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Abstract Virtual reality is an important head-mounted display (HMD) technology trend. A large field of view
(FOV) virtual reality HMD device is designed based on the principle of FOV stitching for a wide FOV angle and a
good sense of immersion. It is realized by stitching four sets of visual optical systems with a same horizontal FOV
angle of 80°. This device achieves a binocular transverse FOV angle of 162°, where the transverse FOV angle of
each monocular system is 126° and the overlapping FOV angle of the binocular system is 90°.
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Table 1 Initial structure parameters of monocular

optical subsystem

Radius / Thickness / Glass
Surface
mm mm (index Ndjabbe: Vd)
0COB]) Infinity —3000
1(STO) Infinity 15
2 99.1654 8.1950 PMMA(1.49;57.44)
3 521.3778 17.1257
4 —41.2608 12.3331  PMMAC(1.49;57.44)
5 —38.6707 13.4537
6(IMA) Infinity -
- 3 4%\ 6
: Y%
- H/
1 = — =
e =— il
(= T

N

K3 HH T L RGO A A

Fig. 3 Optical structure of monocular optical subsystem
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Table 2 High-order coefficient parameter of aspheric surface

Surface a,/107% a,/107° as/107%  ag/107'2
2 0.33 —7.33 2.49 —0.74
3 —1.08 —15.10 5.35 —3.56
4 3.67 —6.89 11.30 —6.26
5 3.27 3.02  —16.10 8.29
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Fig. 4 Exit pupil drift position of monocular optical subsystem
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Fig. 5 Grid graph of distortion of monocular optical subsystem
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Fig. 6 Flow chart of establishment of mapping from space point to object plane
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Fig. 9 Definition of lens geometric distortion.

(a) Barrel distortion; (b) pillow distortion
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Table 3 Parameters of virtual reality HMD

Parameter Value
Resolution of AMOLED / (pixel X pixeD) 10801200
Distortion parameter k,/10 ° 1.17111
Distortion parameter k,/10 " —9.8186
Magnification 8 78.82

K10 BB HMD 3% &, () e384 5 (b) Bl
Fig. 10 Photos of virtual reality HMD device.
(a) Optical lens; (b) whole device
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Fig. 11 Photos on each plane during rendering. (a) Photos of image plane; (b) photos of object plane
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Fig. 12 Photos from CCD, taken at different angles. (a) Part of scene from left eye, with CCD turning to left; (b) part of
scene from left eye, with CCD straight ahead; (c¢) part of scene from right eye, with CCD straight ahead; (d) part

of scene from right eye, with CCD turning to right
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Fig. 13 Stitching effect. (a) Stitching effect of proposed device with left screen lit; (b) stitching effect of proposed device

with right screen lit; (c) stitching effect of proposed device; (d) stitching effect of similar device
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