
fE' E'“JEW((RQU BWAT  BINELUNE R
E{TI (daytime running light, DRL) EE44 & 0 R AN AR 3 LB B 22 4 72 E i KA 7Bt
Feob B AL O R TR B RO B RS - BRI S REAEBARE - WREIEE A SOt 2SRt %
2011 FFREFHENARE "ETE ) o EBTETD s BRI  ERITHBSERTE - Al [
REERGWER - WP BEHEFEERESR - "TET REEEWE=EE » MEV i - MR

— N

Al

il

86 BHETAE=1T=551# 1014



FETCER - Wit - B R BRI E (e LB R iR
B SHEEUHEBZE S (Buropean Commission) JRid
RE HE R A ERS L e E EE - RECEE
ZHERR - LA RFERTEER - fERFHER
ST N~ BTTE  EFRE SRR B -
FIESR R H Al DRL AHRAER 0 + JE& AT {5 A8 Sl
ST - WD IR AR o K
BUHREESKE 2011 F#E - FrE/NEE ~ NEEHAYHT
HAERVARCE T E T EEIREARAE )
& BHAEE 2012 FEBTFEH -

FEITR BRI ) 15 BRI &)
PR - KERZ - EEBTFEEEEN—MOILER - &
TR BERE 2 AE W - IR AMAYRRET - BRUORSE
% HEEE - @RNEELhE g - HEEN
7 200—300 FL - EHHUE A RFEBRONE - HEP 5
EREFZ el - (BERASTENRE - Hb
RU—TEIRE - FEEEET 30 &L A —#IE
JETEAERE R 25—30% ° DRL MUREETT Rk &Em
£~ RREIRIEFE ~ #8FE/D » DNEDEROREETT AR
o SeEATEELR - HEAEREFDLE - Bl
RIRBEERE - HRRERMAEREE SIS - 5
B i S e — ALk PR E A EOR B E T Bt -
LED RREER - ©BfE/ - HEED - BE) ke
FmREFEY - RHITEEGHRETREZL
U5 - LRI R LED JER RN REETE ARG
2 —EEEZRI5E A -

RN REETE AT R EE —&
B - 1997 FERFREHRARRREG Y
HF 2005 FAIRFFEEIIARA LED &¢EE > 3£
8 55 /& A North American Lighting®® ¥ 4% i
Lambertian LED #&FC AR fEFERYIY) HF— 221
PRET AR TR T2 BB I B R/ NERL R 28 » 2D AR #E D
=TSSR AT+ Z2E YA (faceted parabola) »
SEYEHYIE (smooth parabola) EAfE#E = CPC [H
(stepped CPC) - FEEF ol Bl Gl AU FL Y[ - 2006
FEFE B H S KM North American Lighting!'? B8 #2
HE CPC [ (dual CPC) EHJZ)RAREY CPC [H (CPC
with wave optics) #1720 © B H R AW Hella""
SRR EL LED 5 H % H S a2 T 7
X o BB UEE —Rirget” « SBIEBRA 5 x

5 mm SMD LED  #ii¥) [ ST R iE 6% ~ I E
LR 40 S04 ~ HIETREE 100 FiH - B Bt
SCIRRIOIRER] ] STk — B (EER F — T LED » HR
LED HyZ8tamE @ LY LED BYEHEE 720 - 40
PR 55 SR P SO [ e A B 3 1
hRALR - DA ER R K b3 ()
IR (90 ED) o LA - LED fEISEE 5 F5ER Y
BN IHABFE PR - B SR LAVIZ (R - T
4 ZER) LED = URZHE - Rt &= LED &M
REITEIIEO AT ERCSRAN 2 2 —(E{E SRR
HURRRE -

KIS E SRR 17 B EYE 518 5 GE £
EHOLI - MR /NELE R E T ER A AL
WIERARE R - R E TR RO T BT 2
R G EREIACERY, - TS SR — A 2 E R
ERSPYE A - HA 2o S AR R 8 A iR 2 -
(FRESUEZ AN THD TR m iR B A - AL
ASCERFISEEHHTET - AR 3 HREAZ B S Ly T
FE o BEAN o Rt SOEREEE SR S E AR R T T =
{IEB =R PR = 67 LY NP BV b E L A )
JEEB 10 ECE R87 HWEBHHGEM S - YEIEFI A
ERGRIRIZER] » RICASCER R ISR R 5 T
FT AR IR -

AKXH B ESHRSELE M AERN
LED JER AR EZ /T ROE LAY ETEL AT - It
HHERC R AR % 2T 2 © direct emission E2IESHIFE
I - IS LED 2 i (K BT SR R R R
W EERAEY LED » iy %% HH— {08 S 5 e S HH
AU G FE A B IR R E O e M bR
B (E S E R LS -

— “ECE R87 E{TIBHEC Yt &4
LED AY:EH

B ECE R87 By JJEREN IR ETIEFE 2 —
BEGRER  TETRE ) BN ERRTT 2B A
(WG 1 FrR) - FAAR RS R T B SE 5 S
K8 - HIFWE R mRAIE 2 Frs » K EAER
A 20 B EHAERKFEARL 10 & KERT
5 F 20 EEEER/IMEESK - W2EEh

BHETAE=T=550# 1014 87



(b)
1. AR EITHE -

6.2 JEFE (B FER/INGS 400 cd » 1T H B B #1225 14)
BEOCEEAFEE 1200 cd © LA - #OEBEEIA
ENEFEA TS o H od $84E - EFRBENIT
BEANFEEEARN -

LED ZEM G » ASURHESHE LED B 55
MAEZ AN FRTEEEE (EIETEE LED /Y
B ORT BETEERNEG) - POELEHS
1A i /N R K LED KRR » ASGEA
HJ LED 2015 1 K& 3 Fi7 » Nichia BI85 LED
ZE i NSPWS500BS2 B SAAE R/ - A
20 f& ; HXE Lumileds A& A A% LED 7 4Lrh

BV | —20°|-10°| =5° | 0° | 5° | 10° | 20°
10° 80 | 80 | 80
5° | 40 | 80 280 80 | 40
0° | 100 | 280 | 360 | 400 | 360 | 280 | 100
-5° | 40 | 80 280 80 | 40
2. ECE R87 BATHEAF R A A &k (RE T K&K
,]\{ﬁ) o

SnapLED 150 #%#5%F HPWS-Fx » HPWS-Tx °
T AR 30 ~ 85 & A KHY/Z Batwing B
Lambertian S/ 704% - iR 110 & FI0LE side
emitting {H][A] 5L AIFCHY LED » FEAN » ASCERA
ASAP JUEEER AT TR RS 2K 17 Bl s a T B 73 A SR
HIORERERET - FEHDERLER T B BEE B R ERsE
footaxat -

= + Direct Emission A%

B4 0 DL direct emission tHEEE{E B LED
KR RS HEIE - TN A B SO Tl BGE 55k
BITHERETAREOE » M HEFRRER &
AR BK 2 A AR T B TR SK B AT+ Fr DUAH & fi
Gl BA /N R Bt R R - 2 E E O
MR ET AR - £5E ASAP SRR TR
— RV E - 5 EOEAG R 2 ECE AR
4 Fiis ~ &1 LED SRR AHEEE K/t 150 —
1210 » 402 2 Fis ~ BERHIEAERER AT E B A A 22K
b > 40F% 3 fw o HH Nichia LED g2 SnapLED
(ZU5% HPWS-Fx) » AR BHEFR K53 Hl{E 150 Bd
160 - SEEFA AN LED 9347 E R A 8 f 58 LED
HIEHRARLE 30 FELL L - ESBETA 0 5 1 B A

% 1. Sid
NVE| ) nuﬂ & T 2 . (5]
K iE M LED LED &%l | figs&il LED B ANFATILED Batwing Lambertian Emitting
2 WAk o LED iz L Lumileds- Lumileds- . .
ZAR RS Eﬂl—'ﬁﬁ—l?ﬁ Nichia- SEZE;SIS) SE:;;;E Lumileds- Cree- Lumileds-
- NSP
G SPW500BS2 HPWS-Fx | HPWS-Tx BDO1 XPC FDO1
! 20 30 85 110 110 200

R (viewing angle) = 20, ,

6, : off axis angle at 50% relative intensity

88 BHETAE=1T=551# 1014



-
o
-
o

T 20°
HTa=25°C
LIf = 20 mA

fjl |
| °
50
/ :
| 60

] o
7 o

[ | o
e L 90

60° 30° 0° 0.5 1
Radiation angle

Relative lumintensity (a.u.)
o
[$)]

o<
o
>

—~
[V
=

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2 l
0.1

0
-90

(b)

1.0
0.9
[

0.8

07 / \

06 / N\

05

04 \

03

0.2

0.1 J
P

%% 70 s0

"

Relative luminous intensity

-10 10 30 50 70 90

Off axis angle (degrees)

-70  -50 -30

Relative luminous intensity

.
-10 10 30 50 70 90

-30

(c)

Off axis angle (degrees)

Relative Intensity (%)

(d)

Relative luminous intensity (%)

@
o

(f)

Relative intensity (%)

s iR\ AN
80 /

70 / /] \
60 / \

50
40

30
] {
o 17 \

0
-100 -80 -60 -40 -20 0 20

Angular displacement (degrees)

] ™

40 60 80 100

490
zZU

= White

Blue, Royal
Blue, Green

Red, Red-
Orange, Amber

. . . —0 T T T .
-100 -80 -60 -40 -20 O 20 40 60 80 100

Angle (o)

o ! \\ /

80
70
60

50 \

401+
/ \
/

——
-
—
—l
et
|t

30
20 / \
107 \

0
-120-100-80 -60-40 -20 0O 20 40 60 80 100 120

Angular displacement (degrees)

3. AXER LED 2 &A - (a) Nichia A 5% NSPW500BS2  (b) SnapLED #! 58 HPWS-Fx * (c) SnapLED #! 3%
HPWS-Tx ~ (d) Batwing  (¢) Lambertian ¥ (f) Side Emitting °

By 20—30 & IREDERSAARE R REITIE
HIEHRAEE: 20 R - KILECEAERAE 4(a) B
(b) A7 » 100 od FEHE AR /NG I I 20 f& -
HAth LED 20 A R 85 FEDLE » IR EC s A
4(c)—(e) A7 » 100 cd FHEESAR/TH 50—70
JE -+ RIS B 43 A i 3 B B SR Y Y o 3
Bh 20 R RARTRAHEEE K TR 620—1210 »
FIRRTRIEIRY 4 500 L o °] RIEASCERETHY LED
HSE S FER R EITIE direct emission H AR -

{# Nichia (BI%% NSPW500BS2) B SnapLED (HU5f
HPWS-Fx) ;& #i%8 LED - f K BHEEE K5 5
150 B2 160 -

M~ 5 EREETAR

AT M a] 40 » LED STEMERET S HRA
direct emission AT\ » FE G R AE /N (17
F 20—30 &) 1y LED - HRNXHESHAE R

FUEFHAME=1+=55AH 1014 89



30

20

)

Vertical angle
o

//\
\\\J

/

~10 F 4
20 + —f— 4
-30 | 1 1 |
-30 -20 -10 0 10 20 30
(a) Horizontal angle
30 T I —T T
20 " ™ .
/ ;-’{ “‘\‘
10/ II,-' f~-"——“-,\ 3 4
¢ T\ .
c 4 \
S I \
5 O L ]
h III \ / !
Q \ a
10 | \ e | ) -
\, /:’
-20 | ~ .
-30 1 F—— 1
-30 -20 -10 0 10 20 30
(b) Horizontal angle
60 T T T T
40 \ .
20 r / |
) f
> f K ﬂ
= f w
S
= 0 1
k) \ |
E \ \ K/
= -20 \ .. \/ 7 —
40 F -
760 1 1 1 1
-60 -40 -20 0 20 40 60
(c) Horizontal angle

90 BHETAE=1T=551# 1014

568

360
280
100

40

402.

360.
280.
100.

40.

41

360
280
100

40

[e2]
o
T

ey
o
T

N
o
T

Vertical angle
o

20 .
40t -
760 [ 1 1 L 1 L ]

-60 -40 -20 0 20 40 60

(d) Horizontal angle

T T T T T T
80 ]
60 F e T -
wl / —— \ -

o 20t / \ Vo

g’ I/ | /-’ \ Y |

j \ ,

L I | | '.

] ' | ] |

S | \ i |

< I'l\ b I /

= \ / /]
60 / -
_80 [ 1 1 1 1 1 1 ]

-80 -60 40 -20 O 20 40 60 80
(e) Horizontal angle
4.

Direct emission 7 R, Z F k4 K » (a) Nichia

684

360
280
100

40

400.

360.
280.
100.

40.

A%

NSPW500BS2 LED - (b) SnapLED #! 5% HPWS-Fx »

(c) SnapLED %! 5% HPWS-Tx * (d) Batwing LED $2

Lambertian LED -

% (o)



% 2.

Side

A | gAY j=<gid) i i . .

LED figsE A LED BA LED Batwing | Lambertian Emitting X465 LED BARIA
“ SnapLED SnapLED AEE LR o
FJ
LED A4 | NSPWS00BS2 | b m | SRt | BDOI XPC FDO1
Direct 150 160 620 1210 1149
emission
&R
\ 82 107 100 182 80 90

J7=k

— H 5U/D 10U % 3.

R V | 5R/L |[IOR/L|20R/L| V |I0R/L|20R/L| V |S5R/AL| Direct emission 7
5 = SRR RS by o
&jﬁﬁhﬂ\ﬁ 400 | 360 | 280 | 100 | 280 | 80 | 40 | 8o | go | NMEEHEMEA
gs;WSOOBs LED R
B 569 | 488 | 303 | 100 | 485 | 263 | 90 | 302 | 259
BETE
SnapLED HPWS-FX| 405 | 375 | 305 | 151 | 378 | 276 | 144 | 307 | 284
BETE
SnapLED HPWS-TXI 450 | 402 | 395 | 331 | 398 | 408 | 342 | 391 | 408
ETE
Batwing LED 400 | 393 | 388 | 407 | 370 | 389 | 422 | 353 | 376
BETHE
Lambertian LED 400 | 400 | 394 | 362 | 396 | 384 | 359 | 386 | 376
SR EN

LED - Higi# 20 DL ERPERAERDE @S - P
[FRE - EFOCFEMARCRE - FAEE R
[ RIERET TR - B LED ZEA858 20 &~ -
N 10 FEDLEREHR - A R R R AR ET
FEEHR T R R RIEDOE @A - DR S IEA K

TR FIFR SRR R 3T R

7‘2 }"4
Z=—+c(0)x— 1
R c( )><8R3 e)
c(0) = cy cos> 0 + ¢y sin* 6 2)

Hep r B Z Bedli M R R R
c(0) Rl lEE e L2 AR o ImUE AR
TREL  RERS DLV EIE - & c0) = 0 Bl
[ » & @) < 0 R TP EEHhE - & @) > 0 Ryt
IERTE P BT BRTERE RIS AE AR SPAT » BREER B
TR O AARTRE ST - Rl FEEY) s IE] $ A

iyt A EEEEOLRE - AN B o=0
JEFTTIKFEAIE » (@) = ¢y s 0 = 90 EIFFREH
fLE * c(0) = ¢y ° BIIE cx = ¢y B H 2 Il ¥
AR - KA 2 BOEN R R E S Y - &
ey # ¢y * TE/KSETT (Rl B EE B (Al AR 3 AT HY B B
JEANR] - PRI AT E T A R RO -

S THI S B 3035 TE Ry 82% » A% — R VI 1 fik
et &1 LED & B0 S Bl AR BoOtAs Ry
BIANGE 5 & 10 frs - %78 LED AR KR TER
KANFR 2 Fn » A IR A B B A A BOK PR
MFE 4 for o RS AS TR R IEETE - KB A
RINREER A 20 &~ BN 10 B ZIEATERY
JeorAn - FEE NS B ETAI R LED EA
20 DAL~ ETNEGE 10 DL ERSE R TTA R ]
Bt @A - RIS TR RS RE TS5
R R AR R K2 80— 182 Im » &
Lt direct emission J7FUREEFFZ o [REME & AR LR
72 Lambertian LED ° &3E 14 52% - HIREEHE

BHETAE=T=550# 1014 91



92

BHETAE=1T=551# 1014

Vertical angle
o

Vertical angle
o

Vertical angle
o

Vertical angle
o

T T 7 - ~ T T T
. i
~ .
J N \
/ \
T S .
- ,_—/_/,//f/“/x T
S \ / //
N ]
\T
3\ I
~— e
L I Y = 1
-20 -10 0 10 20

-10

o

10

-20 -10 0 10 2I0
Horizontal angle
N O -
< o
R A
- 1
-20 -10 0 10 20

Horizontal angle

1s60.1666

360.0000
280.0000
100.0000

40.0000

7 444.0458
| 360.0000

280.0000
100.0000
40.0000

515.2360

360.0000
280.0000
100.0000

40.0000

433.6061

360.0000
280.0000
100.0000

40.0000

5.
Nichia LED # Bt
R4t 5 & > (a)
LED /w kR 4145
w1 (b) ALk &
;,W‘ °

6.

SnapLED # 3%
HPWS-Fx # B R
St42& ° (a) LED
b RSt 4% 8
(b) BLHEE R -

7.

SnapLED # 3%
HPWS-Tx # & &
$+45@ - (a) LED
A bR Gt Bt d o
(b) ALk Lx R o

8.
Batwing LED #
B R4t s 0 (a)
LED /m kR4 4%
@ (b) Bk
2.



10} — .
S 5k ( d/__n-u—._\h ]
< - —_— 1 =)
= oL _f"/ f% 3 ) 9.
. \l\ﬁ,,/‘)/ / Lambertian LED
2 sp T ] ; :
\. » V& T T
-10r ~ 1ss72271  (a) LED 4w b R4
20 10 0 10 20 G000 SLd i (b) RAE
100.0000
(b) Horizontal angle 400000 R °
10 s
L 5t A
c \ _
= 0 ( : & 10.
£ Side Emitting LED
= °r ] B RSt E
10} e 15088110 (a) LED Aw b R4
20 0 I 10 20 %% SEmdt (b) AL
X 100.0000
(b) Horizontal angle 400000 K °
- H 5U/D 10U * 4.
b V | 5R/AL |I0RL|20R/LL| V |I0R/L|[20R/L| V |[5RL| RIit&EFH A ey3%:t
J sy vl —) - 53
fj)ﬁﬁj@id\@ 400 | 360 | 280 | 100 | 280 | 80 | 40 | so | so | AIEEAZLNL
¥ -
NSPWSO0OBSLED | g9 | 775 | s28 | 102 | 331 | 184 | 66 | 163 | 145
nlef%E
Snap LEDHPWS-Ex| 000 418 | 415 | 128 | 391 | 394 | 102 | 229 | 200
uXu-HE
Snap LED HPWS-Tx | 00 | 365 | 400 | 124 | 386 | 301 | 40 | 137 | 81
an+{E
Batwing LED 400 | 405 | 370 | 105 | 390 | 339 | 87 | 124 | 110
ETE
Lambertian LED 597 | 557 | 335 | 101 | 300 | 150 | 44 | 75 | 82
BETE
Side Emitting LED | s | 303 | 430 | 148 | 398 | 197 | 57 | 349 | 81
BETE
SHAEEHE EREE (AR 110 &) > #ANEGE 5% HPWS-Tx LED) * H 6 f5Y[eE0E - HEx LED 1Y

i direct emission 5 =AU » AT ATASHHEE B
SRR TS LR i A B B ATERES - SERH
BOE GRS T RADER - ERPOERERE S
BHEH - [RElE K 2 HI5ERSE Batwing Eil SnapLED (%Y

Regth A 1.5 % - LA RS miryEEEt 5=k - 7]
i LED SARJiAHERE KK - 5551 » side emitting
LED EEDSEHTTA R Al #E - aTZ e R LA
RAK » RIILTE direct emission /5 zUEF IR ERA

FUEFHAME=1+=55AH 1014 93



11.
Be AR

RETE AR SR BT RKER 90 Im > 7]
S B THI YRR T 5 2R & 25 O R AT A Y
LED -

2R %EEE@E‘ ,Eh IJ

Bo e E HEFE AL X (goniometer or
goniophotometer) * (Z1[E 11 Frx) & HIBER LR
GRS IS - BIIERHE g
(CIE) il T = f o 3 A0 2 74 R AR R
# - DLA~ B B C R IRHEMEDEFEFH A B
B AaERREDIER T RER 0 & &K 0
& o EH/A Lambertian XA Cree-XPC LED #x{&JiAH
75 OK(E 80 Im » (AIE FLFH LED B ECHI G I 2K
BUPERERD - Cree-XPC LED 570 i 8 T FH IR %G T B
—HHE - AESEE CAD B » 2 ik infE Al
TESERANE 12 A - P E DS ERER EHHE
Z L anE 13 Fors - Bt 0 BN R - SBE S
HINBIEL TS B PR EE BTl - TR EE
bog - ERIEA R B Y B B 3 G (B PLsc A 2% 5 P
o DB E AR  (HRBEETELL
FHIL AT REE AR e SR AT 5 - HE4h - & LED
Vi EER E fy 80 DAL - BIA]RF& ECE R87 E1T
RERIECEAR D - 1 IR Cree-XPC LED B
80 Im » FZE[ 1 B LED #EFE &R 1 LLEIA] » Al
A A EE R S A iR e T B -

94  BHEHME=T=%%N0 1014

— +=A
J\ " MoaM

1. direct emission = @ &4 HIEC R EL O EIR 5
1A RIS R 620—1210 @ {F3E &Y
A/ (A 20—30 ) B LED -

2. RESTEIVEEET AR « EAENEYSRAEA 20 & -
BT 10 EZIEEBIE o - KRR
KBy 90— 182 Im » AL & &N RS A EHY
LED -

3. BRI E HIRE E SRR P 0 e A
RIS B TS RS

SENR

L EDLEE, sRIEEE LED EfTERFIREZFE, MEEA
R IR L (2010).

2. IR, BT HE, KA KB LSRR, I B N B e
L (2008).

3. IR LI LED E1TH SBIR SN, W%
N EEHRR S AL (2008).

4. SAE Technical paper 970908: Daytime Running Lamps With
Low Power Consumption.

5. SAE Technical paper 980322: Development of Pwm Drl With
Low Rf Emissions and Low Heat.

6. SAE Technical paper 2000-01-0435: Daytime Running Lamps -
Different Ways of Realization.

7. SAE Technical paper 2001-06-0044: Daytime Running Lights
(Drls)-A North American Success Story

8. SAE Technical paper 2003-01-2072: Daytime Running Lamps
(Drls) for Pedestrian Protection.



& 12.

Cree-XPC LED #E R4t & »
(a) R#&TE—@ ~ (b) 484K
CAD 8 ¥ (c) 45 B A -

10 I e e S T
w /I‘_f pr—t | i \\
5 O f e \"1
g 0 { I \.ﬁ - jr 13.
= 1 M _ . .- o
§ 5 N IR J FEAVE AR 1R
- \ ~1 _J T ~ ~ 1, Y o
“~ o~ FEAAB b
_10F I SN S i . 0] W
' seroor1 (a) HEAE AL H
20 10 0 10 20 00000 g (b) JR AL
1000000 ,
(b) Horizontal angle a00000 TG °
H 5U/D 10U % 5.

BIEE V |5R/L|I0RL|[20RL| V |[IOR/L|[20R/LL| V |5RL | #HAFAMELMLT
IR /IME (ed) | 400 | 360 | 280 | 100 | 280 80 40 80 80 AR -
Cree-XPC LED
EtE
BERIEHIE 687 | 537 | 320 92 277 | 188 40 76 97

597 557 335 101 300 150 44 75 82

BHETAE=T=550# 1014 95



9. SAE Technical paper 2005-01-0865: Usage of High Flux White
Leds for Drl and Front Turn Signal Lighting.

10. SAE Technical paper 2006-01-0286: CPC-Type Reflector
Designs for LED DRL and Front Turn Signal Lighting.

11. SAE Technical paper 2006-01-0716: Front Signal Image of
Vehicles - Potential for Safety and Styling.

12. SAE Technical paper 2008-01-0487: Performance Parameters
for Multi-Filament Halogen Lamps.

13.SAE Technical paper 2008-21-0048: Low Energy Automotive
Lighting.

14. SAE Technical paper 2009-01-0059: LEDs: Lighting Solutions
to Reduce Vehicle Power Consumption.

15.SAE Technical paper 2009-01-0253: Future Lighting
Technology: Improved Safety Features versus Consumer
Expectations.

16.SAE Technical paper 2011-01-0116: LED Solutions for
Mainstream Penetration in Automotive Lighting.

17. ZHERE, LED Skt EdfER, T2 239, 145 (2006).

18. B S, =HEIEEI S iR (G, BB TAEZT, 91, 37
(2005).

FR B BE BB REMKE
T HEFMHBEREEHRERREH
BARBR -

Yuan Chang Liou received his Ph.D.

in aeronautics and astronautics from

National Cheng Kung University. He is currently a
professor in the Department of Electrical Engineering and
Energy Technology at Chung Chou University of Science
and Technology.

96 BHETAE=1T=551# 1014

METEERBELFEREZERE
T+ AEFMNBEAREEMRERIFH
TR EIHR -

Shin-Kuan Chen received his Ph.D. in
electrical engineering from National
Chung Cheng University. He is currently an associate
professor in the Department of Electrical Engineering and
Energy Technology at Chung Chou University of Science
and Technology.

BEREEABIERHABERETH
Bt HAEFMNBEREERERR
B A EAR -

Li-Chun Lai received his Ph.D. in

) . engineering science and technology

-t

from National Yunlin University of Science and
Technology. He is currently an assistant professor in
the Department of Electrical Engineering and Energy
Technology at Chung Chou University of Science and
Technology.

HAREEAT MR REEM IR
FHBEARAREZHEL -
Yu-Jhan Sie is currently a student in the

Department of Electrical Engineering

and Energy Technology at Chung Chou

University of Science and Technology.



