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Optical design of adaptive front lighting system based
on digital micro mirror device

Wu Han, Zhu Xiangbing, Zhu Qian, Chen Chun, Wang Cheng

(Photoelectric Technology Research Centre, Anhui Normal University, Wuhu 241000, China)

Abstract: The road safety of vehicles in night depends on the street illumination directly. Adaptive Front
lighting System (AFS) can automatically provide different illumination modes by adjusting the shape,
distance and light distribution of illumination according to the surrounding environment to improve the
driving security. Considering the problems that less light efficiency of present AFS, one solution of AFS
using Digital Micro mirror Device (DMD) was presented. It consists of lamp, reflector, light pipe, DMD
and lens. DMD is the core of this system. And the second light pipe was used to collect the unused light
energy. The experimental results show that the light efficiency is improved largely by the using of the
second light pipe. And it can achieve different beams easily by accuracy controlling the luminance of
every pixel on the screen. Because of its flexibility and higher light efficiency, this scheme is expected to
show on market.
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Fig.1 Turning schematic of micro mirror
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Fig.6 Simulation results
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Tab.1 Urban road simulated values(Unit: lux)

ndari
Standard Simulation value

Test points on the screen
regulatory value

1 B50L <04 0.30
2 HV <0.7 0.60
3 BR [0.1,1] 0.73
4 Segment BRR <1 <0.76
5 Segment BLL <1 <0.72
6 Zone 11l <0.7 0.60
7 50R =6 14.8
8 50V =6 15.6
9 50 L [4.2,15] 13.1
10 25LL =1 2.1
11 25RR =1 3.8
12 Segment 10 and below it <14 <11.2
13 Emex [10,50] 35.3
4 2 i

R BT — LT DMD (% A & N RS AT &
G627 % %07 2 LA DMD G F R0 3 3l it
X DMD = Al 10 45 T G A B 45 T OO B 3 |
BB R W RRBEAE , AT DLy (8 b 52 B RO &
T A E IR A AT AR SR SRS ot
BRRIEE TOCREAI IR, W T R Gk ik
Z TN AR 2 BRI s, fe s A
R, AT Z W T,

SEH .

[1] Detlef Decker. Adaptive headlights aim to ease nighttime
driving hazards[J]. Photonics Spectra, 2006, 12: 54-58.

[2] Peter Brick, Tobias Schmid. Automotive headlamp concepts



%48 K REF . HFHMEEAMHX B E DT RIT RS 959

with low-beam and high-beam out of a single LED [C]// [7] Giinther. Optical concept for an active headlamp with a
SPIE, 2011, 8170: 817008. DMD array [C]//SPIE, 2008, 7003: 70032D.
[3] Yu Guiying, Jin Ji. Design of a novel lens for projector [8] Hung C C, Fang Y C, Huang M S, et al. Optical design of

system of LED automotive headlamp[J]. Infrared and Laser automotive headlight system incorporating digital micromirror

Engineering, 2009, 38(2): 282-286. (in Chinese) device[J]. Applied Optics, 2010, 49(22): 4182-7.

AR, AT TR LED 15 %8 A M8 T Y 57 50 e O 45 [9] Kang Weimin, Li Yanbin, Gao Weizhi. Dynamic IR scene

BT [I]. 404 5 #0OE TR, 2009, 38(2): 282-286. projector using a digital micro-mirror device [J]. Infrared
[4] Aleksandra Cvetkovic, Oliver Dross, Julio Chaves, et al. and Laser Engineering, 2008, 37(5): 753-756. (in Chinese)

Etendue-preserving mixing and projection optics for high- BREOME, e, mAE. SR MEB A sh SR

luminance LEDs, applied to automotive headlamps [J]. Opt AR B BRI [I]. 2140 5 %0t TR, 2008, 37(5): 753-756.

Express, 2006, 14(26): 13014-13020. [10] Refai Hakki H, Sluss Jr James J, Tull Monte P. Digital
[5] Huang M S, Hung C C, Fang Y C, et al. Optical design and micromirror device for optical scanning applications [J]. Opt

optimization of light emitting diode auto-motive head light Eng, 2007, 46: 085401.

with digital micromirror device light emitting diode [J]. [11] Xi Qingkui, Chen Lei, Zhu Rihong. Ronchi test based on

Optik, 2010, 121(10): 944-952. digital micromirror device[J]. Infrared and Laser Engineering,
[6] Mahendra Somasara Dassanayake, Paul Mulvanny, Sheran 2006, 35(3): 341-344. (in Chinese)

Anthony Alles. Headlamp system with selectable beam RERZE, WRéE, R HZ. B TR U A 00 09 B 3R 3 3],

pattern[P]. Unite States: US 6,497,503 B1, 2002. LT HN SO T /2, 2006, 35(3): 341-344.

.

TFEﬁﬁ%ﬁ

e e S

ETFT RIX MRS HAFRNLI =KL R SR
FAede 2 e R
(I FolETRXS, MH B% 710025; 2. B ARMAKE 06111 3P, k& 4 715400)

W B, 4R EBA R F EF A KRR, ER R TR A4, B — AP bR RN
POkt r &, A b sh EAR A R AL SN R R AR k. BAR AR A G Tl A GPU 3L, MR 453k
AT M R, HRIET AR SHETAAEE R WA 69 F K, R B AT A A M % 5 ILE B3I i e iR
i@ A r S B A B B X, R AR R e SR ab b MK 2 R AW, £ Windows £ 4 T 4o B AR AR R R 1 R A E
SR ILEAVE KW R £, B RA RTX 894 R Sabtkikit, 4B i#Fm £ oy €. X% 4 R &% . Windows
F AW B e 0 R A MR v B AR WU AR 0 £ 2R A AR T RTX 49 52 B M 3803t T RAARAE B 8 4 A% AE T )
¥ ¥ %) FALE $A 200 Hz W3R 2 45





