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ABSTRACT

With the intelligent development of the automotive industry, people begin to pay
more attention to the interaction with the surrounding environment in addition to the
basic functionality of automobile lighting system, that is through the use of truly
variable light patterns to establish a more distinct and lighting-based way of
communication, shows the vehicles’ intentions to the passengers on-board. Based on
the theory of non-imaging optics, the optical softwares of LucidShape and SPEOS are
used to carry out a large number of explorations and researches on the auxiliary project
reversing lamp optical system with interactive function, and provide a possible
application method of the future automotive lighting system.

The main research contents include as below:

Firstly, according to the photometric requirements of regulation GB15235-2007,
the reflector of reversing lamp was redesigned based on the 3D structure of original
paired reversing lamp, the fundamental surfaces were divided legitimately and the
surface profile data of sub-surface were optimized, which could fulfill the regulation of
the photometric intensity 45 degrees inwards at least 15 cd. the horizontal stripes of the
outer lens were redesigned with CATIA, to improve optical system light utilization and
keep it consistent with the overall shape of the lamp. The final simulation result can
meet the photometric intensity regulation and fulfill the requirments of the road scene
illumination of reversing lamp.

Secondly, the auxiliary projection reversing lamp system was designed, including
the selection of optically-related LED light source, the design of the reflector, baffle
and lens, and the electronically-related PCB board and driving circuit. Finally, all the
parts were simulated and optimized in SPEOS so that the final results meet the
requirements.

Thirdly, the sample lamp was tested and carried out regulations validation, the

sample lamp test result had achieved 83% of simulation value which consistent with

111
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the simulation result, and the light intensity of each point is above the minimum value
required by the regulation and satisfies the reversing lamp road scene illumination
requirements. The auxiliary projection reversing lamp projects a relatively clear “arrow™
symbol on the road, The ratio of the average illuminance value measured of the imaging
is 13.1:3.2:1. The imaging position is basically consistent with the expected design. it
can provide signal indication for other road users during the reversing of the car, which
can effectively reduce traffic and improve the road safety, the feasibility of the design

method is verified in practice.

Keywords: Automotive rear lamps, Reversing lamp, Interactive function, Free-form

surface reflector, Photometric regulation
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Figure 1.3 Cross style automobile rear lamp
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Figure 1.4 Examples of full LED automobile rear combination lamp
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Figure 1.6 Applications of OLED in rear combination lamp
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Figure 1.8 LED matrix technology of Audi
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Figure 1.9 Automobile lamp with interaction function
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— M @, Rk, HEHEEE O, 28 HE A RE R B A E TARBK KSR
WEse, Wk 2.2 Fis.

L8t

Al A
B22 RiEFEEEHK
Figure 2.2 Spectral density curve
K22, RpREXWT:
AD do
D lim L= - (2.2)

”":M—m AL di
Xt R A 4 S A4 P Bl =R st B L P B Y vl s B RE AT B 8 BT DAL B B4R
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o, = ["®,d2 (2.3)
RUAT4ESER, Sl ERR ANIRPTRERZ B RIE S DA, Sl EAI4E Sl
BZARHACEN CIE PR g KA R ECkR R, HIS (2.4) #E1TRR,
BALERY (m).
o=[" KD, d2 (2.4

K() = CV(A) = 683V(4) (2.5)

i) CIE ARt WL 5% X AN R W] WOGBAS I SE, H R /IMEKHR T PR 5 IR B K AL
BR BUE SCROGIEERCR, SRaEEIZE 0 A1 1 2 T8 88

222 KR E

ST 8 1) 2 A O T A0 B — R S — NP A 5 0 = 4825 0 0 £
B, SEAR SR Q WBLIERTERE Sr 405, B AR TG, LA r 1
fhdR, 2.3 Fim. HE RIGRTTRT S S S

S
¥

.
>

B23 shkAeL
Figure 2.3 Definition of solid angle
KOCREERA 1 IC ISR I AT TS DL, R CIREE R J7 [F) L B SL AR 3 e
RIERDCEERE, MAIRER (cd) RFREIGIREER KA.

;. do

= 2.7
dQ
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0 B TE I PR 9% B, — AR B ROk Rk e, G

S HEAT R o PR UR I S R THT A R S AN 2 50, GV AR S8 BE g s DU
T L) PR T AR B B ST A SR BB E o b TS MR, b 47 Ji8 U 4
T S AR BN B0 (R TR MR, BYAELR AT DL 2SS YOG LR i 4
1, AR FEE AL 2 5 T £ B £ KRB,
223 BHREMERE

1T LB, 28R A S B B 0 b S THTAR (00 7 6 G e
IR T IR A S A R 7 RS B . Rk, R BAE TR
SR FERE A, SRR TT BLAIE G R SR AL e ). SR SRR S SURTE
T BT 4R 4T 7 1) b S R R ORI, A L AT ROR, SRR (Srem®) o« 1E
AR L TSR, HARSERE L RR R

A (2.8
¢ ds —~— dSecosa

FIRE, 6o S S S o AR S BEAR G, Jem BE I BT ed ) m?
el =1cd, dS=1um", MANXZEEL = 1cd/n*.
2.2.4 ESTEREFICIRE

HERE T R SR T R IO RS B &, SR Ixo B R MR 0 & 1 36 T AN [R) T
PLAr o H B EE AN R G, anf&] 2.4 s

==y

B 2.4 %4108 FAsa 4 5 A

Figure 2.4 Irradiance and radiation

Lol E SRR AR, A A H S R R 5 55 AT DA A Gl E R LT
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do,
M, = — (2.9
AR — T Bl AR A IR, R4 A R S 0 S 55 P DA PR 60 S R

FIRN:

p 4o,

E dS

REMRI VLR, VR 25 AT T B ZE AT 1) B R 20 By 0 A ) M B R 04T
G3HT, BT B b 0 250 2 — E IR IR K .

225 K

VIR B AR ZEAMBIR TR (5 S B 2 Mg (GB4785-2007) XHR4HT A
B DIHE S 60 AT A% BORE , BR T B ZEAT BLAR, IRGEAT G0 20 M A S i
AR, JEA WA HREME RN, RERIDE G FEES A, HEMat
=R, SRR ER T GB/T3977 1931 XYZ (A% R 50, bruEdT i S sebrim
e R A0 B 4 A AR 4 IR GBY/T 3978 FARLHLRE , -t H 56 (a3 ity
AR A ZIELE R R B AR AR FE 9 B433L, B 2.5 Bow .

(2.10)

255 RAELIREH

Figure 2.5 Chroma range of automobile lamp

2 GB4785 AT HILAR DI RE i AT AR A REE S, 7R3 2.1 P
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(21 AEITAEARER

Table 2.1 Chroma of automobile lamps

2 fe & A Y 4 o) ke & A &R

#HIT f e B AT aé

ESs SRS d B 4747 8

B & 41 aé i B8 kT faé
ATAZ kT aé JG Az kT 21,

BT 5 40 & FAT g,

L AOL R RIHE Bl EEET k&

BREaHHES WHE Rl T BRIT A8 G

2.3 BEARIHEZEREZE

W W 3 B M SR U A2 1 4 T L 0 s B 2
I HARA H A R A BB DR 3 R E AR oM o £ —
AL, AR N TS, AT, A T 76 B A AT R R R B M e
Bk, TR R, B AR RIS M T — R P 9,

AT VT R R, O B A T PO AT R AT 2
P, R R RSt R, TR A R R 2, SURA LR
ST — A FERCR A S0« AR . T2 S R T A ) 4
CEC S

2.3.1 IR

Fe SRR 7, 5 SO RS A9 0 B 20 Rt @, FOKT 35 B 1 40

targ et

o HHEB, B

source

- t arg el (215)
7, o

28 COAE TOCIRI TSRS . PIra T AT A a5 2. kA el
FCIRAAS AL B L ARG S A i D0 55 7 TR RGP S AT 087, FDOL I
SRR L, BRE R L RAIR K (2.15), 53]
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.UI htaxg !(I“,Q /1 ari ,(1 Q )L)G‘FI(J’QG(/I

Iﬁb !m(l Q, AL (r’Q DdrdQd (2.16)

A h,,, . A, 5N HEESE H AR IS R B UR IR S R A, e o A1
WSR2, B B EE T 1A A RN
2.3.2 BEASHESMN

HEBH 20 A7 (9 350 0 PR R SE 7 S0 % B8 2 3000 %) R 8 A 4T i 2 E AR A« TR
J5E 43 A I B 5 D 7 L LR =AM F R AR G — k36,

L SR R ORI A TR AR O

2. S R BT ST A A B A

3, FENFEEEEOCTLEE ., MR BN AR A

L5 it 0 R E AR A A, R DA SE B A T A 1

2.4 KB

AT E NG IR R R 2 R B T LA 22 A0 B 2 ) 2 A
R FNR . [RINIE AR T AT R B BT R v A e R R AR WA A (R 2 2 PE PR
NHEEPE R
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BT AFRGITEMREC AR E

3.1 FEAGEF IR IRILE AT

3.1 AFYRE

Y e B R AR BT B A R R BB S —, HAMESTE 20 i
42 70 A BIENR MR . B, B 7O RGRE R R 5,
ERA S A RS AR ) . HIR T FR G rh I A 0 A e R A A R s L
FTLNE 5 R GRS R AEAR G . EBCA . U . 128 R SRR R S ST B R
I R G, Prf it R G0N AN R B At R 5 - AR 22 it o
HAEEMNA, ey RE PLE LB,

=’ {[ cos 0d4dQ (3.1

a8 (3.1 TR, AR AR A% 4% 5 1) b f i ad i A AR R Y6 AT o5 4
A SLAR AR 8] AR 73 KT RROCR Y R B Jesed R & al DURTRE R 5 12
3(eikonal VAR [F] 1 {F AR 25 b B 1 37 04T 3 H

{-f:j du = j m Adxdydldil = & (3.2)
x, ¥ L, M 3RIERFCEZRGERFOCLRIA BT RZ, HE Y4
TR, RRRR R « SHEICE RGN REAZN, YHRIEL %R
i B 3.1 Fis .

B3] AFFRETEFER

Figure 3.1 Schematic diagram of optical etendue conservation

Y s Anid 17Ot u R A R G RE R F K, EGR Tt
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FRGIECHRBEERIRE ), LY R EMER K, BREELBRPLRERE, b
REF FH B . R NS R B e BN T el & Tk KRG p o vt 1k
SRR, N REEWSHEE RS, A5l ERERNI, KR g
GRS =
3.1.2 gEESEL

AE & 1040 K R R LSRR ES O F H EH MR R, it RS R i
HEPEMEHERE TN AR GE & F i B LR AR A g ee =t

E, EXMERZARER P, O RER:

e

Incidence

| e

M32 fREARILTEA

Figure 3.2 Schematic diagram of energy convergence ratio

M 3.2 XaRFE—F RGP REEIERRE, JeFLALAMA QI AFIA
ST AL, DTS Q' ST A" 4T, AR¥E se & sy 1e e HvT AR B T 77
i

A x sin*(Q) = A" x sin*(QY) (3.3)
4 e 2 B HE v BLR R 9
A sin’(Q)

C:—:

. (3.4)
A sin’(Q)

S A S PRI B4 Q= T, LU S S A
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FIRE R 2 R LRI BORME, SE R RE R SRR

- — (3.5)

3.2 BEMEEIAE
3.2.1 BHEEBELFRSE

H e T A AR LR BRI AR B X AR 2R . R TR
JEEE R R BRI A, PR A2 L AR R PRI FE M 2 IR B R, iR F It
KT+ JEEAT A — LR PR RE ROL AR 55 . BAR B by o TR 00 A Ll T e s RV g R
FRY B T PR R A 22, E L RS 22 (e A SR AR b v 1 et B I, AR
] DA il A OGS BE B 23T, T ARG AR B8 U BE LA BTN 6 Y . T .
AL GERBOE A A ELE, AR BB A R e T ) 3R T D' 15 5 A0 56 Bl ) 22 3K L AR
FiT A e o SE S AR ARG R o el AN T BAR A R SR S5 3L AT LA
DAL R CEYERE, AE1F E b fh R G B W S AR B 1T S

I E T e 3 A B R A BRI R 5 VA0, BUE A i 2R
FEOCIRH R IR TR e B, A IR B H AR PO iR B, R
Plgm R mI AT AG T 2 E B s A B, SRR R Ay 3, B
B IR SE PR e 2k 3 A1, AR TSt A O A4 B AL 9 R/ A R R A e v o B
FFREAT R, SNIRTETHSENL B BT OO PRSI, AR TR PN BT R
HF R 2RI RH S R 2 AT B, 2 KEOCEECT e
PREBAES R AHERRTE, FERERN & SBCICRE T, Hsh, A hihist
AFETFAEGOGE SR BT, B B FERMARRR . BINEA R E gt
3o AR AEE I AE SO LA AT A VAN B BORIE B IR RO Z5 2R, 25 00Tt 7l R AR
H—RR B, BITES € OGS 56 TR TR 7 st s s S 2
FIiE . Mo mign e St K th 24 S A LA S H AR T R rFR A B L 58
FEBRERE . OB BRA R T LR, B SCE IR, Bk — RANB AR
gibk, W RMEINBUHE. BT#EGE. BUEIEEDL
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3.2.2 BEEIEITER
TE [ R, AT T, BRI B SR I L T 54N
RATHITFRAG o R — AN B G, ROk & 4R 5 BE A A A
FHr i, ELGUR I 2 ) 38 43 A J LB A B4 R ), R34 A
I(p) = I, cos o (3.6)
Horh o FoR R L SRR MBS, 7, FomRICHREE, 54 5 4T il B
Al LLRIR A
O=[ I(p)dQ = zI, sin’ @, (3.7)
Horh g FORIBORHI R, TR 90°, LAIGIE P O A AT ST AR R
ZFFE R . FR R B T LR R A
JoN1-OuteIneN = Out — In (3.8)
Ref I Out . N BRI RMIER, 1o, Out 43 HIFoRFNGHELA H 5T
HeR LR, N R R R

G
/
Out

N — - fer . n Target Plane

0 H ¥

Bi33admd@mha, HEAKYLTXA

Figure 3.3 The Geometric relations between free-form surface and lights

e 33 H, BRHEELEE Y Mg, HE5AMMEHERLET S8,
Zit @RS E SREMZTAC, HRRFRES R A FEE 748, 7F
DNGE R BT 14 T R0 SR 0T )4 Out AT AR IR A

In= (cos p(i), sin p(1)) (3.9)
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Out = r 1 x (H — y(1), 2(7) — 2z(7)) (3.10)
V@D Y + (2G) - 2() )
Ao Z'(0) Ron R 25 1 FEBH X IR BE AL bR o 255 Snell s 1T DASKR HH 43 B 1 5407

B Na, b) «

. %(\/ — 1 _ — 1 - cos #(1)
1 (H-y(1)) +1(z(1) - 2(1)) (3.11)
po L -n - sin ¢(7)

(
A J(H~y(D)) + (') — 2(D))
KRepA = oVl - Out - I
TESRMRIL R, THE NS G E RS TIHIAG 15 B, HE & N, Mk
AT DA 2 2 A VP S, %Y PI S T — R NS 7n, M52 05 B, PAULHE,

(i — BV P 5 R ST R OE A FAHR 0 T — 55, i 3.5
B

o X
B34 BHELIFITETER

Figure 3.4 Scattered point coordinate calculation

IRAE £ = LR [ & ] LA 2% D) 20

x — x(1) _ z — 2(i) (3.12)
b -a

Mot X ¥ oli + 1) FIEZEHTEN:
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X zZ

f 3135

cos (7 + 1) " sin (i +1) -
R s, m GaD MR 312) aTRGRE E B R T A BSOS R
MAR:

aex(7) + bez(7)

cos (i +1)
ascos (i + 1) + besin (7 + 1) ®

x(7 +1) =

S
I

(3.14)
asx(7) + bez(7)

ascos (7 + 1) + besin (i + 1)

FE=ZEAL bR 22 B o TR 3 5 B SR T S — SR IR 2, e A E i
ARG 2L, )5 HIX R WIIRE: ERRE— A mifE vikedh gk se A 7 28, 31X
e b 2 S [RI A AN B E T AR5 KX R AR AR 3N B 3D A b a] DL
geieh < SIS NEE] i) kic

yi+1 = sin (7 + 1)

Il

y

3.3 KTREGR. EAEIRE
3.3.1 EPSNERARAERIDR

IRIEST B AR HEE [ A A R AR R R FRER GB VEML. KEM
SAE FrfEABR #1 ¥ ECE AR, H T3 IE 6L AT thriE . #ME . ST HRK
I3 N 2L 445 FH (06U, DA s W) PR A S 56 14 028 P 0 20 b E R B vRE 1R P9 28
bk, PR5rFIE I ECE Ul eI bRiE, B ——X R, 2HARLNKMH ECE
AR, DAR AR AT HL A DG M

HAT, o ENLEhZET BTk B4 Tl Gl R B MPLE @ 225, 51k,
T A R AR 1) 3 S AN I T AT L O R B RE 0. T2 HIEACE R B ER, &
ReF RIS EFKFES R EMFAUT R . fE5H5%. LED MM AFS R%E% T
I, FARMERDER, EHAR BEARDEREEAKT . B E AR L A%
M TAEF SIS 1 (VX4 LED mif84T) (GB25991-2010) 7 ISO/TS 22/SC8
LW EAETIREPY, B, ZREBEED R+, EHRMSLEIFHEARAE,
AR T, RERRE R AR, RE KT B 2K ECE brttit
BT .

5 BN HLAN 4 =2 A bnitk FMVSS XR AT X K E 3 = e g 17 Ak
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RIBAR LR, BE 75 56 W T 2240 L r 0T R Zi@ d DOT AEFf Hik 2 FMVSS
571.108 Rk K,

KKHR ECE ¥ E & TR ER Yy, (E& ARG A
WE I BE b FAth BRE R HE R IE AR 27 A T IRZI B RE ) o [8 bR _E O 43 193K
ZEAT BT ST I N B BE bR R S 5 S BB #51 FH ECE . HEl
ECE 345 126 B, Hhi AT B 34 1. 4T H ECE LML P9 25 S8 B,
FHAWTHISIAFH AR, Hiik, 20154, 3 T H ECE ST 7181112,
3.3.2 BIFEKTECEMEK

T AR S ol BR A L, AR AT IR AT B K b e £ 2% T EREE ECE
R23 MIARSCHUE, FREBIZEAT bR 2 2007 G R AT (R B GAT
FEJLHE AE) (GB15235-2007) . HEHLH I T (51 42T (KT Yk il B S BT LM 2
Ry ABIZEAT BN I R O SR P BB S A /N T B 3.5 A AN U AR B
RICTRERE CRAL: ed):

-30° -10" 0" 10"
| | | | | | |

B 3.5 B EITRAEESFLR

Figure 3.5 Distribution range of reversing lamp intensity

[FI B, B RAE 178 H-H 7K1 A H BB B AH 9 53 00 & 63 BEAS KT 300
cd, £ H-H KT BAF 2-500A UG BEEA KT 600 ¢d, -5°LA T BTG X 15
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AU 534 A e H 0 2 P SR AR A, BE AR (T 9 /NI 2 TR RO B K T el T
PRI A P BRI 50% . 7 240 R 0 22256 1 I R Bl ot B 22 4T, fE kAT
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IM7E SAE R b, BAREENIN A A 4 K ' 0 B2 50 {8 [R) ECE 1 GB & —FE Y,
{HE SAE MBI 24T R ECOG I BERY 22K Z s T ECE Ml GB, 44022 ke ™ R AR
BIZEATRS S 1) P9 B KSFJ5 16) 1 £ BEAR AR BESR 3] 45°, BEANT HLY 30°803 45°[1E
PP SEREAT FIWT: 2 R AR E BT B AEAT B, SR AT K, %K
AR 209 2 B 3.1 BRIRESRMAOCIRBE N 1% iR 2R — JEEITR,
F AR A BUE 7 2 b B b R A A A A 7 50501

3.4 WIHRHBN AR

BT EALE S R gmAERE RIS TV 26RO IR, NI
THRAE TR 75 (68 - D622 TREI AT DA Bl 22 SR B PR Bt A B D 22 e
. TN BN L 't 22 8 1 OGRS BEAT PR AU B AL, AL BTG
2 RGO L B AT RE B A RBCOCE R o fERIT AT B R, R
FIELAG = 4E8 1 CATIA AU+ LucidShape #l SPEOS 45
3.4.1 CATIA

CATIA 1EA—A AT AL TS5t AL e i 3D B rh RS SbL e ok s
&, EERBHATRE AR KU CATIA 358K i i g AL e /)
Ko SER B A B O A2 AT SR B St 1 ORI D7 AN R 1 ZE RSP0 4EAT B it
HL OEEBAERR TRUIIRESL, AR ICa BT RE ), R ROE AR
L EAE CATIA s, B iHEL, SRJGTE CATIA hatfT MR alE, B
AFDCFHAF AT B, FrBL CATIA BAFFEZEAT Bt 48 A 1 A T Bk 1
LA
3.4.2 LucidShape

LucidShape /&4t 7t — H 8 St B9 4 KT HOG % CAD #fh, & —kdhxt
BTk B 2B LA AR B AR A SRR TR B30T A . LucidShape ]
BER B 45 Bt N SR T 05 (8 , Bt A 53 mT B8 J5 (8 i R FH 2 301 B 22 L B
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PR IR R GUAE G SR S S B PIAE O T B0 B R AL (AU IR 1 B
AU RS 5IR 2 8 (6= EE), RNt 7 it 2 b et ok i
o Hr It Bl AR SEE W ARG HIRES -

3.4.3 SPEOS

SPEOS 1E N —E 488K T CATIA i —aK BA Lot Bl Ky
A, FEEHATREBREMET A d . SPEOS AA midiia
BAZ 0T LR 5 IRt U 258 40T B 0 RSB RIS 5, A E AT i
Tl 2 H % LM (Light Molding), VE (Visual Ergonomy) F1 OSD (Optical
Surface Design) #&H, it A] URJT (E U1 BIA R DhEe g Bit. SPEOS A
SERUR AT G bR g R, Bt bA— A i 2 198 VE Bith, M TOiEHmi A
f SR i BER, AR AT DA B iR ik N G 7577 S AR P R T AR R 2R 90 A AN
BB el UlEib Hanse oA, R ELRE St RN G — R A BREE,
] 3.6 Fios:

B 3.6 VE 5 ARRARILA R

Figure 3.6 Simulation result of VE

3.5 KE/N

H i ST R ERIR A [RINHE A T IRAEAT RBGE . iR AR E A AR BIR,
B ZEAT RO GVE B RAE T WA A 45 . f o 3t 24T B vk ol 72 o 4 A i 3R F
CATIA. LucidShape !l SPEOS 1 T fai t.i /44
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BUE FIELTAFRGER

4.1 BENNERMALZERS

RERTHHBARIIRERRI 7y, B ARIENT . EALEAT . BT, 5
AT S5 S AT CARANER EXT o 2ERAT Tt AR e, o BT 55 2 6 A v R
R, TR S DhREE BRI ATIE T, SR5 R ATREMIR G AL R K 5T
R, DSBS SRR B E R #5254 B AR E S
RSB 6T RS, ARG REHRE RO TEA AR .
4.1.1 REBAFRS

SRS BRE RAT s R LKA R G, T DL I kT, P A
M _E A FEE R E A8, Wik 4.1 fiR. EIRIES (Pillows) 288 [k
I AT B ) A A LR AN 1) BB A, T SRARAESL (Stripes) e
KP a1 BT A R R A A

(c) (d)
B 4.1 R4t @ ER (a) 4H 8 (b) FHER (c) HiFks (d) Biu

Figure 4.1 Pillows or stripes of reflector (a) rectangle pillows (b) circle pillows (c) horizontal

stripes (d) vertical stripes
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IR S, ROBIRR HFKDC R RS B E R AL R, TS 2 WU A e 1 73
A o 65 ZR G H ' B 1% R B 6 B LB R OGS RGO
A DUV OG22 RGEAIOG ARG o SO R0 2 203 AT LA S A SR A7 45 55
XA R A SR T 1, ARREER /DS, S S ) S A Ff Bk, AT AL 38 ) i B
%, NG AR . (B, JRARERREB/INVERET, 258 %A 7 H R 2Rk E
FERE. X OLENT IR R0, BT RIEREIE R N 20 mm. FEEERC), ATRE
M ILECR R . T T OEEY LED (RSN, 723 2 SR i RE R i JT 11 oKD
HIRTSE &, FREEE/DN LED MIALERR . SUiN, SARBON LA AR, (H2
S S B AR AP 2B, IR 2R B DR

HRAE IR 6l 477 1) 5 Pt 2 R GERI HOETT A, Al ORISR R 4
50 B B AR BN B S B, HLEE M N 4.2 B, JENEOLR, 418
A R GUIE N R EA U B, 1 LED 287 () 2 G I 3 R A A B 30U
S

(b)
B 42LED RAXAFZ4TER (a) AHX (b) FAHKX

Figure 4.2 Schematic diagram of LED reflective optical system (a) directional (b) in-directional

FXHTF B A S T, AR B 2 T E B O RR . RN E S
TS SRR AT B B £ 2 AR T S U Dt ek Tl K A P ', i Al B s S R A
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ENRIMERE, JEEN R TREBRIER A, I8 BB ) 25
PE, WIS FERRAEAT AN 0 5T BB AS 5 252 5 NI .

412 XENFERG

BEE LED 7EVREMT B LRI Z N, AR R RE 7 ARSI
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30



7% K% B+ X

FETEARIE R, PrLotSREE A, $oBokEE MR ERE] FriFgtk. ol
Wiz TESOH, WiESNER AT AT, AL BT A S5 E AT S5 I RE.

Je A R 4 S RS LED JGUR A H OB ZR M0 26 10— SR 4 1)
— % - ELBE 3 L & DO RE A A DGR LR AOE 288 1 - R MOLE A B D
FABENSS ATl T S LRAS 2 3t 5 N A 5 1 £E P Rl 5 )
oI R BDCE AR, R CE A AN B h kst . AEARHL AR, FIA
AR B B R G A SR G B 4 S S 5 42 DG B s 5 1 7 160 Hh 5 5
BURFE ROGTE 0A 1421, AR JLT BT G 4.3 Fras

B 4.3 ey UfTHA
Figure 4.3 Geometry of light guide

AT IR, H&EERHRER LED RATGEL KDL E G,
PG FRIREE . Frll—f LED HOGTH [FD6 A OGAIH i BE BBy, (H2
X R R EARSRAE T RO E, ESEbRA e AR, BRI LED, Firbh
WA 1 mm A )22 FR, BRT LED ERAMNEDESHIT 305,
AT LCRHRAE LED RT3 890 B2 830 DR R R RS & 2%, W I
YRS AR RIE R . S RINEREDT, WK 4.4 FR.

(a) ()

B 44 #¥ALED 47 X (a) B#ERE (b) FERER (o) 2R4
Figure 4.4 Coupling light methods of LED (a) direct coupling (b) Fresnel lens (¢) TIR lens

XTGP, B T EDIRERIERSL, JE B AL S R RIRE
FHEISPEAL . AFRBIAPERX S8k A IR BB RS20, B LAFEIE F A RHN
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BLRFROC A AR, [FIE AT DL AN [F] D 5k 2 18] B EE B2k w1 B
RARA I S H I S A BTl R o
4.13 EEHAZRSE

JELBE A1 2 ) FE 47 5 R 4 S S PR e 2 SR SR SR AT R R A i, s FH R G5 M) R i L
2L Collimator FIZE M [FYEZAE4L . Collimator 3= 2 F T4 f e B Y62k, @it #r
S B4 I R B G 2 2 SR B Ok T, SRS BRI O B k2R S0 sE A
e, FLIEA R AN SHEINAT RSB, Wk 4.5 Fiwe

Collimator

B 4.5 BEAFTTER
Figure 4.5 Schematic diagram of thick wall

LT —F, EE M EEH TRERNTELD . M EITETR. HEEEE
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R BT A AR I R G . (B2, ERAAEAEMHTT, W
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LB 2 E AR B, A IE M E AT A B AR R S S BRI,
N T 8RR 2 2 (R EL RS . AR 2 R B H ThRe Al FH 07K 43I 44T Thie,
FLG T A A6 AT LA 2 [ 503 GB15235-2007 X HL3h 4 043 R 4T Bl Ye EER .

(b)

Hd46 LFRuum~EH (a) AL (b) B FIT

Figure 4.6 Schematic diagram of optical system (a) auxiliary system (b) reversing lamp

TN EAR B SR A A G TS MRS, BT DG B . Z AT EI AT
RRUMEIZELT, FRIEZEM GB15235-2007 HHLE, M4 RL & P H B 41T,
(B0 ZAT (0 P O F A Yt iR P R e 0 NI 30 ZESK, T iR R L& — R4
KTH, RO EE 20 2 NI 45°, BT U4 IS 2R 4T 55 BEEAT BB B oh LA 2
fil] 45°F R GTREBERBY . B4, XA MM AT 560 AT ¥ert . IR BRI
7o IR TS, B 2 At L5 B A e /R F A it A SCHE /R I ROAT 1
FEM

4.2.1 KRAIEE

FEBIZEAT B BT o, B Th AR A O B LR S5 KR ORI AR, R
S 5T LA B0 ZE T 0 TR T b 0 o' 5 e () SR o i DAAR BT HSR FH ) o e e A
(K W16W 1 AT VLt o] LUSE IR B 25k, W1eW A e IR, HARHELT s
L 13.5V (S FOGEE N 310 (1220%) 1m, R AIHEN 21.35 W. Bl
RGP B 5 ' € P20 R RK B ECE ZE23K, 1A T W i FE A R~ n B 4.7 fwteol,
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B 4.7 WI6W AT £ & JUATR
Figure 4.7 Geometry dimensions of W16 W bulb

#15. Tmax.

eFRR T I GIE O SRR UETT 2 AR BE RS, % T A= i B b i JERRHEXT ¥,
KRANH 20.6+1.3 mme EFX T2 RIVEARAEIT IR, R 48 61 BN 4%, brik
ITIBH /NN 20,6403 mm. B RoRMi 2 i, R HR T 2 0 5 A4S HLA
i B AY-F T AR SRR [l 22 , XX P ThD ASaE i v, b — Pl X-
X 4, BRAEATIE B RN AR HIE SOITERZ A, dEpiEAT IR R HIE 1500
¥ B 101,

ERAAEFDE ARG T, SIER W1eW JeJR Ray File CHHE
LucidShape B4 4L, BEHUELLECN 300M. HHI4E R ER WI6W JiEEN
325 1Im, 2 FbRHOZ IR OGE R R ZK, WiE 4.8 Fis.

E 4.8 WI6W Ray File U445 %
Figure 4.8 Simulation result of W16W bulb ray file
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4.2.2 R ETEAZIT

22X AR R BE AT A At N SRR 81 4 HUME 5, ] DL A 425 B G2 SR LI A
TERIIXCE DN REAT B BT Beit b, DARIE AR R, BIZELRNE BF
BN CE R R, AT ERAT SRR, BIEE ERpDEE LA N T 32,9 Im, H
RIGTE Y HIAR 2202 3200 mm? 74 ] DA /NI B EKR Rk, FE BT AT,
HU 5 BEAEAT R G TH TH AR ARG 7 o o 380 25 KT T P 90 s S T 00 R 435 ) 2 EL T X i
P b, P A O AR 5421.1 mm?, 7E SN R OGTEIRR bR AT DA A2 8 4T
B /DB TR

AT BT A 3 B LucidShape # T/ FunGeo #EHui 47 ¥ 1t
GrWT . SO TR AE SO LA EARYE B s UNE AT S HE, fER
PRI, 725 R8O R 1 [R] I 3 75 5% R 38 S B il O BSR4 BB,
2 FBUT RN SRR, HE SIS o MR AR IR . B AR B R
J A RN IR 20 R A (R I , RE S S THI A £ RS BN F=20 mmo BEAN S5 1T
HIRS A5 x 5 mm < fERIESCH K, 7RI BRI O 3.16 m AL g ST KO

5 2 A PRI 25 -

B, WERIEZ 5 A Z 4\ CATIA 3 A% LucidShape 1. 7E
TR, AN AR, EEEEEERNA B R R A MR R E SR
Fo W RGAROCIRN, 2RABFRADGIE S OBPROREF B ERE RS
NZIGUERS, W LED TR, &SI OB Rt Aoz e
JRAbR%H 3 A F| LucidShape 1, H BTN IO RIEWE 4.1 For:

41 AFE/MERE
Table 4.1 Optical parameter setting

A T HF A
x5 PMMA
AR Hse (R0
B A48 #wie (R4

i3t LucidShape & 37 i & 5 T 40 B 4.9 iR :
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F 4.9 B A& el

Figure 4.9 Reflector create

423 (IR

RZERST & IR, BT R RO m AR SORFERIDG L i 4 A, 67T
PLE I E AT 52 8 W BT T RE S AR S0R B G 2R 7 /K ST 1) R 3 B [e)
ERA o AT 56 B AR SUMAT PSS R O XIS BC ' 70 A, R e mT
VLA LA 275, [RIREE FE 6 A Y I B A R AT s PN B A M I R, i
193 S 4T (1) SRR . % W AE LSS M R P 4,10 FioR .

(a) (b) (c)
B 410 F Airmitsa £ (a) FHhiEs (b) kit (o) BIREL
Figure 4.10 Stripe type of outer lens (a) stripes (b) step stripes (c) pillows

N T ISR SR RIS R, TR R B AR AT HE S, AR S T
HF R ) 3D B, B S 7E LucidShape #014F h 3EAT B4 B IE -
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B o . Normal line2

A 411 FREXREZFTER
Figure 4.11 Schematic diagram of stripe principle

N T AET A AT TS, BT SERYANR ORI A1, BSCL N TAT
Jo MRAECRE AT R, JECRE R MAT AR, LMt
ST . FIRTESUR B R B - A 4.11 FoR, JEEREAR A R, JELLZ
[EHITRIE N L, 26— RIS NI A S il N« « a5 B8 IRIT AT RO
s A NN e, « B, ITFERITHE L.

TR BT 5esMRIE N, 25—k Irht, i e LAE 2]

sina = nesin g 4.1
JiTEA
SHE = SEHE (42)
n
SR AR IR
msine, = sin g (4.3)
S
a,=f-«, (4.4)
AR (42) ATEAG R
nesin(f — @) = sin g (4.5)
sin® @, + cos’ @, =1 (4.6)

Frelgsl (4.2), (4.6) fRAZI (4.5) Ft T
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sin @

. : 4.7
\/ff <R w=1

tan g =

NTET I, RGN A MAEMER A L/2, FTUAW L35 tan B
i 55— ik, B

L

ﬁ)2 _(_2_)2
tan f = T (4.8)
2
R (4.7) A1 (4.8) AfRIBRTES M #E12  RiA :
2 2 - 2
P - L-\/n —2\:‘1}"—51n a +1 4.9)
2sina

FEGETTEY , RIS WU FE sk o] DATHSE TR gy dh 142, dh P,
TR MnEE R K [RZ ARSI 3R, SR mi A /N . BR T 4IRTE
GUZ b, TR TR A o] REE G 22 F BRI SL, SRAE SO e 5T 1 72 17 2%
WAELOCEAT I #E — 2, W@ PR AR . (B, FE IR
TSR, W 4.12 Fk.

ai Normal line2
Outer side \<'.

2

H e

1

B
Normal linel
L
B 412 HFHRELRETER
Figure 4.12 Schematic diagram of step stripe

PRAELT R 8L W AT S RO 4 21— E RO B, HE AR RS (4.1~
4.8) —%, BJEATLAMERIVCIRIES R L H R BUA I o MAESUR G L 2Z 8 1
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Lesin &

i =t - 1

AT RAE ARSI ERE, F7E CATIA P@THIN ITESURAL . B2k,
T B ARARTE LU i F A2 R ARSI B A, RBRL = 3 mm, ¥ HUfA
FEa=8°, T7MEHEN PMMA, WRIEX (4.9) MK (4.10) 152l F 25
558 £=5.45 mm. A=0.86 mm.

H (4.10)

R 42 RESHRE
Table 4.2 parameter setting

FHEn  grRfBL  YHARa  BEEER e
1.492 3 mm 8° 5.45 mm 0.86 mm

fE CATIA tP@ A, SRIGESLAFIY 3D B8 T A\ F| LucidShape H 47
4Bk, #5710 x 10 mm MR OGIE & T Abr 5 S B b, B o7 ik
BONPAT . B R TR BRI % K 5 1) N L 1) KN RE 43 ik
H (-15,15). V (-15,15), R Z4R R Z IikATi82E, BE R & 4.13 .

C) T 1
B 413 MR (a) WAMESETFTARELELEL (b) KM B2 T A RIZ LI
() #ERFEs (d) HKEE
Figure 4.13 simulation result (a) no stripe with infinite far field detector (b) no stripe with finite

near field detector (c) pillows (d) step stripe

e 413 (a) tf, BRMESSALTRRIZTAL, SRS AT, BrbiEfs

RO E_ERCHE R e /N FEVE . O T AR NG RAE TR, BRI %
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BEhBIFEEEIR L = 200 mm BUALE, BEBHT L AREITAUN Y BIR, KT L2 4E 4RI
e FI UK PR 2 BT 1R 2 3R, Wikl 4.13 (b) Fiar; B 4.13 (¢) Al (d)
g1 EE eI E It IR SO RTE AU e TR )6 T, 0 RIS 6 T A 7K
FIEE T YT 8°, it RIS AEAKF 7 a8 8°, HEHLEE KA A 7
AR R R — 5 4T 52 BT B0 AR SO T AE SO BEC & AR R R R 4
B (12402 . (R IR S AL SC—HF, fa ARAESURT DASRE il /K 7R 2 B 7 1) RO Y 43 A
1 2R AL SURN B 2R AR S0 43 ) 1R 42 1) 28 B 77 [m) RO /KT 5 1) (R 6 B 40 A, T ki bR A
St F R At e v R A1 16 ) A58 P B U TR 2 —

TEBIZEAT BT, D8 T 3R R R G FCR I RAIE G 4L A AT AR & B S,
TEAT FE MR 2K IS0 ARBUZ RIIRIRE 9 L = 3 mm, B J5 Y BUHE
a=5°, FTLMRIER (4.9) THEMGRELIN iz 42 £=8.56 mm, F|H CATIA
e i A BT SE R KT FE i I 4.14 B

B 4.14 TR FIK
Figure 4.14 Horizontal stripe of outer lens

4.2.4 BERGEB KL

A R e, 2 SR Ak 1 e e T sz S T e K ) B 3 T 1) B8R
A, AT SEELTU K R0 A . BltnsE Spread MIBRIARE &, REUIAIY UL
J5 20, BRZK-F 05 Wl 3 8O A+200, 3 B 7 1A 08 B 130, dET kil )5,
I o3 A5 A I S BB A an R & 4.15. 4.16 Pk
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=30

= -1 o 1
flioe38.8 In; I max at{81,1.5]=160 od
1 L8 =5 4 63 10

16

B 4.15 K-F+£20°, BH 13°RBESH
Figure 4.15 Light distribution of horizontal +20°and vertical +13°

[des? 1-45.0 1-30.0 1-10.0 10.000 1 10.0 I 30.0 1 45.0 1

1 I I 3001 3001 3001 I
10.01 I I 801 801 971 I
1 1 I 1 3151 101 I

I 3001 I 3001 3001 3001 I 3001

01 1291 I 1081 1281 1371 I 251

I 151 I 201 251 201 1 151

1 3001 3001 3001 3001 3001 3001 3001

0.0 1031827 1891 1227 13571 1521 2001 171
I 151 251 501 801 5801 251 161

I 6001 8001 6001 6001 6001 5001 600 I
-5.0 102371 1271 001 1221 1321 1371 13:
I 151 251 501 801 B0I 251 151

name value O =in meX test pos. farea H H/V,V found pos,
led] [ed] [ed] (deg] [dagl
sbove H 158 5 oK - 300.0 -80.0, 0.0 : 900, 50.0 80 20
H-5D 154.2 0K ] £00.0 -80.0,-5.0 : 80.0, 0.0 8.8 0.0
balow 5 dee 134 5 OX - 8000.0 -80.0,-80.0 : 90.0.-5.0 9.8,-5.0

The light distribution is NOT OK

H4.16 B FITEALE

Figure 4.16 Regulation check of reversing lamp

SRR R 2 I s X RN A, T AT AL X O iR AS A Y TR, 32
PO FEAE ARG RE AN R HLARARTR . JEVki 2 (B ZE KT VAR T A AU 45044
AT 15 ed BIROCIREEER, a0 b A ML bric B/ THE I Z R i ke -
PIRUAFEBETHI , 25T B 40 DXI8, 23 ) R 8 B S T AR O E 8 A DX
AR BB A, LI —EREENR I TR mECL MR, A3 2B EITERRDE
RUGM i o AESEIGIXIBAL, P8/ SSH TH A0 O BE, A e DB & K AE W]
MABCTI, R BT T A AMU 45°0) RO oR B EOR B =y, R R
S TR REAT BT T O
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ENEENEEErT N EE o EEES S [ (N OO A F
1 i N 5 (Y S S N I [ [_ I
= I FUUSTSSN ST l |
i San I gies e gan | e
SRR, ema | P T N T P I ; e -
iy - % P T I PTE I L e R 05 L
¢ S 1 S TR S |
N 0 [0 = L A0 ’».‘.' et T Tt
D mlll T I el mabl v oot s -

B 4.17 &4t&@ KRR 5
Figure 4.17 Regional division of Reflector

STHLYCTR 60% [ RE B AR/ A E B 4.17 R IXIRT, 3805k 1o 4™ B AR i — 6 43
R EER A R 28 1 5806 X 38, £EKSF 7 1100, HEELJ7 a5 XA, AT
CRAEAE = AR i — 3 BN LA AT e Red e AL B R 22, A A — € I T3
B % 1, it LAK G o 0 238 4 S S T 3 150 B 7K P 7 Tel13°, I BT []+8°,
TR H 2031 36 Y ; [ 980t DX 38 S S T A 7 22 B AR BT LU R RO AL 23 AT
TR 43 ST LR e R B A AN 300, fE LA AR OGRS . [XIRITE
TG TP AT SN 45/ BRI 12 X 4 s S T AT B T AT O,
ZefmAT EISMU 450, FERHFE )[R L 75 ZEARBIIMU 30°F] 45076 Bl A 65840
AFH T B A E A (-30°,-48°), BT MY HUMA AT BN (-8°, +8°),
fRUE 3o R E . [FEE, XEF/KFY#UmsE N (30°,48°), RHEY HUM
FE (-8°, +8°). XIRIVAL T AT F AL E, R R AN, 25800
T REEHR, ERaeRIIR . Bl — X e g 8w B4k, &
ELYHUA LT ABCE Hy (-1°, +7°), 1iZK-FJ7 4 5 vT DARRE H A A e te 2 4h
S AR X I EsR Ao [FIEE, XARVoR TG b7 DRE O e Re B K, B
HY BAEREN (70, 1°).

DA 0 5 S T X 35K 3 R S B A B ARk S . FESERRM I, RZEXT B
G %5, AR ERAARRSH, U HERKRAT REAT 06 (51
R AR, T AP ) N3 2 B0 B S RGBS A L, FRARAE YR BY K 36 K
PR EESREAT U . B AT IESSE, AWTRIEHL, B2 m] LLA B i 5e
3 HLili VBRI 6 B 40 A7 o 8 4 B 0 SO T 5t 31 CATIA rh A7 $di kb 2,
¥ 2 RIS B, FITRSEE, [FRIRHE R 2% & B 7 M i Tk F2
M. 5K HTE S S5ERG T# 5 A2 LucidShape #EAT 24 R840, A 14

42



7% K % W+ i X

ik, W& 4.18. 4.19 fiw.

i i :
10 20
adred, 261 flwes0. 4 Im; 1 max at(-3.2,0,9]=196 od nax=1%
2'.5 4 6.3 1.0 1.0

=20 =10 0

0.4 0. 63 1 1.6 25 40 63 100 160
T T T T T =

B 4.18 RALB ML R

Figure 4.18 Simulation result of optimization

Regulation :
backup lamp; GB15235

[deg] 1-45.0 1-30.0 1-10.0 10.000 I 10.0 1 30.0 I 45.0 1

1 I I 3001 3001 3001 I I
10.0 1 1 1 531 631 551 1 1
I 1 I 01 151 101 1
I 31 I 3001 3001 3001 I 001
501 381 I HEI 1211 116 1T I 2T
I 151 I 201 251 201 I 151
I 3001 3001 3001 3001 3001 3001 3001
0.0 351 8131 149T 1501 1261 TOI 281

=

151 251 5H0I 801 BH01 251 151

I 6001 6001 600X 600I €001 600I 6001
-5.01 411 771 1241 1181 1001 631 231
I 151 251 S01 81 501 251 151

name value OK =min max test pos. /ares H, WV, V found pos.
Led] [ed] Ted] [des] [des]
above H 186.0 oK _— 300.0 -80.0, 0.0 : 80.0, 80.0 -3.2, 1.0
H-5D 186.4 OX - 600.0 -90.0,-5.0 : 80.0, 0.0 -4 8.-1.8
below 5 deg.  147.0 X s 8000.0 -90.0,-90.0 : 90.0,-5.0 -4.4-50
The light distribution is OX

B 4.19 #EITEALE
Figure 4.19 Regulation check of Reversing lamp

B2 AR B8 PRl 504 Im, SRR EIRIE 196 cdo i 2B F T
GB15235-2007 VEHER, H[RIRH &4 T2 LR EER, BN REAMK
T GB £ 1.3 fi%.

BRI AEAT B0, JEOG R A Z5000 2 — R A% T HEE 52 AR 400 245 P D't B
HIEER: BIZKF S0L-S0R AIEE E 7 [ F 15U-90D 36 A f4RmI 88 =, BIZE4T
18 B A AN /N T 100 Ims [N 58 75 ZE7E SR VA 42 R B KF 77 17 3m A 6 m [
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RN B AT ARG S5 & it

(A EALTEETT A E£1.5m & Om PN BB R AN T 3 1x, DAGRIEAE RS
] b AT AL DK F) Vi ) RS 2 ) 2 R R 5 ZE A AT AR 5 53 A 75 3
AKRT 3 Ix FFEEME, HEAFTREERT 3 Ix FOERKEERT 12m, £F
AR S m EEETT MR T 3 Ix MBS L AIA /N T 8 m.

FE B G IR B 220 1 S N3 LucidShape B8 /pprisiddr, RAE AW
B RO BEE IR b 1) 9 R s )T B i BN 0.85 ms SR JE 7R
T L HEE 73 A i 2k 40 T 1 4.20 s

%)
-

8

]
Sm=etEoon. B oaa ST, -0 mls i

K 420 3B £ IT3 oA

Figure 4.20 Road scene illumination of reversing lamp

I R DX I B T R, AU SR S A AT LU AL BRI EEER, R

Pl

£ 43 BIEITHRBELR

Figure 4.3 Road scene illumination check of reversing lamp

MR, & X y B AR{h M E A
K& (50L-50R, 15U-90D) 100 Im 100.2 Im
A 6 1.5 31x 3.819 Ix
B 6 0 31x 6.377 Ix
C 6 1.5 3 1x 3.819 Ix
D 3 SH 31x 3212 Ix
E 3 1.5 31x 3212 1x
KT3I KA - 0 12m 13.8m

KXF3Ix BAE 5 < 8m 82 m
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4.3 EIZEHBNRE ARG

B 421 BH¥EATER
Figure 4.21 Schematic diagram of projection system

BB R g L DU AR L, Wil 4.21 Fros. BN 8
S5 . LED ¥, SOt FE R A k. Bk EEM BT L T

4.3.1 LED ¥Rk sF

TERFAT Bt Kebli b, el st R s EE S KEMB &N
REMIGEATE GB4785-2007 FPRLE“RI AN AL, JEA LA™, BIZEATBRSL, IKZEJG T
et HRELL e, A MBI, AT E N —F R A S TR AT B, He
EMECEE, ARBHEH 1% Luxeon F Plus PC Amber LED ki {E A5
RGOGIR, HWERSTE 4.22 fios.
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080,05
CENTER OF
THERMAL PAD

[* 10sin04m ge [““!, TO CENTER CENTER OF
{oss} { DIIEI0 i OF LUMSAMIC /_nwwa.vw

e 5D 10
o |’/ lI T' ¥ ﬁl CENTER OF THERMAL
:.1 . - |1 | PAnTOTOP EDGE
| ! J
| 00752005
2308010 ! ke ENTER DF THEIMAL PAD
f 0 CENTER OF LLUMIRAMIC
050 I
I:k . 1 | [N—cener oF oI
_— -
— -
\\ ossple  AMOPEH om "I' a5 CAMOGE
—rvs 09540.10
CENTER OF THERMAL
PADIO SIDE EDGE
E FOLERANCES
[UNLESS THERWISE SPECIFED)
LINEAR: AN(HJ&A_R:

XX, #1mm XX +l
NLX 005 mm KK SPa
XXMM 0025 mm XXX 20°00°30°

A 4.22 Luxeon F JU{T R <
Figure 4.22 Geometry size of Luxeon F

Luxeon F H Limileds % [ T A7 4= 18 B & 0L 09— Fp = Dh 2 10 3 0 S g e vk
(1 LED, % LED H. &6 N 120°, A LL# 2 SAE A1 ECE 17250 4 B K Al

AEC-Q101 4/ hnifE .
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A 4.23 Luxeon F & & A &
Figure 4.23 Light emitting angle of Luxeon F

500 80 40 40 20

4 4.4 Luxeon F Plus PC Amber % %14 f
Table 4.4 Electrical performance of Luxeon F Plus PC amber

A3 T At
HARAMMEATLE 50 mA~1000 mA
KT &R 1359C
MR R T 0 RIER A -40 °C~125 °C
RAERTRERE -40 °C~125 °C

B — B PR LED RYCACREE R A, B LED A BERER I, LED
KA 2 %, Luxeon F Ya2A Beda H BE IR 284 a0 4.24 Fiiws.

Light Qutpet -]

Normalized Light Outpat [-]

? ] [ £ ] ) ] ] C e 1w 1k
Case Temperanens | *C] Case Temnperatura [*C|

(a) (b)
M 424 AAHEMAERANTH (a) 20ms MP, 350 mA (b) 20 ms MP, 1000 mA[°!
Figure 4.24 Light emitting efficiency changes with temperature (a) 20 ms MP, 350 mA (b) 20 ms
MP, 1000 mA!

7E 350 mA A1 1000 mA B, RIEHCRIEAREF 2, HMEHREZH AT
80 °CHY, LED W& JERCR 2# F %, SELED Kdm i & 52 31| ™ & 1) 5200,
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PR ME BT AT — 2 B THH B RDE 2 R HEAE I, REBARKTEL T, 6
FIFIBIRLRERRE , Juie R YL R th il -

4.3.2 Hb¥mE & S E T

JeT 3D BRI LA S, SRR LS IR b2kt AT e B, R
TR BT LG . PADLR ) E AR Bl s B E R E B A BE B AR SR A A
€ MANE BRI MR RL BB, BRiE T FR U flrosto):

1 1
(y-—) =y +— (4.11)
\/X Y 4a o da
Bl (4.11) #EAT4kiE AT LA 3
y =ax’ (a>0) (4.12)

A (x, y) R EAE—3h B AR AR, a e —IEWE, RN AE

y=miaw%%ﬂu%%%ﬁﬁﬁﬁ,W%ﬁﬁ%%ﬁ%ﬁ%%@ﬁ%ﬁ%

YT TR, fEf Ptz N T AR AT SR AT B b

B 425 HAEFITHRR
Figure 4.25 Parallel properties of emitting light

N TUEW HE T AT TORBMPE R, B L3 Px,, v,) s PTHR
WILEAE P AN EIZE, BLAH L PT, VAR IAIE 5 ST -
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|PF| = y, + i (4.13)
LR 3 EOTREN
y' = 2ax (4.14)
AL TV R4 2ax, . B4 TLE TNV ik
¥ =y, = 2ea0x,(x = x,) (4.15)
Hx =08, THAIRO-y,), BT

|F1| = |Pr| = 5, + é (4.16)

W UMREI LFIP = LFPT, [FIR AR S S e A ol ARNIE LFPH = ZMPH , 8R%543
B LFIP = ZMPN , BPMP || v FIAFIIE .

R RRER PRI e RS 18005t vT AT BIFRATT 75 B A4 S S 1T, i A
o b B A A R [ RE RS E BT . BT LED ARIMA RO HR 8 K 5
THAF G AT B AL T ROGUE,  BrAKs LED JRCEAE A i £ AL B AL, HHDETs
lea) 38 BT 645 [, AR R ol TG T ] 4.26 FiR .

Optical Axis

\

Parabolic LED Center

B 4.26 dudhd RATHE
Figure 4.26 Parabolic reflector

EREPERE S, KRB EN PMMA, JRAESLPRR A S 62
RMZEAT RPRALEE, AP Ja IR 3 KB 80%, LAfsfan] LURI A 218 2 ()0t
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Figure 4.27 Geometry size of baftle
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Hrep kA RORMETEE, Mk < 18, NXUHTE; 29 4= — 16, N ; 24 A=0
NERE . RERMENAR, € C, - C, RAIFFRMEG I RE AT HEPuE
W, fE£ LucidShape HRESLFESN 3D B, Wit ERSEM B B
H, ZINZSHUTE 4.5 Pios

% 45 BHES WA

Table 4.5 Input parameter of lens

Lens Radius Focal length  Conic  Thickness €, ~ Focal position
1 20 mm 50 mm -1 1 0 (0,8.2,-52.5)
2 20 mm 50 mm -1 1 0 (0.8.2,47.5)

BEM B E N PMMA, HAERU N R E 4.28 frs.
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E 4.28 1&:kAdE K@ £ 4% 3D A
Figure 4.28 3D model of even-numbered aspheric lens
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3|72 S AP AR AR I g L ZE6S 06,

TEVRZEST B & HI B PCB M5 324 = 435l FR4 GREBIEAZEE
). FPC CRMEHERI) K& IMS CHRIEHERI . — BORAE A [ i 75 SR ik A )
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Table 4.6 Type of PCB
PCB ##4t /ii AR PE R A& A i Al R Byt
FR4 i 1% & %
FPC i = 4F i
IMS *F =2 b 3

TEWTHI A 7 B LFH LED #ihPERe, fEH IMS {E% PCB # I B 54h
(E ¥t PCB #RIHIE N 1% FEH]: it PCB HUBAR ELEIN, LR TR &, 14
KR brzn o8 b AT o fE X8, SO B, R SIS R = sk
{EZAM ARVF ISR, PCB ARIAZHIE A% A5 f Ab 3, 38k S e e Rl . e 2R
HE A — € K22 A, B LR A, B LR B PCB U4/ T 3 mm,
HiZR8H PCB A4 A/NTF 1 mm, Joi4EEE PCB iAZA /N 3mm; ELRIH B HEX
WANT 3mm, JOHEE AR XA /N T 3 mm. T DURYE L BER K AT PR g i 2%
K/, BT PCB AR AISREN AR 4544940 T B 4.29 fios:

ESRHALHRAATES

................................

[ 4.29 PCB #& #2383 41 45 44 77 & &)
Figure 4.29 Schematic diagram of PCB and driving board
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R e U el T-1E I e LK 8 R AT LASE UM D RE gD, (HRBCREUR, —REH
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fEE R R, RARGENRE, EEREA IR E ot EMC #
REFIE = B A, — M T Th % LED my5R3h, & VR 400 AT ry gxzheel,

& AT TR BEFNAR Sk b 45 422 bE

Table 4.7 Comparison of several driving methods
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&S 2 = & 1%
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= Switching
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Figure 4.30 Efficiency comparison of different driving board
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Figure 4.31 Switch power driving method
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A C13 4R RC JE I FL Bk o [ 1R 0K ) B it v R A B P R AR SR 4% g

4.3.6 K RGRIRIR ML

B 5E, KOG BEEMRIE AR A RT3, PR A SR HE R R B2,
FERNGIEE R T, B2 2R REnEOR, [FIFEES-F 5 ik s,

E = L (5.18)

2
r

NP ER T R FoRIREE . KOG, rRARIER . MAOGIRE —ER, PR
i, WD Rz, BRI, MR it A4 _E R ALAR K/ —E Y,
b T A5 B TR 2B BE A B R OB N T AR /) o T IXRE R 254, R = BU AR
RN BT B I B AN K, XA 28 MR 5B M EE SR,
Hoad ] AN 47 N R HA 5 o 1B AR S B & BT — R IR
o

BTG RIE S A F] CATIA PR AT 8, MRAE H LR 3
PIRA TR ER) 7, DS BOCHT A KIS . %57 KB 2 /£ SPEOS X
fFepiAT, SPEOS BN 2 LLSEARBEAT I8 E, B LA AR B D) I A iE Btk
reeiafb b3, REBEMRRNE, FEEROCEE IR E R E L.
SRIGHERRRBUEAT N7 0.85 m (L BALEE . —ANF i, IR E RIS, R

I RSF 9 1500 x 4000 o HR3 4% 727K F0 = By 7] _E 1) H R 5t B 0. 2 x 0. 2,
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FL [ B AT AR 400 nm F1] 760 nm 5K 76 4 B AT WL
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Figure 4.32 SPEOS simulation result
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Figure 4.33 Schematic diagram of optimization
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Figure 4.34 Geometry size of hole in the front direction
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Figure 4.35 SPEOS simulation result (a) true color (b) measurement (c) intensity (d) color
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Wk 4.35 Pon, EER G, SREGESEZFOLEE BB
PRI b, fEm VOERIMA R NER EE, AR iRRER, HREHE
K, JeTRY R B E ARG N I i/ NBR R B AT 3, OGNV R B SR
B TR eeE B e iUt veas. FIH SPEOS Al & TR RS R X
SRBEAT IR, MZE B TR 73 7 Area_1 Al Area 3 R, I E (AN X 4k
W H)GE AN 3% 4.8 fs .

% 48 BEMWE/A
Table 4.8 Measurement value of illumination

Value Area | Area 2 Area 3
Maximum(Ix) 178.02 53.60 20.99
Average(Ix) 77.78 18.75 6.75
Light Flux(Im) 6.36 3.71 1.74
Color (x,y) (0.58,0.419) (0.567,0.412) (0.585,0.414)

MK 4.8 HATLAE H, =AMEIIREEBRRE /N . BIEER R T, £
H S R R P — R, R TED 1 R R E I 1S UK L - AN AR P S AN [
=AMEZ AR L 205 5.69:2.75:1, At Ui sE — MR & HEE = MR IR K
T 5 &L L.

Hi&, SEbr BRI T ORIESUE KNG — N ETR IR, AR TE Az )
BRI EIR LR R Z AT HAR AL, TR Fepl & S BCE R AL E 57t
AR AR o AR 2 ) ) 2 B AN 2 B 3 ) /2 Area 1 3 Area 3, @I E =A
11T S5 BB B e KB 2 (A1 U B2 0 11.5:2.8:1 FT 8.48:2.55:1. FASETY MG
BT IR, A5 R GB4785-2007 MR E R ML AER.

4.4 KENG

18 TOGER RS B ROCIERILE R 67 RGN FEA R E K/ 4 DR B R
IO R B DR B i A o HL P B AT AU A SR T BA A2 VAR GB15235-2007 1K
D9 BRI 50 A B 18 47 AR 8 ) T 2 [ DA B AT AN 22 1) i 58 LA
H, St e tt, JRA—FiARRIE I R G 0] RN K 7.
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Figure 5.1 Schematic diagram of LMT measurement instrument
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Figure 5.2 Schematic diagram of sample lamp
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Figure 5.3 Hand-held illumination measurement
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BEAT R HE . SR RHLBE AT O BCERE e, v B AN K A 1) £ 0 = () Bl g
0.2x 0.2, FAT RAHEfFEE G, KHEREN 13.5V #T RiiE. B
G RITIE, — MR TREE 1 4B et (a5t wT LLIA B b Bcka e IRZS , BT In L
ZJEBENTRE i B R SRR I 5.4 s .

(b)
B 54 ETRSh () KETHAR (b) REHR

Figure 5.4 Reversing lamp (a) sample (b) lit appearance
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Figure 5.5 Photometric scan result of Reversing lamp
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backup lamp: GB15235
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Figure 5.6 Regulation check of Reversing lamp
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Figure 5.7 Road illumination analysis of reversing lamp
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Figure 5.1 Road scene illumination check of reversing lamp

MK & X y B AR{E pUR i
il F (50L-50R, 15U-90D) 100 Im 105.5 Im
A 6 -1.5 3 Ix 4.82 Ix

B 6 0 3 Ix 6.71 Ix

C 6 1.5 3 Ix 4.831 Ix

D 3 -1.5 31x 4,52 Ix

E 3 1.5 31x 4.36 Ix
KT3I KA - 0 12m 13.9m
AF3IxRTA 5 - 8m 9.1 m

JE A R R AT, WU B L G B R A I A R = KT H AR
1B, ZFEXT R IR 2> 4T 45 S B 2 AT R AR B SR . 1y EL R R R IR 45 A L, KT
3 Ix 6T 4 A7 ) PE B9 B HL e B R BE, %R ZE AT AT DA B AS S AT 1 [E A
8 A 25 B B3 B B A R BH I g
5.1.3 HBEATMRGER 94

SRR T2 G, BT REANZEHINTE 5.8 fiaxs.

B 5.8 fMspaRIr Kt & A

Figure 5.8 Schematic diagram of auxiliary projector lamp
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Figure 5.9 Lit appearance of sample
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Table 5.2 Measurement value of illumination

Value Area_l Area 2 Area 3
Point 1(Ix) 70.02 17.60 4.99
Point 2(1x) 82.78 20.75 &
Point 3(Ix) 68.36 16.71 4.74
Average(Ix) 73.72 18.35 5.63

M BB 5.9 AT RURIR, BUGOER B0 /N BRI A & 3, SEv s e R
FIBRCR AR —8, R EAT RBOE A E R E R . W& 529, M
B A5 liE Area 1 #| Area 3, JHIEII&E =/ MENFIEE R 13.1:3.2:1, FFE
HRAZE 1) B OGRS, T HAEAN BRARAL B A O Bt 20 5 3 M P A K TR
FE B I5 AH AZ AL BIEAFAE 73 S AN, 2 BT3RO RE e ROtk 3%
A B YL AE SN T AN 2 8] 22 RS 38 AR A L E 2R AN T . R AL
() PR T B RE AR R — 3, W RAEVRZE B ZE A AR rh, D HoAthoi g A 3 42
SRR AN (S TRV R S B 60 N B i e i g e o
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Figure 5.10 Tolerance analysis in the X direction
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Figure 5.11 Tolerance analysis in the Y direction
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Figure 5.12 Tolerance analysis in the Z direction
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