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Wide-angle dome-screen projection lens design of laser display
KANG Yu-si. TIAN Zhi-hui’ ,LIU Wei-qi, FENG Rui

(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China)

Abstract; Laser display has advantages of large color gamut, high degree of saturation, variable display
screen size,no electromagnetic radiation etc. According to application requirements, a wide-angle laser
projection lens using in dome-screen display system was researched and designed in this paper. White
field and light power matching parameters of three primary colors of laser display were analyzed and
calculated. Telecentric retrofocus structure was adopted. Spheric optical system of the projection lens
was propitious to processing and testing. Distortion was controlled in design effectively. Aperture ab-
erration was used to improve illumination of image edge of projection display and illumination uniform-
ity. Focal length of system was 11.3 mm. The F number was 2. 5. Full field of the lens can reach
110°. The MTF was greater than 0. 6 at nyquist frequency in 90% field of view. Image illumination
uniformity was better than 95%. Distortion was less than 1. 5%. Chromatic aberration was less than
0.5 pixel. Analysis results showed that the design idea and method presented in this paper was feasi-
ble, and it was suitable for application requirements.
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Tab.1 Requirements of projection lens

Eiskan FoR
FEIE /mm 11.3
X% 110
B /m 10
F# 2.5
% ICRF/ pm 10X 10
PR/ pixel 1024 X768
W} 7% <4%
150 JEEE / 0% >90%
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Tab. 2 Chromaticity coordinates of three primary
laser colors
x ¥
£ 0.714 03 0.285 93
ESS 0.170 24 0.796 52
% 0.115 81 0.073 58
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Fig. 3 Projection lens layout
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Tab. 3 Structure parameters of projection lens

T %5 F 4% mm JE B mm
0 10 000 10 000
1 69. 98 10
2 22 30. 15
3 —49.9 6
4 54. 35 8
5 77.09 25
6 —129. 89 40. 23
7 S 24.12
8 57.48 15
9 —46.05 4
10 67.04 12
11 —64.17 0. 30
12 50. 43 10
13 237. 243 2.68
14 S Ta 42
15 S 3
16 ST 0

AUEE, RS 0% MIZILE N 50 Ip/mm
by MTF 5 7E 0.63 ML F. & W fE MTF
50 lp/mm#it MTF &F 0.5,

13, fov 53
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Fig.4 MTF of projection lens
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Fig. 5 Astigmatic, field curves, and distortion
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Tab. 4 Tllumination and distortion of sampling point fields

Felas B LR E R SF R 10 pm X 10
pem s 5 5 BGCR A T BT RE AR R . 50 Ip/mm., &l 4

FH LRy MTF 1 fg

o/ G AR %/ FHXTBRBE / W A% /
) Ix % %
0.0 0.242 100. 0 0. 00
23.5 0.243 100. 2 —0.19
33.3 0. 244 100. 6 —0.42

44.3 0.246 101. 3 —0.84
55.0 0. 246 101. 5 —1.51
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Fig. 7 Spot diagram of projection lens

R s A E WE 7 fras. wl LA F]L 0.9 A1
Xof W 373 Ak 1 A Bl € 22 Fe KL EATI /N T 0.5 MR
Kl 8 R A 22 LA - RGEH) MTF 5¢

Z % x #:

Fi-RIs 07 B AR . Nl DA B % 85 B Sk
HA R mlhn Tk

F1:30.00 ¢/mm,rad e o
Tolerance Analysis Eii:” ::,':::,; —
F4:50. i ———
KYS FIETTSE] F5:50.00 ¢/mm,tan
100,
" [ /
&0
: 7
g i
] - R
R T YA
TV
= -,
. AL L&
F __,_/’ —
0948 0836 Mmr‘ﬁ:;; it FCII‘:Z':W 0,469 0.347
&8 AZE4HT
Fig.8 Tolerance analysis
5 % %w

A 30 M O s DR MR A R R B A A
RGN E R W T — A F B  0%
SR T A A Bk S R kO R G AR N
&M AR TR B WIER TR, ¥ RS
M7k 110°, MXFFLIR R 12 2.5, BB N
10 m, ATJE EE A2 0 10 m (02K 3R 5507 & WoR
25T O R B R G0 6 2 G 2R b
S5 ON RS TR AR . B2 R O R AR 22
S A5 A% 1T AR R — BOME RN AR G AR O 2R T
WO TR IR 5 . RGAG R R &
i 4 59 % kb (50 1p/mm) K F 0.5, W AR /N T
1.5%, TV B4R /NF 100, 158 10 MR ¥ 5148
95% . A 22/NT 1/2 183 . IWEAFREEE R R,
GG i R A TIUEE bR 20 R R TR
It H HARLF 0 mn T4

[1] Kishore V C,Erdem E,Hakan U. Laser-based displays: a review [J]. Applied Optics,2010, 49(25): 79-98.

[2] Yuhei K, Kazuo S, Hiroaki S, et al. Speckle reduction mechanism in laser rear projection displays using a small

moving diffuser [J]. Josa A,2010, 27(8): 1812-1817.

[3] WEM, EHF, 4,5 BOMBGY BR REMHIIRITT]. & &5 257,2009,24(6) :916-921.

Tian Z H,Liu W Q, Feng R, et al. Design of ultra-thin rear projector for laser display system [J]. Chinese J ournal



338 W5 BoR %20 %

of Liquid Crystals and Displays,2009,24(6):916-921 . (in Chinese)
(4] FRAe, 46 20846 . BOL BRI @A BR R B S 5 @220 07T . i dh 5 277 .2008.23(4) :427-431.
Chen X, Liu W Q, Wei Z L, et al. Establishment and analysis of uniform color coordinate system in laser TV []].
Chinese Journal of Liquid Crystals and Displays,2008,23(4) :427-431 . (in Chinese)
(5] k= .08 A kW 5. BO7 BRI AR SR BOE R BT[], & dh 5 27.2012,27(5) :687-691.
Shen L Y, Lang B H, Zhu M, et al. design of laser scanning imaging for digital computer-to-plate system [J]. Chi-
nese Journal of Liquid Crystals and Displays,2012,27(5) :687-691 . (in Chinese)
(6] #EF. 2. B\, 5 KT MBS R RPERE T[T ]. & a5 27.2013,28(2) :255-260.
Xu Z P, Wang D], Huang H T. et al. Analysis on performance of video displaying system based on DMD [J]. Chi-
nese Journal of Liquid Crystals and Displays,2013,28(2) :255-260 . (in Chinese)
(7] SRAEEF AR E.F. 2BREOLE R EAR LA R 5 EH M T, e dh b 2 7.2011.26(3) :329-333.
Chai Y, Bi Y, Yan B X, et al. Distribution pattern and trend analysis on global laser display technology [J]. Chinese
Journal of Liquid Crystals and Displays, 2011,26(3):329-333 . (in Chinese)
(8] Mfw.ih =& 3464, KEWEEOCE/RT MBSk, 6545 % £42.,2011.19(5) : 945-950.
Chen X, Feng Y T, Liu W Q, et al. Design of large dimension and rear projecting lens in laser display system [J].
Opt. Precision Eng. ,2011,19(5) :945-950 . (in Chinese)
[9] Hiroshi M, Nobuyuki S, Eriko A, et al. The magnitude of stereopsis in peripheral visual fields [ J]. Kitasato Med.
J.,2012, 42(1) . 1-5.
[10] Ogi T,Tateyama Y, Lee H, et al. Creation of three dimensional dome contents using layered images [C]//VR In-
novation (ISVRD, 2011 IEEE International Symposium,2011: 255-260.
[11] Gray J R. Habituated visual neurons in locusts remain sensitive to novel looming objects [J]. Journal of experi-
mental biology,2005, 208(13): 2515-2532.
(12]  BRER. A . BREFEOG 8 B f 0 IR BESK B[], b 4 2 T42.2013.21(2) :323-335.
Chen C, Hu C H. Design of general type zoom fish-eye lens for dome-screen projector [J]. Opt. Precision Eng. ,
2013,21(2):323-335 . (in Chinese)
[13] sk, B2 bk, & & & F[M] Jea B2z s, 1979.
Jing Q C, Jiao S L, Yu B L, et al. Colorimetry [ M]. Beijing: Science Press, 1979. (in Chinese)
[14] @ &4 X hF . BR . F. T DLP 8652 77 A0t B R4 ] & 5 25 .2007,22(3) :315-319.
Tian Z H, Liu W Q, Feng R, et al. laser display system based on dlp projection style [ J]. Chinese Journal of
Liquid Crystals and Displays. 2007,22(3):315-319 . (in Chinese)
[15] Zzir kM E2e[M] st Bhag ik, 1975,
Wang Z J. The Theory of Optical Instruments [ M. Beijing: Science Press, 1975. (in Chinese)
[16] Warren ] S. Modern Lens Design [M]. New York: McGraw-Hill Press, 2005.
[17] Rudolf K,Barry J. Lens Design Fundamentals [ M]. Washington: Elsevier Press, 2010.

EEBA REER Q77— B By i AL 4, TR, 2 F AT O =M T4E, E-mail: kyshdl2012@
gmail. com
FH AR (1981 —) Mk FE AL B AR5 R, FENF R 6% A5 . E-mail: tian-zhi-hui@
163. com



