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Development of HMD eyepiece with prism of decentered
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WANG Jian"?", LIU Ying', GUO Bang-hui"'?, SUN Qiang', LU Zhen-wu'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy
of Sciences, Changchun 130033, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

% Corresponding author, E-mail: mrwangj@ yahoo. com. cn

Abstract: To solve the problem of poor roughnesses for heavy curved freeform surfaces in prism processing,
a Head Mount Display (HMD) prism with decentered aspheric surfaces was developed. All the optical sur-
faces of the prism were rotationally symmetrical aspherics, which showed a better processing property as com-
pared with freeform surfaces. A short focal length and a large field of view were obtained by controlling the
surface curvatures and tilt angles, and the aberration was corrected by optimizing aspheric coefficients. Exper-
iments show that the HMD prism has an exit pupil of 6 mm and a field of view of 55°. At the frequency of 30
Ip/mm, the axial Modulation Transfer Function(MTF) is over 0. 2, the off-axial MTF is over 0. 1, and the
maximum distortion is —5. 37%. The test and experiment on the prism demonstrate that the surface rough-
ness has been greatly improved to a lower level for the aspheric surfaces, which avoids the image blurring and

improves the performance of visualization.
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Fig. 1 Fundamental layout of HMD prism
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Tab.1 Specification of HMD system
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Fig. 2 Optical layout of curved-surface prism
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Fig. 6 Photo of prism with aspheric surfaces
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Tab. 2 Surface roughnesses of freeform and aspheric
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(a) Free-form-surface prism

S Z k-

[1] CAKMAKCI O, ROLLAND J. Head-worn dis-
plays: a review[J]. J. Display Technol. , 2006, 2
(3):199-216.

[2] sRepE, 4. 0%, F. LEBEBRHENHERSN
HMLT]. &5 % 4F,2000,23(1):51-59.
ZHANG X B, AN X W, LIU L, et al..
ment and application of helmet-mounted displays
[J]. Journal of Electron Devices,2000, 23(1):51-
59. (in Chinese)

[3] &L, Z@X,FE.F. BUEKMASA bl
Bk A8 BoR AT, 4ok 5 ok T 42,2007, 36

Develop-

(b) [0 X i iy 1 1 B
(b) Rotationally-symmetric-surface prism
7 OB A K 4

Fig. 7 Results of comparison test betweenold and

new products

T EGE R A il R B HMD H 83
TN TR A A T RELRE J3E 22 1R Bk SR T RAT [ 5
PR T RE 3 OF T R b AR Bk i AR BT . %
BB H B AE 30 1p/mm Ab (9% 1577 ¥ MTF
T 0. 23 AN L ¥ MTE & F 0. 1.0k K
W A5 Ry —5. 37 %6, 1% H I 2 TEDRURS B E AT
TN 45 SR T SR T (] e of AR 4 A Bk T T 4
e RBERR EE EA T H r WRAkE. B
Fr e e iU A R R W 5 AT TR A il
T A 45 R B o i A Sk v AR B PR T R

S AR S A VR T RE A% 3 B 401 2 7 1R B
il R,
(3):309-311.

CHENG D W, WANG Y T, CHANG ], et al..
Design of a lightweight and wide field-of-view HMD
system with free-form-surface prism [J]. Infrared
and Laser Engineering, 2007, 36 (3):309-311 (in
Chinese).

(4] Fhi&. AR AM=F . 5. MR AR BR A E H7E L % 3D

Wosmpg R LTI A 4% T4,2005,13(1):47-
52.
SUN Q. LIUR, PIAORG, etal..
plastic aspherical elements in head mounted 3D dis-
play[J]. Opt. Precision Eng. ,» 2005,13(1) :47-52,
(in Chinese)

Application of



1426 GE KGR 55 20 %
[5] HIROAKI H, NAOSATO T, HIDEKI M, et al.. with a low f-number and large field of view using a

(6]

(8]

(9]

Off-axial HMD optical system consisting of aspheri-
cal surfaces without rotational symmetry[ J]. SPIE,
1996,3653:234-242.

OKUYAMA A, TOKOROZAWA, YAMAZAKI
S, et al.. Optical system,and image observing ap-
paratus and image pickup apparatus using it: USA,
5706136[PJ. 1998-1-6.

SHOICHI Y, KAZUTAKA I, YOSHIHIRO S, et
al.. A thin, wide-field-of-view HMD with free-
form-surface prism and applications [ J]. SPIE,
1999,3639:453-462.

TOGINO T. Optical system and image display appa-
ratus: USA,6128136[ P]. 2000-10-3.

CHENG D W, WANG Y T, HUA H, etal.. De-

sign of an optical see-through head-mounted display

&It

P

F B98O, B H MR AL
5T A, B BEBE 5T 51, 2002 4], 2005 4F
Fra A R 2543 B A5 2% - U 224

- ESE -SRI DB ag AR Bl

)

A~

-

4i, E-mail: mrwangj@ yahoo. com. cn

(1980 —), &, I AR E M A, 1

x|
- B RS B, 2005 4R T LR R E K
AR 2E A, 2010 4EF BB K
a— BG5S ) BT 58 T 4R 45
. R VAN o = SN e sl R
3% . E-mail: liuy613@163. com

FHEIE1983—), 5 WIALSRM AL i+
WA 5T 92 ) By, 2006 4R, 2008 4R
TR TR R ) B AS 2 R
L, FENF LA RGNS
E-mail: gbhyxl@163. com

(10]

[11]

SIH

freeform prism [J]. Applied Optics, 2009, 48
(14): 2655-2668.
Ma Je, AR R R KB R 8% P A il
BB, B R R % ,2009,30(4) ; 552-557.
CHEN Y L, Li T C, QIU X H. Design of free-
form-surface prism in head mounted display [J].
Journal of Applied Optics, 2009, 30 (4): 552-
557. (in Chinese)
£F 3R, 5 200, F Pr/ATRG At mE Sk
WEoR SO RERI[I] Ay 5 TR,
2011, 19(3):508-514.
JIANG Y, SUN Q. GU L SH, et al.. Design of
optical system of HMD using hybrid refractive/dif-
fractive and free-form surfaces[J]. Opt. Precision

Eng., 2011, 19(3):508-514. (in Chinese)

#h OSRA9TI—) LB BRI AL BT
FEOL, WA R, 2003 4E TR K
FEARAF A 207, 2006 4F T o RL B K
B EN S B RTELE
ki, EEMNFIARLLANE AL J7 H
5T ., E-mail: sunq@ ciomp. an. cn

=
=

I:

FAHRE (1955 —), B, HAMRA R B
P AR 5, 1982 4F F 45 b i v oK 2
3efq b 7, 1985 4E T R Bl e K B
e 2R LA S5 Y B F 5T T 4K 45 A+
A FEMNF IO K HRER A
B TR G X H A 3 [A]  oL FH 45
MR WF 5% . E-mail: luzw @ ciomp. an.

cn



