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Design of compact optical system
in wide-angle head mounted display

LU Hai-ping'*" , LIU Wei-qi', KANG Yu-si', WEI Zhong-lun',
FENG Rui', FU Han-yi"*?

(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:luhaiping2]l @yahoo. com. cn

Abstract: An optical system for eyepieces was designed to meet the demand of a wide-angle head
mounted display for the wide Field of View ( FOV) , high resolving power and compact , light-weight
structure. Twelve groups of high quality eyepieces with a FOV of 33°X24° arraged in a 4 X 3 array
were stitched in a single-eye optical system to realize the design with a wider FOV. The eyepiece was
made up of a lens which contained a diffractive surface and an aspheric surface. The dispersion charac-
teristics of binary optical elements were used to correct the chromatic aberration, and the aspheric sur-

face was selected to correct the aberrations( spherical aberration,astigmatism, coma and distortion).
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Furthermore, an OLED micro-displayer was used to achieve compact and light-weight structure, and

the field-of-viewing stitch was used to implement the wide field of view. Experiments show that obtained opti-

cal system can offer the horizontal FOV of 120° and the vertical FOV of 60°. Moreover, the resolving power

is 43 pixel/degree,the MTF is higher than 0.1 at a spatial frequency of 30 lp/ mm across the entire visual

field, and the maximum distortion is less than 3% . The optical system has perfect performance and can meet

the domanial demands of virtual reality display and super-wide FOV.

Key words: Head Mounted Display (HMD) ; binary optics; aspheric surface; field-of-view stitching;
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Fig. 2  Stitch of optical system
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Tab.1  Axial angle of of every cell of optical system
ESTH Sl K S £/ () R B A /()

1 0 0

2 25.5 0

3 0 18

4 25.95 18

5 0 —18

6 25.5 —18

7 —25.5 0

8 —50. 95 0

9 —25.5 18

10 —50. 95 18

11 —25.5 —18

12 —50. 95 —18
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Tab. 2  Specification of optical system of cell e S R AT B T o T S YR T B A S YR T A Ak AR

KM .33°

M (FOV)
: I 41 . 24°

FEFE /mm f=26.2
N A L

ey OLED
&1 /mm® 15.5X12.43

BIE R/ pm 15

4y B/ pixel 1292X1 036
AR /mm 8

AR /mm 17

S PES1/ (p/mm) MTF = 0. 1@40
AT 5 A / 9% <5
RS HK/mm <50

3.2 B BEEXFRSEI

T SR BTT I B AL A R G T8 bR T T AR
Ao ER R X B, BT
B BT ROE T AR 2%, It LE B R i 4 h
A B AR BRE LA B AT S I {45 25 4 % Ak B
BAG JT H

VE R K P42 R 40, B 24950 1k %o H 90
AR FEW , 1T H WG 2% 5 58 25 04 2R H 11 2
ZACE B A P SC LR AL, BT DL O 2R R
B 1) JERE 1 50 PR B T AN A B A 1Y B BE 1 )
Pk, fERITH BB, &0 0 B 1 A
WP T OLED B 5% BE ¥ 51 P LA RO 2% & e 1 45
. ik OLED f32)0E => 8506, # 5] PR B 1.
T2 R G0 25 40 15 T R R AR IE O O O B 1 1
T AN A A A IR ¥ 5 T
W — N T 2 B OLED %%, fr L) R B8
2R AL IZ W) 2 45, B LG 2E RGBT 7
MGESIHIMAT 50 % B #i 4 F5EMg &
7 T3 1 HERE 5 At R 7 1 R — 3K,

FLERAEE R E TR H e AR
PR 220 DL T R G 2R AR T 2 A4 1 A ot
FAE L5 S B A B2 BT R PRIE £
PEAAE SR JE AT AL . 5 BB B 0T H B PF e 7
BE 0 R 2R R AR T K, B T A
Y50 e, BB — A m oy JE BRI, %
SE (e YR ITUEI 55 7S YR B0k (0 Ak 78 o o DA RO AR |

AR/NT 5 Vo Kty 0 AR A RGR A AR SR AT AL

i, RS AR SR AT AU A , P50 17 55 T A
LR A B ] A S B AR i T, 47 08 A ) 45 3

AR . LI B A 4 B,

\.I
\\M
=
=

i’t;{::;‘:c Diffractive

h surface

Bl 4 FRICERLE R RIS

Fig. 4  Final structure of the cell of optical system
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Tab.4  Coefficients of diffractive surfaces
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