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Design of optical system for binocular head-mounted projective
display based on diffraction surface

LIN Lin*? ZHANG Hui-juan® XIE Zhen-dong® TANG Zhong-zhi' LIU Ying"? SUN Qiang®
( 1. Department of Applied Physics, College of Science, Tianjin University, Tianjin 300072, China,;
2. Key Laboratory of Opto-electronics Information Technical Science, EMC, Tianjin University, Tianjin 300072, China;
3. State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
the Chinese Academy of Sciences, Changchun 130033, China )

Abstract: A Head-mounted Projective Display (HMPD) with a miniature LCD as its image source is designed, of which
the features are effective focal length of 35mm, exit pupil of 23mm, exit pupil size of 12mm and field-of-view (FOV) of
40 deg. This system consists of a pair of double-gauss lens, a beam splitter, and a retro-reflective screen. The usage of the
retro-reflective screen increases the FOV effectively for binocular design, and reduces the distortion obviously. The
adoption of a Diffractive Optical Element (DOE) offers considerable reduction in the size and weight, and improves the
imaging quality. The total weight and the maximal diameter of projective lens are 6.8g and 16.8mm respectively, which
meet the design requirement of the binocular completely. The astigmatism and lateral color aberration which need to
correct in visual system are 0.32mm and 13.1micron respectively, and the distortion is less than 0.1%. The selected
resolution of display is 1024x768, and the pixel size is 25 micron.
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Incident ray Projected image
Reflect DN
eflected ray \N _l 1
Retro-reflective Table I Design parameters of
Projected screen the optical system
g Beam splitter Effective focal length / mm 35
Exit pupil diameter / mm 12
T Eye relief / mm 23
Field of view / (°) 40
+ .
* — _Pupil Optical waves / nm 486, 587, 656
IR I P
Eye Distortion / % <5
4 5 HMPD System diameter / mm <46
Fig.4 Path of the light beam in the microsphere Fig.5 Imaging concept of HMPD
HMPD
1
Zemax HMPD 6 HMPD
5 2
6.8g 16.8mm HMPD 7 HMPD
2
Table 2 Parameters of optical structure of projective lens 4 > \ %
Surface Radius/ mm Thickness/ mm Glass
1 13.01 4.50 LAK31
2 -134.53 1.00 33—
3 -40.43 2.00 F2
4 12.44 2.04
-STO 0 2.20 « 2
Binary 2 ) 3.00 LAK31
7 -19.10 3.00
8 -8.04 3.50 SK15 I —
9 -9.73 21.14
12
7 8
3 4 5
H 1. 2. 3. 4.
1. Exit pupil 2. Retro-reflective screen
3. Projective lens 4. Image source
7
6

Fig.6 2D layout of projective lens

Fig.7 3D layout of system



2007 6 143

8(a) 0° 20° 40° (EY) (EX)
18um 30um  84um 8(b)
0.17mm  0.32mm 0.1% 8(c)
13.1um 8(d) 0° 20° 40°
(MTF)
OBJ 0.00 0.00 DEG OBJ 0.00 20.00 DEG OBJ 0.00 40.00 DEG
EYT EX T EY EX T EX T

; 1 ; 4 7 = 2 1 1
T PY 1 PX / PY 1 PX 1 PX
1 1 I I
Maximum scale: + 100um
(a)
Maximum field: 40.0000 DEG
-0.10 0 0.10 -20.0 0 20.0
Millimeters Percent Microns
(b) (O]
TS 000 0.00 DEG TS 0.00 40.00 DEG
Lo s 0.00 2000 DEG
= sl (a) (b)
5 081 © @
é) 0.6} (a) Transverse ray fan plot (b) Field curvature and distortion
o
° 04 I (c) Lateral color aberration
s Uar
= L (d) Curve of modulation transfer function
B 02}
= L
0.0 8
0.00 25.00 50.00 ) )
Spatial frequency in cycles per millimeter Fig.8 Aberration curve of system
(d)
1024x768 50.00 —r—r———————— 10.00
25pum 40 Ip/mm - .
o
0 0.78 5 | ]
.2 L 2 i
2 :
o 25.00 1 1500 £
£ I P | _-:
< =
- -= r |5
[7-81 Zemax ~ | ] &~
binary?2 A1=5195.2 A= y 7
0'00 1 1 L L 1 L 1 1 0.00
-37274.8 R 25mm 9 0.00 3.02 6.04
( D 9 « D
(2 28 ( 2
148“11’1 Fig.9 Phase (line 1) and ring line density (line 2) curves of

diffractive surface



144

34 6

40° 23mm  12mm 1024x768

25um

(1]
(2]

(3]

FRANK J F. An update on optical system for military head-mounted displays [J]. SPIE 1999 3689 178-185.

/ . 2004 24(1) 121-124.
ZHANG Hui-juan WANG Zhao-qi ZHAO Qiu-ling et al. Hybrid diffractive/refractive optical system design of head-mounted
display for augmented reality [J]. Acta Optical Sinica 2004 24(1) 121-124.
Hong HUA Yonggang HA Jannick P. ROLLAND. Design of an ultralight and compact projection lens [J]. Appl. Opt 2003
42(1) 97-107.
Hong HUA Axelle GIRARDOT Chunyu GAO et al. Engineering of head-mounted projective displays [J]. Appl. Opt 2000
39(22) 3814-3823.

[31. 2003 32(5) 629-633.
CHEN Yan-ming HE Yu-ming. Study on the key factors deteriorating the retroreflective capability of glass microspheres [J].
Acta Photonica Sinica 2003 32(5) 629-633.
J1. 2003 15(2) 222-225.

LIU Zu-guo LI Shi-qi LI Zuo-qing. Development and application of augmented reality [J]. Journal of System Simulation
2003 15(2) 222-225.

/ [31. 2005 32(1) 8-12.
YANG Xin-jun WANG Zhao-qi SUN Qiang et al. Design of the optical system for a see-through refractive/diffractive hybrid
helmet mounted display[J]. Opto-Electronic Engineering 2005 32(1) 8-12.

M]. 1999 181-184.

JIN Guo-fan YAN Ying-bai WU Min-xian. Binary Optics[M]. Beijing National Defense Industry Press 1999 181-184.

Y R ALY Y ALY SR AY ARy AY HY HRY A HY ALY Y ALY oY ALY oY AY oY AR oY HRY oY) Y ALY Y ALY oY AY) oY A oY HRY oY) HRY oY) Y ALY oY ALY Y Y Y



